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Abstract: Progeny from single females of four known races of Heterodera glycines I ch inohe  were 
used to es tabl ish relat ively un i fo rm popnla t ions .  Single females f rom these popu la t i ons  were 
ma ted  wi th  males of o ther  races in al l  possible combina t ions  to s tudy compa t ib i l i t y  and  
inhe r i t ance  pat terns .  W h e n  race 1 or 3 was crossed wi th  e i the r  race 2 or  4, there  was a s ignif icant  
r educ t ion  in n m n b e r  of females and  a grea ter  n u m b e r  of eggless females than  in  crosses of races 
1 x 3 and  2 x 4. More females m a tu r e d  and fewer were eggless when  mat ings  were of the same 
race. Paras i t ic  capabi l i t ies  of races 2 and  4 were d o m i n a n t  or pa r t i a l ly  d o m i n a n t  ovex those of 
r a c e s  1 and 3, based on paras i t i sm of F a hybrids .  Segregat ion pa t t e rns  were genera l ly  s imi la r  for 
reciprocal  crosses between races. T h e r e  appeared  to be e i the r  one or  two ma jo r  genes segregat ing 
for paras i t i sm of 'P icket t '  soybean in the  different  crosses. A hybr id  isolate (race 3 x 4) tha t  
differed in  paras i t ic  capabi l i ty  from the four  known races p roduced  as m a n y  females on the  
res is tant  soybean genotype,  PI  90,763, as on the suscept ible  Lee cul t ivar .  Those  da ta  indica te  tha t  
isolates of H. glycines with  a different  paras i t ic  capab i l i ty  may develop from gene  recombina t ion .  
Key Words: soybean cyst nematode,  paras i t ic  capabi l i ty ,  compat ib i l i ty ,  genet ic  recombina t ion .  

T h e  soybean-cyst nematode  (SCN), 
Heterodera glycines Ichinohe,  was first 
found on soybeans in the Uni ted  States in 
1954 (13). Since the initial  discovery, in 
Nor th  Carolina, infestations have been re- 
ported in more than a mil l ion hectares in 17 
states. Seven cultivars resistant to SCN 
('Custer, '  'Dyer, '  'Pickett , '  'Pickett  71,' 
'Mack, '  'Forrest, '  and 'Centennial ' )  provided 
effective control for a few years until  new 
races appeared.  Four physiological races of 
SCN have been identified on the basis of 
abili ty to reproduce on a set of host differ- 
entials (5). Cultivars currently in produc- 
t ion are resistant to races 1 and 3 but  are 
susceptible to races 2 and 4. 

Inher i tance studies on resistance in soy- 
bean to races of SCN (2, 3, 6, 8, 10, 11) 
indicate a ra ther  complex pattern.  Five 
major  genes have been identified for re- 
sistance to races 1, 3, and 4 with mul t ip le  
alleles at one locus. Caldwell et al. (2) 
studied race 1; Matson and Wil l iams (8), 
race 3; Har twig  and Epps (6), race 4; and 
T h o m a s  and Caviness (3, 10, 11) worked 
mainly  on race 4 but  also studied the other  
3 races. 

Rap id  development  of new races of 
SCN under  field conditions indicates that  
this organism possesses considerable genetic 
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variability. Heterodera glycines is a diploid 
(2n -- 18) amphimi t ic  organism. Koliopanos 
(7) showed that  hybrids between races of 
this organism produce viable progeny. He  
also analyzed F1 and F2 progeny from mass 
crosses between different races and found 
that  a nonrecessive type of inheri tance con- 
di t ioned for the abil i ty of SCN to overcome 
resistance. T r i an taphy l lou  (12) studied 
selection through the continuous stress of 
resistant plants with various populat ions  of 
SCN. He  also made mass crosses between 
two widely divergent populat ions.  He  con- 
cluded that  three genes or groups of genes 
condi t ioned for abil i ty to parasitize soy- 
beans that  had the major  types of resistance 
to SCN. 

No research studies were found in which 
controlled crosses had been made between 
single females and males of SCN races. 
However,  l imited studies were conducted by 
Andersen (1) on inheri tance of races l and 
2 of Heterodera avenae. He concluded f rom 
small F~ and  F2 populat ions,  obta ined by 
mat ing  single males and females, that  race 
2 possessed two dominan t  genes which 
condit ioned for parasitic capability. 

T h e  objective of these investigations 
was to hybridize races of SCN and to: (l) 
de termine compatibil i t ies;  (2) elucidate 
patterns of inheri tance for parasitic capabil- 
ity; and (3) study the potent ia l  for new race 
development .  

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

These  studies were conducted under  
controlled conditions in a greenhouse at the 
Main Exper iment  Station, Fayetteville, 
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Arkansas ,  d u r i n g  1973-1976. T h e  t empera -  
tu re  was m a i n t a i n e d  at  a b o u t  26-32 C 
d u r i n g  the day  a n d  26 at  n igh t .  

U n i f o r m  p o p u l a t i o n s  of  races 1, 2, 3, a n d  
4 were  e s t ab l i shed  by  se lec t ing  s ingle  fe- 
males  or  cysts a n d  c u l t u r i n g  the i r  p rogeny .  
T h e  i n i t i a l  cu l tu res  of  the  races used  in  
these s tudies  were  o b t a i n e d  f rom several  
sources. Race  1 was o b t a i n e d  f rom K. R. 
Barker ,  P l a n t  P a t h o l o g y  D e p a r t m e n t ,  N o r t h  
C a r o l i n a  Sta te  Unive r s i ty ,  Ra l e igh .  L. I .  
Mi l le r ,  P l a n t  P a t h o l o g y  a n d  Phys io logy  
D e p a r t m e n t ,  V i r g i n i a  Po ly t echn ic  I n s t i t u t e  
a n d  Sta te  Univers i ty ,  B lacksburg ,  V i rg in ia ,  
f u rn i shed  a race  2 p o p u l a t i o n .  Races  3 a n d  
4 were  i so la ted  by  R. D. Riggs,  P l a n t  Pa th -  
o logy D e p a r t m e n t ,  Un ive r s i t y  of  Arkansas ,  
Faye t tev i l l e .  Races  1 a n d  3 were  m a i n t a i n e d  
on  the Lee cu l t ivar ,  a n d  races  2 a n d  4 on  
Picket t .  Hos t  response  to races 1, 2, 3, a n d  
4 was d e t e r m i n e d  by  i n o c u l a t i n g  the  cul t i -  
vars  'Lee , '  'P icke t t , '  ' Pek ing , '  ' P I  88,788,' 
a n d  'P I  90,763' w i t h  eggs a n d  l a rvae  f rom 
each of the  p o p u l a t i o n s .  Ave rage  r eac t ions  
f rom a n u m b e r  of i n o c u l a t i o n s  are  g iven  in  
T a b l e  1. T h e s e  r a t ings  differ  s o m e w h a t  f rom 
ra t ings  g iven  by  G o l d e n  e t  al. (5), par-  
t i cu l a r ly  race  4 aga ins t  P I  88,788 a n d  PI  
90,763. However ,  the  race 4 p o p u l a t i o n  used 
was t aken  f rom the  p o p u l a t i o n  de s igna t ed  
by  G o l d e n  et  al. as race  4, a n d  i t  was tes ted  
several  t imes on  the  five l ines  to o b t a i n  the  
ra t ings  r e p o r t e d .  

Procedure [or culturing nematodes: Soy- 
b e a n  seeds were  g e r m i n a t e d  in  flats f i l led 
w i t h  ve rmicu l i t e .  A s ingle  s eed l ing  was 

TABLE l. Reaction of soybean cultivars to four 
races of Heterodera glycines. 

Reaction on race' 
Cultlvar I 3 2 4 

Lee VS VS VS VS 
Pickett VR R VS VS 
Peking VR VR S S 
PI 88,788 MR R S R 
PI 90,763 VR VR MR MR 

'Reaction to SCN was designated as follows: VS, 
very suscepti.ble; S, susceptible; MR, moderately 
resistant; R, resistant; and VR, very resistant. 
Ratings were based on the following index values. 
VR = 0-7; R = 8-24; MR = 25-41; S = 42-58; 
VS = above 58. The index was determined by 
dividing the square root of the number of cysts 
recovered from each plant by the square root of the 
highest number recovered from a Lee plant. 

t r a n s p l a n t e d  i n to  a 7.6-cm clay p o t  f i l led 
w i th  s te r i l i zed  fine r ive r  s and  w h e n  roo ts  
were  4 to 5 cm long.  Eggs a n d  l a rvae  of SCN 
were a d d e d  when  p l a n t s  had  r eached  the  V3 
stage (4). 

T w e n t y - e i g h t  days a f te r  i noc u l a t i on ,  
females  w i t h  eggs were  r ecove red  by  the 
r o i l i n g  a n d  s iev ing  m e t h o d .  F e m a l e  nema-  
todes were  r u b b e d  f rom roo t s  i n t o  a con- 
t a ine r  of wa te r  a l o n g  w i t h  the  sand,  
su spended  by  r o i l i n g  a n d  p o u r e d  t h r o u g h  
nes ted  sieves of 0.85-ram a n d  0.25-ram 
mesh.  M a t e r i a l  co l lec ted  on  the 0.25-ram- 
mesh  sieve was washed  in to  a 10-cm-square 
pe t r i  d ish  w i t h  a g r id  on  the b o t t o m ,  a n d  
females  were  c o u n t e d  at  15x magn i f i ca t ion .  

I n o c u l u m  cons i s t ing  of  eggs a n d  l a rvae  
was p r e p a r e d  by  fo rc ing  the  m a t u r e  females  
and  cysts t h r o u g h  a 0 .18-mm-mesh sieve to 
b r e a k  them,  a n d  eggs a n d  l a rvae  were  col- 
lec ted  in  a beaker .  ] n o c u l u m  was a p p l i e d  
to each p o t  w i t h  an  a u t o m a t i c  p i p e t t e  
a d j u s t e d  to de l ive r  a g iven  v o l u m e  of  
s t a n d a r d i z e d  egg a n d  l a rva l  suspens ion .  

Nematode mating techniques: M e t a l  
flats of  40.6 x 61 x 10 cm were  used to g row 
the p l an t s  used in the  mat ings .  T h e  p l a n t s  
were  g rown  in m o u n d e d  sand  a r o u n d  the  
o u t e r  wal l  of  the  flat  to p r o v i d e  access ib i l i ty  
to the  l a t e r a l  roots.  Lee  soybean  p l an t s  were  
g rown  to the  V3 stage, a n d  then  two l a t e r a l  
roo ts  were  d i r e c t e d  i n to  i n d i v i d u a l  glass 
vials  (1.5 cm d i a m  x 5 cm deep)  a t  the  sides 
of the  mounds .  F o r t y  vials  were  used  for 
each cross, a n d  20 for i n t r a r a c i a l  mat ings .  
S ter i l ized  sand  was p l aced  a r o u n d  the roo ts  
in each vial ,  a n d  a s ingle  second-stage la rva  
was se lec ted  f rom the  a p p r o p r i a t e  race  a n d  
p laced  in  each via l  nea r  a root .  F i f t een  days  
la ter ,  40 males  were  p l a c e d  in  each  via l .  
T h e  large  n u m b e r  of  males  inc reased  the  
p r o b a b i l i t y  t ha t  a ma le  w o u l d  m a t e  w i th  
the  s ingle  female  i n  the  vials  in  w h i c h  
females  deve loped .  Via l s  were  covered  w i t h  
six layers  of  cheesec lo th  a n d  w a t e r e d  da i ly .  
T w e n t y  days  af te r  the  males  were  added ,  a 
2-ml p i p e t t e  a t t a c h e d  to a w a t e r  source  by  
a r u b b e r  hose was used to wash  the roo ts  
a n d  sand f rom the  vials  o n t o  nes ted  sieves 
of  0.85-mm a n d  0.25-mm mesh.  T h e  n u m -  
b e r  of  females  r ecove red  a n d  the  n u m b e r  
of  eggs pe r  female  were  r eco rded .  

R E S U L T S  A N D  D I S C U S S I O N  

M a t u r e  females  o r  cysts c o n t a i n i n g  eggs 
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w e r e  r e c o v e r e d  f r o m  a l l  m a t i n g  c o m b i n a -  
t ions  ( T a b l e  2). R e s u l t s  f r o m  r e c i p r o c a l  
crosses w e r e  g e n e r a l l y  n o t  s i g n i f i c a n t l y  dif-  
f e r en t ;  t h e r e f o r e ,  d a t a  w e r e  c o m b i n e d .  
I n t r a r a c i a l  m a t i n g s  p r o d u c e d  the  l owes t  
p e r c e n t a g e  of  eggless  f ema le s  a n d  the  
g r e a t e s t  n u m b e r  o f  F~ eggs pe r  f e m a l e  
( T a b l e  2). I n t r a - r ace -3  m a t i n g s  p r o d u c e d  
s i gn i f i c an t l y  m o r e  eggs t h a n  o t h e r  in t r a -  
r a c i a l  m a t i n g s .  T h i s  fac t  m a y  e x p l a i n  w h y  
r a c e  3 was a b e t t e r  c o m p e t i t o r  t h a n  o t h e r  
races  in  c o n t r o l l e d  e x p e r i m e n t s  in  t he  
g r e e n h o u s e  (9). R a c e  3 a lso  a p p e a r e d  to  b e  
a b e t t e r  c o m p e t i t o r  t h a n  r ace  4 u n d e r  f ie ld  
c o n d i t i o n s .  Crosses  b e t w e e n  races  1 x 3 a n d  
races  2 x 4 p r o d u c e d  s i g n i f i c a n t l y  m o r e  eggs 
p e r  f e m a l e  t h a n  crosses o f  races  1 x 2, l x  4, 
3 x 2, o r  3 x 4. A h i g h e r  p e r c e n t a g e  o f  egg- 
less f ema le s  r e s u l t e d  f r o m  crosses o f  races  
1 x 2 o r  1 x 4 t h a n  f r o m  t h e  crosses 3x 2 o r  
3 x 4 .  

M a t u r a t i o n  o f  F~ p r o g e n y  o n  L e e  a n d  
P i c k e t t  c u l t i v a r s  v a r i e d  w i t h  t h e  m a t i n g  
( T a b l e  3). A l l  f o u r  races  o f  S C N  r e p r o d u c e  
o n  Lee ,  w h e r e a s  o n l y  races  2 a n d  4 r e p r o -  
d u c e  o n  P i cke t t .  R e c i p r o c a l  crosses o f  races  
1 x 2, 2 x 3, 2 x 4, a n d  3 x 4 p r o d u c e d  
a b o u t  t h e  s a m e  n u m b e r  o f  f ema le s  o n  b o t h  
L e e  a n d  P i cke t t .  A p p a r e n t l y  s l i g h t l y  f e w e r  
i n d i v i d u a l  f ema le s  m a t u r e d  o n  P i c k e t t  t h a n  

TABLE 2. Reproductive capacity of F t females 
from crosses of four races of Heterodera glycines. 

Cross y 

No. of 
females Mean 

Total  con- no. of Percent 
no. of taining eggs per eggless 

females eggs female-" females 

I x 1 8 7 133 b 12.5 
2 x 2 7 6 123 b 14.$ 
3 x 3 9 9 163 a 0.0 
4 x 4 7 6 114 b 14.3 
1 x 3 20 17 73 c 15.0 
2 x 4 21 16 64 c 24.0 
1 x 2 17 4 27 d 76.4 
1 x 4 14 7 37 d 50.0 
2 x 31 20 12 31 d 40.0 
3 x 4 15 10 33 d 33.0 

YThere were no differences between reciprocal 
crosses, so the data are combined. There were only 
half as many attempts with intraracial crosses as 
interracial crosses. 
*Means in the column having the same letter are 
not significantly different at the 5% level of prob- 
ability by Duncan's Multiple Range Test. 

2, April 1978 

TABLE 3. Maturation of F 1 females from i~ntra- 
and interracial matings of Heterodera glycines on 
Lee and Pickett cultivars. 

Initial no. Percent 
of eggs maturation 

and larvaeY (no. of females) 
Cross Lee Pickett Lee' Pickett' 

1 .~ 1 460 464 41 0 
2 x 2 368 365 44 42 
3 x 3 700 700 49 0 
4 x 4 300 300 46 47 
1 x 2 30 25 40 36 
2 x 1 31 20 45 35 
1 x 3 280 276 36 0 
3 x 1 340 330 43 1 
1 x 4 74 74 45 35 
4 x 1 60 53 47 19 
2 x 3 180 111 43 41 
3 x 2 100 89 41 37 
2 x 4 251 251 48 49 
4 x 2 182 180 44 46 
3 x 4 100 69 45 44 
4 x 3 145 120 35 29 

YAn attempt was made in dividing the inoculum to 
place the same number of eggs and larvae on the 
Lee and Pickett culti,vars. 
*All four races reproduce ort the Lee cultivar, 
whereas only races 2 and 4 reproduce on Pickett. 

o n  Lee .  R e c i p r o c a l  crosses b e t w e e n  races  1 
a n d  4 a p p e a r e d  to  d i f fe r  s l igh t ly ,  t h o u g h  
t h a t  was n o t  a p p a r e n t  in  t he  o t h e r  crosses. 

T h e s e  d a t a  i n d i c a t e  t h a t  races  2 a n d  4 
express  d o m i n a n c e  o r  p a r t i a l  d o m i n a n c e  
for  hos t  spec i f ic i ty  w h e n  c rossed  w i t h  t he  
o t h e r  races  because  h y b r i d s  p a r a s i t i z e d  b o t h  
L e e  a n d  P i c k e t t  i n  a p p r o x i m a t e l y  e q u a l  
n u m b e r s .  D e s p i t e  th is  g e n e t i c  d o m i n a n c e  
e x p r e s s e d  i n  h y b r i d s ,  races  1 a n d  3 h a v e  
b e e n  s h o w n  to be  b e t t e r  c o m p e t i t o r s  w h e n  
m i x e d  p o p u l a t i o n s  o f  a l l  4 races  w e r e  eva lu -  
a t e d  for  a n u m b e r  of  g e n e r a t i o n s  (9). 

W h e n  m a l e s  a n d  f ema le s  o f  t he  s a m e  
r a c e  w e r e  m a t e d ,  t h e  r e a c t i o n  o f  p r o g e n y  
f ema le s  was c o n s i s t e n t  fo r  t h e  r a c e  ( T a b l e  
3). T h i s  r e s p o n s e  i n d i c a t e d  t h a t  t h e  
n e m a t o d e  p o p u l a t i o n s  i n  t h e  s t u d y  w e r e  
h o m o g e n e o u s  fo r  r a c e  cha rac te r i s t i c s .  H o w -  
ever ,  t h e  t e s t i n g  p r o c e d u r e  p r o b a b l y  w o u l d  
n o t  d e m o n s t r a t e  t h e  p r e s e n c e  o f  he t e rozy -  
gos i ty  i n  races  2 a n d  4, w h i c h  a p p e a r  to 
/ l ave  t h e  d o m i n a n t  genes  for  hos t  speci f ic i ty .  

Eggs  a n d  l a r v a e  f r o m  F1 f e m a l e s  w e r e  
p l a c e d  o n  L e e  a n d  P i c k e t t  c u l t i v a r s  a n d  
a l l o w e d  to  r e p r o d u c e  ( T a b l e  4). Segrega-  
t i o n  for  h o s t  r e a c t i o n  o c c u r r e d  i n  t h e  F 2 
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TABLE 4. Matura t ion  of F 2 progeny of interracial crosses of Heterodera  glycines on roots of Lee and 
Pickett soybean. 

Host  cultixars y Race 

Lee Pickett 1 or 3 2 or  4 Expected Chi- P- 

Cross No. of females No. of females ratio square value 

1 x 2 599 447 152 447 1:3 0.05 .75-.90 
I x 4 700 539 161 539 1:3 1.49 .25-.10 
1 x 3 3664 231 3433 231 15:1 0.02 .75-.90 
2 x 3 1085 639 446 639 7:9 3.08 .10-.05 
3 x 4 898 532 366 532 7:9 3.27 .10-.05 

tAll races reproduce on Lee, whereas only races 2 and 4 reproduce on Pickett. About  the same numbe r  of 
eggs and larvae were placed on Lee and Pickett. 
"Races 1 and 3 estimated by subtract ing num ber  of 

generation. However,  inheri tance pattertts 
could not be fully elucidated because the 
reaction for all races could not be deter- 
mined from the Lee and Pickett  cultivars. 
A single gene pair  condi t ioned parasitic 
ability in the crosses races 1 x 2 and 1 x 4, as 
indicated by low chi-square values for an 
expected 1:3 ratio. The re  appeared to be a 
m i n i m u m  of two major  genes segregating 
for host specificity in the crosses races 2 x 3 
and 3 x 4 (Table  4). These  results are con- 
sistent with those of T r i an taphy l lou  (12). 
Chi-square values were relatively high, 3.08 
and 3.27, for these two crosses, bu t  both  
bad probabi l i ty  values between 0.10 and 
O.O5. 

In  one large F2 popula t ion  from a 
cross between races 1 and 3, nei ther  of 
which can reproduce on Pickett, 6.5% 
of the individuals reproduced on Pickett. 
Th is  percentage would fit a 15:1 ratio, 
which would indicate a factor controlled by 

TABLE 5. Females recovered and cyst indices of 
3 x 4 of Heterodera  glycines. 

females on Pickett f rom n u m b e r  of females on Lee. 

two recessive genes. T h e  parasitic reaction 
of an isolate obta ined  from a cross between 
races 3 and 4 is shown in Tab l e  5. In  the 
F 2 generation, this isolate appeared to 
possess a different parasitic capabil i ty f rom 
that  of other known races. I t  was main- 
tained for two addit ional  generations and 
still gave a similar parasitic reaction on host 
differentials (Table  5). T h e  reaction of this 
isolate was considerably different f rom that  
of any of the known races since it repro- 
duced as well on PI 90,763 as on either Lee 
or Pickett. Also, its reproduct ive capabi l i ty  
was much higher on PI 88,788 and Peking 
than other  known races. These  data  showed 
that  r ecombinan t  types may  result  f rom 
crosses of races of SCN, 

I t  appeared that  relatively few major  
genes condit ioned parasitic capabil i ty in 
SCN, but  the data  were not  adequate  to 
propose specific inheri tance patterns.  Only 
Lee and Pickett  were used as hosts; there- 

races 3 and 4 and an F 4 isolate selected from the cross 

Race or  N u m b e r  of females and cyst index on the host cultivar r 

isolate Lee Pickett Peking PI 88,788 PI 90,763 

3 340 0 0 0 0 
(1oo) 0) (o) 0) 0) 

4' 223 230 16 18 4 
(lOO) 003) (7) (8) (~) 

37-90 232 300 194 162 280 
(100) (129) (84) (70) (121) 

~Cyst index is given as a percent of the females recovered from Lee soybean. 
• T h e  cyst index for "race 4" does not correspond to the characterization publ ished for race 4. However, the 
isolate designated race 4 is the one described as race 4 by Golden et al. (5), and the indices reported are the 
averages of several tests. 
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fo re ,  r ace s  c o u l d  n o t  b e  d i s t i n g u i s h e d .  
A l t h o u g h  i n h e r i t a n c e  p a t t e r n s  c o u l d  n o t  b e  
fu l l y  e l u c i d a t e d ,  t h e  d a t a  c l e a r l y  s h o w e d  
t h a t  g e n e t i c  s e g r e g a t i o n  o c c u r r e d  f o l l o w i n g  
h y b r i d i z a t i o n  o f  d i f f e r e n t  r aces  o f  t h i s  
o r g a n i s m .  

M o r e  r e s e a r c h  is n e e d e d  to  v e r i f y  p ro -  
p o s e d  i n h e r i t a n c e  p a t t e r n s  o f  r aces  o f  S C N .  
A d d i t i o n a l  r e s e a r c h  is a l so  n e e d e d  to  de-  
t e r m i n e  t h e  p o t e n t i a l  for  n e w  b i o t y p e  
d e v e l o p m e n t  t h r o u g h  g e n e  r e c o m b i n a t i o n  
a n d  to  c h e c k  fo r  t h e  e x i s t e n c e  o f  t h e s e  b io -  
types  i n  s o y b e a n  fields.  
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Scanning Electron Microscopy of Perineal Patterns 
of Three species of Meloidogyne 

CHOI-PHENG YIW and W. BIRCHFIELD 2 

Abstract: The  perineal pat tern of Meloidogyne graminicola is oval, characterized by the 
anastomosing of cuticular striae converging, and elevating at the tail terminus. A deep lateral 
incisure forming a low arch traverses the rounded perineal pat tern of Meloidogyne hapla. 
Punctations at the tail region of M. hapla are not observed with the scanning electron microscope. 
Minute crosslines invaginate with the vulvar lips of Meloidogyne incognita. Punctate indentations 
around the anal opening and bordering the lateral sides of the vulvar sli,t of M. incognita are 
revealed. Key Words: Meloidogyne graminicola, Meloidogyne hapla, Meloidoffyne incogaita, 
cuticular striae, punctations. 

C u t i c u l a r  m a r k i n g s  o n  t h e  p o s t e r i o r  
e n d s  of  r o o t - k n o t  n e m a t o d e s  a r e  a m o n g  t h e  
m o s t  c r u c i a l  c r i t e r i a  i n  t h e  i d e n t i f i c a t i o n  
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o f  Meloidogyne spp .  L i g h t  m i c r o s c o p y  h a s  
b e e n  u s e d  e x t e n s i v e l y  to  s t u d y  t h e s e  pe r i -  
n e a l  p a t t e r n s  (1, 2, 7). G r e e n  (3) a n d  
M u l v e y  (4, 5) u s e d  t h e  s c a n n i n g  e l e c t r o n  
m i c r o s c o p e  ( S E M )  to  s t u d y  t h e  v u l v a r  
c o n e s  o f  cysts  a n d  y o u n g  f e m a l e s  of  
Heterodera spp .  M u l v e y  e t  al .  (6) u s e d  t h e  
S E M  to  s t u d y  t h e  p e r i n e a l  p a t t e r n s  o f  
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