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Abstract: Populat ions  of Heterodera glycines identifiable as race 1 reproduced on the race 1 
resistant 'Bedford'  soybean. A Beaufort  County, Nor th  Carolina, popula t ion  had an index of 
parasi t ism of 112% on Bedford in greenhouse tests. Indices of parasi t ism for this populat ion 
on race 1 resistant cultivars Pickett 71, Centennial,  and Forrest were less than 10%. T h e  Beau- 
fort County popula t ion  had significantly greater reproduct ion on Bedford in microplots than 
did popula t ions  of race 3 or race 4. In  field tests, a race 1 popula t ion  suppressed yields of Bed- 
ford bu t  not  yields of Centennial .  Based on these data, Bedford is no longer recommended in 
North  Carolina as a race 1 resistant cultivar. Key words: host resistance, soybean cyst nematode, 
nematode management ,  soybean, reproduction.  
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Hete'rodera glycines Ichinohe, 1952, a 
major  l imit ing factor to soybean (Glycine 
max) production,  is widespread in the soy- 
bean product ion area o1 eastern Nor th  
Caroliml, with more than 30% of the acre- 
age infested in some counties (1). Principle 
management  practices used in Nor th  Caro- 
lina to reduce losses clue to this pathogen 
are crop rotation, use of resistant cultivars, 
and soil t reatment  with nematicides. 

Five races of H. glycine~ have been de- 
scribed (5,7), along with reports  of exten- 
sive variat ion in virulence withiu the species 
(8,10). Several soybean cultivars have been 
released with resistance to races 1 and 3 of 
H. glycines; in 1979 the cultivar Bedford 
was released with resistance to races 1, 3, 
and 4 (6). 

Dur ing  the 1980 growing season, two 
fields planted to Bedford were found ex- 
hibi t ing severe symptoms of cyst nematode 
damage. Populat ions of H. glycines isolated 
from both fields were subsequently identi- 
fied as race 1 by the currently approved sys- 
tem (5). These findings p rompted  further  
investigations into the effectiveness of the 
Bedford resistance to Nor th  Carol ina pop- 
ulations of H. glycines characterized as race 
I. T h e  results of those studies are presented 
herein. 

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

Populat ions of H. glycines races 1 and 3 
used in greenhouse or microplot  tests were 
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lnaintained on Glycine mc~x (L.) Merr cv. 
Lee 74; the popula t ion  o1 Race 4 was main- 
rained on cv. Pickett  71. lnocululn for each 
test was collected by washing roots with a 
high pressure stream of water  anti collect- 
ing mature  cysts oil a 250-/,m sieve. Eggs 
and juveniles were treed fl'om cysts by gen- 
tle crushing with a ground-glass tissue 
grimier.  

T h e  index of parasit ism (IP) (9) of a 
race 1 popula t ion  isolated from Bedford 
in Beaufort  County was determined on se- 
lected soybean cuhivars under  greenhouse 
conditions. Soybean seeds were germinated 
in vermiculite,  then t ransplanted singly to 
]0-cm-d pots filled with a steam-pasteurized 
loamy sand soil (82.9% sand, 10.6% silt, 
6.5% clay). Each pot was infested by adding 
a suspension of 4,000 eggs and juveniles of 
H. glycines to the t ransplant  hole prior  to 
transplanting. Plants were harvested after 
45 days at 24 ± 4 C, and immature  and ma- 
ture cysts were washed from the roots and 
counted. Eight replications of each treat- 
ment  were arranged in a completely ran- 
domized design in the greenhouse. 

Reproduct ion  of the Beaufort  County 
race 1 popula t ion  was compared to repro- 
duction ot" a race 3 and  race 4 Po.pulation 
in microplots (2). Microplots were estab- 
lished in a Norfolk  loamy sand (87% sand, 
9% silt, 4% clay) and  infested with a sus- 
pension of 500 eggs amt  juveniles/500 cm a 
soil of the appropr ia te  populat ion.  Plots 
were immediately  planted to ei ther  Bedford 
or Lee 74. All plots were fertilized accord- 
ing to soil test recommendat ions  and irri- 
gated as needed. T h e  exper imenta l  design 
was a randomized complete  block, repli- 
cated four  times. Popula t ion densities were 
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t ransformed to log~0 (X + 1) pr ior  to sta- 
tistical analysis. 

Composite  soil samples (eight 2.5-cm 
cores/plot) were collected 6 weeks after 
plant ing and at harvest to determine nema- 
tode l~opulation densities. Aliquots of 500 
cnV from each sample were processed for 
cysts, eggs, and juveniles by a combinat ion  
of elutr iat ion and centr i fugat ion (3). All 
plots were harvested for grain yield in No- 
vember  1981. 

in 1981 an exper iment  was established 
in a race 1 infested field (preplant  popula-  
tion densities ranged from 925 to 2,055 eggs 
and juveniles/500 cm 3) in Lenoir  County,  
North  Carolina. Effect of the cyst nematode 
was determined by compar ing  yields f rom 
phenamiphos  treated plots (2 kg a.i . /ha) 
to yields from untreated plots p lanted  to 
Bedford, race 1 susceptible 'Coker  156,' or 
race 1 resistant Centennial  soybeans. T h e  
exper imenta l  design was a randomized 
block with four replications. Yield data 
were analysized by the Student 's  T test for 
paired observations. 

R ES ULTS  

Under  greenhouse conditions, the Beau- 
fort County popula t ion  of race 1 repro- 
duced as well on Bedford (IP = 112%) as 
it (lid on the susceptible Lee 74. On soy- 
bean cultivars Pickett  71, Centennial ,  and  
Fon'est (all possessing genes for resistance 
to race 1), this race 1 popula t ion had  IPs 
< 10% (Table  1). 

In  the microplot  test, midseason popu- 
lat ion densities were less than  one cyst/500 
cm ,~ soil for all treatments.  High soil tem- 
peratures (> 35 C at 10 cm) dur ing June  
1981 are believed to have suppressed initial 
populat ion development.  By the end of the 
growing season, nematode popula t ion den- 
sities had increased substantially. T h e  final 
populat ion density of race. 1 was signifi- 
cantly ,greater on Bedford than were final 
populat ion densities of races 3 or 4 (Table  
2). There  were no significant differences 
among  the final popula t ion densities of the 
three races on Lee 74, but  each popula t ion 
had a significantly higher popula t ion  den- 
sity on Lee 74 than on Bedford. 

None of the populat ions tested had any 
significant effect on yields in the microplot  
rests (Table  2), a l though yields were lowest 
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Table  1. Index of parasit ism (IP) of race 1 
Heterodera glycines on selected cultivars on Glycine 
t n a x  ~ 

Cultivar Resistance IP t 

Lee 74 None 100.0% a 
Bedfi)rd races 1, 3 8~ 4 112.0% a 
Pickett 71 races 1 & 3 1.2% b 
Forrest races 1 & 3 1.3% b 
Centennial races 1 & 3 7.1% b 

*Populat ion isolated from Bedford soybeans, 
Beaufort  County, North  Carolina. 

Index of parasit ism (IP) = 
Av. no. cysts per plant  × 100 

Av. no. cysts from Lee 74 
(Ref. 11). Data are means of eight replications; 
means no. cysts per  Lee 74 was 274 ± 48. Means 
followed by the same letter are not significantly 
differenct according to Duncans mult iple-range test 
( P = 0.01). 

in race 1 infested plots for both  cultivars. 
In  the Lenoir  County field test, yields of 
Bedford and Coker 156 were significantly 
lower in untreated,  as compared  to phena- 
miphos treated, plots (Table  3). T h e  race 1 
Fopulat ion in these plots had no effect on 
the yields of Centennial .  

DISCUSSION 

Bedford soybean was not resistant to the 
North  Carolina populat ions of H. glycines 
race I in any of our  tests. Al though repro- 
duction of race I on Bedford in the micro- 
Flot test was less than 10% of the repro- 
duction on Lee 74, we do not believe tha t  
a cultiwtr that  supports  a popula t ion  in- 
crease of 2170% can be classified as resist- 
ant. Other  investigators have observed sig- 
nificant reproduct ion (IP = 39%) of race 
1 on Bedford (G. Noel, pers. commun.) .  
Tl ta t  tile race 1 popula t ion in the Lenior  
County test significantly suppressed Bed- 
ford yields provides fur ther  evidence of the 
lack of useful levels of resistance. We  are 
not aware of any reports  providing evidence 
in support  of the original claim (6) that  
Bedford is resistant to race 1 popula t ions  
of H. glycines. 

Ability of some race 1 populat ions to 
overcome the repor ted resistance in Bed- 
ford may be due in par t  to the inadequacies 
of the current  race identification system (5). 
Extensive variat ion is known to exist among  
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Table  2. Reproduction of races 1, 3, and 4 of Heterodera glycines on soybean cvs. Bedford and Lee 
74, and soybean yields in mieroplots. Reproduction is based on the number  of cysts and eggs and juve- 
niles recovered from soil and on the Pt/PI* ratio, 

Numbers/500cm3 soil~ 
Eggs & 

juveniles 
Cultivar Race Cysts (1000s)+ + Pf/PI+, Plot(g) 

Bedford 

Lee 74 

1 77 b 10.8 b 21.7 b $63 a 
3 25 a 2.0 a 4.0 a 576 z 
4 11 a 1.4 a 2.8 a 427 a 

noninfested 0 0 0 ,123 a 

I 1365 a 140.0 c 280.0 c 380 a 
3 828 c 55.2 bc 110.4 c 443 a 
4 326 c 39.5 bc 69.1 bc 425 a 

noninfested 0 0 457 a 

*P~/Pt equals final nematode populat ion density (eggs and juveniles/500 cm3 soil) divided by initial  
population density (500 eggs and juveniles/500 cm~ soil). 

+Data are means of four replications. Means followed by the same letter are not significantly differ- 
ent  according to Duncan's  multiple-range test (P = 0.05 for no. cysts, Pt/Pt,  and yield k ~ = 0.01 for eggs 
g: juveniles.) 

~.Data transformed to Log ( X + I )  for statistical analysis; nontransformed data presented. 

Table  3. Yield response of soybean cvs. Bedford, 
Coker 156, and Centennial  to Heterodera glycines 
race 1 in field plots in Lenoir County, North Caro- 
lina. 

Yield (kg/ha) 
Phenamiphos 

Cultivar Untreated (2 kg a.i,/ha) 

Bedford 1,123 ± 105 1,735 ± 109"* 
Coker 156 1,594± 91 1,843± 169" 
Centennial 2,340 ± 75 2,273 ± 181 NS 

t l tese  p o p u l a t i o n s  (4), i t  w i l l  s u p p o r t  a t  
l eas t  a m o d e r a t e  cyst  p o p u l a t i o n  d e n s i t y .  

B a s e d  o n  t h e s e  d a t a ,  B e d f o r d  is  n o  l o n g e r  
b e i n g  r e c o m m e n d e d  as a r ace  1 r e s i s t a n t  
c u l t i v a r  i n  N o r t h  C a r o l i n a .  I t s  use  in  a 
r o t a t i o n  s y s t e m  fo r  m a n a g e m e n t  of  r a c e s  3 
a n d  4 r e q u i r e s  f u r t h e r  e v a h m t i o n  i n  l i g h t  
o f  B e d f o r d ' s  a b i l i t y  t o  s u p p o r t  s u b s t ; m t i M  
r e p r o d u c t i o n  of  t h e s e  races .  

L I T E R A T U R E  C I T E D  

**Significant at P = 0.01. 
*Significant at P = 0.07. 

p o p u l a t i o n s  o f  H. glycines (8,10);  t i t u s  i t  
is p o s s i b l e  t h a t  B e d f o r d  m a y  b e  r e s i s t a n t  
t o  o t h e r  p o p u l a t i o n s  i d e n t i f i a b l e  as r a c e  1. 
W e  c o n c u r  w i t h  R i g g s  a n d  h i s  c o w o r k e r s  
(10) t l m t  t h e  c u r r e n t  r a c e  i d e n t i f i c a t i o n  sys- 
t e m  n e e d s  to  b e  r e v i s e d .  

R e p r o d u c t i o n  o f  r a c e s  3 a n d  4 o n  Bed -  
f o r d  i n  m i c r o p l o t s  i n c r e a s e d  t h e  i n i t i a l  p o p .  
u l a t i o n  d e n s i t i e s  b y  4 0 0 %  a n d  2 8 0 % ,  re- 
s p e c t i v e l y .  Y o u n g  (12) a l so  r e p o r t e d  r e p r o -  
d u c t i o n  o f  r a c e  4 p o p u l a t i o n s  o n  B e d f o r d  
a n d  d e m o n s t r a t e d  t h a t  t h e  r e p r o d u c t i o n  
r a t e  c a n  b e  i n c r e a s e d  s i g n i f i c a n t l y  i n  re-  
s p o n s e  to  s e l e c t i o n  o n  B e d f o r d .  I t  is l i k e l y  
t h a t  r a ce  3 p o p t d a t i o n s  w i l l  b e h a v e  i n  a 
s i m i l a r  n l a n n e r  (9,11).  T h u s ,  w h i l e  B e d f o r d  
m a y  s n f f e r  l i t t l e  o r  no. y i e l d  loss d u e  t o  
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