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Morphological Comparison of Second-Stage Juveniles of 
Six Populations of Meloidogyne hapla by SEM ~ 

J. D. EISENBACK and HEDWIG H I R S C H M A N N  ~ 

Abstract: Externa l  morpho logy  of second-stage juveni les  of six popu la t i ons  of Meloidogyne hapIa, 
hclonging  to two cytological races (A and  B), and  one  popu l a t i on  each of  M. arenaria, M, 
incog~ita, and  M. ]ava~ica was compared  by scann ing  electron microscopy (SEM). Race A of 
M. hapla inc luded three  facuha t ive ly  pa r thenogene t i c  popu la t ions  with hap lo id  ch romosome  
n u m b e r s  of 15. 16, and  17; race B consisted of three mitot ical ly  pa r thenogene t i c  popu la t ions  
with somalic  ch romosome  n u m h e r s  of 45, 45, and  48. T h e  mitot ical ly pa r thenogene t i c  popula -  
t ions of M. arenaHa, hi. i~wogtzita, and M. ]avanica had  54, 41-43, a nd  44 chromosomes ,  
respectively. Observat ions  were made  on head  s tn tc turcs ,  lateral  field, excretory pore, anal  
opening ,  and  tail. Head morphology ,  inc lud ing  shape  and  propor t ion  of labial disc and  lips, 
expression of labial and cephal ic  sensilla, and  mark ings  on head region, was dist inct ly different  
h)r each species. AI, ha]da popu la t ions  of race A were distinct f rom each o ther  bu t  showed m u c h  
in t r apopu la t i ou  var ia t ion in head morphology .  Popula t ions  of race B were difl'erent f rom those 
eft race A and  were very stable and  qu i te  s imilar  in head  morphology .  Considerable  inter-  and  
i m r a p o p u l a t i o u  wn' iat ion lnade the  s t ruc ture  of  the lateral  field, excretory pore,  anal  open ing ,  
and  tail of  little value  in d i s t ingu i sh ing  species or poptt lat ions.  T h e  results  are discussed in 
re la t ion to earlier SEM observat ions  on the  genus  Helerodera. Key Words: M. arenaria, M. 
incognita, M. ]avanica. 

Species of the genus Meloidogyne 
Goeldi exltibit considerable variation in 
their morpltology (10, l l, 23), physiology 
(12, 14, 15, 16, 17), and cytology (20, 21). 
In his review o[ the genus, Whitehead (23) 
showed tltat many morphological characters 
in females, males, and second-stage juveniles 
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are of value taxonomical ly ,  but many others 
are variable and exltibit too much  overlap 
among  species to be nseful in species differ- 
entiation.  MeIoidogyne species need to be 
examined more closely for distinctive mor- 
phological  characters. Cytological studies of  
several populat ions  of M. hapla Chitwood 
emphasized the need for a detailed mor- 
phological  study, because this species 
appears to be made up of  two distinct 
cytological races (21): One race includes 
populat ions  that have a haploid chromo- 
some number of 15, 16, or 17 and reproduce 
by [acultative meiot ic  parthenogenesis.  T h e  
other race consists of  populat ions  with  a 



6 Journal of Nematology, Volume 11, No. 1, January 1979 

somatic chromosome number  of 45 or 48 
(personal communication,  A. C. Trianta-  
phyllou) and reproduces exclusively by 
mitotic parthenogenesis. Lit t le  effort has 
been made so far to make a detailed mor- 
phological comparision of populat ions of 
Meloidogyne of different chromosome num- 
ber and mode of reproduction.  Previous 
morphological  studies of this genus have 
been limited almost exclusively to the light 
microscope; only recently has the electron 
microscope become a useful tool in clarify- 
ing the morphology of Meloidogyne species. 
A few studies on the fine structm'e by 
transmission electron microscopy have con- 
t r ibuted greatly to our understanding of 
the internal  morphology of these nematodes 
(1, 2, 3, 8, 9, 22). Scanning electron micro- 
scope (SEM) observations of the external 
morphology of Meloidogyne spp. are lim- 
ited (13). 

T h e  present study was done to com- 
pare external morphological characters in 
second-stage juveniles of the chromosomal 
populations that now form the species M. 
hapla by SEM and to relate morphological 
findings with cytological data. In addition, 
one populat ion each of 3I. arenaria (Neal) 
Chitwood, M. incognita (Kofoid and 
V~qfite) Chitwood, and M. javanica (Treub) 
Chitwood was observed with the SEM as a 
guide to the differences that may occur 
between species. 

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

Six populations of M. hapla, differing 
in mode of reproduct ion and chromosonm 
number,  and one populat ion each of 3I. 
arenaria, M. incognita, and M. javanica 
were selected from the Meloidogyne collcc- 
tion at N.C. State University. Populations 
of M. hapla were designated by a number,  
an abbreviated word indicating their ori- 
gin, and their chromosome number  in 
parentheses, as follows: 42-Can (15) from 
Canada; 6-NC (16), 86-NC (17), and 48-NC 
(45) from Nor th  Carolina; 66-Md (45) from 
Maryland; and 230-Chile (48) from Chile. 
Populations of the other  three species were 
designated similarly, as follows: M. arenaria 
351-Fla (54) from Florida; M. incognita 
68-NC (41-4~) from Nor th  Carolina; and 
M. javanica 78-Ga (44) from Georgia. All 
populat ions were propagated on tomato 

(Lycopersicon esculentum Mill. 'Rutgers') 
in a gTeenhouse; the M. hapla populations 
were kept  at 21 C, and the other species at 
28 C. Newly hatched second-stage juveniles 
were obtained by incubat ing egg masses in 
a moist c/lamber at room temperature. T h e  
specimens were transferred to 0.5 ml of 
filtered tap water in a BPI watch glass, and 
were chilled and killed by adding 3-4 drops 
of cold (8 C) 4% gultaraldehyde solution 
(buffered with 0.1M sodium-cacodylate at 
pH 7.4) every half an hour  until  the final 
concentrat ion of the fixative reached 2%.  
Fixation of the material cont inued for an 
additional 72 h in tile cold. T h e  specimens 
were then transferred to a processing 
chamber modified from DeGrisse (7), and 
the remaining steps, except critical point  
drying, were taken without  the top of the 
chamber in place. Fixation was followed by 
rinsing with 0.1M sodium-cacodylate plus 
7.5% sucrose solution at p H  7.4 for 12 h in 
the cold. Postfixation with 2% osmium 
tetroxide, buffered with 0.1M sodium- 
cacodylate at p H  7.4, for 12 h was followed 
hy rinsing with tile buffer-sucrose solution 
for 12 h in the cold. Specimens were de- 
hydrated with an 8-step graded series of 
ethanol during a 3-h period at room tem- 
perature, and Freon 13 was used as an 
intermediate fluid in a 5-step graded series 
of fifteen minutes for each step. T h e  nema- 
todes were then critical-point dried with 
Freon II3 by standard procedures (5), and 
dried specimens were transferred indi- 
vidually with a dental  root-canal file onto 
a stub covered with double-coated tape. 
Tile specimens were propped up against a 
hair to ensure an unobstructed view of the 
entire head region; they were coated with 
approximately 400 A of gold and viewed 
and photographed with an E T E C  scanning 
electron microscope operated at 20 Kv. At 
least 100 second-stage juveniles from each 
populat ion were examined. 

OBSERVATIONS 

Head morphology: Fig. 1 shows the 
basic plan of the cephalic characters for the 
genus Meloidogyne, based on SEM obser- 
vations of second-stage juveniles of M. 
arenaria, M. hapla, M. incognita, and M. 
iavanica. Centrally located on the labial 
disc is the ovoid opening of the prestoma, 
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A PS B 

FIG. l-A, B. Diagrams illustrating the head morphology of a second-stage juvenile of the genus 
Meloidogyne. A) Face view, B) View from the lateral side. AA, amphidial aperture; BA, body almule; CS, 
cephalic sensillnm; HR, head region; ILS, inner labial sensillum; LD, labial disc; LL, lateral lip; ML, medial 
lip; PS, prestoma. 

which leads to the slitlike stomatal  opening 
medial ly below it. T h e  prestoma is en- 
circled by tire small pitl ike openings of the 
six inner labial sensilla. Posterior to the 
lahial disc, tile subdorsal and subventral  
lips are fused medially, forming one dorsal 
and one ventral lip, respectively. Because of 
tile dorso-ventral symmetry of these head 
characters, however, dorsal and ventral  ori- 
entations are difficult to distinguish and 
these lips are termed medial  lips. Each 
medial  lip contains one pair o[ cephalic 
sensilla, expressed externally in some species 
as small round cuticular depressions. Ti le  
labial disc is often slightly raised above tile 
medial  lips. Ti le  lateral lips are smaller 
and lower than the medial  lips, and in tile 
same contour  with the head region. T h e  
amphids  appear  as long slits between the 
labial disc and the lateral lips. Posterior to 
tire lips, tire head region may he marked by 
one to three incomplete  annulations.  

In M. arenaria, popula t ion 351-Fla (54) 
(Fig. 2, 3), the labial disc is slightly raised 
above tile medial  lips, and tire lateral lips 
are in the same contour  with tile head 
region. T h e  labial disc and the medial lips 
are dumbbel l-shaped in face view, and three 
times as long as the width  of the labial 
disc. Ti le  lateral lips are elongate, and in 
face view the junct ion o[ tile medial  and 
lateral lips is perpendicular  to tile lateral 

edge of tile labial disc. Cephalic sensilla are 
expressed externally, and tile head region is 
not ammlated .  

M. incognita, popula t ion 68-NC (41-43) 
(Fig. 4, 5), possesses a small round  labial 
disc that is slightly raised above the medial  
lips. In face view, the labial disc and the 
me~lial lips are dumbbell-shaped,  and the 
round shape of tile labial disc is also 
prominent .  Ti le  lateral lips are in the same 
contour  with the head region. Cephalic 
sensilla are expressed externally, and in 
face view tile junct ion  of medial  and lateral 
lips is perpendicnlar  to the lateral edge 
of tile labial disc. T h e  head region usually 
bears two to three irregular  incomplete  
armulations.  

Tile labial disc of M. iavanica, popula-  
tion 76-Ga (44) (Fig. 6, 7), is qui te  promi- 
nent, and the lateral lips are lower and in 
contour  with the head region. In face view, 
the labial disc and the medial  lips are bow- 
tie-shaped. T h e  lateral lips are t r iangular  
from a lateral aspect (Fig. 7). T h e  junct ion 
of the medial  and lateral lips forms an ob- 
tuse angle with the lateral edge of tile labial 
disc. Cephalic sensilla are expressed ex- 
ternally, and tile head region is occasionally 
marked by renmants  of a single annulat ion,  
usually located laterally (Fig. 6). 

M. hapIa race A, popula t ion  42-Can 
(15) (Fig. 8, 9), is the most variable popu-  
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FIG. 2-7. 2, 3) Face and approximate lateral wews, respectively, of M. areuaria population 351-Fla (54). 
4, 5) Face and lateral views, respectively, of M. incognita population 68-NC (41-43). 6, 7) Face and lateral 
views, respectively, of M. javanica population 76-Ga (44) (Arrow, Fig. 6, incomplete head annulation). All 
approximately 20,000 × .  
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FIG. 8-13. 8, 9) Face and approximate lateral views, respectively, of M. hapla race A, population 42- 
Can (15). 10, 11) Face and lateral views, respectlvely, of M. hapla race A, population 6-NC (16). 12, 13) 
Face and lateral views, respectively, of M. hapla race A, population 86-NC (17). All approximately 
20,000 × .  
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lation studied. Its cephalic characters are 
distinctly different from those of the other 
populations of M. hapla. Medial lips and 
labial disc are in the same contour and 
form a smooth continuous structure. Th~ 
medial lips are usually pointed (Fig. 8, 21, 
22) lint one lip may occasionally be rounded 
or straight. Often the lateral edges of the 
labial disc are not parallel to each other 
(Fig. 21). The  six inner labial sensilla open- 
ings are arranged symmetrically around the 
prestoma, although in an occasional speci- 
men one sensillum may be displaced a short 
distance (Fig. 21). T h e  cephalic sensilla are 
not visible externally and, only rarely, one 
cephalic sensillum may be expressed (Fig. 
20, 21). T h e  most striking characteristic of 
this populat ion is the absence of lateral 
lips. As a consequence, the medial lips fuse 
laterally with the head region instead of the 
lateral lips. In some specimens, remnants 
of lateral lips are discernible (Fig. 20). T h e  
head region is not annulated. 

In specimens of M. hapla race A, popu- 
lation 6-NC (16), the labial disc and medial 
and lateral lips are in the same contour  
(Fig. 10, 11) and form a rectangular-shaped 
structure in face view, 21/. 2 times as long as 
the width of the labial disc. Cephalic sen- 
silla are not  visible, and the head region is 
not annulated. 

Although the labial disc and the medial 
lips of specimens from M. hapIa race A, 
populat ion 86-NC (17) (Fig. 12, 13), are 
fused and in the same contour, the lateral 
lips are lower and in contour with the head 
region. In face view, the medial lips and 
the labial disc are dumbbell-shaped and 
measure 21/..: times the width of the labial 
disc. T h e  medial lips are rounded off, and 
the cephalic sensilla are not expressed ex- 
ternally. T h e  head region is not annulated 
in this population. 

The  three populations of M. hapla race 
B, populations 48-NC (45), 66-Md (45), and 
230-Chile (48) are very similar in head 
morphology (Fig. 14-19). T h e  labial disc 
is slightly raised above the medial lips, and 
the lateral lips are lower than the medial 
lips and in the same contour with the head 
region. Occasionally, the lateral lips fuse 
with the head region for a short distance 
laterally (Fig. 16). T h e  junct ion of the 
medial and lateral lips is perpendicular  
to the lateral edge of the labial disc. T h e  

medial lips are slightly indented, suggesting 
a subdivision of the lip into a pair of sub- 
medial lips (Fig. 23). Cephalic sensilla are 
not expressed externally in any of these 
populations. Rarely, one short, incomplete 
annulat ion is present on one side or both 
lateral sides of the head region (Fig. 17). 
All of the specimens of these three popula- 
tions are very stable in their head mor- 
phology. 

Body morphology: T h e  structure of the 
tail, lateral field, excretory pore, and anal 
opening was of little value in distinguish- 
ing species or populations since considerable 
variation existed among individuals of a 
given population.  Th e  shape of the tail and 
its terminus (Fig. 25) was quite variable 
among individuals and differences between 
populations could not be determined. Th e  
lateral field (Fig. 24) of specimens of all 
populations examined begins as a ridge 
about  10-15 body annules from the head 
region. At a certain distance, one longi- 
tudinal incisure develops that splits further  
posteriad into two incisures which sub- 
divide the ridge longitudinally. In some 
specimens, this incisure appears near the 
beginning ridge; in others it is further 
posteriad. T h e  lateral field extends the 
entire length of the nematode and narrows 
in the tail region (Fig. 25). Near the middle 
of the tail, the two inner incisures fuse, 
resulting in one incisure. This  incisure 
gradually disappears also, and the two 
outer edges of the ridge join, terminating 
the lateral field near the tail tip. T h e  dis- 
tance over which this change takes place 
varies among individuals. All species ex- 
hibit  areolation over the entire length of 
the lateral field. T h e  areolation generally 
corresponds with the body annulat ion,  al- 
though the distance between two lines of 
areolation may vary by one to four body 
annulations. Areolation does not  necessarily 
involve the entire width of the lateral field. 
Phasmidial apertures are not  expressed ex- 
ternally but  may be hidden by areolation 
or incisures occurring in the lateral field. 

A simple oval-shaped opening, the ex- 
cretory pore (Fig. 26, 27), is located in a 
depression in the cuticle. Th e  regular body 
annules are interrupted or deviate from 
their course around the excretory pore. 
Except for populat ion 48-NC (48), which 
has a much larger excretory pore, all popu- 
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FIG. 14-19. 14, 15) Face and approximate lateral views, respectively of M. hapla race B, populat ion 
48-NC (45). 16, 17) Face and lateral views, respectively of M. hapla race B, population 66-Md (45). 18, 
19) Face and lateral views, respectively, of M. hapla race B, populat ion 230-Chile (48). All approximately 
20,000 X 
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FI(,. 90-23. 20) Face view of M. hanna race A. population 42-Can (15). illustrating one cephalic sensil- 
lum (double arrow) and remnants of a lateral lip (single arrow). 21) Face view of M. hapla race A, 
population 42-Can (15), showing the displacement of an inner labial se~sillum (single arrow), one ce- 
phalic sensillum (double arrow), and the nonparallel lateral edges of the labial disc. 22) Approximate 
medial view of M. ha[~la population 42-Can (15), illustrating a pointed medial lip. 23) Medial view of 
M. hapla race B, f)oplllalion 'IS-NC (45), showing a medial lip lhat suggests a subdivision of the lip into 
a pair of sul)mcdial lips. All approximately 20,009X. 

la t ions  possess a typica l  excre to ry  pore  
(Fig.  26). T h e  attal  o p e n i n g  is a s imple  
ova l - shaped  o p e n i n g  t h r o u g h  the cut ic le .  

D I S C U S S I O N  

W h e n  C h i t w o o d  (4) rev ised  the genus  
Meloidogyne and  des igna t ed  five species, 
he p o i n t e d  ou t  the  existel~ce of  var ie t ies  
w i t h i n  these species and  sugges ted  tha t  
ce r ta in  va r i a t i ons  in m o r p h o l o g i c a l  char- 
acters  d e p e n d e d  on gene t ic  factors.  I n  the  

o r i g i n a l  d e s c r i p t i o n  of M. hapla, C h i t w o o d  
desc r ibed  several  var ie t ies  based  on mor-  
pho log ica l  differences in the  male ,  such as 
shape  of  the  l ab ia l  annu le ,  l e n g t h  of  the  
stylet,  and  the d i s tance  of t i le dorsa l  esoph- 
ageal  g land  orif ice to t i le  s ty le t  base.  Several  
inves t iga tors  have  de t ec t ed  phys io log ica l  
di f ferences  in p o p u l a t i o n s  of  M. hapla (12, 
14, 15, 16). T r i a n t a p h y l l o u  (21) s t ud i e d  
several  p o p u l a t i o n s  cy to log ica l ly  a n d  sub- 
d i v i d e d  t i le species i n to  race  A, those popu-  
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lations reproducing by meiotic partheno- 
genesis or amphimixis and having chromo- 
some numbers of n = 15, 16, and 17; and 
race B, those populations reproducing by 
mitotic parthenogenesis and having somatic 
chromosome numbers of 45. 

Of the populations of M. hapla race A 
studied in this paper, populat ion 42-Can 
(15) showed the most extensive variation 
in head morphology. T h e  shape of the 
medial lips, demarcation of the lateral lips, 
placement of inner labial sensilla, and 
insertion of cephalic sensillum were vari- 
able between individuals of this population. 
Populations 6-NC (16) and 86-NC (17) also 
showed variation among individuals within 
the populations, al though less than in the 
populat ion with 15 chromosomes. Each 
populat ion of race A is distinct in its 
cephalic morphology. Populat ion 42-Can 
(15) can be identified by the absence of 
lateral lips and a tendency toward pointed 
lnedial lips. Populat ion 6-NC (16) has 
squared-off medial lips and elevated lateral 
lips that are in contour  with the labial disc 
and the medial lips. Populat ion 86-NC (17) 
is very similar to populat ion 6-NC (16), 
but  the medial lips are rounded-off, and 
the lateral lips are lower than the medial 
lips and in contour  with the head region. 

Populations belonging to race B of M. 
hapla were very stable in morphology and 
different from race A. All populat ions 
studied, inclmting two with a somatic 
chromosome number  of 45 and one with 
48 chromosomes, were similar in head 
morphology. However, one of the popula- 
tions, 48-NC (45), possessed an excretory 
pore that was different from the other 
populations of M. hapla. Each populat ion 
of race B can be distinguished from the 
populations of race A by an elevated labial 
disc. The  lateral lips are lower than the 
medial lips and in contour  with the head 
region and often become fused with the 
head region for a short distance laterally. 

Similar SEM studies (19) with six popu- 
lations of Helerodera avenae Wollenweber 
did not reveal any consistent differences 
between the two pathotypes of that species. 
SEM studies (18) of second-stage juveniles 
of several species of Heterodera A. Schmidt 
showed that head morphology agrees with 
recognized species groups of the genus. 
Identification to species level, however, 
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was not possible using external head mor- 
phology. 

In Meloidogyne, the present SEM stud- 
ies of second-stage juveniles of several 
chromosomal populations of M. hapla, M. 
arenaria, M. incognita, and M. javanica re- 
vealed that the cephalic morphology was 
distinct for each species. M. hapla second- 
stage juveniles are characterized by the 
absence of surface manifestations of ce- 
phalic sensilla and smaller labial disc, 
medial, and lateral lips. M. arenaria juve- 
niles possess very long lateral lips, and labial 
disc and medial lips are also elongate. M. 
incognita is similar to M. arenaria but  has 
a small round labial disc, reduced lateral 
lips, and, in most specimens, two to three 
incomplete head annulations. M. javanica 
can be differentiated from the other species 
by its bow-tie-shaped labial disc aml medial 
lips, and triangular-shaped lateral lips in 
side view. 

T h e  structure of the lateral field of 
second-stage juveniles of tile four Mel- 
oidogyne species studied was very similar 
and of no value in identification. Number  
of incisures and type of areolation may, 
however, differ in other species of the 
genus. T h e  outer incisures, as seen in the 
light microscope, are not true incisures but  
are the outer edges of the ridge that con- 
stitutes the lateral field in SEM micro- 
graphs. T h e  remaining body characters, 
including shape of the tail and tail 
terminus and structure of the excretory 
pore and anal opening, were of little 
taxonomic value, since they were quite 
variable among individuals. 

A comparison of the genera Heterodera 
and Meloidogyne shows that the prestoma 
is much larger in Heterodera second-stage 
juveniles than in Meloidogyne second-stage 
juveniles. T h e  inner labial sensilla of 
Heterodera second-stage juveniles open 
into the prestoma and are thus obscured in 
face view. In Meloidogyne second-stage 
juveniles, on tile other hand, the inner 
labial sensilla are always visible. Also, in 
most species of Meloidogyne the cephalic 
sensilla are expressed externally, whereas 
no Heterodera species examined (18) have 
shown any external indication of cephalic 
sensilla. T h e  expression of cephalic sensilla, 
however, could be obscured by shrinkage 
of the specimen. Although the latter sen. 
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s i l la  a r e  o n  the  l ips,  we  t e r m  t h e m  " c e p h a l i c  
s e n s i l l a "  s ince  they  c o r r e s p o n d  to t he  ce- 
p h a l i c  sens i l l a  in  D e C o n i n c k ' s  sc l t eme  o[  
t he  h e a d  s t r u c t u r e s  o f  a g e n e r a l i z e d  n e m a -  
t o d e  (6). Also ,  t r a n s m i s s i o n  e l e c t r o n  m i c r o -  
scope  s tud ies  h a v e  s h o w n  t h a t  second-s tage  
j u v e n i l e s  of  M. incognita h a v e  s ix  i n n e r  
l a b i a l  a n d  f o u r  c e p h a l i c  sens i l l a  b u t  l ack  
the  six o u t e r  l a b i a l  sens i l l a  (9). 

C o m p a r e d  w i t h  t he  l i p  p a t t e r n s  of  
Heterodera g r o u p s  i l l u s t r a t e d  by S t o n e  (18), 
t h e  l i p  p a t t e r n s  of  Meloidogyne species  a re  
s i m i l a r  to  p a t t e r n s  3 a n d  4. I n  o u r  o p i n i o n ,  
i t  is m o r e  l i ke ly  t h a t  t h e  l a rge  l a b i a l  d isc  
in  p a t t e r n s  3, 4, a n d  5 resu l t s  f r o m  a f u s i o n  
of  t h e  l a b i a l  d isc  w i t h  t he  m e d i a l  l ips  
r a t h e r  t h a n  an  e l o n g a t i o n  of  t he  l a b i a l  d isc  
a n d  s u b s e q u e n t  loss o f  t h e  m e d i a l  l ips,  as 
sugges t ed  by  S t o n e  (18). T h e  m e d i a l  di-  
v i s i o n  o f  p a t t e r n s  3 a n d  5 is i n d i c a t i v e  o [  
the  p r e s e n c e  o f  m e d i a l  l ips.  P o s t e r i o r  to 
these  l ips,  t h e  h e a d  r e g i o n  of  m a n y  species  
o f  Heterodera h a d  1-3  a n n u l a t i o n s  w h i c h  
w e r e  r e g u l a r  a n d  c o m p l e t e .  I n  t h e  few 
species  of  Meloidogyne w i t h  a n n u l a t i o n s ,  
t h e y  w e r e  i r r e g u l a r  a n d  i n c o m p l e t e .  Also ,  
t h e  a n n u l a t i o n  s e p a r a t i n g  t h e  h e a d  f r o m  
t h e  b o d y  was p r o n o u n c e d  in  Heterodera 
b u t  in  Meloidogyne was s i m i l a r  to t he  o t h e r  
b o d y  a n n u l a t i o n s .  
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FIG. 24-27. 24) Side view of the lateral field and its anterior origin, typical of Meloidogyne hapla, M. 
arenaria, M. incognita, and M. javanica. 25) Side view of tail with posterior end of lateral field, typical 
of Meloidogyne hapla, M. arenaria, -M. incognita, and M. javanica. (24 and 25, approximately 5,O00X.) 
26) Excretory pore typical of Meloidogyne hapla, M. arenaria, M. incognita, and M. javanica. 27) 
Atypical excretory pore of M. hapla race B, population 48-NC (45). (26 and 27, approximately 15,000X, 
The top of Fig. 26 and 27 is anteriad.) 
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Gall  Format ion on Cirsium arvense by Ditylenchus dipsaci ' 

A. K. WATSON and J. D. SHORTHOUSE" 

Abstract: Ditylenchus dipsaci was found to cause gall formation on the stems of Cirsium atvense. 
T h e  galls were characterized by extensive hyper t rophy and hyperplasia, differentiation o[ nutri-  
tive tissue, nuclear modification, and a central cavity containing nematodes. These findings 
emphasize the importance of host response in investigations of host-parasite interactions and 
suggest that  D. dipsaci may be evolving a host race by reproductive isolation within the confines 
of a plant  gall. Key Words: host race, stem and bulb nematode, histopathology. 

Plant-parasitic nematodes induce a wide 
variety of host responses (2, 27). Some nem- 
atodes simply cause tissue necrosis as they 
feed, while others induce nurse cells or 
syncytia. Nematodes of the genera Anguina 
and Nothanguina cause complex galls com- 
posed of various layers of modified cells. 
Categorizing nematodes in terms of the 
host response or modifications induced is 
often difficult, however, since some species 
cause different responses in different hosts. 
For example, Dropkin (2) reported that 
Meloidogyne incognita induced large galls 
on okra but small or no galls on certain 
varieties of soybeans and grasses. 

Ditylenchus dipsaci (Kiihn) Filipjev is 
an obligate parasite of numerous higher 
plants, including Cirsiurn arvense (L.) Scop, 
(Canada thistle), on which it causes stem 
swellings (3, 21). However, there exists 
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some confusion as to whether  this host re- 
sponse should be considered a gall. This  
paper discusses morphological changes and 
damage to infected stems of C. arvense. 

MATERIALS AND M E T H O D S  

Larvae of D. dipsaci were obtained from 
infected C. arvense collected in a pasture 
near Regina, Saskatchewan. T h e  nematodes 
were extracted by placing pieces of stem 
overnight in sterile distilled water and sup- 
plying continuous aeration. Larvae that 
egressed from the tissues were concentrated 
in distilled water, and used immediately for 
inoculations. 

Root  fragments of healthy C. arvense 
were washed in water and placed in 12.5-cm- 
diana plastic pots containing vermiculite. 
Every second day, all pots received an ex- 
cess of modified Hoagland's solution (10) 
containing nitrogen at 10.5 /~g/g supplied 
as ammonium nitrate (NH~NO3). On 
alternate days the pots received sufficient 
distilled water to reach saturation of the 
vermiculite medium. Pots were maintained 
in the greenhouse under  the following con- 
ditions: temperature,  2 2 ± 5  C; day length, 
14 h; light intensity, min imum 8,600 lux; 
relative humidity,  3 0 ±  10%. 

When the first shoots of C. arvense 
emerged, twelve pots were paired and six 
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