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Abstract: MaTes of five populat ions  of Meloidogyne hapla were compared by scanning electron 
microscopy (SEM). Three  populat ions of race A bad haploid chromosome numbers  of 15, 16, a n d  
17 and reproduced by facultative parthenogenesis.  Race B consisted o[ two mitotically par theno-  
genetic populat ions with somatic chromosome numbers  of 45 and 48. Males of one popula t ion  
each of M. arenaria, M. incognita, and M. javanica were also examined to delineate species dif- 
ferences. The  populat ions of M. arenaria, M. incognita, and M. javanica had 54, 41--43, and 44 
chromosomes, respectively, and reproduct ion was by mitotic parthenogenesis.  Observations were 
made on head structures, lateral field, excretory pore, and tail. The  expression of labial and 
cephalic sensilla, shape and propor t ion  of labial disc and lips, and markings on the head region 
were distinctly different for each species. T h e  head morphology of the two cytological races of 
M. hapla was dissimilar. Populat ions of race A were different from each other  and showed 
in t rapopula t ion variation. Populat ions of race B were morphologically similar and stable in head 
morphology.  T h e  structure of the lateral field, excretory pore, and tail was of little value in 
distinguishing species or populat ions because of inter- and in t rapopula t ion  variation. T h e  results 
are discussed in relation to earlier SEM observations of second-stage juveniles of the same popula-  
tions. Key Words: cytological races, root-knot nematodes, Meloidogyne hapla, M. arenaria, M. 
incognita, M. javanica. 

Although identification of Meloidogyne 
species from morphological characters of 
males is very difficult by light microscopy, 
or in some cases impossible, male characters 
can often supplement an identification. 
Chitwood (2) pointed out  many differences 
between males of several different root-knot 
nematode species, and within a single spe- 
cies. In the original description of M. hapla, 
he described several varieties based on 
morphological differences in the male. 
Whitehead (9) suggested that  male char- 
acters were of diagnostic value. Some work- 
ers consider males of little or no value in 
routine identification of Meloidogyne spe- 
cies (7), and others consider only a few 
characters to be useful (1, 4, 5, 6). These 
characters include shape and annulat ion of 
the head, stylet length and shape of basal 
knobs, distance of the dorsal gland orifice 
from the base of the stylet, spicule and 
gubernaculum length, and the areolation 
and number of incisures in the lateral field. 
Other characters are either too variable and 
overlapping, or they are too small to be seen 
clearly enough to be of taxonomic value. 
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In a recent scanning electron microscope 
(SEM) study comparing second-stage juve- 
niles of M. arenaria (Neal) Chitwood, M. 
hapla Chitwood, M. incognita (Kofoid and 
White) Chitwood, and M. iavanica (Treub) 
Chitwood, we reported the cephalic mor- 
phology to be distinct for each species (3). 
Furthermore, within M. hapla, the two 
cytological races A and B (8) could be 
distinguished from each other. Race A 
comprises populations that reproduce by 
facuhative parthenogenesis and have a 
haploid chromosome number of 15, 16, or 
17. Race B includes populations that repro- 
duce exclusively by mitotic parthenogenesis 
and have a somatic chromosome number of 
45 or 48. The  three chromosomal popula- 
tions within race A could also be identified 
by SEM. If the morphology of second-stage 
juveniles is distinct between species and 
cytological forms of a species, the males of 
these same populations may possess similar 
discrete morphology. Although males are 
sometimes rare, they aid in accurate 
identification of species. The  most widely 
used male characters for differentiating 
Meloidogyne spp. with the light microscope 
are styler length, number of head annules, 
and structure of the lateral field (5). The  
SEM is ideal for observation of the head 
annules, lateral field, and other cuticular 
structures. 

The  present study compares the external 
morphologies of males of five chromosomal 
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populat ions of M. hapla as seen with the 
SEM, and the morphological  findings are 
related with cytological data. T o  determine 
differences between species, one populat ion 
each of M. arenaria, M. incognita, and M. 
javanica was also examined with the SEM. 

MATERI AL S  AND M E T H O D S  

Six different cytological populat ions of 
M. hapla, with different modes of reproduc- 
tion, and one populat ion each of M. 
arenaria, M. incognita, and M. iavanica 
were selected from the Meloidogyne collec- 
tion at Nor th  Carolina State University. 
Populations were designated by a number,  
an abbreviated word indicating their origin, 
and their chromosome number  in paren- 
theses, as follows: M. hapla populations 
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; M. arenaria 351-Via(54) 
from Florida; M. incognita 68-NC (41-43) 
from Nor th  Carolina; and M. javanica 
76-Ga (44) from Georgia. All populations 
were propagated on tomato (Lycopersicon 
esculentum Mill. 'Rutgers') in a greenhouse. 
T h e  M. hapla populations were maintained 
at 21 C, and the other species at 28 C. Males 
were obtained by incubating washed in- 
fected root  systems in a moist chamber at 
room temperature.  T h e  specimens were 

then processed for SEM as described previ- 
ously (3) except that they were cut in half  
after 24 h in the initial fixative, and fixed 
for an additional 36 h. At  least 100 males 
from each popula t ion  were examined with 
an E T E C  scanning electron microscope 
operated at 20 Kv. T h e  M. hapla popula- 
tion 66-Md (45) failed to produce males 
even though the cultures were grown under  
a variety of environmental  conditions. 

OBSERVATIONS 

Head morphology: Fig. 1, based on SEM 
observations of M. arenaria, M. hapla, M. 
incognita, and M. javanica, illustrates the 
basic plan of the cephalic characters of 
males of the genus Meloidogyne. T h e  open- 
ing of the prestoma is centrally located on 
the labial disc, slightly above the slitlike 
stomatal opening. T h e  prestomatal opening 
may be oval-shaped in [ace view, when the 
small, pit l ike openings of the six inner 
labial sensilla encircle it on the labial disc, 
or it may appear  hexagonal, when the inner 
labial sensilla open into the prestoma. Pos- 
terior to the labial disc, the subdorsal and 
subventral lip pairs are fused medially, 
forming one dorsal and one ventral lip, 
respectively. These lips are termed medial 
lips because the symmetry of the head struc- 
tures makes i t  impossible to distinguish 
dorsal from ventral. Each medial lip con- 
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FIG. l-A, B. Diagram illustrating the generalized head morphology of a male of the genus Meloidogyne. 
A) Face view. B) View from the lateral side. AA, amphidial aperture; BA, body annule; CS, cephalic sen- 
sillum; HR, head region; ILS, inner labial sensillum; LD, labial disc; LL, lateral lip; ML, medial lip; PS, 
prestoma; $, stoma. 
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tains one pair of cephalic sensilla that  in 
some species are expressed externally as 
small cuticular depressions. The  labial disc, 
often slightly raised above the medial lips, 
may form a continuous structure with the 
medial lips. Lateral lips, when present, con- 
stitute an area on the head region that is 
marked off by grooves beginning near the 
lateral edges of the medial lips and extend- 
ing into the head region posteriorly. 
Amphidial  openings are long slits between 
the labial disc and the lateral lips. Posterior 
to the lips, the head region may be smooth 
as illustrated in Fig. 1, or marked by one to 
three incomplete annulations. 

The  slightly rounded labial disc o[ M. 
arenaria, population 351-FIa (54) (Figs. 2, 

3), is raised above the medial lips, which are 
crescent-shaped in face view and extend for 
some distance onto the head region. Rem- 
nants of lateral lips are visible on the head 
region as short grooves originating near the 
middle of the lateral edges of the medial 
lips. Except for the lateral sensilla, the inner 
labial sensilla open into the prestoma and 
are thus partly obscured. Small cephalic 
sensilla are expressed externally, and the 
head region has either one or two incom- 
plete annulations. 

M. incognita, population 68-NC (41-43) 
(Figs. 4, 5), possesses a round labial disc that 
is distinctly raised above the medial lips and 
depressed for some distance around the 
prestomatal opening. The  medial lips are 

FIG. 2-5. 2,3) Face and approximately  lateral views of M. arenaria. 4,5) Face and lateral  views of  M. 
incognita. All figures are same scale as Fig. 5. 
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FIG. 6-9. 6,7) Face and approximately lateral views of M. javanica. 8,9) Face and lateral views of M. 
hapla race A, population with 15 chromosomes. All figures are same scale as Fig. 9. 

crescent-shaped in face view and extend for 
some distance onto the head region. T h e  
lateral lips are generally not visible, al- 
though remnants  may be present on the 
head region, appear ing  as grooves near  the 
middle  of the lateral edge of the medial  
lips. Large cephalic sensilla are present and  
the head region usually bears either two or 
three irregular incomplete  annulations.  

In  M. javanica, popula t ion  76-Ga (44) 
(Figs, 6, 7), labial disc and medial  lips are 
in the same contour  and fuse to form a con- 
t inuous elongate structure. T h e  lateral 
edges of the labial disc are almost  straight 
in face view, so that  the large amphid  open- 
ings are exposed. T h e  medial  lips are wider 
than the labial disc, and  lateral lips are 

absent. T h e  six inner  labial sensilla open 
into the prestoma, a l though the lateral sen- 
silla are usually more prominent .  Cephalic 
sensilla are not  expressed externally, and  
the head region is not  annulated.  

M. hapla race A, popula t ion  42-Can (15) 
(Figs. 8, 9), was the most variable popula-  
tion studied. Its head structures are gen- 
erally smaller than those of other species. 
T h e  rounded  labial disc is slightly raised 
above the pointed medial  lips, and both 
structures indent  markedly  at the lateral 
junction.  These  indentat ions are usually 
more pronounced at one of the crescent- 
shaped medial  lips, making  the lip struc- 
tures asymmetric.  Also, in a few specimens, 
the labial disc is set off from the medial  lips 
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by a groove, and, occasionally, one of the 
medial lips is partially reduced. Lateral lips 
are always lacking. The  six inner labial 
sensilla open out on the labial disc close 
to the oval-shaped prestomatal opening, 
though they sometimes open into tile 
prestoma. Rarely, one of the inner labial 
sensilla is not expressed externally, or an 
additional one is present. Cephalic sensilla 
are not visible externally. The  head region 
is not annulated, but a remnant of a short 
annulat ion is occasionally present. The  head 
region of this population of M. hapla 
merges smoothly into the gradually enlarg- 
ing body contour (Fig. 18). In all other 
populations of this species, the first body 

annule is smaller in diameter than the head 
region, and thus the head region is distinctly 
set off from tile rest of the body (Fig. 19). 

In specimens of M. hapla race A, popu- 
lation 6-NC (16) (Figs. 10, 1 I), the labial 
disc is slightly raised above the medial lips. 
Tlle lip structures form a rectangle in face 
view, but the medial lips are wider laterally 
than tile labial disc. Lateral lips are present. 
The  inner labial sensilla generally open out 
at the snrface of the labial disc, very close 
to the prestoma, al though a few occasionally 
open into the prestoma. Cephalic sensilla 
are not expressed externally and the head 
region is not  annulated. The  head region is 
set off from the body annules, because the 
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FIG. 10--13. 10,11) Face and approximate ly  lateral  views of M. hapla race A, popu la t ion  wi th  16 chromo- 
somes. 12,13) Face and lateral  views of M. hapla race A, popula t ion  wi th  17 chromosomes. All figures are 
s a m e  scale  as Fig.  13. 
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first annu l e  is smaller  in d iamete r  than  the 
head  region.  

M. hapIa race A, popu la t i on  86-NC (17) 
(Figs. 12, 13), possesses a labial  disc tha t  is 
fused with the media l  lips to form a smooth,  
cont inuous ,  rec tangular  lip s t ructure  in face 
view. T h e  media l  lips are r o u n d e d  off 
medial ly  and  are general ly  the same wid th  
as the labial  disc. R e m n a n t s  o[  lateral  lips 
are marked  off by grooves in the head  reg ion  
near  the midd le  of  the lateral  edges of  the 
media l  lips. T h e  inner  labial  sensilla open  
ou t  on  the labial  disc a r o u n d  the oval- 
shaped prestoma,  a nd  no  cephalic  sensilla 
are visible. T h e  head  region  is no t  an- 

nulated,  b u t  is dist inct ly set off f rom the 
rest of  the body.  

T h e  head  m o r p h o l o g y  of  the two popu-  
lat ions of  M. hapla race B, popu la t ions  
48-NC (45) and  230-Chile (48) (Figs. 14-17), 
is very similar  and  stable a m o n g  all indi- 
viduals. T h e  labial  disc is no t  raised above 
the media l  lips, and  the lip s tructures are 
the same wid th  and  form a rectangle  in  face 
view. Latera l  lips are no t  present  in  these 
popula t ions .  T h e  labial  sensilla open  at the 
edge of or  i n to  the prestoma,  and  cephalic  
sensilla are sometimes fa int ly  visible on  the 
media l  lips. T h e  head  region is no t  an- 
nulated,  except  tha t  a r e m n a n t  of  a shor t  

FIG. 14-17. 14.15) Face and approximately lateral views of M. hapla race B, populaoon with 45 chromo- 
somes. 16,17) Face and lateral views of M. hapla race B, population with 48 chromosomes. All figures are 
same scale as ]Fig. 17. 
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a n n u l a t i o n  is occasional ly present  laterally 
on  one or  b o t h  sides. I n  mos t  specimens, 
the head  region is set off f rom the body.  

Body  morphology:  T h e  s t ructure  of the 
lateral  field, excretory pore, a nd  tail were of 
little value in  d is t inguish ing  species or  
popula t ions ,  since considerable  var ia t ion  
existed a m o n g  individuals  of  a given pop- 
ulat ion.  T h e  lateral  field of  specimens of  all 
species and  popu la t ions  examined  begins as 
a r idge that  originates abou t  8-12 body  
annules  f rom the head  region (Fig. 20). 
Slight irregulari t ies in body  annu la t i on  m a y  

be present  near  the beg inn ing  of  the lateral  
field. A t  a short  dis tance posteriorly,  two 
incisures develop separately or  f rom a single 
incisure and  subdivide  the r idge longi- 
tudinal ly .  I n  some specimens, the incisures 
start near  the an te r ior  end of the ridge, and  
in others they develop fu r the r  posteriorly.  
T h e  lateral  field extends the ent ire  length  
of  the n e m a t o d e  and  broadens  slightly be- 
fore it merges in to  the tail t ip (Figs. 21, 22). 
T h e  two inner  incisures may  con t inue  close 
to the tail t ip or  may  d isappear  in the tail 
region. T h e  lateral  field may  fuse wi th  the 
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FIG. 18-21. 18) lateral view of M. hapla race A, population 42-Can (15), showing a head region that is 
not set off from the body. 19) Lateral view of M. hapla race A, showing the set-off head region that is typ- 
ical for all populations of M. hapla except 42-Can (15). Figure 18 is same scale as Fig. I9. 20) Side view of 
the lateral field and the anterior end of a Meloidogyne male typical of M. arenaria, M. hapla, M. incognita, 
and M. javanica. 21) Side view of the posterior end of the lateral field and tail typical of M. arenaria, M. 
hapla, M. incognita, and M. javanica. 
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FIG. 22-25. 22) Approximately lateral view of a tail, showing cloacal opening with retracted spicules 
(arrow) and phasmidial aperture (double arrow). 23) End view of tail illustrating a lateral field that ex- 
tends completely around the tail tip. Fig. 22 is same scale as Fig. 23. 24) Excretory pore typical of M. 
arenaria, M. hapla, and M. incognita. 25) Excretory pore of M. ~avanica. Fig. 24 is same scale as Fig. 25. 

tail tip or may extend completely around 
the tail t ip (Fig. 23). Areolation of the 
lateral field usually corresponds with the 
body annulations bu t  does not necessarily 
involve the entire width of the lateral field. 
T h e  slitlike phasmidial aperture is located 
between the two inner incisures of the 
lateral field (Fig. 22). T h e  cloacal opening 
is a simple transversely elongate opening 
(Fig. 22). T h e  spicules, which have two 
sensilla openings near their tips, are usually 
retracted, and not  enough specimens were 
examined to establish a relationship be- 
tween spicule morphology and species. In 
most populations, the excretory pore is a 

simple oval-shaped opening (Fig. 24), bu t  
in M. javanica it is located in a depression 
in the cuticle (Fig. 25). T h e  excretory pore 
is usually contained within one body an- 
nule, but  two or three body annules in its 
vicinity sometimes deviate from the regular 
pattern. 

DISCUSSION 

These  studies of males of Meloidog~ne 
arenaria, M. incognita, M. javanica, and 
several chromosomal populat ions of M. 
hapla revealed that  the cephalic morphol-  
ogy is distinct for each species. Furthermore,  
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the two cytological races of M. hapla and 
the three chromosomal populations of race 
A have different head morphologies. 

M. arenaria males possess a raised labial 
disc and crescent-shaped medial lips. T h e  
head region usually has 2-3 annules. M. 
incognita is similar to M. arenaria but  is 
characterized by a very prominent  labial 
disc that is centrally concave. T h e  medial 
lips are crescent-shaped in face view, and 
the head region has 2-3 incomplete annula- 
tions. M. iavanica can be differentiated from 
M. arenaria and M. incognita because the 
labial disc and medial lips are elongate in 
face view and the head region is not  an- 
nulated. M. hapla can be distinguished from 
the other  species by the small rectangular 
labial disc and medial lips. In all popula- 
tions of M. hapIa race A except 42-Can (15), 
the head region is set off from the body an- 
nules because the first body annule is 
smaller in diameter  than the head region. 
T h e  populat ions of M. hapla race B also 
have a set-off head region. As in M. javanica, 
the head region is not annulated in the 
populations of M. hapIa. 

Each populat ion of M. hapla race A has 
distinct cephalic morphology. Populat ion 
42-Can (15) can be identified by the deep 
indentations at the junct ion of the labial 
disc and the medial lips. T h e  medial lips 
are pointed and the head region is not  set 
off from the body contour. Populat ion 6-NC 
(16) has squared-off medial lips and an 
elevated labial disc. T h e  almost completely 
formed lateral lips that  are set off from the 
head region are unique to this population.  
Populat ion 86-NC (17) is very similar to 
popula t ion 6-NC (16), but  the labial disc 
is not raised above the medial lips, and the 
lateral lips are not  as complete. Among the 
populat ions of M. hapla race A studied, the 
head morphology of populat ion 42-Can (15) 
was the most variable. T h e  shape of the 
medial lips, demarcation of the labial disc, 
and placement of the inner labial sensilla 
were variable among individuals of this 
population.  Individuals of populations 
6-NC (16) and 86-NC (17) were also vari- 
able, though less than the populat ion with 
15 chromosomes. 

T h e  two populations of M. hapla race B 
studied, one with 45 and one with 48 
chromosomes, were similar in head mor- 
phology. T h e i r  cephalic morphology was 

different from the populations of race A 
and, unlike populat ions of race A, the head 
morphology of the populations of race B 
was very stable. Populations of race B can 
be distinguished from populations of race A 
by tile absence of lateral lips. As in race A, 
the head region is set off from tile body 
annules in both  populations of race B. 

Results of recent studies (3) of second- 
stage juveniles of M. hapla, M. arenaria, M. 
incognita, and M. javanica are comparable 
to those of the present study of males. As in 
the juveniles, morphological differences 
were observed in males of different species, 
in races of M. hapla, as well as in popula- 
tions of M. hapla race A. Juveniles and 
males had similar head morphology with 
respect to the basic cephalic characters, 
though the expression of these characters 
was considerably different between the two 
life stages. T h e  prestoma is small and oval- 
shaped in the second-stage juvenile bu t  
large and either oval or hexagonal in the 
male. T h e  shape of the prestoma in the male 
is determined by the position of the inner 
labial sensilla. If they encircle the prestoma, 
as in the second-stage juvenile, the prestoma 
is oval; if the inner labial sensilla open into 
the prestoma, the prestoma becomes hex- 
agonal. In the male, the labial disc is larger 
than both medial lips combined, bu t  in the 
juvenile the labial disc is smaller or equal 
in size to one medial lip. T h e  large labial 
disc in all of tile males except 3¢. iavanica 
overlaps the head region laterally and, in 
face view, covers the amphidial  openings. 
In the second-stage juvenile, the labial disc 
is much smaller and the amphidial  aper- 
tures are generally visible in face view. T h e  
lateral lips of juveniles are joined with the 
medial lips, but  in the few populations of 
males that had lateral lips, they are areas 
on the head region marked off by grooves. 
T h e  number  of annules on the head region 
of the male do not  necessarily correspond 
to the annulat ion on the head region of the 
second-stage juvenile. T h e  head region of 
M. arenaria juveniles is not  annulated, 
whereas the males have 2-3 incomplete an- 
nulations. In M. incognita both  the second- 
stage juvenile and the male have 2-3 in- 
complete annulat ions in the head region. 

T h e  annulations on the head region could 
not  be seen clearly and counted accurately 
with the light microscope, because they are 
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i r regular  and  incomplete .  T h i s  difficulty has 
caused this character  to be  rejected by  some 
workers  (4). A l t h o u g h  W h i t e h e a d  (9) 
t h o u g h t  there was considerable  intraspecific 
var ia t ion  for this character  wi th in  M. incog- 
nita, he considered it  stable for several 
o ther  species. T h e  present  studies show that  
the presence or  absence of  annu la t ions  in  
the head  region is a useful d i f ferent ia t ing 
character .  Annu la t i ons  are present  in M.  
arenaria and  M. incognita bu t  absent  in  M.  
hapla and  M. iavanica. T h e  a p p a r e n t  intra- 
specific var ia t ion,  as seen by Whi t ehead ,  
may  be caused by the irregulari t ies  of  the 
annula t ions .  Since they are of ten  incomple te  
and  annu la t ions  may  over lap for a short  
dis tance (Figs. 3, 5), it is near ly  impossible  
to count  the exact  number .  Annu la t i ons  are 
usually more  numerous  on the media l  sec- 
tors of the head  region,  and  thus the posi- 
t ion of the specimen in the l ight  microscope 
wou ld  affect the n u m b e r  of  annules  seen. 

T h e  lateral fields of  the four  species of  
Meloidogyne males s tudied were similar  in 
s t ructure  and  of  l i t t le value taxonomical ly .  
As in the second-stage juvenile,  the lateral  
field of  the male is a r idge divided by two 
inner  incisures. T h e  two edges of  the r idge 
an d  the two incisures make  up  the four  
incisures seen in the l ight  microscope.  All  
species examined  had  four  incisures tha t  
were areola ted over the ent ire  lateral  field. 
T h e  presence or  absence of areola t ion was 
previously considered (4) to be a useful 
character  in the t a x o n o m y  of M. arenaria, 
M. hapla, M. incognita, and  M. iavanica. 
Areola t ion  and  n u m b e r  of incisures in the 
lateral field may  be useful characters for 
some species, bu t  they should  first be con- 
f irmed by SEM observations.  Once they are 
seen wi th  the SEM, they can p robab ly  be 
recognized wi th  the l ight  microscope.  

T h e  r e m a i n i n g  b o d y  characters,  except  
for  the  excretory pore,  were no t  he lpfu l  in  
di f ferent ia t ing the species. T h e  spicules m a y  
be different  s t ruc tura l ly  be tween the species, 
b u t  the observat ions  made  in this s tudy were 
too few for a crit ical evaluat ion.  
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