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Abstract: Eight soybean cyst nematode, Heterodera glycines Ichinohe, cultures were developed 
by their continuous selection on soybean lines with various level of resistance. Each soybean 
line was inoculated with eggs and larvae of the eight cultmes. Female development was much 
higher on 'Essex' and 'Forrest' than the other lines. ,The development of nematode cultures 
selected on Essex and ,Forrest was low on the other six soybean lines compared with the lines 
on which they were selected. PI 89772 and PI 90763 had a high level of resistance to the culture 
selected on PI 88788, whereas cultures selected on PI 89772 and PI 90763 reproduced very 
little on PI 88788 and PI 209352. Cultures selected on PI 87631-1, PI 209332, and 'Cloud' gave 
response similar to that of P1 88788. The use of various sources for resistant variety development 
program is discussed. Key words: Glycine max L., races, resistance. 
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Since its discovery in  1954 by Wins t ead  
et al. (10) in  N o r t h  Carol ina,  the soybean 
cyst nematode  (SCN) Heterodera glycines 
Ich inohe ,  has become a ma jo r  pest of  soy- 
beans  (Glycine max L.) in the sou thern  and  
eastern Un i t ed  States. Ross and  Br im (7) 
de te rmined  P I  90763, P I  84751, ' l lsoy, '  a nd  
'Peking '  to  be resistant  to SCN. Epps  a n d  
Har twig  (1) r epor ted  several o the r  lines 
with h igh levels of resistance to field popu-  
lat ions of  SCN. Golden  et al. (2) described 
four  physiological  races by their  differential  
response on  five soybean lines. Miller (4) 
repor ted  11 biotypes  of  SCN using several 
legumes as differentials. Recent ly  Riggs et 
al. (6), us ing an  index ra t ing  system, dif- 
ferent ia ted u p  to 36 races. C o n t i n u o u s  de- 
ve lopmen t  ot  an SCN popu la t ion  on  re- 
sistant soybean lines was found  to change  
the parasit ic capabil i t ies of  the nematodes  
(3,5,9,11). Lit t le  is k n o w n  abou t  the host- 
parasi te re la t ionship  for the new races a n d  
biotypes of  the SCN. T h e  present research 
was under t aken  to s tudy the response of  
soybean lines to  var ious  SCN pa tho types  
which were selected by their  con t inuous  re- 
p roduc t ion  on  different  k n o w n  resistant  
sources. 

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

Soil was collected f rom a field at the  
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Rhodes  Memor ia l  Research Farm, located 
near Clark ton ,  Missouri. T h i s  par t icu lar  
field, uszd [or several years for  SCN screen- 
ing, was k n o w n  to have high popu la t ions  of  
races 3 and  4. Seven soybean lines possessing 
various degrees of resistance to SCN were 
g rown in 15-cm-d pots  con ta in ing  this in- 
fested soil. These  soybean lines were 'For- 
rest, ' P I  88788, P I  89772, PI  90763, P I  
87631-1, P I  209332, and  'Cloud. '  'Essex,' a 
susceptible cul t ivar  was inc luded  as a check. 
After  30 days, plants  were r emoved  f rom 
the trots and  tile soil was gent ly r e m o v e d  
f rom the roots. Fifty whi te  females f rom 
each l ine were p icked f rom the  roots  wi th  
a pai r  of tweezers and  added  to ano the r  
po t  con ta in ing  methy l  b r o m i d e  sterilized 
soil. T h e  pots were sown with the same soy- 
bean l ine f rom which the cysts were picked. 
Af te r  35-40 days, the plants  were pul led  
and  the white  females on  the roots r e tu rned  
to the pot. Th i s  process was con t inued  for 
l0  cycles. Af ter  the  four th  cycle, cul tures  
were t ransferred to a 30-cal-d po t  (volume 
21 liters) and  ma in t a ined  in a water  ba th  
at 26.6 C+__ 2. 

T h e  cross-inoculat ion studies a m o n g  
different soybean lines were conduc ted  in  
lnicropots  (20 cm × 2.5 cm) con ta in ing  
previously sterilized soil. Pots were  kept  
at 24-27 C in the water-control led  tempera-  
ture  tanks du r ing  the first test and  at  27 -  
29 C du r ing  the  second test. T h r e e  thou- 
sand eggs and  larvae f rom each cyst cu l ture  
were added  to a pot  when  the seedlings 
reached the first t r i fol iate  stage. T h i r t y  days 
after inocula t ion,  the micropots  were  
soaked in water  and  the  plants  r emoved  
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from the pots. Roots  were blas ted wi th  a 
s t rong  water  je t  and  the dis lodged whi te  
females were collected on  a 60-mesh sieve. 
T h e  females per p l an t  were coun t ed  u n d e r  
a stereoscope. 

T h e  e x p e r i m e n t  was a r r anged  in  a spl i t  
plot  design wi th  soybean l ines as m a i n p l o t s  
and  cyst cul tures  as subplots .  Fou r  replica- 
t ions  were used in  the first test wi th  ano the r  
four rep l ica t ions  as the second test. T h e  
data  for four  rep l ica t ions  in  each test were 
statistically analyzed. Analyses of var iance  
were also c o m p u t e d  by c o m b i n i n g  the data  
for the eight  repl icat ions .  T i l e  means  were 
c o m p a r e d  wi th  the respective LSD. T h e  in- 
dex of paras i t i sm (2) was ca lcula ted  by con- 
s ider ing the n u m b e r  of whi te  females on  
Essex as I00. 

R E S U L T S  

Grea te r  n u m b e r s  of cysts deve loped  o n  
the roots i n  the second test which  was kept  
at a t empera tu re  sl ightly h igher  t han  that  
of the first test. I n  general ,  the two tests 
showed a s imi lar  t rend,  thus the results of 
the c o m b i n e d  analyses of e ight  rep l ica t ions  
are considered in  the r e m a i n i n g  discussion. 
N u m b e r  of whi te  f e m a l e s / p l a n t  was sig- 
n i f icant ly  affected by soybean l ine,  SCN cul- 
ture, a n d  soybean l ine  × cu l tu re  interac-  
t ion  (Tab le  1). 

Cyst cu l tures  selected on  Essex a n d  For- 
rest developed be t te r  on  those l ines  t h a n  

Table 1. Analyses of variance for number of 
white females per plant infected with various pop- 
ulations of Heterodera glycines (SCN). 

Source of variation df Mean squares 

Replication 7 70,554* * 
Soybean line 7 492,227** 
Error (a) 49* 8,179 
SCN populations 7 99,149"* 
Soybean line 

X populations 49 31,489"* 
Error (b) 392* 1,986 

*Coefficient of variation for soybean lines and 
2CN populations are 84% and 42%, respectively. 

**Significant at 0.01 level. 

on  others ( T a b l e  2). T h e  SCN cu l tu re  se- 
lected on  PI  88788 deve loped  be t te r  on  
Forrest,  PI  87631-1, Cloud,  P I  209332, a n d  
PI  88788 t h a n  on  PI  89772 a n d  P I  90763. 
O n  the  o ther  hand ,  cu l tures  selected o n  
PI  89772 a nd  PI  90763 developed very l i t t le  
on  PI 88788 a n d  P I  209332. C u l t u r e s  se- 
lected on  PI  87631-1, PI  209332, a n d  C l oud  
gave responses a lmost  s imi lar  to tha t  of the 
PI  88788 cul ture .  

Soybean l ines were also compared  
against  each cu l tu re  for their  i nde x  of para- 
sitism (Tab le  3). C o m p a r e d  to  Essex, P I  
88788 a n d  P I  209332 were res is tant  to the 
cyst cul tures  selected on  PI  89772 a nd  P I  
90763, whereas P I  89772 a n d  P I  90763 d id  
no t  suppor t  h igh cyst popula t ions ,  com- 

Table 2. Number of white females per plant-root for 64 cross inoculations among eight soybean lines 
and eight populations of Heterodera glyeines. 

Inoculated SCN populations selected* on 
soybean PI PI PI PI PI 

line Essex l;orrest 88788 89772 90763 87631-I 209332 Cloud Mean 

Essex 104 a t 222 a 315 a 382 a 221 a 291 a 341 a 347 a 278 
Forrest 95 a 217 a 178 b 407 a 257 a 192 b 74 d 231 b 206 
PI 88788 5b 7b 97c 17c 9c 69e 127c 68e 50 
PI 89772 22b 38b 5d 125b 57bc 10f 4e 13f 34 
PI 90763 16 b 51 b 4 d 157 b 78 b 12 f 2 e 19 f 42 
PI 87631-1 11 b 20 b 169 b 42 e 33 bed 155 bc 175 b 131 cd 95 
PI 209332 4b  8b 142be 16e 9d 103de 163bc 95de 67 
Cloud 12b 16b 153b 43c 27cd l l9cd 181 b 150c 87 

Mean 34 72 133 148 86 119 133 132 

*SCN populations developed after 10 cycles of selections. 
+Comparisons between soybean lines for the same SCN population. Values followed by same letter are 

not significantly different at .P = .05. I~D for comparison between soybean lines, between SC:N cultures, 
and between soybean lines for the same culture are 32, 16, and 47, respectively. 
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Table 3. Index of parasitism (number of cysts relative to 100 cysts on Essex) of various populations of 
Heterodera glycines selected* on one soybean line and tested on the other lines. 

Soybean Populations selected on 
Line Essex Forrest PI 88788 PI 89772 PI 90763 PI 87631-1 PI 209352 Cloud 

Essex 100 100 100 100 100 100 100 100 
Forrest 91 98 56 106 116 66 22 67 
PI 88788 5 3 31 4 4 24 37 20 
PI 89772 21 17 2 33 26 3 1 4 
P1 90763 15 23 2 41 35 4 1 5 
PI 87631-1 l l  9 54 11 15 53 51 38 
PI 209332 4 4 45 4 4 35 48 27 
Cloud 12 7 49 11 12 54 53 43 

*SCN populations developed after 10 cycles of selections. 

p a r e d  to the  cu l tu re s  se lec ted  on  P I  88788, 
P I  87631-1, P I  209332, a n d  C loud .  

D I S C U S S I O N  

F e m a l e  d e v e l o p m e n t  v a r i e d  t r emen-  
dous ly  w i th  soybean  l ines.  Essex showed  
m a x i m u m  in fec t ion  by SCN. Forres t ,  al- 
t hough  res i s tan t  to races  1 a n d  3, h a d  m o r e  
whi te  females on  its roo ts  t h a n  d i d  o t h e r  
soybean  lines, sugges t ing  tha t  these  l ines  
possessed a h ighe r  level  of  SCN resis tance.  
T h e  cyst cu l tu re  se lected on  P I  88788 pro-  
d u c e d  97 females  on  P I  88788 b u t  on ly  5 
a n d  4 females on  P!  89772 a n d  P I  90763, 
respect ively .  I t  is ev iden t  t ha t  P I  89772 a n d  
P I  90763 possess a h igh  degree  of  res is tance  
to  the  pa tho types  of SCN tha t  a r e  v i r u l e n t  
on  PI  88788. Conversely ,  l i t t le  female  devel-  
o p m e n t  was obse rved  on  P I  88788 when  in- 
o c u l a t e d  wi th  SCN selected on  P1 89772 ant i  
P I  90763. T h e  response  of P I  87631-1, P I  
209332, a n d  C l o u d  were  the  same as P I  
88788 when  t r ea ted  aga ins t  cu l tu res  selected 
on  P I  89772 a n d  PI  90763. Of  these soy- 
bean  lines, P I  209332 had  a h i g h e r  level of  
res is tance to the  cu l t u r e  se lec ted  on  P I  
90763. O u r  resuhs  agree  w i th  those of Mc- 
C a n n  et  al. (3) for P I  88788 and  P I  89772 
b u t  d i sagree  for PI  90763. I t  is l ike ly  t h a t  
soybean  l ine  P I  90763R used by M c C a n n  
et  al.  (3) was d i f fe ren t  f rom our  l ine  P1 
90763. 

T h e  w o r k  of  G o l d e n  e t  al .  (2) o n  the  
classif icat ion of races  was b a s e d  o n  screen- 
ing  of d i f fe ren t i a l s  w i th  f ield p o p u l a t i o n s  
of  SCN. T h e s e  p o p u l a t i o n s  cou ld  have  b e e n  
e x t r e m e l y  var iab le .  M i l l e r  (4) d e m o n s t r a t e d  
tha t  several  races  of SCN cou ld  be  r ecove red  

f rom a field. P I  88788, w h i c h  was classified 
as suscep t ib le  to  race  4 (2), has been  f o u n d  
in o u r  s tudies  to  have  a h igh  degree  of  re- 
s is tance to  cu l tu res  se lec ted  o n  Fo r r e s t  a n d  
PI  90763. T r i a n t a p h y l l o u  (9) r e p o r t e d  b o t h  
q u a l i t a t i v e  a n d  q u a n t i t a t i v e  differences 
a m o n g  races of  SCN. T h o m a s  et  al. (8) in- 
d i ca t ed  tha t  several  genes were  r e spons ib l e  
for res is tance  in  crosses i n v o l v i n g  suscepti-  
ble, m o d e r a t e l y  res is tan t ,  a n d  res i s t an t  soy- 
bean  lines. T h e  wide  r a n g e  of  cyst r ep ro -  
duc t ior r  of  d i f fe ren t  cu l t u r e s  on  soybean  
l ines  in this s tudy suggests the  presence of  
a large  n u m b e r  of genes c o n t r o l l i n g  resis- 
tance to SCN. 

P e k i n g  was the  d o n o r  p a r e n t  for  re- 
s is tance to races 1 a n d  3 in  P i c ke t t  a n d  
Forres t .  P I  88788 c o n t r i b u t e d  res is tance  to 
race  4 in 'Bedfo rd . '  C o n t i n u o u s  use of  soy- 
bean  var ie t i es  w i t h  res is tance f rom P I  88788 
is l ike ly  to increase  the p a t h o t y p e s  of SCN 
which  are  v i r u l e n t  on  it. Z i r a k p a r v a r  a n d  
N o r t o n  (11) obse rved  an  increase  in  i n d e x  
of  pa ra s i t i sm t h r o u g h  se lec t ion  on  the  re- 
s i s t an t  soybean  cul t ivars .  Since P I  89772 
a n d  PI  9076'¢ have  a h igh  level  of  res is tance 
to the  c u l t u r e  d e v e l o p e d  on  PI  88788, they 
w o u l d  he useful  as a source of  res is tance  
in va r ie ty  d e v e l o p m e n t .  I f  the  res is tance  
factors  to  SCN in PI  89772 a n d  90763 are  
pos i t i one d  on a locus  or  loci  wh ich  differ  
f rom the one  in P I  88788, i t  w o u l d  be  pos- 
s ible  to c o m b i n e  the  two  sources to achieve  
g r e a t e r  resis tance.  However ,  i f  t he  resist- 
ance in the  soybean  l ines  is due  to  m u l t i p l e  
al le les  on  the same locus, they wi l l  have  to  
be r o t a t e d  to p rov ide  a d e q u a t e  p r o t e c t i o n  
to t he  SCN b io types  p resen t  in  the  soil.  
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Effects of Temperature and Root Leachates 
on Embryogenic Development and Hatching of 

Meloidogyne chitwoodi and M. hapla ~ 
R. N.  INSERRA, 2 G. D.  GRIFFIN, ~ a n d  D.  V. SISSON a 

Abstract: At 20 C the duration of the embryogenic development of Meloiclogyne chitwoocli 
and M. hapla was about 20 days. At 10 C the embryogenic development was 82-84 days for 
M. chitwoodi and 95-97 days for M. hapla. The effect of distilled water and root leachates of 
potato cv. Russet Burbank, tomato cv. Columbian, and wheat cv. Hyslop on the hatching of 
eggs of the two root-knot nematode species was investigated at 4, 7, 10, 15, 20, and 25 C (-- 1 C). 
Cumulative egg taatch was no greater in root leachates titan in distilled water, but temperature 
did significantly affect egg hatch (P = 0.05). Less than 1% of the eggs of both nematode species 
hatched at 4 C. The percent cumulative hatch at 10 C was significantly less (P = 0.05) than 
at higher temperatures for both nematodes and significantly more (P = 0.05) M. chitwoodi 
eggs hatched than did M. hapla eggs. At 15 G the percent cumulative hatch of both species 
was significantly lower (P = 0.05) than that at 20 and 25 C. The percent cumulative egg hatch 
of two species did not differ at 25 C, but was higher (P = 0.05) at 25 C than at 20 C. At 7 C 
the emergence of M. chitwoodi juveniles was about seven times (P = 0,01) greater than that  
of M. hapla in distilled water. Key words: Columbia root-knot nematode, northern root-knot 
nematode, juvenile, emergence. Journal of Nematology 15(I):123-127. 1983. 

T h e  C o l u m b i a  r o o t - k n o t  n e m a t o d e  

(Meloidogyne chitwoodi G o l d e n  e t  al.)  a n d  

t h e  n o r t h e r n  r o o t - k n o t  n e m a t o d e  (M. hapta 
C h i t w o o d )  a r e  t h e  t w o  m o s t  e c o n o m i c a l l y  
i m p o r t a n t  n e m a t o d e s  o f  t h i s  g r o u p  in  t h e  
Pac i f i c  N o r t h w e s t  (1,3,4). R e c e n t  s t u d i e s  
(2) h a v e  s h o w n  t h a t  3/1. chitwoodi is a b l e  
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to  r e p r o d u c e  a t  l o w e r  soi l  t e m p e r a t u r e s  
t h a n  M. hapla a n d  t h a t  M. chitwoodi c a n  

i n v a d e  p o t a t o  (Solanum tuberosum L )  
r o o t s  a t  10 C (2). H o w e v e r ,  t h e r e  is a l ack  
o f  i n f o r m a t i o n  o n  t h e  ef fec t  o f  t e m p e r a t u r e s  

a n d  r o o t  l e a c h a t e s  o n  t h e  e g g  h a t c h  o f  t h e s e  
t w o  species .  A s t u d y  was  c o n d u c t e d  to  de-  
t e r m i n e  t h e  d u r a t i o n  o f  e m b r y o g e n i c  de-  

v e l o p m e n t  a n d  t h e  e f fec t  o f  s ix t e m p e r a -  

t u r e s  a n d  t h r e e  d i f f e r e n t  p l a n t  r o o t  l each -  
ares  o n  t h e  e m e r g e n c e  o f  M. chitwoodi a n d  
M. hapla j u v e n i l e s .  
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