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Responses of Soybean Cultivars and Breeding Lines to 
Races of Heterodera glycines 1 

R. D. RIGGS, 2 L. RAKES, 2 AND D. DOMBEK 3 

Abstract: Many new cuhivars of soybean (Glycine max) are released each year. Knowledge of their 
relative susceptibility to soybean cyst nematode (Heterodera glycines) is of interest to soybean breeders 
and those making nematode management recommendations. Two-hundred-eighty-one cultivars 
and breeding lines of soybean were screened for resistance to isolates of H. glycines races 1, 2, 3, 4, 
5, 6, 9, and 14. No cultivar or line (except possibly PI 437654 or cuhivars developed from this PI line) 
had resistance to all of  the races tested. Twenty-one cuhivars and lines were resistant to race 1, 5 to 
race 2, 146 to race 3, 2 to race 4, 4 to race 5, 24 to race 6, and 24 to race 14; some had resistance to 
more than one race. In addition, several cultivars and lines had moderate resistance to each of the 
race isolates tested. 

Key words: breeding, cuhivar, Glycine max, Heterodera glycines, soybean, soybean cyst nematode, 
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Soybean cyst nematode, Heterodera gly- 
cines, is known to occur in 26 of  28 states in 
the United States in which soybean (Glycine 
max) is grown (16). This nematode has 
long been recognized as a major cause of 
yield losses in the southeastern United 
States; however, a recent report (4) indi- 
cated that 48.6% of soybean disease losses 
in the north-central states were attributed 
to H. glycines. Many soybean breeders in 
the public and private sectors are develop- 
ing cuhivars with resistance to H. glycines. 
In most cases, cuhivars are tested against 
one or more isolates of  races 1, 2, 3, 4, 5, 6, 
9, and 14 some because they occur com- 
monly, others because few cultivars have 
resistance. The purpose of our study was 
to test all of  the cuhivars of  soybean that 
were included in the University of  Arkan- 
sas yield tests for cultivars and new strains 
each year against as many isolates repre- 
senting different races ofH.  glycines as pos- 
sible. 
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MATERIALS AND METHODS 

The methods used in these tests were 
similar to those used in earlier studies 
(13,15). Seeds of the test cuhivars and lines 
(hereafter referred to as "lines" in the text) 
were germinated in vermiculite, trans- 
planted at the cotyledon stage into 7.5- 
cm-d clay pots containing sterilized fine 
sandy soil (91% sand, 5% silt, 4% clay; 
0.1% organic matter; pH 6.1) that was in- 
fested with 4,000 eggs and second-stage ju- 
veniles (]2) of a selected isolate of  H. gly- 
cines 24 hours after transplanting. Plants 
were kept in a greenhouse at a minimum 
of 26.5 C. After 28-35 days, females were 
dislodged from roots with a strong spray 
of water and enumerated. A total of 281 
lines were tested; 196 were tested for re- 
sistance to race 1, 199 for race 2, 281 for 
race 3, 146 for race 4, 281 for race 5, 83 for 
race 6, and 280 for race 14 resistance. 
Some cultivars were tested 3 years (1991- 
93), whereas others were tested only 1 
year. 

The race differential soybean cultivars 
and Plant Introduction (PI) lines Pickett, 
Peking, PI 88788, and PI 90763 (hereafter 
referred to as differentials) (5,14) were in- 
cluded in each test (Table 1). Because of  
large variations in the reproduction of  race 
3 ofH.  glycines on the cultivar Lee (14), Lee 
74 was used as the standard susceptible 
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TABLE 1. I so l a t e s  o f  Heterodera glycines u s e d  in  t e s t i n g  h o s t  r e s p o n s e s  o f  s o y b e a n  c u l t i v a r s  a n d  l i nes  in  

g r e e n h o u s e  t es t s  in  A r k a n s a s ,  1 9 9 1 - 9 3 .  

Cult ivar Female indices a 
or  p lan t  

in t roduct ion  Race 1 Race 2A Race 2B Race 3 Race 4 Race 5 Race 6 Race 14 

L e e  b 100  100  

P i c k e t t  - -  101 6 8  
P e k i n g  - -  10 3 0  
PI  8 8 7 8 8  - -  13 2 7  
P I 9 0 7 6 3  - -  2 6 

L e e  1 0 0  100  
P i c k e t t  1 172  
P e k i n g  < 1  15 
P I  8 8 7 8 8  2 9  12 
P I  9 0 7 6 3  0 3 

L e e  100  
P i c k e t t  2 
P e k i n g  0 
PI  8 8 7 8 8  2 2  
PI  9 0 7 6 3  < 1  

m 

1991 
100  - -  1 0 0  - -  100  
< 1  - -  4 0  - -  5 6  

0 - -  1 - -  2 0  
< 1  - -  5 0  - -  3 

< 1  - -  0 - -  11 

1992  
100  - -  100 100  100  
< 1  - -  6 7  2 3  8 8  

< 1  - -  1 1 3 5  

< 1  - -  4 3  1 2 

O - -  < 1  < 1  41  
1993  

i00 I00 I00 - -  I00 
< 1  107 6 0  - -  8 6  

0 4 7  2 - -  3 4  
< 1  2 6  5 0  - -  7 

0 15 0 - -  2 9  

a Female index  = (average n u m b e r  o f  females a n d  cysts on test cultivar + average n u m b e r  o f  females a n d  cysts on  Lee 74 
soybean cultivars) x 100. An  FI o f  < 10 = resistant, 10 to 30 = modera te ly  resistant, 31 to 60 = modera te ly  susceptible, a n d  
> 6 0  = susceptible. 

b -- isolate not  used  in indicated year.  

cultivar for  race testing. T h e  test lines were 
repl icated five times except  in a few cases 
w h e r e  seed  g e r m i n a t i o n  was p o o r  o r  
where  one  or  more  plants died du r ing  the 
test. Each race different ia l  was replicated 
10 times. 

Hos t  response  was categorized on the 
basis o f  a female index (FI) calculated for  
each soybean line as a percen tage  o f  the 
n u m b e r  o f  females p r oduced  on  Lee 74, as 
follows: FI = (average n u m b e r  o f  females 
on  test line + the average n u m b e r  o f  fe- 
males on  Lee 74) x 100. Female indices 
were r o u n d e d  to the nearest  whole num-  
ber.  Soybean  lines were  ca tegor ized ac- 
cord ing  to their  FI as follows: <10  indi- 
cated resistance; 10 to 30, modera t e  resis- 
tance; 31 to 60, mo de ra t e  susceptibility; 
and >60,  susceptibility (17). 

R E S U L T S  

Eighty-one lines were susceptible to race 
3 (Table  2), and  those lines varied in their  
susceptibility to o the r  races. Thi r ty-e ight  

lines were modera te ly  susceptible to race 3 
(Table 3), but  were not  equally susceptible 
to o ther  races. T h e  nine lines that  were 
modera te ly  resistant to race 3 (Table 4) 
and the 134 lines that  were resistant to race 
3 (Table 5) also had variable susceptibility 
to the o ther  races. 

Tw o  H. glycines race 2 isolates were used 
for  testing (Table 1). O f  the 141 soybean 
subjected to bo th  race 2 isolates, 58 were in 
similar r e sp o n se  ca tegor ies  whereas  83 
were in d i f fe ren t  response  categories (Ta- 
bles 2-5).  In fact, six lines were categorized 
as susceptible to one  isolate and resistant to 
the other .  Fif teen o ther  lines d i f fe red  by 
two categories (susceptible and modera te ly  
resistant, or  modera te ly  susceptible and  re- 
sistant) to the two race 2 isolates. 

Dur ing  the last 10 years, 611 lines have 
been  tested for  resistance to race 3 and  
fewer to o ther  races (Table 6). Forty-f ive 
percent  o f  those tested have been  resistant 
to race 3, whereas no more  than  12% of  
those tested with any o the r  race were re- 
sistant. 
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TABLE 2. F e m a l e  i n d i c e s  a o f  e i g h t  i s o l a t e s  ofHeterodera glycines o n  s o y b e a n  c u l t i v a r s  a n d  b r e e d i n g  l i n e s  t h a t  
w e r e  s u s c e p t i b l e  t o  r a c e  3 o f  H. glycines. 

Race  
Cul t iva r  o r  

b r e e d i n g  l ine 1 2A 2B 3 4 5 6 14 

A 6 7 8 5  6 9  1 0 0  9 4  6 5  9 3  61  __b  1 3 4  

A 7 2 5 8  1 0 6  2 0 2  8 6  72  - -  128  1 7 4  1 0 0  

A g r a T e c h  5 7 5  6 9  1 5 7  6 5  6 7  6 0  81  - -  - -  

B i o D e l t  2 1 4 6  9 4  1 1 3  - -  6 7  83  79  9 3  9 0  

B r a x t o n  - -  1 2 5  102  77  - -  1 7 0  - -  5 2  

B r i m  6 7  1 1 7  4 9  101 6 0  7 7  18 113  

B u c k s h o t  6 0 3  6 9  9 9  4 8  6 5  - -  9 2  6 8  4 9  

B u c k s h o t  6 2  2 4  - -  - -  128  126  37  - -  6 7  

B u c k s h o t  6 8  9 0  - -  - -  153  101 81 - -  7 5  

B u c k s h o t  7 0 3  8 5  1 6 4  1 1 6  6 4  - -  51 4 5  145  

B u c k s h o t  7 2 3  6 4  - -  - -  123  9 9  77  - -  8 9  

C a p e h a r t  S t o n e  7 7  8 6  5 6  73  78  152  - -  151 
C r a w f o r d  9 4  10 6 4  9 6  6 6  9 0  - -  7 9  

D a v i s  8 2  105  - -  7 3  - -  127  3 7  7 6  

D e l t a p i n e  D P  3 4 5 6  - -  1 2 0  8 3  8 0  - -  101 - -  2 1 3  

D e l t a p i n e  D P X  3 5 5 3  9 3  - -  - -  9 5  5 6  5 0  - -  1 7 2  

D e l t a p i n e  D P X  3 6 0 6  5 6  - -  - -  2 2 2  3 4  61 - -  1 4 8  

D e l t a p i n e  D P  3 6 2 7  91 81  5 9  9 6  7 8  8 9  11 1 3 6  

D e l t a p i n e  4 1 7  - -  8 8  127  I 0 1  - -  6 5  - -  3 4 4  

D e l t a p i n e  5 0 6  - -  127  130  6 4  - -  118  - -  6 0  

D o u g l a s  - -  4 4 2  118  - -  161 - -  2 2 4  

D y n a - G r o  3 4 9 5  9 7  - -  - -  125  9 0  67  - -  7 3  

D y n a - G r o  3 5 7 6  7 9  - -  - -  7 9  27  9 7  - -  8 8  

E . H . J . U .  13 - -  9 0  21  6 9  - -  137  - -  4 0  

F l y e r  126  - -  - -  129  102  81 - -  93  

H a r t z  H X 1 0 3 9  - -  7 6  1 8 5  - -  38  - -  32  

H a r t z  H X 3 0 7  9 0  7 4  4 9  6 3  - -  62  7 37  

H a r t z  H 4 2 4 2  121 - -  - -  6 8  9 9  1 1 9  - -  7 6  

H a r t z  H 5 0 7 0  61  - -  - -  121 5 6  4 9  - -  1 0 0  

H a r t z  H X 5 1 9 1  5 9  2 0 4  - -  71 - -  104  147  8 7  

H a r t z  H X 5 2 5 8  6 0  2 0 2  - -  71 - -  190  73  128  

H a r t z  H X 5 4 0 3  - -  9 0  3 9  104  - -  38  - -  3 

H a r t z  H 6 5 0 0  2 2  - -  - -  7 0  30  23  - -  1 0 0  

H a r t z  6 6 8 6  9 6  8 9  7 9  7 6  105  9 4  - -  6 0  

H B  9 0 - 4 0 0  - -  7 9  1 2 4  8 0  - -  8 7  - -  2 3 3  

H B  9 0 - 4 7 2  - -  1 0 6  6 7  75  - -  30  - -  9 5  

H B K  4 9  104  - -  - -  91  111 9 5  - -  9 7  

H B K  6 5  128  - -  - -  8 5  3 0  107  - -  161 

H S C  4 0 1  B r a n d  8 2  - -  - -  65  7 9  71 - -  8 4  

H S C  5 7 9  - -  16 15 93  - -  58  - -  2 

H y p e r f o r m e r  H B 2 - X 4 8 4  7 0  - -  - -  128  6 6  78  - -  112  

H y p e r f o r m e r  H Y  4 9 8  9 0  - -  - -  103  5 3  131 - -  9 5  

W i l s t a r  5 5 0  - -  101 4 3  127  - -  18 - -  2 2 4  

H u t c h e s o n  2 0  1 3 4  5 3  145  119  101 - -  114  

L e e  7 4  - -  133  6 8  86  - -  178  - -  8 5  

M 8 9 - 5 7 7 3 2 1  71 167  1 4 0  76  - -  8 6  151 2 3 0  

M 8 9 - 6 8 5 7 2 4  1 0 8  9 5  132  8 2  - -  5 5  51 1 2 0  

M E C O  7 9 9  3 8  - -  - -  7 0  6 4  6 3  - -  6 4  

M i t c h e l l  4 1 0  9 0  - -  - -  7 4  6 2  104  - -  8 9  

M i t c h e l l  4 5 0  9 0  - -  - -  134  5 4  102  - -  1 1 6  

N o r t h r u p  K i n g  C 6 8 4 7  - -  1 0 8  164  7 7  - -  9 4  - -  1 0 9  

N o r t h r u p  K i n g  R A 4 5 2  8 5  151 - -  6 9  7 6  93  9 6  82  

P e r s h i n g  - -  4 7 5  9 4  - -  5 0  - -  13 

P i o n e e r  9 3 9 1  - -  11 61  72  - -  103  - -  1 2 9  

P i o n e e r  9 5 0 1  7 5  82  - -  95  - -  167  162  102  

P i o n e e r  9 5 8 1  - -  4 4  147  8 8  - -  117  - -  1 7 9  
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P i o n e e r  9641 - -  56 114 81 - -  108 - -  99  

P i o n e e r  9791 - -  68  124 92 - -  172 - -  15 
R i ve r s i de  499  103 163 42 76 110 104 - -  79 
R ive r s ide  699  98 109 40  84 108 83 - -  6 l 

R ive r s ide  77 93 - -  - -  92  85 70 - -  133 
R ive r s ide  90-94  37 - -  - -  118 53 62 - -  112 
R ive r s ide  91 -46  111 - -  - -  I l 0  81 92 - -  56 

S t a f f o r d  114 - -  - -  91 118 l 16 - 90 
Stonevi l le  FFR  464  86 132 - -  117 120 83 2 4 0  116 
Stonevi l le  FFR  561 48 156 22 131 59 93 - -  127 
Stonevi l le  FFR  562 92 117 56 77 - -  126 135 76 

Stonevi l le  FFR  671 26 - -  - -  101 111 47 - -  129 
Stonevi l le  FFR  695  147 93 36 99 23 61 - -  61 

T e r r a - V i g  505 - -  93 111 100 - -  51 - -  448  
T e r r a - V i g  5 6 9 3  - -  98  92 85 - -  40  - -  77 

T e r r a - V i g  6653  87 90 156 128 27 103 44 134 
T o a n o  92 - -  - -  67 104 69 - -  83 

T r a c y  M 32 120 98 I l 1 105 72 - -  237 
U A P X  36 92 193 - -  82 48  89 196 106 
U n d e r w o o d  5 0 9 A  101 124 - -  76 - -  107 151 108 
U n d e r w o o d  605 45 134 - -  81 - -  128 21 90 

V e r n a l  54 - -  - -  107 138 47 - -  79 

U n i o n  112 - -  - -  62 81 90 - -  90 
Vic to ry  - -  67 163 80 - -  116 - -  425  

Y o u n g  69 129 - -  97 102 49 - -  78 
T o t a l  no.  t e s t ed  59  54 43  81 46 81 20 80 

No.  suscep t ib le  46  47 26  81 3 l 64  12 68  
No.  rood.  suscep t ib le  9 1 13 0 l0  14 4 8 
No.  rnod.  r e s i s t an t  4 3 3 0 5 3 3 2 

No.  r e s i s t an t  0 2 1 0 0 0 1 2 

a Female index (FI) = (average number  of  females and cysts on test cultivar + average number  of  females and cysts on Lee 
74 soybean cultivar) x 100. An FI of  < 10 = resistant, 10 to 30 = moderately resistant, 31 to 60 = moderately susceptible, 
and >60 = susceptible. 

b = not tested. 

D I S C U S S I O N  

Because H. glycines race 3 does  not  have  
an FI I> 10 on  any o f  the different ia ls  (Ta- 
ble 1), the  a s sumpt ion  was m a d e  that  any  
cult ivar susceptible to race 3 would also be  
susceptible to the o the r  races. In  ou r  pre-  
vious tests, no cult ivar that  was susceptible 
to race 3 was resistant  to any  o the r  race 
(13,15). However ,  in 1990, Young  (19) re- 
p o r t e d  that  PI 399061, PI 424595, and  PI 
438342 were  susceptible to race 3 but  re- 
sistant to race 5. In  o u r  test, mos t  o f  the  
281 lines were  resistant  to race 3, and  a few 
lines that  were  resistant  to o the r  races were  
susceptible to race 3. In  tests in Georgia ,  no 
cult ivar that  was susceptible to race 3 was 
resistant  to race 9 (10-12).  Cult ivars  'ob- 
served to be susceptible to race 3 and  re-  
sistant to a n o t h e r  race (in o u r  case, two 

resistant  to race  2, one  to race  6, and  th ree  
to race 14) should  be  re tes ted  to d e t e r m i n e  
Whether  they are  truly resis tant  o r  were  
escapes. However ,  because mul t ip le  genes  
are  involved in resistance and  susceptibility 
to var ious races o f  H. glycines (2,3,5-9,18),  
d i f fe ren t  genes  m a y  combine  such tha t  a 
soybean line could have  resistance to an-  
o the r  race even  though  susceptible to race 
3. In  addit ion,  the different ia ls  do not  en- 
compass  the ent i re  spec t rum o f  resis tance 
genes  found  in Glycine max (1). 

Resistance rat ings for  77 o f  the cult ivars 
in these studies were  inc luded  in the 1988 
and(or)  the 1991 r e p o r t  o f  Arkansas  tests 
(13,15), and  66 were  r e p o r t e d  in Georg ia  
tests (10-12,14) .  T h e y  were  inc luded  in 
m o r e  than  one  r e p o r t  because  we test  t h e m  
for  3 years. W h e n  the  o the r  pape r s  were  
publ i shed  they had  not  been  tested th ree  



596 Journal of Nematology, Volume 27, Supplement to December 1995 

TABLE 3. F e m a l e  ind ices  a o f  e i g h t  isolates o f  Heterodera glycines o n  s o y b e a n  cu l t iva rs  a n d  b r e e d i n g  lines t h a t  

w e r e  m o d e r a t e l y  suscep t ib l e  to r a c e  3 o f  H. glycines. 

Race 
Cultivar or  

breeding line 1 2A 2B 3 4 5 6 14 

B i oD e l t  2 4 4 9  80 b __  56 102 104 - -  43  
B r a g g  - -  57 67 69  - -  106 - -  4 

B u c k s h o t  67 57 - -  - -  38 65 61 - -  65 
C S I M  9461  - -  63 28 47 - -  84 - -  176 
De l t a  K i n g  5430  35 202  - -  35 55 43  141 116 
D e l t a p i n e  105 94 148 167 49 159 79 - -  196 
D e h a p i n e  D P  3 4 5 6  84 92 - -  55 107 116 72 72 

D e h a p i n e  D P X 3 4 8 4  86 165 - -  49 - -  73 66 136 
D e l t a p i n e  566  - -  113 30 47 - -  30 - -  216  
D y n a - G r o  3501 86 29 - -  37 - -  114 149 124 

E . H . J . U .  5 - -  121 44  41 - -  171 - -  80  
H a r t z  H 4 2 4 2  42 95 - -  57 - -  77 171 171 
H a r t z  H 4 4 6 4  1 51 26 50  - -  17 14 71 
H a r t z  H X 5 0 7 0  37 l 11 - -  57 - -  109 63 90  

H a r t z  H X 5 2 5 8  - -  92 29  56 - -  136 - -  81 
H a r t z  H X 5 4 0 3  46 63 - -  41 - -  146 57 58 
H a r t z  H 5 6 6 8  - -  121 58 40  - -  165 - -  80 
H a r t z  6 2 0 0  1 78 5 44  81 75 - -  137 

H a r t z  H 6 4 6 4  61 95 - -  41 20 66  25 66 
H a r t z  H 7 1 9 0  90 113 45 32 - -  86  205 187 
Z-1357  - -  73 94  35 - -  79  - -  161 
H B  8 9 - 1 4 7 B  - -  48  50  56 - -  76 - -  29  

H S C  623  - -  95 82 55 - -  82 - -  12 
H S C  682  64  55 - -  35 - -  96  17 79  
H S C  401 56 111 - -  39 - -  56  70 140 
L a m a r  95 114 74 61 - -  87 35 102 

M 8 9 - 4 6 7 1 2 6  71 99 136 38 - -  100 126 174 

P i o n e e r  9461 58 44 84 61 - -  80  86 39  
P i o n e e r  9591  - -  97 191 49  - -  90  - -  330  
P i o n e e r  9 5 9 2  149 122 38 33 70 113 - -  105 

R i v e r s i d e  677  - -  115 78 58 - -  201 - -  118 
T e r r a - V i g  5 6 9 3  96 116 - -  53 58 95 55 81 
T e r r a - V i g  616  91 113 22 42 - -  124 13 85 
U A P X  29 24 110 - -  46  124 51 126 78 

U A P X  34 91 72 - -  44  - -  97 5 81 
U A P X  41 17 98 - -  53 - -  78 33 53 
U A P X  96  107 - -  - -  45 102 91 - -  93  
U n d e r w o o d  609  96 160 - -  41 - -  116 100 130 
T o t a l  no .  t e s t ed  27 35 20  38 11 38 21 38 

No .  suscep t ib l e  16 28  9 0 8 33 12 31 
No .  m o d .  suscep t ib l e  7 5 5 38 2 3 4 4 

No .  m o d .  r e s i s t an t  2 1 5 0 1 2 4 2 
No .  r e s i s t an t  2 0 1 0 0 0 1 1 

a Female index (FI) = (average number  of  females and cysts on test cuhivar + average number  of  females and cysts on Lee 
74 soybean culfivar) × 100. An FI of  <10 = resistant, 10 to 30 = moderately resistant, 31 to 60 = moderately susceptible, 
and >60 = susceptible. 

b = not tested, 

times. Of those reported previously in Ar- 
kansas tests, 73 had the same responses to 
race 3 as in our current studies, 27 suscep- 
tible and 46 resistant. Two lines previously 
repor ted  as modera te ly  resistant were 

rated susceptible in the tests repor ted  
herein, and one that was previously re- 
ported as susceptible was rated resistant 
herein. Of the eight previously tested that 
are currently rated moderately susceptible, 
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TABLE 4.  F e m a l e  i n d i c e s  a o f  e i g h t  i so l a t e s  ofHeterodera glycines o n  s o y b e a n  c u l t i v a r s  a n d  b r e e d i n g  l ines  t h a t  
w e r e  m o d e r a t e l y  r e s i s t a n t  to  r a c e  3 o f  H. glycines. 

Race 
Cult ivar  o r  

b reed ing  line 1 2A 2B 3 4 5 6 14 

8 7 2 4 3  ____b 9 4  7 3  13 - -  128  - -  9 4  
B G  5 0 6 0 0  81 6 8  4 6  2 4  7 0  9 8  2 3  31 
D e K a l b  C X 4 5 8  8 9  - -  - -  21 113  115  - -  6 4  
H a r t z  H X 5 4 4 2  - -  4 2  2 6  18 - -  4 5  - -  11 
H B 2 - X 4 9 0  1 2 4  - -  - -  2 6  100  7 9  - -  8 5  
KS 5 2 9 2  4 6  - -  - -  10 77  5 7  - -  115  
N o r t h r u p  K i n g  $ 4 8 - 8 4  4 2  8 5  2 2  2 5  8 8  41 22  4 5  
U n d e r w o o d  6 1 1  3 8  6 8  - -  17 - -  6 6  14 2 5  
W i n n e r  - -  38  16 23  - -  6 9  - -  4 
T o t a l  no .  t e s t e d  6 6 5 9 5 9 3 9 
N o .  s u s c e p t i b l e  3 4 1 0 5 6 0 4 
N o .  m o d .  s u s c e p t i b l e  3 2 1 0 0 3 0 2 
N o .  m o d .  r e s i s t a n t  0 0 3 9 0 0 3 2 
N o .  r e s i s t a n t  0 0 0 0 0 0 0 1 

a Female index  (F1) = (average n u m b e r  of  females and  cysts on test cultivar + average  n u m b e r  o f  females a n d  cysts on  Lee 
74 soybean cultivar) × 100. An  FI o f  < 1 0  = resistant, 10 to 30 = modera te ly  resistant,  31 to 60 = modera te ly  susceptible, 
amd  > 6 0  = susceptible. 

b = not  tested. 

seven  were  r e p o r t e d  as suscept ib le  and  
one  as resistant;  o f  two ra ted  previously  
as modera t e ly  resistant,  bo th  are  r e p o r t e d  
as R. 

O f  the  eight  cultivars previously  tested 
in Arkansas  for  race 1, one  has the same 
rat ing,  seven have  d i f f e ren t  ratings;  o f  the  
36 tested for  race 2, 23 are  the same,  13 are  
d i f ferent ;  o f  the 22 tested for  race 4, 11 are  
the same, 11 are  d i f ferent ;  o f  the 59 tested 
for  race 5, 33 are  the same,  26 are  di f fer-  
ent;  o f  the  th ree  tested for  race 6, two are  
the same,  one  is d i f ferent ;  and  o f  the 74 
tested for  race 14, 41 are  the same,  33 are  
d i f fe ren t .  O f  the  64 cultivars tes ted for  
race 3 resistance in Arkansas  and  Georgia ,  
52 cultivars had  the same rat ings and  12 
had  d i f f e ren t  ratings.  

Discrepancies  in ra t ings  such as those 
listed in the  previous  p a r a g r a p h ,  may be 
exp la ined  by the  fact tha t  races o f  H. gly- 
cines are  not  h o m o g e n e o u s .  A field popu -  
lation o f  H. glycines is a m i x t u r e  of  g e n t -  
types for  parasit ic capabilities. A race test is 
an ave rage  m e a s u r e  o f  the genotypes  for  
pa ras i t i sm tha t  a re  inc luded  in a given 
popula t ion .  T h e  test is l imited by the genes  
for  resis tance p resen t  in the differentials .  
T h e  isolates des igna ted  as the same race 

may vary considerably in FI on  a given dif- 
ferential ,  as was t rue  in o u r  tests (Table  1). 
At the same time, soybean lines may  not  be  
homozygous  for  resistance, and  whereas  a 
par t icu lar  combina t ion  of  genes  (alleles) 
confers  resistance to a par t icu lar  combina-  
tion o f  genotypes  in the H. glycines p o p u -  
lation, the same combina t ion  o f  soybean  
genes  may  no t  c o n f e r  res is tance  to an-  
o the r  combina t ion  o f  genotypes  in a n o t h e r  
H. glycines popula t ion .  Thus ,  r epor t s  o f  re- 
sistance o f  soybean lines to a given race 
may  vary, par t icular ly  if  FI  are  bo rde r l ine  
on  any different ial .  I f  a race is negat ive  on  
a given different ial ,  such as for  race 14 on  
PI 88788, the nea r e r  the FI is to 0, the  
s t ronge r  the race,  theoret ical ly,  a n d  the 
m o r e  re l iable  the  test  o f  s o y b e a n  l ines  
when  that  isolate is used. 

Resistance to race 3 appea r s  to be mos t  
closely cor re la ted  with resistance to race 6. 
O f  those soybean lines resistant  to race 3 
that  were tested against  race 6, 60% were  
resistant.  In  previous  tests (13,15) all culti- 
vars resistant  to race 14 were  also resis tant  
to race 3, bu t  not  in the p re sen t  tests. T w o  
cultivars tha t  were  susceptible and  m o d e r -  
ately resistant  to race 3 were  resistant  to 
race 14. T h e  tests con f i rm  prev ious  obser-  
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TABLE 5. F e m a l e  ind ices  a o f  e i g h t  isolates ofHeterodera glycines o n  s o y b e a n  cu l t iva rs  a n d  b r e e d i n g  lines t h a t  

w e r e  r e s i s t an t  to  r a c e  3 o f  H. glycines. 

Race 
Cultivar o r  

breeding line 1 2A 2B 3 4 5 6 14 

8 8 5 0 0  
A 4 7 1 5  
A 5 4 0 3  
A 5 5 6 0  
A 5 8 8 5  

A 5 9 7 9  
A 6 2 9 1  
A 6 2 9 7  

A 6 9 6 1  
A g r a T e c h  495  
A g r a T e c h  520  
A g r a T e c h  550  

A g r a T e c h  555  
A g r a T e c h  695  
A v e r y  

B e d f o r d  
BioDel t  2157  
B G  6 0 4 0 0  
B G  88501  
B r y a n  
B u c k s h o t  507  
B u c k s h o t  55 
B u c k s h o t  66  

C e n t e n n i a l  

Co rde l l  
C r o w l e y  
D e K a t b  C X 4 6 9 c  
Delsoy  4 5 0 0  
Delsoy  4 7 1 0  
Delsoy  4 9 0 0  

Del ta  K i n g  521 
Del ta  K i n g  551 
D e l t a  ) ine X 3541  
Del ta  ) ine  D P X  3589  
Del ta  ) ine  D P X  3 6 8 0  
Del ta  ) ine D P  3682  

De l t a  ) ine  415  
De l t a  ) ine  726  
E . H . . U .  7 

E . H . . U .  11 
E m e r y  

E p p s  
F o r r e s t  

G o r d o n  
H a r t w i g  
H a r t z  H 5 0 8 8  
H a r t z  5 1 6 4  
H a r t z  H 5 2 4 0  
H a r t z  H 5 3 5 0  
H a r t z  5 3 7 0  
H a r t z  H X 5 5 6 6  
H a r t z  H X 5 6 5 0  
H a r t z  5810  
H a r t z  6 1 3 0  
H a r t z  H X 6 7 9 7  

H a r t z  7126  

b 45  29  2 - -  41 - -  34  

32  50  - -  2 42 72 8 14 
36  50  76  3 28 110 - -  15 
73 - -  - -  1 51 53 - -  27 
73 - -  - -  3 58 86  - -  29 

42  50  26  5 - -  95 4 25 
- -  26 111 4 - -  1 3 3  - -  1 

26 - -  - -  4 20 48  - -  33 

65  50  - -  8 21 52 9 41 
- -  26 80 2 - -  1 4  - -  0 

41 - -  - -  < 1  42 51 - -  132 
69 35 170 1 36 55 - -  23 
43  - -  - -  3 19 51 - -  32 
- -  39 23 1 - -  1 1 6  - -  37 

35 - -  - -  1 39 40  - -  24 

- -  53 36 1 - -  5 0  - -  1 

74 - -  - -  3 46 52 - -  26 
77 - -  - -  6 39 85 - -  11 

- -  29 165 1 - -  1 1 1  - -  74 
- -  1 1 9  8 4  < 1  - -  3 6  - -  79 

82 41 133 2 - -  92 4 49  
44  - -  - -  7 16 85 - -  30 

67  - -  - -  4 20 58 - -  9 
- -  78 125 1 - -  4 2  - -  72 

- -  22 34 0 - -  1 9  - -  24 
136 60 15 6 32 72 - -  47  

73  41  - -  8 20  99  5 18 
4 - -  - -  < 1  65 36 - -  41 

41 - -  - -  1 31 80  - -  16 
88  - -  - -  < 1  125 84 - -  110 
38 - -  - -  5 29 46  - -  36  
48  - -  - -  8 25 131 - -  17 

48  - -  - -  8 28 45  - -  60  
101 - -  - -  1 61 108 - -  99  

1 1 6 8  - -  < 1  - -  3 7  5 4  5 5  

1 - -  - -  < 1  45 21 - -  1 0 0  

51 102 111 1 52 72 - -  73 
- -  87 134 6 - -  4 4  - -  44 
- -  63 73 0 - -  5 - -  209 
- -  55 39 9 66  196 - -  136 

- -  3 3  5 3  2 - -  2 6  - -  2 

- -  4 1  9 6  1 - -  7 3  - -  6 

- -  9 2  5 0  1 - -  1 3 1  - -  3 1 3  

- -  1 4 1  2 4 - -  6 0  - -  28 
0 < 1  - -  0 0 < 1  0 <1  

30 113 - -  2 - -  136 38 70 

81 41 5 4 44  87 - -  29  
1 71 76 < 1  - -  125 20 104 

78 - -  - -  1 40  31 - -  17 

- -  5 8  7 1 - -  1 9 7  - -  2 

52 48 126 3 27 92 - -  81 
- -  80 61 7 - -  3 - -  197 

49 45 - -  2 20  91 16 17 

- -  35 26 0 - -  9 9  - -  158 

- -  3 7  4 8  3 - -  3 4  - -  2 

- -  3 0  1 4 9  8 - -  6 0  - -  1 4  
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H B K  79 42 - -  - -  0 70 65 - -  70 
H y p e r f o r m e r  H S C  B2J  1 38 87 1 58 50  - -  103 
H y p e r f o r m e r  H S C  501 

B r a n d  77 - -  - -  3 35 20 - -  33 
H y p e r f o r m e r  H S C  557 32 37 - -  3 29 54 2 19 
H y p e r f o r m e r  H S C  591 56 37 135 3 24 89 19 329  
H y p e r f o r m e r  H B  90-5  68  9 - -  3 - -  174 9 28 
H y p e r f o r m e r  H S C  623 70 76 52 5 71 79 3 33 

H y p e r f o r m e r  H S C  721 33 106 104 2 - -  85 8 160 
H y p e r f o r m e r  H S C  741 57 89 29 3 - -  68 6 12 

Le f love  - -  33  83 1 - -  24 - -  42  

L loyd  - -  54  29 2 - -  69 - -  97  
M a n o k i n  40  - -  - -  < 1 108 24 - -  98  

M E C O  678 1 - -  - -  < 1  79 12 - -  71 
M E C O  679  56 - -  - -  7 23 62 - -  44  
N a r o w  - -  153 6 3 - -  88 - -  23 
N a r o w  M 58 112 - -  2 64  96  9 126 
N o r t h r u p  K i n g  C o k e r  485  1 60  100 < 1 85 79 - -  111 
N o r t h r u p  K i n g  C o k e r  6727  29 - -  - -  1 43  40  - -  115 
N o r t h r u p  K i n g  C o k e r  6955  - -  73 66 0 - -  49  - -  83 
N o r t h r u p  K i n g  C o k e r  6995  - -  26  20 1 - -  111 - -  112 

N o r t h r u p  K i n g  R A  606  - -  81 33 3 - -  29 - -  113 
N o r t h r u p  K i n g  $ 5 9 - 6 0  109 - -  - -  3 37 68 - -  24 
N o r t h r u p  K i n g  $ 6 1 - 8 9  68 73 44 3 10 66 21 16 
N o r t h r u p  K i n g  $ 6 4 - 2 3  - -  40  47  I - -  90 - -  193 

N o r t h r u p  K i n g  $ 5 9 - 6 0  119 31 60 1 - -  54 3 150 

N o r t h r u p  K i n g  $ 6 2 - 6 6  64 - -  - -  4 59 38 - -  11 
N o r t h r u p  K i n g  X 9 1 6 5  - -  26 58 2 - -  48 - -  6 
N o r t h r u p  K i n g  X 9 2 5 6  46 - -  - -  3 17 57 - -  17 

N o r t h r u p  K i n g  X 9 2 7 5  42 - -  - -  6 114 67 - -  32 

P h a r o a h  - -  3 38 1 - -  1O0 - -  144 
PI  4 3 7 6 5 4  0 - -  - -  0 0 < 1 - -  2 
P i o n e e r  9521 < 1  69 - -  < 1  31 31 7 107 

P i o n e e r  9531 45 60 73 3 - -  100 9 9 
P i o n e e r  9551 55 109 - -  7 31 68 5 25 
P i o n e e r  9 5 8 4  92 - -  - -  1 100 69 - -  87 

P i o n e e r  9593  50 197 - -  2 88 83 47  98 
P i o n e e r  9681 - -  115 70 1 - -  46  - -  104 
P i o n e e r  9 6 9 2  31 - -  - -  2 148 66 - -  71 
P i o n e e r  9711 1 148 74 4 65 95 47 95 
P i o n e e r  9751 - -  94 142 0 - -  128 - -  63 

P i o n e e r  9761 54 130 - -  1 88 80 5 90 

Rally - -  72 55 3 - -  150 - -  120 
R h o d e s  4 95 76 < 1 42  62 - -  162 
R ive r s ide  577 0 54  87 1 40  64 - -  121 

R ive r s ide  696  - -  100 64 < 1 - -  1 1 6  - -  1 3  

Rive r s ide  757 28 43 61 6 38 147 - -  1 3 7  
RJ 85 -9116  47 18 16 1 17 32 - -  171 

R V S L  91-42  22 - -  - -  < 1  89 29  - -  51 
R V S L  91-75  1 - -  - -  < 1  45  57 - -  81 
R V S L  91-85  21 - -  - -  0 127 38 - -  67 
S a m p s o n  - -  68  45 5 - -  95 - -  5 

S h a r k e y  3 85 40  < 1 33 38 - -  17 i 
Stonevi l le  FFR  3 8 0 9  47 23 - -  5 - -  72 12 22 
Stonevi l le  FFR  3 8 1 0  88 - -  - -  3 45 71 - -  54 
Stonevi l le  FFR  565  - -  73 33 7 - -  174 - -  17 
S tonevi l le  FFR  5 95  54 35 - -  3 20  97 5 14 
Stonevi l le  FFR  6 06  - -  37 162 3 - -  58 - -  51 

S tonevi l le  FFR  6 46  57 35 61 6 16 107 - -  126 
Stonevi l le  FFR X 3 6 5 7 8  - -  34 46  2 - -  38 - -  325 

S tonewal l  1 151 144 < 1 158 45 22 189 
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TABLE 5.  Continued 

T e r r a - V i g  5 1 5  9 5 7  91 < 1 8 4  114  - -  121 
T e r r a - V i g  5 4 5 2  7 6  8 4  155  2 5 8  5 5  11 9 7  
T e r r a - V i g  5 5 5 5  5 7  100  - -  7 33  7 4  12 3 3  
T e r r a - V i g  5 6 5 2  4 0  - -  - -  2 - -  131 - -  3 
T e r r a - V i g  5 6 7 6  : 4 4  - -  - -  4 18 4 3  - -  2 3  
T e r r a - V i g  6 2 6  2 0  51 5 8  4 - -  8 8  - -  3 3  
T e r r a - V i g  X 6 6 7 0  9 3  8 2  - -  3 17 111 5 3 5  
T e r r a - V i g  6 7 9 2  31 - -  - -  5 35  4 8  - -  3 3  
T h o m a s  - -  103  14 1 - -  6 4  - -  2 
T N  4 - 8 6  5 0  1 111 1 31 4 8  - -  3 5  
T N  5 - 8 5  - -  7 5  103  < 1  - -  9 3  - -  162  
T w i g g s  - -  77  140  < 1  - -  2 6  - -  197  
U A P X  4 0  71 1 7 6  - -  4 - -  9 7  2 6  91 
U A P X  4 2  5 3  3 2  - -  3 2 6  9 7  9 2 0  
U n d e r w o o d  6 0 7  0 147  - -  1 - -  21 2 4  155  
U n d e r w o o d  7 0 1 W  4 6  154  - -  9 - -  5 5  7 17 

W a k e r s  - -  10 3 1 - -  5 7  - -  143  
T o t a l  n o .  t e s t e d  91 9 4  73  134  7 6  134  35  134  
No .  s u s c e p t i b l e  2 6  4 2  3 9  0 2 0  73  0 5 8  
N o .  m o d .  s u s c e p t i b l e  4 0  3 8  2 0  0 31 4 5  4 2 5  
No .  r o o d .  r e s i s t a n t  7 10 10 0 2 3  12 10 35  
N o .  r e s i s t a n t  18 4 4 134  2 4 21 16 

a Female index  (FI) = (average n u m b e r  o f  females a n d  cysts on test cultivar + average n u m b e r  o f  females a n d  cysts on  Lee 
74 soybean cultivar) × 100. An  FI o f  < 1 0  = resistant, 10 to 30 = modera te ly  resistant, 31 to 60 = modera te ly  susceptible, 
and  > 6 0  = susceptible. 

b = not  tested. 

TABLE 6.  N u m b e r s  o f  c u l t i v a r s  a n d  b r e e d i n g  l ines  t e s t e d  a n d  p e r c e n t a g e  o f  c u l t i v a r s  t e s t e d  t h a t  w e r e  in  
e a c h  h o s t  r e s p o n s e  c a t e g o r y .  

Cult ivar  Race 1 Race 2 Race 3 Race 4 Race 5 Race 6 Race 9 Race 14 
o r  b reed ing  

line No. % No. % No. % No. % No. % No. % No. % No. % 

1988  
T o t a l  t e s t e d  a __  114  - -  171 - -  87  - -  106  - -  9 5  
S u s c e p t i b l e  7 7  6 8  71 4 2  3 3  3 9  6 8  6 4  4 2  4 4  
M o d .  sus .  2 2  19 2 4  14 31 3 6  2 8  2 6  11 12 
M o d .  res .  - -  - -  1 4  12 19 11 2 2  2 5  9 8 31 33  
R e s i s t a n t  - -  - -  1 1 57  3 3  1 1 1 1 11 12 

1991 

8 2  - -  
6 7  82  

2 2 
11 13 

2 2 

T o t a l  t e s t e d  3 8  - -  9 4  - -  178  - -  9 7  - -  9 6  - -  120  - -  9 7  - -  178  - -  
S u s c e p t i b l e  16 42-  3 4  3 6  7 0  3 9  78  8 0  72  75  4 7  3 9  4 8  4 9  9 2  5 8  
M o d .  sus ,  9 2 4  3 6  3 8  18 10 15 15 18 19 23  19 2 9  3 0  4 6  2 6  
M o d .  r e s .  7 18 2 3  2 4  9 5 3 3 4 4 4 9  41 17 17 2 3  13 
R e s i s t a n t  6 16 1 1 81 4 5  1 1 2 2 1 1 3 3 17 10 

1 9 9 4  
T o t a l  t e s t e d  183  - -  189  - -  2 6 2  - -  138  - -  2 6 2  - -  7 9  2 6 1  - -  
S u s c e p t i b l e  91 5 0  122  6 5  81 31 6 4  4 6  176  6 7  2 4  3 0  161 6 2  
M o d .  sus .  5 9  3 2  4 7  2 5  3 8  14 4 3  31 6 5  2 5  12 15 3 9  15 
M o d .  res .  13 7 14 7 9 3 2 9  21 17 6 2 0  25  41 16 
R e s i s t a n t  2 0  11 6 3 134  51 2 1 4 1 23  2 9  2 0  8 

All  
T o t a l  t e s t e d  221  - -  3 9 7  - -  611  - -  3 2 2  - -  4 6 4  - -  2 9 4  - -  9 7  - -  521  - -  
S u s c e p t i b l e  107  4 8  2 3 3  5 9  2 2 2  3 6  175  5 4  3 1 6  6 8  113  3 8  4 8  4 9  3 2 0  61 
M o d .  sus .  6 8  31 105  2 6  8 0  13 8 9  2 8  111 2 4  4 6  16 2 9  3 0  8 7  17 
M o d .  r e s .  2 0  9 51 13 3 7  6 5 4  17 3 0  6 100  3 4  17 17 7 5  14 
R e s i s t a n t  2 6  12 8 2 2 7 2  4 5  4 1 7 2 35  12 3 3 3 9  7 

- -  = not  tested o r  no t  applicable. 
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vations that,  in most  cases, resistance to 
one  race is not  re la ted to resistance to any 
o ther  race. Logically, soybean lines that  de- 
rive resistance f rom Peking should be re- 
sistant to races 1, 3, 5, 6, and 9, but  that  is 
not  t rue.  Similarly, lines that  derive their  
resistance f rom PI 88788 should be resis- 
tant  to races 3, 6, and  14, bu t  again that  is 
not  the case. T h e  p ic ture  is fu r the r  com- 
plicated by the fact tha t  many lines have 
resistance f rom both  Peking and PI 88788, 
a combination that should impart  resistance 
to races 1, 3, 5, 6, 9, and  14 but  does not. 

Results o f  these studies emphasize  the 
need  for  a new scheme for  race determi-  
nat ion in H. glycines. However ,  until a new 
scheme is available, the p resen t  scheme 
must  be used as judiciously as possible in 
the de te rmina t ion  o f  resistance of  soybean 
lines to races o f  H. glycines. 
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