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Variability in Host Preference Among, Field 
Populations of H e t e r o d e r a  g lyc ines 1 

G,  L. CLOUD, R .  D.  RIGGS, 2 AND C. E. CAVINESS 3 

Abstract:. Eighteen soybean fields, six each with race 3, race 4, or Bedford population of Heterodera 
glycines, were selected for testing o f  host variability. Each field was divided into three sections, and 
a bulk soil sample was taken from each section. The 54 bulk soil populations (BSP) and 270 single 
cyst populations (SCP) were subjected to race determination tests. Tests of the 18 BSP and 90 SCP 
from the race 3 fields revealed that race 3 was the predominant race; however, 68 of the populations 
tested were other races. Tests of  the 18-BSP and 90 SCP f rom race 4 fields demonstrated that races 
2 and 4-were predominant,  with 38 and 39 populations; respectively. Tests of  the 18 BSP and 90 
SCP from the Bedford population fields revealed tremendous variability. Races 2, 4, and 6 were 
the predominant races, with 32, 31; a n d 2 8  populations, respectively. These results indicate that 
of  the three races studied, the Bedford population is the most variable, race 3 shows considerable 
variability, and race 4 shows very little. 
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The  soybean cyst nematode, Heterodera 
glycines Ichinohe, a serious pathogen on 
soybeans, has shown a great ability to adapt 
to resis tant  soybean  cultivars.  A race 
scheme was established to accommodate 
this variability (2). Four races were de- 
scribed originally (2) and one race has been 
added (4); but  the scheme was designed to 
accomodate I6 races and numerous other  
races have been detected (8-10,12). 

Luedders (5) reported that variability in 
H: glycines isdue to selection, mutation, and 
migration. Although research involving 
mutations or migrations of  H. glycines is 
[acking, the probability that these two fac- 
tors cause the high degree of  variability 
observed in H. glycines is remote. Selection 
appears to b e  the primary vehicle leading 
to this high degree of  variability. By plant- 
ing resistant soybean cultivars in soil in- 
fested with H. glycines, new virulent pop- 
ulations of the nematode have developed 
through selection (6,7,17,18). The  matu- 
rat ion of  races of  H. glycines on Bedford is 
primarily due to selection. Bedford was re- 
leased in 1978, and populations (races) of 
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H. glycines maturing on Bedford were re- 
ported from isolated areas in 1982 (un- 
publ.). This suggests a rapid shift in viru- 
lence within field populations ofH. glycines. 
This genetic variation in the field makes 
control of  H. glycines very difficult. 

Genetic variability is also increased in H. 
glycines by sexual reproduction as well as 
by a muhigenic system and sexual pro- 
miscuity (multiple mating). Green et al. (3), 
while working with Globodera rostochiensis, 
discovered that multiple matings occurred 
and that following the genetics after mul- 
tiple matings is very difficult, if not impos- 
sible. Intermating between races o fH.  gly- 
cines has been shown to occur in the 
greenhouse (11) and probably occurs in the 
field. The  resulting progeny could be sim- 
ilar to the parental races or completely dif- 
ferent due to transgressive segregation. 

The  purpose of  this study was to deter- 
mine the extent (;f the variability in viru- 
lence within fields infested with popula- 
tions ofH. glycines that had previously been 
identified as race 3, race 4, or a population 
(BP) that reproduced on Bedford soybean. 

MATERIALS AND METHODS 

Eighteen fields were selected for this 
study, six each with populations previously 
identified as soybean cyst nematode (SCN) 
race 3 (R3), race 4 (R4), or population BP. 
Each field was divided into three sections, 
and a bulk soil sample of  approximately 2 
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TABLE 1. React iont  of  observed races o f  Heter- 
odera glycines on the s tandard soybean host  differen- 
tials. 

Differential 

Race Pickett Peking PI 88788 PI 90763 

1 - -  m . + .  _ _  

2 + + + - 
3 . . . .  

4 + + + + 
5 + - + - 
6 + - - - 
9 + + - - 

15 + - + + 

According to Golden et al. (2), Inagakl (4), and Riggs and 
Schmitt (13). 

- = less than 10%, + = 10% or more of the number of 
females on Lee soybean. 

TABLE 2. Bulk soil populat ions (BSP) and single 
cyst populat ions (SCP) ofHeterodera glycines f rom race 
3, race 4, and Bedford populat ion fields that  fit in 
each race found. 

Populations in each race (no.) 

Bedford 
population 

Race 3 fields Race 4 fields fields 

Race BSP SCP BSP SCP BSP SCP 

1 0 1 0 0 0 0 
2 2 19 4 34 4 28 
3 10 30 0 2 0 1 
4 2 15 10 29 5 26 
5 0 6 0 1 5 5 
6 4 16 3 18 4 24 
9 0 3 1 6 0 6 

15 0 1 0 0 0 0 

liters was t aken  f r o m  the cen te r  o f  each. 
T h e  sample  f r o m  each sect ion was p laced 
in a 15-cm-d clay pot  and  two Lee  cul t ivar  
soybean p l a n t s  were  t r ansp lan ted  into it. 
Lee  was assumed to be  susceptible to all 
known races o f  H. glycines (2). T h e  nema-  
tode  popula t ions  were  ma in ta ined  for  3 0 -  
60 days to allow the  SCN popu la t ion  to 
increase.  T h e  resul t ing popula t ion  was 
t e r m e d  the  bulk soil popu la t ion  (BSP). 

Single cyst popula t ions  (SCP) were  es- 
tabl ished by selecting 10 cysts f r o m  each 
BSP. Each o f  the  10 cysts was b r o k e n  to 
enhance  egg  ha tch  and  subsequen t  roo t  in- 
fect ion by second-stage juveniles  (J2).  Each 
b r o k e n  cyst was p laced  nea r  the  roots  o f  a 
Lee  soybean p lant  (first t rue  leaf  stage) 
g rowing  in steril ized fine r iver  sand in a 
7 .5-cm-d pot  and  ma in ta ined  for  a mini- 
m u m  o f  60 days. 

T h e  BSP and SCP were  subjected to a 
s t andard  race  d e t e r m i n a t i o n  test  using the  
cult ivars Picket t  and  Pek ing  and  Plant  In-  
t roduc t ions  (PI) 88788 and 90763.  Bed- 
fo rd  soybean cul t ivar  was also used to 
evaluate  its possible uti l ization in race  sep- 
ara t ion .  Lee,  not  classified as a differential ,  
was used as the  control .  T h e  different ials  
were  inocula ted  with 4 ,000 eggs and  J2  o f  
H. glycines pe r  7 .5-cm-d po t  with a repea t -  
ing syringe.  Each different ia l  and  the  con- 
t rol  were  rep l ica ted  t h r ee  times. 

T h e  m a t u r e  female  index  (MFI) (12) was 
used to d e t e r m i n e  the  race  as p r o p o s e d  by 

Golden  et al. (2). T h e  Bedfo rd  popu la t ion  
could be  any o f  the  five r e p o r t e d  races (2,4) 
o r  any undesc r ibed  race  able to m a t u r e  on 
Bedford .  Race 1 has been  r e p o r t e d  to re-  
p r o d u c e  on Bedfo rd  (15), and  individual  
popula t ions  o f  o the r  races also have  been  
shown to r e p r o d u c e  on Bedfo rd  (Riggs, un-  
publ.).  

RESULTS 

T h e  popula t ions  could be  divided into 
e ight  races based on the i r  reac t ions  on the  
race  differentials  (Table  1). F r o m  the  18 
BSP f r o m  R3 fields, 56% were  R3 (Table  
2). T h e  SCP were  m o r e  evenly divided bu t  
R3 was still p r e d o m i n a n t  with 34% while 
the re  were  21% R2, 17% R4, and  18% R6 
(Table  2). O n e  o f  the  SCP was R15, the  
only one  found  in the  study. T h e  ave rage  
female  counts  on Lee  r a n g e d  f r o m  122 to 
483. 

T h e  BSP f r o m  the R4 fields were  in four  
races and  the  SCP were  in six races (Table  
2). A m o n g  the 18 BSP, 56% were  R4. O f  
the  90 SCP, 38% were  R2, 32% R4, and  
20% R6; only two SCP were  R3 (Table  2). 
T h e  ave rage  female  counts  on Lee  r anged  
f r o m  104 to 584. All MFI  on Picket t  were  
qui te  high excep t  with the  R3 popula t ions  
where  MFI  were  low on all differentials.  
Race 4 MFI  were  well above  10 on all dif- 
ferentials .  Bedfo rd  was resis tant  to BSP R2 
and R4 popula t ions  but  suscept ible  to SCP 
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TXBLE 3. Bulk soil popu la t ions  (BSP) and  single cyst popula t ions  (SCP) o f  Heterodera glycines p r o d u c i n g  
females  on Bedfo rd  soybean  relat ive to the  total  n u m b e r  o f  popu la t ions  o f  a g iven race  f rom each  field source .  

BSP positive on Bedford : total BSP SCP positive on Bedford : total BSP 

Race 3 Race 4 BP Race 3 Race 4 BP 
Race fields fields fields fields fields fields Total 

1 0:0 0:0 0:0 0:0 0:0 0:0 0:0 
2 1:2 1:4 4:4 6:19 8:34 22:28 42:91 
3 0:10 0:0 0:0 5:30 0:2 1:1 6:43 
4 2:2 2:10 1:5 6:15 8:29 16:26 35:87 
5 0:0 0:0 5:5 1:6 1 : 1 4:5 11 : 17 
6 0:4 3:3 4:4 5:16 5:18 16:24 33:69 
9 0:0 0:1 0:0 2:3 4:6 6:6 12:16 

15 0:0 0:0 0:0 0:1 0:0 0:0 0:1 

To ta l  3:18 6:18 14:18 25:90 26:90 65:90 

R2 and R4 populat ions.  T h e  BSP R6 pop- 
ulations r e p r o d u c e d  on Bedfo rd  whereas  
the SCP R6 did not  (Table  3). 

T h e  18 BSP f rom BP fields were  about  
equally divided be tween R2, R4, R5, and 
R6 (Table  2). T h e  90 SCP were in six races 
with 31% R2, 29% R4, and 27% R6; only 
one  was R3 (Table  2). Average  female 
counts  on Lee  ranged  f rom 434 to 770. 
MFI on Pickett  r anged  f rom 57 to 103 ex- 
cept  for  the race 3 populat ions  which had 
very low MFI on all differentials.  T h e  MFI 
on Bedfo rd  were  general ly above 10 ex- 
cept  for  four  o f  the five BSP that  were R4. 

In the whole test, the MFI on PI 90763 
were negatively cor re la ted  with the  counts  
on Lee  (P - 0.05). MFI on  Peking were 
cor re la ted  with MFI on PI 88788 and PI 
90763,  and MFI on PI 88788 were  cor- 
re la ted with MFI on PI 90763 (P -< 0.01). 
MFI on Bedford  were not  cor re la ted  with 
counts  on Lee  nor  with MFI on any dif- 
ferential .  

A m o n g  BSP, 17% f rom R3 fields, 33% 
f rom R4, and 78% f rom BP fields had MFI 
above 10 on Bedfo rd  (Table  3). A m o n g  
SCP, 19% f rom R3, 29% f rom R4, and 
72% f rom BP fields had MFI above 10 on 
Bedford .  Only one  o f  42 R3 popula t ions  
had MFI above 10 on Bedford .  

DISCUSSION 

T h e  object ive o f  this study was to de ter -  
mine  the range  o f  variability within soy- 
bean fields infested with H. glycines. T h e  

variability is amply demons t r a t ed  in that  
in none  o f  the 18 fields sampled were  all 
th ree  BSP o f  the same race. In some fields 
all t h ree  BSP were  d i f ferent  races. T h e  
variability is f u r t h e r  evident  in the low per-  
centage o f  SCP that  were  the same as the 
BSP f rom which they came. 

In R4 fields, SCP o f  R2, R4, and R6 were  
fairly stable within the fields tested with 
R2 and R4 p redominan t .  T h e  cultivars 
Forrest ,  Pickett ,  and Centennia l  have been  
grown extensively t h ro u g h o u t  Arkansas for  
many years (1). T h e s e  th ree  cultivars have 
resistance to H. glycines R 1 and R3 bu t  are 
good hosts for  R2 and R4. As a result,  R2 
and R4 have become the p redominan t  races 
in the state. 

T h e  most  variable popula t ions  s tudied 
were  f rom fields infested with the  Bedfo rd  
populat ion.  Bedfo rd  is not  a differential ,  
so the BP could be any race. In the BP 
fields, the races most  f requent ly  observed  
when the BSP and SCP were  tested were  
2, 4, and 6. T h e s e  data  f u r t h e r  suppor t  the  
p r e d o m i n a n t  posit ion o f  R2 and R4 in soy- 
bean  fields in Arkansas. 

Bedford  probably  had been  grown little 
in the 12 R3 and R4 fields. Most o f  the 
BSP and SCP f rom those fields, regardless  
o f  thei r  race, m a t u r e d  poor ly  on  Bedfo rd  
(Table  3). In contrast ,  Bedfo rd  probably  
had been  grown extensively in the six BP 
fields because 78% BSP and 72% SCP had 
positive MFI on Bedford.  Even the R3 f rom 
BP fields had an MFI above 10 on Bed fo rd  
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( T a b l e  3). R a c e  3 f r o m  R3  a n d  R 4  f ie lds  
h a d  M F I  b e l o w  10 o n  B e d f o r d  ( T a b l e  3) .  

T h e  v a r i a b i l i t y  f o u n d  i n  : the 1 8  f i e lds  
t e s t e d  i n d i c a t e s  S C N  can  a d a p t  to  v i r t u a l l y  
a n y  s i t u a t i o n  t h a t  a r i ses .  N o t  on ly  can  i t  
a d a p t  e f f ic ien t ly ,  t h e  s p e e d  a t  w h i c h  i t  
c h a n g e s  is equa l ly  r e m a r k a b l e .  B e d f o r d  was 
r e l e a s e d  as a c o m m e r c i a l  c u l t i v a r  in 1 9 7 8 .  
I t  was n o t  g r o w n  e x t e n s i v e l y  in A r k a n s a s  
u n t i l  1980.  R a c e s  a b l e  to  m a t u r e  o n B e f l -  
f o r d  a p p e a r e d  in i s o l a t e d  a r e a s  i n  1982,  
w h i c h  i nd i ca t e s  t h e  a d a p t a t i o n  r a t e  o f  SCN.  

C o n t r o l  o f  S C N  w o u l d  b e  m u c h  e a s i e r  i f  
its a d a p t i v e  c a p a b i l i t i e s  w e r e  n o t  so g r e a t .  
T h e  c o m m o n  c o n t r o l  m e a s u r e s  e m p l o y e d  
t o d a y  a r e  c r o p  r o t a t i o n ,  r e s i s t a n t  cu l t i va r s ,  
a n d  n e m a t i c i d e s .  C r o p  r o t a t i o n ,  u s e d  in a 
3 - y e a r  s e q u e n c e ,  is v e r y  e f f ec t ive  i n  con -  
t r o l l i n g  S C N  i n  A r k a n s a s  (14). R e s i s t a n t  
cu l t i va r s  a r e  a l so  v e r y  e f f e c t i v e  in  c o n t r o l -  
l i ng  S C N ;  h o w e v e r ;  t h e  e f f ic iency  o f  th is  
m e t h o d  is r e d u c e d  i f  o n e  c o n s i d e r s  t h e  t i m e  
i n v o l v e d  in d e v e l o p i n g  t h e  c u l t i v a r  in re -  
l a t i on  to  t h e  t i m e  r e q u i r e d  f o r  S C N  to  
o v e r c o m e  t h e  r e s i s t a n c e .  T h e  m o s t  effi- 
c i e n t  use  o f  r e s i s t a n t  cu l t i va r s  i s i n  a r o t a -  
t i on  p r o g r a m .  

I n f o r m a t i o n  o b t a i n e d  in th is  s t u d y  p r o -  
v ides  an  a d d i t i o n a l  b a s i s  f o r  ' r e c o m m e n -  
d a t i o n s  a g a i n s t  c o n t i n u o u s  p l a n t i n g  o f  re -  
s i s t an t  cu l t i va r s .  W h e n  r e s i s t a n t  cu l t i va r s  
w e r e  f i rs t  p l a n t e d ,  al l  w e r e h i g h ! y  r e s i s t an t .  
A t t e m p t s  to  i n c r e a s e  S C N  o n  r e s i s t a n t  cul-  
t iva r s  in t h e  g r e e n h o u s e  w e r e  uns t rccess fu l  
( unpub l . ) .  O n l y  a f t e r  r e s i s t a n t  c u h i v a r s  
w e r e  p l a n t e d  f o r  3 - 6  c o n s e c u t i v e  y e a r s  
w e r e  r e s i s t a n c e - b r e a k i n g  r a c e s  o b s e r v e d  
(14). As  d i f f e r e n t  f o r m s  o f  r e s i s t a n c e  h a v e  
b e e n  p l a n t e d ,  t h e  v a r i a b i l i t y  Of f ie ld  p o p -  
u l a t i o n s  a p p a r e n t l y  has  b e c o m e  g r e a t e r .  
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