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Infra-species Variation in Reactions 
to Hosts in Heterodera glycines Populations 

R. D. Riggs, M. L. Hamblen ,  and Lar ry  Rakes 1 

Abstract: Eighteen  hosts  were inocu la ted  wi th  each of fou r  races of  Heterodera glycines. A 
d i sc r iminan t  func t ion  analysis  of  the  react ions of these zaces to these hosts  d e m o n s t r a t e d  tha t  
these races could be separa ted  b u t  no t  consistent ly.  T h e n  33 H. glycines popu la t ions  collected 
f rom 13 states and  five ob ta ined  f rom J a p a n  were tested on  different ial  hosts.  T h e  n u m b e r  of  
var ian ts  d i sc r imina ted  wi th in  these 38 popu la t ions  de pe nde d  on the  n u m b e r  of  differentials  a nd  
the  ra t ing  system used.  W h e n  five differentials  were used wi th  a ( + )  or  (--) r a t ing  system there  
were six "races," bu t  when  13 differentials  were used wi th  a ( + )  or  (--) sys tem there  were 25 
physiological  groups.  If  an  index  ra t ing  system was used there  were 36 groups.  A p p a r e n t l y  H.  
glycines is a very var iable  species and  de l inea t ion  of races varies wi th  cri teria chosen.  Key words: 
soybean cyst nematodes ,  races, variabil i ty.  

Heterodera glycines, the soybean cyst 
nematode (SCN), has been studied exten- 
sively in relat ion to host differentiat ion of 
variants. Ross (14) was the first to repor t  on 
a physiological var iant  of H. glycines, and 
other reports subsequently appeared from 
Virginia (5,6,7,8,9,10,15), Arkansas (13), 
Tennessee and Missouri (1,2), Nor th  Caro- 
lina (4), and J apan  (16). In  1969 a group 
of researchers met  to discuss the var ia t ion 
in H. gIycines; as a result the species was 
divided into four races (3). However,  the 
work of Miller and co-workers in Virginia 
demonstra ted at least 11 different races (10) 
based on different host ranges. 
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ville, AR 72701. Published with the approval of the Arkan- 
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T h e  purpose of this study was to test H .  
glycines popula t ions  f rom the Uni ted  States 
and J apan  on a series of differential hosts to 
determine the range in parasitic capabilities. 

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

Cultures of the original four race popu-  
lations (3) were tested. One or more  popu- 
lations were collected from each state in 
which SCN was known to occur, and five 
popula t ions  were obta ined f rom Japan.  
These populat ions,  total ing 38, were main-  
tained in a glasshouse on 'Lee '  or 'Picket t '  
soybeans, depending on the source. 

Th i r t een  soybean cultivars and five 
other  host species (Table  l) were used as 
differentials. Seeds were germinated  in 
vermiculi te  and t ransplanted into fine r iver  
sand for inoculation. T h e r e  were 10 replica- 
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T a b l e  1. P lan ts  tested as hosts  for different  popu-  
lat ions of Heterodera glycines. 

C o m m o n  
P lan t  species n a m e  Cul t iva r  

1. Lespedeza Korean  
stipulacea lespedeza 

2, L. striata C o m m o n  
lespedeza 

3. Melilotus Yellow sweet 
officinalis clover 

4. Cleome sp. 
5. Glycine max 

6. Lycopersicon 
esculentum 

Kobe 

P ink  Q u e e n  
Soybean 1. Lee 

2. Picket t  
3. Pek ing  
4. Old D o m i n i o n  
5. P ine  Dell  

Perfect ion 
6. Cus te r  
7. P.I. 79693 
8. P.I. 84611 
9. P.I. 88788 

10, P.I. 209332 
11. P.I. 87631-1 
12. P.I. 90763 
13. P.I, 91684 

T o m a t o  Ru tge r s  

tions of each host. Each SCN popula t ion  
was tested separately. T h e  temperatures  
were main ta ined  as close as possible to 
28-32C. 

Inocu lum was prepared  as repor ted  pre- 
viously (12). About  4,000 eggs and larvae 
were delivered into each pot  using an auto- 
matic  syringe. About  28 d after inoculat ion 
the roots and surrounding soil f rom each 
p lant  were processed for the recovery of 
mature  females. Counts were made using a 
stereomicroscope. T im counts were con- 
verted to a ma tu re  female index as follows: 

n umber  females on test host 
Index  = × 100. 

n u m b e r  females on 'Lee '  

These  indices were used to analyze the rela- 
t ionship of these populat ions to each other. 
A step-wise discr iminant  funct ion analysis 
of the comparat ive  indices was used to de- 
termine the separat ion of the groups. In  
this analysis, regression equations are used 
to compare  the data f rom the different 
groups. In  a step-wise comparison the pro- 
g ram selects the hosts which appear  to be 
most selective for this part icular  separation. 
T h e  program identifies all hosts which ap- 
pear to have value in separat ing the nema- 
tode groups. 

R E S U L T S  

An a t t empt  was made to determine 
whether  the four races could be actually 
separated on the basis of host differentials. 
A discr iminant  funct ion analysis of the 
mature  female indices was used to deter- 
mine the separat ion of the groups. T h e  re- 
sults of one test indicated that  the races 
could be readily separated with overlap 
only between races 2 and 4 (Fig. 1 A). T h e  
separat ion of the data f rom a second test 
was just as distinct, and  there was the same 
overlap between races 2 and 4 (Fig. 1 B). 
However,  the p rogram used a different series 
of hosts in the second separation. When  the 
program was run  using data f rom the first 
test but  using the two Lespedeza species and 
the 13 soybean lines, the separat ion was not  
as good (Fig. 1 C). Data  f rom a third test, 
which also included the Lespedeza spp. and  
the 13 soybean lines, resulted in the distinct 
separat ion of all four races (Fig. 1 D). 
Again, a different series of hosts was used by 
the program for the separation. This  dem- 
onstrated that  the races could be separated, 
usually to a reliable degree, but  there were 
variations in the host groups which would 
separate. Th is  indicated inconsistency. T o  
fur ther  test the separability, the data f rom 
two tests were processed using only the dif- 
ferential soybean lines proposed by Golden 
et al. (3). T h e  separat ion was not as good 
as had been obta ined earlier, and different 
hosts were used by the p rogram in separa- 
tion of the two sets of data  (Fig. 2, Agc B). 

When  the 39 populat ions  of SCN were 
compared  on the four soybean cultivars 
used by Golden et al. (3) to distinguish the 
four races (Table  2), no popula t ion  gave 
the reaction reported for race 1. Five popu- 
lations reacted as repor ted for race 2, while 
17 gave the race 3 reaction, and 6 reacted 
as race 4. In  addi t ion there were three other  
combinat ions of reactions that  were not re- 
por ted by Golden et al. (3) in tile race sep- 
aration. One of these reactions (a) was rep- 
resented by five populat ions,  one (b) by two 
populations,  and  one (c) by three popula-  
tions. Thus  six groups of reactions were rep- 
resented, but  the race 1 reaction as described 
by Golden et al. (3) was not  observed even 
though the popula t ion  (popula t ion 13) re- 
ferred to as race 1 by Golden et al. (3) was 
included. 
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T h e  39 SCN populat ions  were also com- 
pared for reproduct ion  on 12 soybean cul- 
tivars and lines. T h e  results were analyzed 
in two ways (Tables 3 and 4). In  the first 
analysis the reproduct ion  of each popula-  
tion on each of the 12 cultivars or lines was 
compared  to its reproduct ion  on 'Lee. '  I f  a 
popula t ion  reproduced on a cult ivar or line 
at a level which was > 10% of the repro- 
ductive level on 'Lee, '  the combina t ion  was 
rated postive (+ ) .  I f  the reproduct ion rat io  
was < 10%, then it was rated negative (--). 

With  this ra t ing scheme, 25 _physiological 
groul~s ~ e r e - d i s t l n ~ a b - l e  (Table  3). In  
tile second analysis (Table  4) each popula-  
tion-host combinat ion  was given an index 
ra t ing based on a comparison with  the re- 
product ion on 'Lee. '  T h e  index scheme was 
as follows: 0 = no reproduct ion;  1 = 1- 
10% of the reproduct ion  on 'Lee, '  2 = 11- 
50%; 3 = 51-100%; and 4 = ~>100%. 
Under  this classification scheme, 36 ]~hysi- 
0logical g r o u p s  could b e distinguish e~]~ . . . . .  

T a b l e  2. S e p a r a t i o n  o f  38 p o p u l a t i o n s  o f  H .  g lyc ines  i n t o  r a c e s  b a s e d  o n  c r i t e r i a  o f  G o l d e n  e t  a l .  (3) .  

P o p u -  R e a c t i o n  to  s o y b e a n  c u l t i v a r *  

l a t i o n  O r i g i n  P i c k e t t  P e k i n g  P . I .  90763  P . I .  88788  R a c e  

1. 1 A r k a n s a s  . . . .  3 
2. 1A  H . . . .  3 

3. 1B n . . . .  3 

4 .  1 C  # . . . .  3 

5. 2 P' + + - -  + 2 

6. 2 A  # + + - -  + 2 
7. 2 B  tr + + - -  + 2 

8. 2 D  tt + + - -  + 2 

9. 3 J a p a n  - -  - -  + - -  a 
10. 3 A L  tt + + + + 4 
11. 3 A P  tp + + + + 4 

12. 3 B L  n + + + + 4 

13. 3 B P  tt + + - -  - -  b 

14. 4 T e n n e s s e e  . . . .  3 
15. 4 A  it + - -  - -  - -  c 

16. 5 L o u i s i a n a  . . . .  3 

17. 6 V i r g i n i a  + - -  - -  - -  c 
18. 6 A  tt + + + + 4 
19. 6B  tt + + + + 4 

20. 6C  pr . . . .  3 

21.  7 K e n t u c k y  . . . .  3 

22.  8 F l o r i d a  . . . .  3 
23.  9 M i s s i s s i p p i  . . . .  3 

24.  10 M i s s o u r i  . . . .  3 

25.  10A " + + - -  + b 

26.  10B " + + - -  - -  3 

27.  11 I l l i n o i s  . . . .  4 

28.  l l A  ~t + + + + 3 
29 .  l i b  ~t . . . .  a 

30.  12 I n d i a n a  - -  - -  + - -  3 
31.  1 2 A  it . . . .  3 

32.  13 N .  C a r o l i n a  - -  - -  + - -  a 
33.  13C tp - -  - -  + - -  a 

34.  15 S. C a r o l i n a  . . . .  3 

35.  1 5 A  " - -  - -  + - -  a 
36. 16 A l a b a m a  . . . .  3 

37.  1 6 A  " . . . .  3 

38.  16B " + - -  - -  - -  c 

* - -  = less  t h a n  1 0 %  o f  t h e  r e p r o d u c t i o n  o n  ' L e e ' ;  + = 1 0 %  o r  m o r e  o f  t h e  r e p r o d u c t i o n  o n  ' L e e . '  

" ~ T h e  r a c e  n u m b e r s  c o r r e s p o n d  i n  r e a c t i o n  to  t h e  r a c e s  d e s i g n a t e d  b y  G o l d e n  e t  a l .  (3).  T h e  l e t t e r s  r e p -  

r e s e n t  r e a c t i o n s  w h i c h  w e r e  n o t  k n o w n  a t  t h e  t i m e  t h e  f o u r  r a c e s  w e r e  d e s i g n a t e d .  P o p u l a t i o n s  1, 2,  6 A ,  a n d  

13 c o r r e s p o n d  to  t h e  p o p u l a t i o n s  n a m e d  3, 4 ,  2,  a n d  1 b y  G o l d e n  e t  a l .  (3).  
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T a b l e  3. S e p a r a t i o n  o f  38  p o p u l a t i o n s  o f  H. glyclnes i n t o  g r o u p s  b a s e d  o n  r e p r o d u c t i o n  o n  12 s o y b e a n  

c u l t i v a r s  a n d  l i n e s . *  

P o p u -  R e a c t i o n  to  s o y b e a n  c u l t i v a r s  a n d  l i n e s t  

l a t i o n  P i  P e  O D  P D  C u  7 9  8 4  87 88  90  91 20  G r o u p  

1. 1+. - -  - -  + + - -  + + . . . .  + - -  1 

2.  I A  - -  - -  - -  + - -  + + + - -  - -  + - -  2 

3 .  1 B  - -  - -  + + - -  + + - -  - -  - -  + - -  1 

4.  1C - -  - -  + - -  - -  + + - -  - -  - -  + - -  3 

5 . 2  + + + + + + + - -  + - -  + - -  4 

6 .  2 A  + + + + + + + - -  + - -  + - -  4 

7 .  2 B  + + + + + + + - -  + - -  + - -  4 

8 .  2 D  + + + + + - -  + + + - -  + - -  5 

9 . 3  - -  - -  + + - -  + + + - -  + + + 6 

10.  3 A L  + + + + + + - -  + + + + - -  7 

11.  3 A P  + + + - -  + + - -  + + + + - -  8 

12. 3 B L  + + + + + + + + + + + - -  9 

13. 3 B P  + + - -  + + ~ + - -  - -  - -  + - -  10 

14. 4 - -  - -  - -  + - -  + + - -  - -  - -  + - -  11 

15. 4 A  + - -  + + + + + - -  - -  - -  + - -  12 

16. 5 - -  - -  + + - -  + + - -  - -  - -  + - -  1 

17. 6 + - -  - -  + - -  - -  + - -  - -  - -  + - -  13 

18. 6 A  + + + + + + + + + + + - -  14  

19.  6 B  + + + + + + + + + + + - -  14  

20 .  6 C  - -  - -  - -  + . . . . . .  + - -  15 

21 .  7 - -  - -  + + - -  + + + - -  - -  + - -  16  

22 .  8 - -  - -  - -  + . . . . . .  + - -  15 

23 .  9 - -  - -  + + - -  + + . . . .  + - -  1 

24 .  I 0  - -  - -  + + - -  + + + - -  - -  + - -  16  

2 5 .  1 0 A  + + - -  - -  + + + - -  + - -  + - -  17 

26 .  1 0 B  + + + + - -  - -  + - -  - -  - -  + - -  18  

27 .  11 - -  - -  + + - -  - -  + + - -  - -  + - -  19 

2 8 .  I l A  + + + + + + + + + + + - -  14 

29 .  l i B  - -  - -  + + - -  + + - -  - -  - -  + - -  1 

30 .  12 - -  - -  + + - -  - -  + + - -  + + - -  2 0  

31 .  1 2 A  - -  - -  + + - -  - -  + + - -  - -  + - -  19  

32 .  13 - -  - -  + + - -  + + + - -  + + + 6 

33 .  1 3 C  - -  - -  + + - -  + - -  + - -  + + + 21 

34 .  15 - -  - -  + + - -  - -  - -  + - -  - -  + - -  22  

35.  1 5 A  - -  - -  + + - -  ~ - -  + - -  + + - -  23  

36 .  16 - -  - -  - -  + - -  ~ + - -  - -  - -  + - -  2 4  

37.  1 6 A  - -  - -  + + - -  + + - -  - -  - -  + - -  1 

38 .  1 6 B  + - -  + + - -  - -  + + - -  - -  + - -  25  

* P i  = ' P i c k e t t , '  P e  = ' P e k i n g , '  O D  = ' O l d  D o m i n i o n , '  P D  = ' P i n e  D e l l  P e r f e c t i o n , '  C u  = ' C u s t e r , '  7 9  

= P . I .  7 9 6 9 3 ,  8 4  = P . I .  8 4 6 1 1 ,  87  = P . I .  8 7 6 3 1 - 1 ,  8 8  = P . I .  8 8 7 8 8 ,  9 0  = P . I .  9 0 7 6 3 ,  91 = P . I .  9 1 6 8 4 ,  2 0  = P . I .  

2 0 9 3 3 2 .  

t +  = n u m b e r  o f  f e m a l e s  r e c o v e r e d / p o t  e q u a l  t o  o r  g r e a t e r  t h a n  1 0 %  o f  t h e  n u m b e r  r e c o v e r e d  f r o m  

' L e e . '  - -  = less  t h a n  1 0 %  o f  t h e  n u m b e r  o n  ' L e e . '  

.~For  o r i g i n  o f  p o p u l a t i o n s  see  T a b l e  2.  

D I S C U S S I O N  

R e s u l t s  o f  s t u d i e s  w i t h  t h e  f o u r  r a c e s  o f  

S C N  a p p e a r  t o  i n d i c a t e  t h a t  t h i s  n e m a t o d e  

i s  e x t r e m e l y  v a r i a b l e .  T h e  a v e r a g e  r e a c t i o n  

o f  a p o p u l a t i o n  c a n  b e  c h a r a c t e r i z e d  a t  a 

g i v e n  t i m e  b y  h o s t  t e s t s .  T h e  r e a c t i o n ,  h o w -  

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

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

p r o d u c t i o n .  

M i l l e r  ( 6 )  d e m o n s t r a t e d  t h a t  d i f f e r e n t  

r a c e s  o f  t h e  S C N  c o u l d  b e  r e c o v e r e d  f r o m  

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

l o g i c a l  g r o u p s  c o u l d  b e  d i s t i n g u i s h e d  ( I 0 ) .  

W h i l e  t h e  f o u r  r a c e s  o f  S C N  d e s c r i b e d  b y  

G o l d e n  e t  a l .  ( 3 )  a r e  u s e f u l  i n  d e s i g n a t i n g  

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

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

t i v a r s  r e s i s t a n t  t o  r a c e  4 h a s  i n c r e a s e d  t h e  

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

b l y  m o r e  v a r i a b l e  t h a n  t h a t  p r e v i o u s l y  d e -  
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Table  4. Separation of 38 populat ions  of H. gIycines into groups based on relative n u m b e r  of females 
recovered per  pot. 

Popu- Reaction to soybean cultivar or  line* 

lation Pi Pe OD PD Cu 79 84 87 88 90 91 20 Group  

1. I t  1. + 1 2 2 1 2 2 1 1 1 4 1 1 
2. 1A 1 0 1 3 0 3 2 2 1 1 4 1 2 
3. IB 1 1 2 2 1 2 2 1 1 1 4 1 1 
4. 1C 1 0 2 1 0 3 2 1 I 0 2 0 3 
5 . 2  3 3 2 2 3 3 3 1 2 1 3 1 4 
6. 2A 4 3 2 2 2 2 2 I 2 1 2 1 5 
7. 2B 4 2 3 4 3 4 2 1 2 0 4 l 6 
8. 2D 2 3 2 3 3 1 2 2 2 1 4 1 7 
9 . 3  I 1 3 3 1 2 3 3 1 2 3 2 8 

10. 3AL 3 2 3 3 2 3 1 4 3 3 4 1 9 
11. 3AP 4 2 2 1 3 2 1 3 3 2 3 1 10 
12. 3BL 2 2 2 2 2 2 2 2 2 2 3 1 11 
13. 3BP 4 2 1 2 3 1 2 1 1 1 4 1 12 
14. 4 1 1 1 2 1 3 2 1 1 I 2 1 13 
15. 4A 4 1 2 2 2 2 2 1 1 1 3 1 14 
16. 5 1 0 2 2 1 2 2 1 0 1 4 1 15 
17. 6 2 1 1 2 1 1 2 1 1 1 3 1 16 
18. 6A 4 2 2 3 3 3 3 2 2 2 3 1 17 
19. 6B 3 2 2 2 2 3 3 2 2 2 4 1 18 
20. 6C 1 1 1 2 0 1 1 1 1 1 2 1 19 
21. 7 1 1 2 3 1 2 2 2 1 1 3 l 20 
22. 8 1 1 1 2 1 1 1 1 1 1 3 1 21 
23. 9 1 0 2 2 1 2 2 1 1 1 3 1 22 
24. 10 1 1 2 2 1 2 2 2 1 1 2 1 23 
25. 10A 2 2 1 1 2 2 2 1 2 1 2 1 24 
26. 10B 4 2 2 2 1 1 2 1 1 1 4 1 25 
27. 11 1 0 2 2 1 I 3 2 l 1 4 1 26 
28. I lA  4 3 3 2 3 2 2 2 2 2 4 1 27 
29. l iB  1 0 2 2 1 2 2 1 1 1 2 1 22 
30. 12 1 0 2 2 1 1 2 2 1 2 3 1 28 
31. 12A 1 1 2 22 1 I 2 2 0 1 2 1 29 
32. 13 1 0 3 3 1 2 3 2 1 2 4 2 30 
33. 13C 1 1 2 3 1 2 1 2 1 4 4 2 31 
34. 15 1 1 2 4 0 1 l 2 0 1 2 1 32 
35. 15A 1 1 2 3 I 1 0 2 1 2 3 1 33 
36. 16 1 1 1 2 1 1 2 1 1 1 2 1 34 
37. 16A 1 1 2 3 1 3 2 1 1 1 3 1 35 
38. 16B 2 1 2 3 1 1 3 2 1 1 4 1 36 

*Pi = 'Pickett, ' Pe = 'Peking,'  OD = 'Old Dominion, '  PD = 'Pine Dell Perfection,' 
= P.L 79693, 84 = P.I. 84611, 87 = P.I. 87631-I, P.I. 88788, 90 = P.I. 90763, 91 = P.I. 
209332. 

~'For origin of popula t ions  see Table  2. 
~0 = 0 index units,  1 = 1-10, 2 = 11-50, 3 = 51-100, 4 = 100+. 

Cu = 'Custer, '  79 
91684, 20 = P. I. 

scribed (3). Work  on the inheri tance of 
resistance to SCN (17,18), and on the in- 
heri tance of the parasitic capabilities of the 
nematode  (11), fur ther  suppor ted  these con- 
clusions. T h o m a s  (17) studied the inherit- 
ance of resistance to the four races of SCN 
and proposed that  at least 10 genes were 
involved. When  the inheri tance of resistance 
is this complicated, it indicates a high de- 
gree of variabi l i ty in the pathogen. Price 
(11) studied the inheri tance of parasit ic 

capabilities in SCN races. H e  proposed  that  
a . . . . . . . . .  allelic series of genes was in- 
volved and that  there was a possibility of 
Complementary effects. H e  did not  deter- 
mine  how many  alleles were involved bu t  
proposed that  extreme var ia t ion was possi- 
ble under  these conditions. T h e r e  appeared  
to be an extremely wide range of parasit ic 
capabilities with small increments of varia- 
t ion over the entire range, depending  on 
how many  criteria (host differential or 
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i n d e x  c o m b i n a t i o n s )  w e r e  u s e d  in  sepa ra t -  
i n g  the  v a r i a n t s .  T h e r e f o r e ,  t he  n u m b e r  o f  
d i s t i n g u i s h a b l e  g r o u p s  d e p e n d e d  u p o n  the  
c r i t e r i a  a p p l i e d .  

T h e  s e p a r a t i o n  o f  S C N  i n t o  f o u r  races  
by G o l d e n  et  al. (3) p r o v i d e d  a c o n v e n i e n t  
r e f e r e n c e  p o i n t  fo r  b r e e d i n g  w o r k  a n d  o t h e r  
s tudies .  H o w e v e r ,  t h e  p r e s e n t  s tud ie s  s h o w  
t h a t  m o r e  t h a n  f o u r  races  ex i s t  e v e n  w h e n  
the  o r i g i n a l  d i f f e r e n t i a l s  a r e  used .  T o  con-  
t i n u e  to r e f e r  to  o n l y  f o u r  races  is i m p r a c t i -  
cal a n d  i n a c c u r a t e .  H o w e v e r ,  t h e  e x p a n s i o n  
to  25 o r  m o r e  races  w o u l d  c o m p l i c a t e  t h e  
b r e e d i n g  p r o g r a m  for  r e s i s t ance  to  S C N  so 
m u c h  as to be  p r o h i b i t i v e .  A p r o c e d u r e  
w h i c h  w o u l d  p r o v i d e  a m e a s u r e  o f  t h e  
v a r i a b i l i t y  (races) a n d  s t i l l  b e  p r a c t i c a l  
c o u l d  b e  d e s i g n e d .  F o r  e x a m p l e ,  as c u l t i v a r s  
a re  i n t r o d u c e d  w i t h  n e w  leve l s  o f  genes  for  
res i s tance ,  t hese  c o u l d  be  a d d e d  to  t h e  dif-  
f e r e n t i a l  l i s t  a n d  S C N  p o p u l a t i o n s  w h i c h  
r e p r o d u c e  o n  these  c u l t i v a r s  w o u l d  b e  desig-  
n a t e d  as races.  U n d e r  t he  p r e s e n t  s i t u a t i o n ,  
B e d f o r d  w o u l d  b e c o m e  a d i f f e r e n t i a l  a n d  
t hose  p o p u l a t i o n s  w h i c h  r e p r o d u c e  o n  Bed-  
f0 rd  w o u l d  be  c a l l e d  r ace  5. W h e n  r e s i s t ance  
to r ace  5 is i n t r o d u c e d ,  th is  w o u l d  b e c o m e  a 
d i f f e r e n t i a l .  T h e  bes t  p r o c e d u r e  fo r  de te r -  
m i n i n g  S C N  races  s h o u l d  b e  d e c i d e d  by  a 
g r o u p  of  f ive to  seven  n e m a t o l o g i s t s  a n d  
p l a n t  b r e e d e r s  w h o  h a v e  b e e n  i n v o l v e d  in  
S C N  work .  
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