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Abstract: Globodera solanacearum females were found to have less than 0.01~o of dry wt as 
sterols. Seven sterols were detectett in the nematode, with stanols (cantpeslanol and stigmastanol) 
making tip more than  50% of the total sterols present. 1,ipid antotttHed to 29.4°~ of the dry 
weight of the nematotte. Triglyceritte, free fatty acid, and phospholipit l  classes were composed 
predominant ly  of 20:4, 20:1, attd 18:1 fatty acids. Of the total weight of fatty acids found in 
G. solanacearutn females, the greatest port iou occurred iu the triglyceride fraction, followed by 
the free fatly acid fraction then the phosphol ip id  fraction. Several unitlentified hydrocarbons 
were detected in the nematode. Paraffinic hydrocarbons detected ranged in carbon length from 
C15 to C29. Total  concentration of hydrocarbon composed 0.20% of the dry wt. Key Words:  
Osborne cyst nematode, lipids, stanols, triglycerides, phospholipids.  

Several definitive studies have been 
made of the lipid composition of free-living, 
animal-parasitic, and plant-parasitic nema- 
todes (2, 6, 8, 9, 15-18). Such studies have 
led to the realization that free-living and 
plant-parasitic nematodes are high in lipid 
content (11-37% of dry weight) compared 
with animal parasites (4-10% of dry 
weight). Most nematodes examined thus far 
have similar lipid compositions, particularly 
in relation to the kinds of fatty acids and 
sterols present. It has been suggested (8), 
however, that plant-parasitic nematodes 
may be typically high in eighteen carbon 
unsaturated fatty acids whereas free-living 
nematodes are high in twenty carbon un- 
saturated fatty acids. 

Sterols are known to occur in nematodes 
and have been shown to be essential for 
normal growth and development (1, 3, 4, 
7, 11, 21, 26). Several instances have been 
documented in which nematodes were un- 
able to synthesize sterol precursors and 
seemingly must depend on exogenous 
sources to provide the necessary steroid 
nucleus (4, 24, 27). The  major sterols 
identified in most species have been choles- 
terol, lathosterol and 7-dehydrocholesterol 
(16). The  only exceptions have been two 
reports of stanols in Ascaris lumbricoides 
(4) and Rotylenchulus reniformis (25). 
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We know of no information on the 
hydrocarbon composition of nematodes. 
Tha t  seems unusual considering their high 
lipid content. 

The present study analyzed the plant- 
parasitic nematode Globodera solanacearum 
for triglyceride fatty acids (TRIG),  free 
fatty acids (FFA), phospholipid fatty acids 
(PL), free sterols (FS), and paraffinic hydro- 
carbons (PH). 

MATERIALS AND METHODS 

Growth and harvesting procedures: 
Twents,-day-old 'N.C. 95' tobacco seedlings 
were transplanted into 10-cm pots contain- 
ing a potting mixture of soil-Weblite 2:1 
v/v  (Weblite from Weblite Corporation, 
Roanoke, Virginia) which had been infested 
with eggs of G. solanacearum (20,000 
eggs/pot) and grown 6 weeks in the green- 
house until females developed in the roots. 
The females were washed from the soil, and 
the flotsam was removed by a combination 
of sieving, sugar flotation, and elutriation, 
followed by examination and removal of 
debris under a dissecting microscope. 

Extraction and Analytical Procedures: 
One gram of freeze-dried female nematodes 
was ground in a mortar and pestle with 
chloroform-methanol 2:1 v /v  (both solvents 
were redistilled). The ground nematode 
material was then transferred to a Soxhlet 
apparatus containing chloroform-methanol 
2:1 v /v  and extracted for 18 h. The extract 
was evaporated to dryness, dissolved in 
chloroform, and filtered through Whatman  
no. 1 filter paper. The  filtrate was dried and 
weighed to give a total lipid weight. 

Lipid classes were separated on silica gel 
G (Applied Sciences Laboratories Inc., 



'Fhe Lipid Content  of Globodera solanacearum: Orcutt  et al. 265 

State College, Pennsylvania) according to a 
thin layer chromatographic (TLC) tech- 
nique described by Ginger aml Fairbairn 
(9). Lipid bands corresponding to polar 
lipids, triglycerides, free fatty acids, sterols, 
and hydrocarbons were removed from T L C  
plates and further processed. Triglycerides 
and polar lipids were hydrolyzed with 20% 
KOH in 80% ethanol for 45 rain at 50 C. 
The  samples were acidified with 6 N HCI 
aml part i t ioned three times with diethyl 
ether. T h e  three ether phases were com- 
bined and evaporated, and the fatty 
acids were methylated with 5 ml of 
BCl:cmethanol (Supelco Inc., Bellefonte, 
Pennsylvania) at 50 C for 5 rain. T h e  
methylated samples were part i t ioned three 
times with n-hexane and the hexane ex- 
tracts were conlbined and evaporated. T h e  
samples were rechromatographed on T L C  
and tile fatty acids were removed by eluting 
tile silica gel with diethyl ether. T h e  fatty 
acids were further purified and separated 
according to degree of unsaturat ion using 
AgNO:csilica gel G T L C  (13). T h e  fatty 
acid bands were eluted with diethyl ether 
and analyzed by gas-liquid chromatography 
(GLC) using a Bendix 2600 gas chromato- 
graph (Bendix Process Ins t rument  Division, 
Ronceverte, West Virginia) equipped with 
a flame ionization detector. GLC analysis 
of fatty acids was conducted isothermally at 
170 C on a 0.92-meter glass column packed 
with 10% EGS (Supelco, Bellefonte, Penn- 
sylvania). Identification of the fatty acids 
was by comparison of GLC retent ion times 
with those of known standards. Quantifica- 
tion was based on known concentrations of 
18:0. 

FFA from tile initial T L C  separation 
were methylated and analyzed as outl ined 
above. 

FS were analyzed by GLC as the N,O- 
bis(trimethylsily) acetamide derivative 
(Supelco Inc., Bellefonte, Pennsylvania) on 
3% SE-30, 1% QF-1, and 3% HiEFF 8-BP 
(Applied Science Laboratories Inc., State 
College, Pennsylvania). Isothermal GLC 
analysis of sterols was conducted on 0.92-m 
glass columns at 244, 231, and 238 C, re- 
spectively, for the above cohmm packings. 

Sterol derivatives were prepared by 
heating the initial T L C  sterol fraction in a 
I-ml reaction vial with 30 ~1 of the silylat- 
ing reagent for 45 min at .50 C. Sterols were 

tentatively identified by comparing GLC 
relative retent ion times (RRT)  with known 
standards and published data (23). Al- 
though R R T  data of Patterson's (23) were 
obtained with free sterols and acetate 
derivatives, we have been able to reproduce 
almost identical R R T  values with the N,O- 
bis (trimethylsily) acetamide derivatives of 
many of the same sterols as long as the 
same cohmm packings, flow rates, and col- 
umn temperatures are duplicated. Stanols 
were prepared by dissolving l m g  each of 
cholesterol, campesterol, and/3-sitosterol in 
1 ml of n-hexane. A few milligrams of a 
10% palladium powdered charcoal catalyst 
was added to the solution, and hydrogen 
gas was bubbled through the mixture  until  
the catalyst precipitated. Identification of 
nematode sterols was based also on gas- 
chromatographic mass-spectrophotometer 
(GC-MS) analysis of trimethylsilyl ether 
derivatives. Mass spectrometry was con- 
ducted on a Varian Mat 112 instrument  
(Varian Instrument  Division, Palo Alto, 
California) equipped with a 0.92-m glass 
column packed with 3% QF-1. Tile column 
temperature was maintained at 245 C, and 
spectra were obtained by continuous scan- 
nlng at an ionization energy of 70 ev. 

PH were analyzed by temperature 
programming on 3% SE-30 from I00 to 
250 C at 2 / ra in  and were identified by 
comparison with known standards. 

RESULTS 

Tile lipid concentration of G. 
solanacearum females was found to be 
29.40% of tile dry weight. T h a t  is com- 
parable to the range found in other plant- 
parasitic nematodes (16). Table  1 compares 
tile fatty acids of the T R I G ,  FFA, PL, and 
PH as a percentage of total l ipid and as a 
percentage of dry weight. Tile greatest total 
weight of fatty acids was found to be in 
T R I G ,  followed by FFA and PL. PH were 
present in very low amounts, making up 
less than 0.20% of the dry weight. 

Tab le  2 compares the individual fatty 
acid compositions of the T R I G ,  FFA, and 
PL classes as a percent of total fatty acid 
recovered in each class. T h e  same fatty acids 
were detected ill all l ipid classes, and a high 
degree of unsaturation was characteristic of 
all classes ( T R I G  77.95%, FFA 77.75%, 
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TABLE I. Comparison of lipid class fatty acids and total paraflinic hydrocarbons as a percent dry wt 
and total lipid of Globodera solanacearum females. 

Paraffinic 
Triglycerides Free fatty acids Phospholipids hydrocarbons 

% of total lipid 47.27 6.46 4.86 0.48 
% of dry weight 13.28 1.81 1.36 0.13 

TABLE 2. Fatty acid composition (triglycerides, TABLE 3. Paralfinic hydrocarbon compositiou 
free fatty acids, and phospholipids) of Globodera of Globodera solanacearum females. 
solanacearum females as a percent of total in each 
class, t 

Carbon no. % of total 

Free 
Fatty acid Triglyceride fatty acid Phospholipid 15 0.18 

16 0.75 
17 3.20 

14:0 0.40 1.20 0.80 18 2.17 
XI~' 0.70 trace 1.40 19 3.20 
16:0 3.09 5.26 2.90 20 0.87 
16:1 1.24 2.26 1.40 21 8.19 
18:0 12.00 9.77 9.29 22 1.15 
18:1 16.82 16.84 19.98 23 7.26 
18:2 2.79 3.61 3.60 24 1.24 
18:3 2.24 3.76 trace 25 1.64 
20:0 4A8 3.76 8.60 26 1.24 
20:1 20.91 15.04 26.37 27 1.13 
20:2 1.94 1.80 2.80 28 9.17 
20:3 7.62 7.37 5.59 29 1.11 
20:4 24.39 27.07 14.59 X t 7.59 
22:0 1.79 2.26 2.70 X 2 8.12 
20: 5 trace trace trace X:~ 3.11 

X 4 3.64 
rUnknown X~ 17.95 
"Total concentrations of TRIG, FFA, and PL were X6 12.12 
132.60, 18.15, and 13.65 mg/gram dry wt of female Xz 4.97 
nematodes. 

a n d  P L  74.33% unsa tu r a t ed ) .  T h e  th ree  
mos t  a b u n d a n t  fa t ty  acids  f o u n d  in ti le 
T R I G ,  F F A ,  a n d  P L  classes were 
e i cosa t e t r aeno ic  (20:4), e icosenoic  (20:1), 
and  oc t adeceno ic  (18:1) acids. T h e s e  3 fa t ty  
acids  m a d e  u p  62.11, 58.94, a n d  60.94% of 
the  to ta l  fa t ty  ac id  in  the  respec t ive  classes. 
Also  de t ec t ed  ill each  class were  sma l l e r  
a m o u n t s  of  t e t r a d e c a n o i c  (14:0), hex- 
adecano ic  (16:0), h e x a d e c e n o i c  (16:1), 
oc t adecano i c  (18:0), o c t a d e c a d i e n o i c  (18:2), 
o t c a d e c a t r i e n o i c  (18:3), e icosanoic  (20:0), 
e i cosad ieno ic  (20:2), e i cosa t r i eno ic  (20:3), 
docosano ic  (22:0), a n d  e i c o s a p e n t a e n o i c  
(20:5) acids. 

T a b l e  3 r ep resen t s  t i le  P H  c o m p o s i t i o n  
of  G. solanacearum females.  P H  r a n g i n g  in  
c a r b o n  l eng th  f rom C15 to C29 c o m p o s e d  
42 .50% of  t i le  to ta l  h y d r o c a r b o n  coucen-  
t r a t ion .  T h e  r e m a i n i n g  57.50% consis ted  
of  u n i d e n t i f i e d  c o m p o n e n t s ,  p r o b a b l y  

Xt-XL unknown hydrocarbons. 
1.34 mg total hydrocarbon extracted from 1 gm dry 
wt of female nematodes. 

b r a n c h e d - c h a i n  or  u n s a t u r a t e d  hydro-  
carbons .  

Seven s terol  c o m p o n e n t s  were  d e t e c t e d  
in ex t rac t s  of  G. solanacearum females.  
Analys i s  of  the  c o m p o n e n t s  by  c o n t i n u o u s  
s cann ing  G C - M S  i n d i c a t e d  tha t  the  s terols  
had  m o l e c u l a r  weights  of  458, 474, 484, 486, 
486', a n d  488 ( T a b l e  4). Mass spec t ra  of the  
458 a n d  the  486 c o m p o n e n t s  were  c o m p a r e d  
wi th  mass spec t ra  of  a u t h e n t i c  cholest-5-en- 
3/3-ol a n d  f o u n d  to be  iden t i ca l .  T e n t a t i v e  
i den t i f i c a t i on  of  the  r e m a i n i n g  s terol  com- 
ponen t s  was based  on  GC-MS f r a g m e n t a t i o n  
pa t t e rn s  of  the  sterols,  m o l e c u l a r  weights ,  
a n d  R R T  d a t a  de r i ve d  f rom GLC.  C o m p o -  
nen t s  h a v i n g  m o l e c u l a r  weights  of  474, 484, 
488 a n d  486' were  respec t ive ly  i den t i f i ed  
t en t a t i ve ly  as 24-methyl-5ot-cholestan-3fl-ol, 
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TABLE 4. Relative retention times, molecular weights, and relative percentages of Globodera 
solanacearum sterols and standards. 

Sterol Relat. reten, time" Molecular wt Relat. % 

Unknown 1.00 458 11.50 
cholest-5-en-3/3-ol 1.00 458 
Unknown 2 1.11 -- 9.20 
24-methylcholest-f-en-3/3-ol 1.11 476 
Unknown 3 1.13 474 43.13 
24-methyl-50~-cholestan-3~-ol 1.14 474 
Unknown 4 1.15 486' 19.80 
5o~-stigmast-22-en-3/]-ol -- 486' 
Unknown 5 b 1.19 486 
stigmast-5-en-3/]-ol 1.19 486 7.67 
Unknown 6 b 1.19 484 
stigmast-5,24(28)-dien-3/~-ol -- 484 
Unknown 7 1.22 488 8.70 
5o~-stigmastan-3/~-ol 1.21 488 

• All relative retention times based on cholesterol. Chromatographic conditions: 3% QF-I on Gas Chrom Q, 
100-120-mesh; temperature programmed from 150 to 230 C at 2 C/min on 0.92-m glass column. 
bUnknown 5 and 6 were not resolved on QF-1, so relative percentage was combined calculation. 
Where blanks occur in the table, either standards were not available or molecular weights were not deter- 
mined. 

st igmasta 5,24(28)-dien-3/3-ol, 5ot-stigmastan- 
3-/3-ol, and  5ot-stigmast-22-en-3/3-ol. T h e  484 
and  486' componen t s  b o t h  had  character-  
istic molecular  ions at me/387,  which  is 
indicat ive of  ~.04(28) C-29 sterols (14). Sterols 
wi th  molecu la r  weights  of  474 and  488 have 
to be sa tura ted  C-28 a nd  C-29 stanols, re- 
spectively. G L C  da ta  (Tab le  4) using 3% 
QF-1 also suppor t  the GC-MS data.  T h r e e  
percent  SE-30 was ineffective for separa t ing 
stigmast-5,24(28)-dien-3/3-ol, stigmast-5-en- 
3/3-ol, and 5ol-stigmastan-3/3-ol. 3% QF-1 
did no t  resolve stigmast-5,24(28)-dien-3fl-ol. 
HiEFF-8-BP d id  show the presence of  a 
sterol c o m p o n e n t  hav ing  an  R R T  cor- 
r e spond ing  to stigmast-5,24(28)-dien-3fl-ol 
(23). Th i s  packing  w o u l d  no t  resolve 
stigmast-5-en-3/3-ol and  5ot-stigmastan-3/3-ol. 
Sterols made  u p  0.01% of the dry  weight  
of the female nematodes .  T h e  relat ive per- 
centages of  stanols were surpris ingly high,  
wi th  24-methyl-5ot-cholestan-3/3-ol and 5ot- 
stigmastan-3/3-ol mak ing  up more  than  50 % 
of the  total sterols. Cholest-5-en-3/3-ol and  
5ot-stigmast-22-en-3/3-ol respectively made  
up  9.20% and  19.80% of  the total sterol. 
5~-stigmast-22-en-3/3-ol and  stigmast-5-en- 
3/3-ol combined ,  made  u p  7.67 % of the total 
sterol. 

D I S C U S S I O N  

G. solanacearum females are similar  to 

o ther  plant-parasi t ic  nematodes  in tile 
kinds of fat ty acids present  and  amoun t s  of  
total  lipid. T h e  fatty acid compos i t ion  dif- 
fers quan t i t a t ive ly  fi 'om most  previous 
findings in tha t  18:1 fat ty acids were no t  
p r e d o m i n a n t  (8, 15-18). in  our  analysis of  
(;. solanacearum, 20-C unsa tu ra t ed  fat ty 
acids made  up  the bu lk  of  polar  and neut ra l  
l ipids of  the nematode .  T h e  p r e d o m i n a n t  
fatty acid in the neu t ra l  l ipid classes ( T R I G  
and  FFA) was 20:4, and  20:1 was pre- 
d o m i n a n t  in the P L  class. T h a t  is in 
contrast  wi th  previous  reports  tha t  18:1 
was the p r e d o m i n a n t  fatty acid in five o ther  
species of  plant-parasi t ic  nematodes  (15). 
Also of  interest was the f inding that  neu t ra l  
lipids were the m a j o r  source of polyun-  
sa tura ted  fat ty acids and  that  b o t h  polar  
and neut ra l  classes con ta ined  h igh  per- 
centages of  polyunsaturates .  Again,  this 
contrasts  wi th  reports  on  o ther  plant-  
parasit ic nematodes  (15). Globodera 
rostochiensis, a p lan t  parasite,  has recent ly  
been repor ted  (2) to con ta in  tile same 
majo r  fatty acid componen t s  we detec ted  in 
G. solanacearum (20:4, 20:1, and  18:1). 
T h o s e  are the on ly  reports  we know of tha t  
found  highly  unsa tu ra t ed  fatty acids o ther  
than 18:1 as the m a j o r  componen t s  of  
plant-parasi t ic  nematodes .  

A variety oi  hyd roca rbons  occur  in G. 
solanacearum, the major i ty  of  wh ich  are 
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p r o b a b l y  b r a n c h e d - c h a i n e d  or  u n s a t u r a t e d .  
T h e  c o n c e n t r a t i o n  of  h y d r o c a r b o n s  in  this  
n e m a t o d e  c o n t r i b u t e s  l i t t l e  to the  overa l l  
l i p i d  concen t r a t i on .  W h e t h e r  such analyses  
are  of va lue  in r e l a t i o n  to the  phys io logy  or  
b i o c h e m i s t r y  of n e m a t o d e s  awai t s  f u r t he r  
evah ta t ion .  

T h e  s terol  c o m p o s i t i o n  is of  cons ide rab l e  
in te res t  because  of the  h igh  pe rcen tage  of  
s tanols  t ha t  occur  in  the  n e m a t o d e ,  and  the  
low c o n c e n t r a t i o n  of to ta l  s terol  observed.  
T h e  on ly  s tanols  r e p o r t e d  in n e m a t o d e s  
were in  the a n i m a l  pa ra s i t e  Ascaris 
lurnbricoides (4) a n d  the  p l a n t  pa ra s i t e  R.  
reniformis (25). I n  A. lumbricoides, cholest-  
5-en-3fl-ol, 24-methyl-5o~-cholestan-3/~-ol, a n d  
5cz-stigmastan-gfl-ol c o m b i n e d  m a d e  u p  of 
38% of  the  to ta l  s terols  present .  I n  R.  
reniformis, 5o~-cholestan-3fl-ol, 24-methyl-5a-  
cholestan-3fl-ol ,  5o~-stigmastan-3fl-ol, a n d  an  
u n i d e n t i f i e d  s t ano l  m a d e  u p  a b o u t  5.0 % of 
the  to ta l  s terol  compos i t i on .  

Because there  have  been  on ly  a few 
repo r t s  of s tanols  in  h i g h e r  p l an t s  (12, 19, 
20) we w o n d e r  why  s tanols  occur  in A., 
lumbricoides, R. reniforrnis, a n d  now in 
G. solanacearum, somet imes  in  r a t h e r  large  
quan t i t i e s .  E i t h e r  the  n e m a t o d e  is concen-  
t r a t i n g  smal l  a m o u n t s  of  s tanols  w h i c h  
occur  n a t u r a l l y  in  the  p l a n t  tissues a n d / o r  
i t  is s a t u r a t i n g  the more  f r e q u e n t l y  
obse rved  phy tos t e ro l s  (campes te ro l ,  stig- 
mas te ro l ,  f l -s i tosterol)  to satisfy some of its 
own  s terol  r equ i r emen t s .  

T h e  occur rence  of a s terol  wi th  a to t a l ly  
s a tu r a t ed  s te ro id  nuc leus  and  a s ingle  un- 
s a t u r a t i o n  in  the  s ide cha in  is ra re  in  p l a n t s  
(10). T h e  occur rence  of  a s terol  r e s e m b l i n g  
5ot-stigmast-22-en-3fl-ol in G. solanacearum 
a l o n g  w i t h  a large  pe rcen t age  of s tanols  
suggests t ha t  the  n e m a t o d e  has the  hydro-  
genase enzymes necessary to s a tu ra t e  the  
phy tos te ro l s .  

O t h e r  i n t e r e s t i ng  obse rva t ions  m a d e  
f rom this  s tudy  a re  the  very  low sterol  con- 
cen t r a t i ons  ( abou t  0 .01% of d ry  wt) a n d  
the  very h igh  u n s a t u r a t e d  fa t ty  acid  con- 
cen t r a t i ons  of  G. solanacearum. K r u s b e r g  
(16) has p o i n t e d  ou t  t ha t  a n i m a l - p a r a s i t i c  
n e m a t o d e s  are  gene ra l ly  lower  in  to ta l  l i p i d  
t han  p l a n t - p a r a s i t i c  forms. T h e  reverse  
seems t rue  for  sterols,  for they  m a d e  u p  
0 .21% a n d  0 .38% of  the  respec t ive  d ry  
weights  of  A, lurnbricoides (4) females  a n d  
males.  T h a t  is cons ide r ab ly  h ighe r  t han  for  

July 1978 

the  p l a n t  n e m a t o d e s  G. solanacearum 
(0 .01%),  Ditylenchus triformis (0 .09%),  a n d  
Ditylenchus dipsaci (0 .06%).  M a d o s i n g h  
et al. (22) obse rved  tha t  s terol  synthesis  in  
rats  is i n h i b i t e d  by  u n s a t u r a t e d  fa t ty  acids. 
T h o s e  workers  i n d i c a t e d  t ha t  u n s a t u r a t e d  
fa t ty  acids  i n h i b i t  the  r a t e - l i m i t i n g  enzyme 
h y d r o x y m e t h y l g l u t a r y l  C o A  reduc tase ,  re- 
q u i r e d  in the  p r o d u c t i o n  of  m e v a l o n a t e ,  
wh ich  is r e q u i r e d  [or s terol  synthesis.  Since 
n e m a t o d e s  canno t  i n c o r p o r a t e  m e v a l o n i c  
ac id  in to  s terol  b iosynthes i s  (1, 5, 27) i t  is 
u n l i k e l y  the  same m e c h a n i s m  is o p e r a t i n g  
in n e m a t o d e s  in  c o n t r o l l i n g  s terol  levels.  
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Meloidogyne incognita wartellei n. subsp. (Meloidogynidae), 
a Root-knot Nematode on Resistant Soybeans in Louisiana ~ 

A. MORGAN GOLDEN and WRAY BIRCHFIELD -° 

Abstract: Meloidogyne incognita n.artellei n. snbsp, is described and illustrated from roots of 
soybean (Glycine max L.) near Washington, Louisiana. It is rather limited in distribution in 
that state, being known at five locations comprising about 60,000 acres. It nut only attacks 
commonly susceptihle soybeans hut is a destructive pest on other commercial soybean varieties 
that are resistant to other forms of the M. incognita group in the area. This new subspecies is 
related most closely to M. i. incognita and M. i. acrita, but differs especially in the females 
having a delicate styler with small, rounded knobs sloping posteriorly; dorsal esophageal gland 
orific further back (5 pro) from base of stylel; attd excretory pore often two to three stylet 
lengths (sometimes more) from t h e  anterior end. Also, lnales are often without detectable head 
atmules and with an average stylet length of 22,4 txm. Comments attd morphometric data a r e  
given on M. i. incognita and M. i, acrita. Key ll'ords: taxonomy, rntn'phology, resistance-breaking, 
Glycine max. 
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I n  1968 a r o o t - k n o t  n e m a t o d e  was  f o u n d  
h e a v i l y  a t t a c k i n g  s o y b e a n  ( G l y c i n e  m a x  L .  
cv. B rag g )  o n  t h e  W a r t e l l e  F a r m  i n  St. 
L a n d r y  P a r i s h ,  L o u i s i a n a  (14). T h i s  v a r i e t y  
has  r e s i s t a n c e  to  t h e  k n o w n  p o p u l a t i o n s  o f  
t h e  M e t o i d o g 3 m e  i n c o g n i t a  g r o u p  o c c u r r i n g  
in  t h e  r a n g e  o f  c u l t i v a t i o n  o f  th i s  p a r t i c u l a r  
s o y b e a n .  S u b s e q u e n t  h o s t - r a n g e  tes ts  i n  
L o u i s i a n a  (7) a n d  m o r p h o l o g i c a l  e x a m i n a -  
t i o n  in  Be l t sv i l l e ,  M a r y l a n d ,  s u g g e s t e d  t h a t  
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