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Heterodera glycines in Indiana: I. Reproduction of 
Geographical Isolates on Soybean Differentials 1 

J. FAGHIHI,  J. M .  FERRIS, AND V.  R .  FERRIS ~ 

Abstract: Four of five geographical isolates of  Heterodera glycines f rom Indiana classified as Race 
3 using standard differentials showed many differences when classified using another  group of  
differentials comprised of  five soybean breeding lines and cuhivars. Two isolates from nor the rn  
Indiana produced cysts on more of  the differentials tested than did three  isolates from southern 
Indiana, suggesting that  potential  resistant lines should be tested on a range ofH. glycines populations 
originating from the areas for which cultivars are being developed. 
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Heterodera glycines Ichinohe was discov- 
ered in southern Indiana in 1973 and more  
recently in northern areas of  the state. Cur- 
rent knowledge that soybean cyst nema- 
tode (SCN) is widespread in northern In- 
diana has intensified a demand for resistant 
cuhivars better  suited to a short growing 
season than those presently available. Pat- 
terns of  discovery of  SCN (4,7,9), together 
with preliminary data on differences in the 
protein patterns of  selected isolates (5), 
suggest that H. glycines may be indigenous 
to Indiana and that geographically sepa- 
rated populations may be very different. 
As part of  a larger project to investigate 
variabili ty among isolates in behavior ,  
morphology, and protein patterns, and to 
facilitate development of  SCN-resistant 
soybeans useful to Indiana growers, we se- 
lected five isolates of  H. glycines from geo- 
graphically separated areas of  Indiana for 
detailed comparative study. Here  we re- 
port  comparisons of  isolates from southern 
Indiana with those from northern Indiana 
in their ability to reproduce on known soy- 
bean differentials. 

MATERIALS AND METHODS 

Isolates of  SCN were collected from sep- 
arate fields in five Indiana counties and 
maintained in the greenhouse in the orig- 
inal field soil planted with Glycine max (L.) 
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Merr. cv. Williams. Counties from which 
isolates were collected included White and 
Benton in northern Indiana and Vigo, Po- 
sey, and Vanderburgh in southern In- 
diana. 

To prepare inoculum, cysts were ob- 
tained from soil of  a greenhouse culture of  
SCN by sieving and decanting. Ten milli- 
liters of  commercial bleach (5.25% sodium 
hypochlorite = NaOC1) were added to a 
20-ml suspension of  cyst material to dis- 
solve the cyst walls and gelatinous matrix 
to release eggs. After 6 minutes of stirring 
(on an electric stir plate), the mixture was 
poured over a series of  sieves as follows: 
150-~m-pore to collect intact cysts and large 
debris, 53-#m-pore to collect smaller de- 
bris, and 38-um-pore to collect eggs. So- 
dium hypochlorite treatment was repeated 
for cysts caught on the 150-#m-pore sieve. 
Prior tests showed that egg hatch was 
stimulated by NaOC1 treatment,  inasmuch 
as more second-stage juveniles were re- 
covered from treated eggs than from eggs 
from mechanically crushed cysts. For eggs 
from cysts recovered from soils with high 
organic matter content, a modified sugar 
flotation technique was next used in which 
eggs in water were centrifuged for 3 min- 
utes at 750 g to remove floating debris, a 
37.5% aqueous sugar solution added, the 
mixture centrifuged at 310 g for 1 minute, 
the supernatant containing the eggs poured 
through a 38-gm-pore sieve, and the eggs 
r insed with water  sprayed gent ly up 
through the sieve from the bottom. 

The following 16 soybean cuhivars were 
used as differentials to screen each SCN 
population: Peking, Custer, Old Domin- 
ion, Pine Dell, Pickett, Williams, Lee, PI 
88788, PI 90763, PI 91684, PI 209332, 
PI 84611, PI D75-10710, PI 84751, PI 
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TABLE I .  D e v e l o p m e n t  o f  f ive  i so l a t e s  ofHeterodera glycines f r o m  I n d i a n a  o n  s e l e c t e d  s o y b e a n  d i f f e r e n t i a l s .  
D a t a  f r o m  all  e x p e r i m e n t s  ( 3 - 5  t e s t s  p e r  i so la te ) .  

Isolate 

Benton White  V a n d e r b u r g h  Vigo Posey 
Differential  (north)  (north)  (south) (south) (south) 

P e k i n g  - (0 .0)  - (0 .3 )  - (0 .0 )  - (0 .0)  - (0 .0)  
C u s t e r  - (0 .0)  - (0 .4)  - (0 .0)  - (0 .0)  - (0 .0 )  
O l d  D o m i n i o n  + ( 1 4 . 7 )  + (52 .2 )  + (12 .2 )  + ( 1 5 . 9 )  + (14 .3 )  
P I  8 8 7 8 8  - (0 .4 )  - (0 .4)  - (0 .0)  - (0 .0)  - (0 .0)  
P I  9 0 7 6 3  - (4 .3 )  - (0 .0)  - (5 .1)  - (0 ,1)  - (0 .0)  
P I  9 1 6 8 4  + ( 1 4 0 . 8 )  + ( 1 5 9 . 8 )  + (88 .3 )  + ( 1 2 5 , 2 )  + (50 .3 )  
PI  2 0 9 3 3 2  - (3 .3)  - (0 .0)  - (0 .0)  - (1 ,4)  - (0 .0)  
P I 8 4 6 1 1  + ( 3 0 . 1 )  + (17 .6 )  + (13 .6 )  + (24 .1 )  + (27 .2 )  
P I  D 7 5 - 1 0 7 1 0  - (2 .5)  - (0 .1)  - (2 .8)  - (0 .0)  - (0 .0)  
PI  8 4 7 5 1  - (0 .0)  - (0 .0 )  - (0 .0)  - (0 .0)  - (0 .1)  
W i l l i a m s  + ( 1 4 5 . 6 )  + ( 1 4 4 . 6 )  + ( 1 0 0 . 9 )  + (76 .2 )  + ( 1 0 0 . 1 )  
L e e  + ( 1 0 0 . 0 )  + (100 .O)  + ( 1 0 0 . 0 )  + ( 1 0 0 . 0 )  + ( 1 0 0 . 0 )  

+ = n u m b e r  o f  cysts -> 10% o f  the n u m b e r  on Lee; - ~ n u m b e r  o f  cysts < 10% of  the  n u m b e r  on Lee. 
N u m b e r s  in parentheses  indicate pe rcen tage  of  development  of  cysts on  differentials c o m p a r e d  with development  on Lee. 

79693,  and PI 87631.  Seeds were  germi-  
na ted  in vermicul i te  or  sand, and 2-week- 
old seedlings were inoculated with nema-  
todes. For  inoculation, a seedling was placed 
in a sand- loam (2:1) po t t ing  soil mix tu re  
in a 500-ml pot  and ca. 2,000 (the exact  
n u m b e r  var ied slightly be tween  tests) eggs 
and juveni les  in 1 ml aqueous  suspension 
p o u r e d  direct ly over  the roots.  T h e  roots  
were covered  with addit ional  soil mix tu re  
and watered  immediately.  In each test each 
cultivar was repl icated 10 times. Pots were 
a r r anged  in a r andomized  block design. 
Tests were  car r ied  out  on a g reenhouse  
bench  at 2 0 - 2 4  C or  in roo t  zone temper -  
a ture  tanks at 24 C. Each SCN isolate was 
tested 3 - 5  times on  each differential .  

Cysts were r ecove red  f rom the soil in 
each pot  30 days af ter  inoculat ion.  Roots  
placed on a 710-tim-pore sieve were sprayed 
with pressurized water  to dislodge cysts. 
Cysts for  count ing,  ob ta ined  f rom soil and 
roots,  were collected on ru led  filter paper  
by means o f  a Buchne r  funnel  and vacuum 
p u m p  (12). Af ter  excess water  was re- 
moved,  the  filter paper  was t r ans fe r red  to 
a glass plate on the stage o f  the  stereoscopic 
microscope.  An index o f  ma tu r e  females 
(11) was calculated as follows: 

n u m b e r  o f  cysts on 
test d i f ferent ia l  

Index  = x 100 
n u m b e r  o f  cysts on Lee  

T h e r e s p o n s e  of  an isolate ( " + "  or " - "  = 

susceptibility or  resistance for  the  partic- 
ular  soybean differential)  was based on the 
n u m b e r  o f  cysts r ecove red  f rom the sus- 
ceptible cultivar Lee,  according to the cri- 
teria of  Golden  et al. (6). 

R E S U L T S  

All five Indiana SCN isolates received 
the same rat ing response on 12 soybean 
lines that  included four  o f  the five original 
s tandard  differentials (6); Picket t  was the 
lone except ion (Table 1). T h e r e  was a range 
in numbers  of  cysts p ro d u ced  by the dif- 
f e ren t  SCN isolates on a par t icular  soybean 
differential.  For  example ,  the five isolates 
were ra ted  " + "  on Old Dominion ,  but  the  
means and ranges o f  the n u m b e r  o f  cysts 
r ecove red  as a pe rcen tage  o f  the total re- 
covered  f rom Lee  varied f ro m  12.2% 
(10.1-13.2%) for  the V a n d e r b u r g h  isolate 
to 52.2% (49.2-53.2%) for  the Whi te  iso- 
late. T h e  n u m b e r  of  cysts on PI 91684 var- 
ied f rom 50.3% (6 .7-81.9%) for  the  Posey 
isolate to 159.8% (123 .9-315 .7%)  for  the  
White  isolate. React ion of  all isolates was 
ra ted  . . . . .  on PI 90763,  bu t  numbers  o f  
cysts, as compared  to numbers  on Lee,  
r anged  f rom 0.0% for  Posey and Whi te  to 
5.1% (1.3-8.1%) for  V an d e rb u rg h .  

A second g roup  o f  five differentials sep- 
a ra ted  the five isolates into four  groups  
(Table  2). Th ese  differentials included 
Pickett ,  one  o f  the original five s tandard  
differentials (6). T h e  Vigo and Posey iso- 
lates comprised  a discrete group,  by vir tue 
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TABLE 2. S o y b e a n  d i f f e r e n t i a l s  u s e d  fo r  s e p a r a t i n g  f ive i so l a t e s  o f  Heterodera glycines f r o m  I n d i a n a .  D a t a  
f r o m  al l  e x p e r i m e n t s  ( 3 - 5  tes t s  p e r  isolate) .  

Isolate 

Benton White Vanderburgh Vigo Posey 
Differential (north) (north) (south) (south) (south) 

P i n e  Del l  - (4.5) - (3.7) + (13.6)  + (16.9)  + (12.3)  
P I 7 9 6 9 3  - (4.1) - (2.3) - (0.0) + (27.5)  + (10.2)  
P I  8 7 6 3 1  + (22.4)  - (1.7) - (2.4) - (2.0) - (0.1) 
P i c k e t t  - (8.1) + (24.5)  - (0.0) - (1.1) - (0.0) 
L e e  + (100 .0 )  + (100 .0 )  + (100 .0 )  + (100 .0)  + (100 .0)  

+ = number  of cysts >- 10% of the number  on Lee; - = number  of cysts < 10% of  the number  on Lee. 
Numbers  in parentheses indicate percentage of development  of cysts on differentials compared with development  on Lee. 

of their " + "  rating on PI 79693, in con- 
trast to the . . . . .  rating on PI 79693 for 
the other three isolates. Except for its in- 
ability to reproduce on PI 79693, the third 
southern isolate (Vanderburgh) behaved 
similarly to Vigo and Posey on this group 
of five differentials. The two northern In- 
diana isolates showed additional differ- 
ences, however. Both of these isolates 
(Benton and White) were rated " - "  on 
Pine Dell, in contrast to the " + "  ratings 
of the three southern isolates. In addition, 
Benton alone was rated " + "  on PI 87631 
and White alone was r a t ed"  + "  on Pickett. 

D I S C U S S I O N  

Establishment of guidelines for charac- 
terization of four races of SCN (6) was 
probably a necessary first step toward man- 
aging this important pest, but classifying 
natural populations into discrete races is 
proving to be an elusive concept (11). The 
standard differentials no longer appear to 
be adequate, and reassessment is needed 
(1-3,5,9-11,13,14). Although four of  the 
five Indiana isolates we studied must still 
be called Race 3, based on their behavior 
on the standard soybean differentials, four 
different response patterns are evident 
when the five are tested using a different 
set of differentials. 

A further complication is the arbitrary 
rating scheme for designating resistance 
and susceptibility of a differential. For ex- 
ample, reproduction of  the Vanderburgh 
and Benton isolates on P190763 (5.1% and 
4.3%, respectively), although low, might 
result in rapid field buildup of  SCN on a 
cultivar with resistance inherited from this 
line. 

The White County SCN isolate cannot 

be categorized as one of the four recog- 
nized races based on the reproduction of 
this isolate on the standard soybean differ- 
entials. In reproducing on Pickett, it is sim- 
ilar to an isolate from Camden, North Car- 
olina (14) and to one from Minnesota (9). 
However, the White County isolate react- 
ed somewhat differently from both on PI 
88788. The Minnesota isolate was rated 
" + "  on PI 88788 with 17% reproduction, 
compared with susceptible Essex (9); re- 
production of the North Carolina isolate 
was 4.8% of that on Lee, although it was 
rated as " - " ,  according to standard prac- 
tice (14). The  reproduction of our White 
County isolate on PI 88788 was only 0.4% 
of that on Lee. 

Continuing to categorize SCN popula- 
tions into four races, based on the standard 
differentials, may be misleading even when 
it is possible, although the current race 
concept is said to be useful to plant breed- 
ers (11). Adding new race designations only 
as new cultivars are introduced with new 
levels of resistance has been recommended 
(11). A somewhat different approach is tak- 
en by Luedders (8) who thinks of  the de- 
gree of resistance or susceptibility as an 
"associat ion p h e n o t y p e "  that  is deter-  
mined by genes in both the host plant and 
the nematode. Thus an "association phe- 
notype" between a particular isolate of SCN 
and a given cultivar is unique to those ge- 
notypes. A different association phenotype 
might obtain between the same host cul- 
tivar and another genotype of SCN, even 
though the SCN isolates are assigned to 
the same race, on the basis of  arbitrarily 
selected criteria. 

We found some indication of regional 
similarity in the behavior of the Indiana 
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i so la tes  o n  t h e  s o y b e a n  l ines  t e s t e d ,  in t h a t  
t h e  r e s p o n s e s  o f  t h e  t h r e e  i so la te s  f r o m  
s o u t h e r n  I n d i a n a  w e r e  m o r e  s imi la r  to  each  
o t h e r  t h a n  t h e y  w e r e  to  t h e  two  n o r t h e r n  
i so la tes .  F u r t h e r m o r e ,  we  f o u n d  t h a t  t h e  
t w o  i so la te s  f r o m  n o r t h e r n  I n d i a n a  p r o -  
d u c e d  cysts  o n  m o r e  o f  t h e  d i f f e r e n t i a l s  
t e s t e d  t h a n  d i d  t h e  t h r e e  i so la tes  f r o m  
s o u t h e r n  I n d i a n a ,  w h i c h  m i g h t  i n d i c a t e  
t h a t  d e v e l o p m e n t  o f  r e s i s t a n t  cu l t i va r s  sui t -  
a b l e  f o r  n o r t h e r n  s o y b e a n  g r o w i n g  r e g i o n s  
m a y  p o s e  m o r e  d i f f icu l t i es  t h a n  has  d e v e l -  
o p m e n t  o f  cu l t i va r s  f o r  use  in  t h e  sou th .  
B e c a u s e  r e p r o d u c t i v e  r a t e s  o f  n a t u r a l  S C N  
p o p u l a t i o n s  o n  r e s i s t a n t  l ines  s e e m  to  va ry  
wide ly ,  i t  w o u l d  b e  i m p o r t a n t  to  a b r e e d i n g  
p r o g r a m  to  t es t  p o t e n t i a l  r e s i s t a n t  l ines  o n  
s eve r a l  p o p u l a t i o n s  f r o m  t h e  a r e a s  f o r  
w h i c h  n e w  cu l t i va r s  a r e  b e i n g  d e v e l o p e d ,  
r a t h e r  t h a n  to  r e ly  o n  tes ts  w i th  p o p u l a -  
t ions  t h a t  h a p p e n  to  s h a r e  t h e  s a m e  s tan-  
d a r d  r a c e  d e s i g n a t i o n  b u t  a r e  f r o m  d i f f e r -  
e n t  g e o g r a p h i c  a reas .  
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