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Abstracl: External morphology of second-stage juveniles of six populations of Meloidogyne haP/a, 
belonging to two cytological races (A and B). and one population each of ilL aTenaria, J.lI. 
incogmta, and .M. JGvanica 'was campmed by scanning electron ffilClOSCOpy (SliM). Race A of 
11I. hapla mcluded three facultatIvely parthenogenetIc populatIOns 'nth haplOid clllomosome 
numbers of 15, 16. and 17; race B consisted of Llllec mitotically parthenogenetIc populations 
with somatic chromosome numbers of 45# 45, and 48. The mitotically palthenogenetic popl.lla­
tions of 11:l. a1enaTla~ l~L incognita, and 11:l. Juvanica had 54, 41-43, and 44 chromosomes, 
respectively. ObSClvations were made on head structures, lateral field. excretOlY pore, anal 
opemng, and tall Head ffiOlphology, including shape and plOportlon of labial disc and lIps, 
e:-..presslOn of labial and cephalIc scnsilla, and malkings on head region~ was dIstinctly ddIelcnt 
for each specIes_ j\1. hapla populations of race A wele distinct flOm each other but showed mUdl 
intrapopulation vanaUon in head morphology. Populations of race B , ... 'ere diffclent from those 
of :race A and wetc very stable and quite similar in head morphology. Considerable inter- and 
intrapopulation valiation made the strnctuLe of the lateral field, excretory pore, anal opening, 
and tail of little value m distinguishmg species or populaLions_ The lcsults ale discussed in 
relation to emlier SEM observations on the genus Heterodera. Key TV01ds M. arenuna, j1[. 
incognitu~ A1. Juvanicu. 

Species of the genus Meloidogyne 
Goeldi exhibit considerable variation in 
their morphology (10, ll, 23), physiOlOgy 
(12, 14, 15, 16, 17), and cytology (20, 21). 
Iu his review of the genus, Whitehead (23) 
showed that many morphological characters 
in females, males, and second-stage juveniles 
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are of value taxouomically, but many others 
are variable and exhibit lOO much overlap 
among species to be useful in species differ­
entiation. kleloidogyne species need to be 
examined more closely for distinctive mor­
phological characters. Cytological studies of 
several populations o[ M. hapla Chitwood 
emphasized the need for a detailed mor­
phological study, because this species 
appears to be rriade up of two distinct 
cytological races (21): One race includes 
populations that have a haploid chromo· 
some number of 15, 16, or 17 and reproduce 
by facultative meiotic parthenogenesis. The 
other race consists of populations ·with a 
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somatic chromosome number of 45 or 48 
(personal communication, A. C. Trianta­
phyllou) and reproduces exclusively by 
mitotic parthenogenesis. Little effort has 
been made so far to make a detailed mor­
phological comparision of populations 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 structure by 
transmission electron microscopy have con­
tributed greatly to our understanding of 
the internal morphology of these nematodes 
(I, 2, 3, 8, 9, 22)- Scanning electron micro­
scope (SEM) observations of the external 
morphology of Meloidogyne spp. are lim­
ited (13). 

The 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 population each of M. arenm'ia (Neal) 
Chitwood, Ai. incognita (Kofoid and 
White) Chitwood, and M. javanica (Treub) 
Cbitwood was observed with the SEM as a 
guide to the differences that may occur 
between species. 

MATERIALS AND METHODS 

Six populations of M. hapIa, differing 
in mode of reproduction and chromosome 
number. and one population each of M. 
o1'enaria, M. incognita, and 111. javanica 
were selected from the 11ieloidogyne collec­
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 North Carolina; 66·Md (45) from 
Maryland; and 230-Chile (48) from Chile. 
Populations of the other three species were 
designated similarly, as follows: 11i_ arenaria 
351·Fla (54) from Florida; M_ incognita 
68-NC (41-43) from North Carolina; and 
M. javanica 78-Ga (44) from Georgia. All 
populations were propagated on tomato 

(Lycope"sicon esculentum Mill. 'Rutged) 
in a greenhouse; the M. hapla populations 
were kept at 21 C, and the other specie, at 
28 C. Newly hatched second-stage juveniles 
were obtained by incubating egg masses in 
a moist cllamber at room temperature. The 
specimens were transferred to 0.5 ml of 
filtered tap water in a BPI watch glass, :md 
were chilled and killed by adding 3-4 drops 
of cold (8 C) 4% gultaraldehyde solution 
(buffered with O.IM sodium-cacodylate at 
pH 7.4) every half an hour until the final 
concentration of the fixative reached 2%. 
Fixation of the material continued for :m 
additional 72 h in the cold. The specimens 
were then transferred to a processing 
chamber modified from DeGrisse (7). and 
the remaining steps, except cri tical point 
drying, were taken without the top of the 
clmmber in place. Fixation was followed by 
rinsing with D.IM sodium-cacodylate plus 
7.5% sucrose solution at pH 7.4 for 12 h in 
the cold. Postfixation with 2 % osmium 
tetroxide, buffered with O.IM sodium­
cacodylate at pH 7.4, for 12 h was followed 
by rinsing with the buffer-sucrose solution 
for 12 h in the cold. Specimens were de­
hydrated with an 8-step graded series of 
etllanol 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. The nema­
todes were then critical-point dried with 
Freon 113 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. 
The specimens were propped up agaimt 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 ETEC scanning 
electron microscope operated at 20 Kv. At 
least 100 second-stage juveniles from each 
population 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. 
m'enm'ia, iiI. hap la, 11i. incognita, and 11;[. 
javanica. Centrally located ,;m the labial 
disc is the ovoid opening of the prestoma. 

( 



~ 

r 
r 
~ 

~ 

SEM of Meloiclogyne hapla Juveniles: Eisenback, Hirschmann 7 

A PS B 
I LS 

ML 

cs 
AA 

LL 

HR 
LO 

BA /' 
FI G. 1-.\ , 11 . Diagrams iIIuslrating the head morpholog) of a secolld.sLagC: juvenile of the genus 

M t!/oidogy"t!. A) Face ' iew, B) View from the lateral 5ide . . \ .\, 311lphidial aperture; D.\ , body 3n nulcj CS, 
cephalic sensillum ; HR. head region; lLS. inne r labi<tl scnsillllnl ; Ln, labial disc; LL. latcral1ip; ML. medial 
lip: 1'5. prcslolllOl . 

which leads to th e sliLlike sLOmaLal opening 
medially below it. The presLOllla is en· 
circled b y the n",ll pitlike openings o[ the 
six inner labial sensi lla. Posterior to the 
labial disc. the subdorsal and subventra l 
lips al·e fu sed medially. [ol"ming one dorsal 
and one ventral lip. respectively. Because of 
the dorsD-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 of cephalic 
,emilla. expressed externally in some species 
as sTTlall round cuticular depressions. The 
labial di sc is often slightly raised above the 
medial lips. The lateral lips are smaller 
and lower than the medial lips. and in the 
same contour with the head region. The 
amphids appea r as long sl its between the 
labial disc and the lateral lips. Po terior to 
(he lips. the head region may be marked by 
one to three incomplete annulations. 

In M . arennrin, population 35 1·Fla (5~) 

(Fig. 2, 3). the labial disc is sli ghlly ra ised 
above th e medial lips. and the lateral lips 
are in the sa me contour with the head 
reg ion. The labial disc and the medial lips 
are dumbbell·shaped in [ace view. and three 
tim es as long as the width of the labial 
disc. The lateral lips are elongate. anel in 
face view the junction of the medial and 
lateral lips is perpendicular to the lateral 

edge of the labial di sc. Cephalic sensilla are 
expressed ex ternally. anel the head region is 
not annulated. 

M . illcognifll, population 68·NC (4 1.43) 
(Fig. ·1. 5). possesses a small round labhtl 
eli c that is slightly rai sed above the medial 
lips. In face view, the labial disc and the 
media l lips are dumbbell·shaped. and the 
round hape of the labial disc is also 
prominent. The lateral lips are in the same 
contour with the head region. Cephalic 
semilla are expres cd ex ternally, and in 
fa ce view the junction of meeJjal and lateral 
lips is perpendicular to th e laleral edge 
of th e labial di sc. The head region usually 
bears two LO three irregular incomplete 
allllulalions. 

The labial disc of M . java17ica. popu la. 
tion i6·Ga (44) (Fig. 6. 7). is quite promi. 
n ent. and the lateral lips are lower and in 
conto ur with the head region. In race vi ew, 
th e labial disc and the medial lips are bow· 
tie·shaped. The latera l lip" are tri angular 
from a lateral aspect (Fig. 7). The junction 
of the medial and lateral lips forms an ob· 
(uSC angle with the lateral edge of the lab ial 
disc. Cephalic sensilla are expressed ex· 
ternall y. and th e head region is occasionally 
marked by remnants of a single annulation. 
usuall y loca ted laterally (Fig.6). 

M. hapla race A, population 42·Can 
(15) (Fig. 8. 9). is the most variable popu· 
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Fl C. 2- 7. 2. 3) Face and ap proximate lateral views, l'especLi\c ly. o( M. art'uaria populal ion 351·Fla (54). 
4, 5) F,u;c and la teral views, ]"espcctively. o f M . ;,,(.'ogll;IO populat iol' 68-NC (4 1-43).6,7) Face a nd la teral 
views, res pectively. of M . javan jea popul a tion 76·Ga (44) (Arrow, Fig. 6, incomple te h ead a nnulaL ion). All 
approximately 2O.000 X. 
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FIG. 8- 13. 8. 9) Face ;1111.1 ::J.pprOXi1ll31e lateral ,ie\\'s. I'CSI){'clhely. of M . hap/n race A, population 42-
Can (15). 10. II ) Face and lateral views. respec!ivcly. of M . hap/n race \ , populal ion 6·;'<o.'C (16). 12, 13) 
Face and lateral views, respecti\'ely. of M. hapla J'acc . \ , popldation 8G-Ne (17). All approximately 
20,OOO X. 
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lation studied. 1ts cephalic characters are 
distinctly different from thosc of the other 
populations of M . hapla. Medial lips and 
labia I disc are in the same contour and 
form a smooth continLioLis structure. The 
medial lips are usuall y pointed (Fig. 8, 21, 
22) but one lip may occasionally be rounded 
or su'aighL Often the lateral edges of the 
labial disc are not parallel to each other 
(F ig. 21 ). The six inner labial sensilla open­
ings are arranged symmetrically around the 
prestoma, although in an occasiomli speci­
men one sensillulll may be di splaced a short 
distance (Fig. 21). The cephali c sensilla are 
not visibl e ex ternally and, only rarely, one 
cephalic ensiiJulll may be expressed (Fig. 
20, 21). The most striking characteristic of 
this population is the absence of lateral 
lips. As a consequence, the roediallips fuse 
laterally with the head region instead of the 
lateral lips. In some specimens, remnants 
o[ lateral lips are discernible (Fig. 20). The 
head region is not annulated. 

In specimens of M . hapla race A, popu­
lation 6- lC ( 16), the labial (lisc a nd medial 
and lateral lips are in the sallIe contour 
(Fig. 10, II ) and [ann a rectangular-shaped 
structure in (ace view, 21/2 time as long as 
the width of the labial disc. Cephalic sen­
si iJa are not visible, and the head region is 
not annulated. 

Although the labial di sc and the mcdial 
lips of specimens from 1\1'. hal,la race A, 
population 86- C (17) (Fig. 12, 13), are 
fused and in the same conto"r, the lateral 
lips are lower and in contour with the head 
region. In [ace view, the medial lips and 
the labial disc are dumbbell-shaped and 
measure 2V2 times the width oE the labial 
disc. The medial Ii ps arc rounded off, and 
the cephalic sensilla are not ex pressed ex­
ternally. The head region is not annulated 
in this population_ 

The three population of Af. hapla race 
B, populations 48-NC (45), 66-Md (45), and 
230-Chjle (48) are very similar in head 
morphology (I' ig. 14-19). The labial disc 
is slightly raised above tbe medial Ii ps, and 
the latera l lips are lower than the medial 
lips and in the ame contour with the head 
region. Occasionall y, th e lateral lips fuse 
with the head region for a short distance 
laterall y (Fig. 16)_ The junction oE the 
medial and latera l Ii ps is perpendicular 
to the laleral edge of the labial di sc. The 

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 
annulation is present on one side or both 
la teral sides of the head region (Fig_ 17). 
All of the specimen of the e three popula­
tions are very stable in their head mor­
phology. 

Bod)' morphology: The structure of the 
tail , lateral field , exuetory pore, and anal 
opening was of lillIe value in distinguish· 
ing species or populations since considerable 
variation existed among jndividual of a 
given population. The shape of the tail and 
its terminus (Fig. 25) was quite variable 
amon r{ individuals and differences between 
populations cou ld not be determined. The 
lateral field (Fig. 24) of specimens of a ll 
populations examined begin a. a ridgc 
about 10-15 body annules [rom the head 
region. At a certa in distance, one longi . 
ludinal incisure develops that splits further 
posteriad into tWO incisures which sub­
divide the ridge longitudinally_ fn some 
spccimensJ this incisure appears near the 
beginning ridge; in o ther it is furth er 
posteriad. The la tera l field extends the 
entire length of the nematode and narrows 
in the tai I region (Fig. 25). Near the middle 
o[ the tail, the two inner incisures fuse, 
resulting in one inc isure . This incisure 
graduall y disa ppears a lso, and the two 
outer edges of the ridge join, terminating 
the latcral field near tbe tail tip. The dis­
tance over which this change takes place 
vari es among individuals. All speci es ex ­
hibit arcolation over the entire length of 
the lateral field. The areolation ge nerall y 
corres ponds with the body annulation, al­
though the distance bctween two lines of 
areolation may vary by one to four body 
annulation s. Areolation docs not neces ariJ 
involve the entire width of the lateral field. 
Pha midial apertures are not expressed ex­
tern ally but may be hidden by areo lation 
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 thc cuticle. The regular body 
3nl1ules are interrupted or deviate from 
their course around the exo-etory pore. 
Except for population 48-NC (48), which 
ha ,I much larger excretory pore, all popu-
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FlC . 11- 19. II. 15) Face and appro:xim:nc lateral \icw~, I'cspcc(hcl). of M. Iwpla race 1\. , popul:uion 
'IS.NC (15). 16, 17) Face and laleral dews, rcspeclivel) , of M . "apIa I'acc n. populaLion 66·f,.'fd (45).18. 
19) Face and lateral ,·jews, r pectil'e1y. of JU. hapla race n. population 230·Chilc (48). All appmximatcly 
2ll.000 X 
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FIG. 20-23. 20) Face d ew of M . hllplil race A. populalion 42·Can (15), ilhLSt)"3tillg one ceph:'llic sensi! ­
tum (double arrow) and remnants of a lateral lip (s ingle arrow). 21) Face view of M. hap/a race A, 
popuhnion 42-Can (15). showin g the displacement of an inner labial scnsillulll (s ingl e arrow). 0I1C ce­
phalic sensilllllll (douhle :lrrow), and the nOllpar311 ~ 1 latera l edges of the labial disc. 22) Approximate 
medial , 'iew o f M. IIllJllt1 populalion 42-Can (15) , illustrating a poimcd medial lip. 23) Medial view of 
M. IUII}/(1 race H. population <JS-NC (45), showing a medial lip Ihat suggcsUi a subdivision of the lip into 
a pa ir of sli umcdiallips . . \11 approximately 20.000X. 

lation, pos~ess a typical excretory pore 
(Fig. 26). The anal opening is a imple 
oval-shaped opening through the cuticle. 

DISC SSIOI 

\Vhen Chitwood (4) revised the genu 
M eloidogyne and designated five species, 
he pointed out the existence of varicdes 
wjthin these species and suggested that 
cenain varialioTl!t in morphological char­
acters depended on genetic factol'S_ In the 

original description o[ M. hapla, Chitwood 
deseri bed several varieties based on mor­
phological differences in the male, such as 
shape oC the labial annule, lengtb of the 
stylet, and the distance or the dorsal esoph­
ageal gla nd orifice to the style, base. Several 
investigators have detected physiological 
differences in population of M. "apla (12, 
14, 15, 16). TriamaphyllOll (21 ) studied 
severa l popllla ti.ons cytologi cally and sub­
divided the species into race A, those popu-
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lations reproducing by meiotic partheno­
genesis or amphimixis and having chromo­
some number> o[ n ~ 15. 16. and 17 ; and 
race B. those populations reproducing by 
mitotic parthenogenesis and having somatic 
chromo!:.o mc numbers of t~5. 

Of the populations of M. Iwpill ra ce A 
studied in thi s paper. population 42-Can 
(15) showed th e most ex tensive variation 
in head morphology. The shape o[ the 
med ial li ps. demarcation o[ the latera l lips. 
placement of inner labial sens illa, and 
in sertion of ce phali c sensillum were vari­
able between individuals o[ this population. 
Populations 6-NC (16) and 86-NC (17) also 
showed variation among individuals wilh in 
the populations, although less than in the 
population wi th 15 chromosomes. Each 
population of race A is distinct in its 
cephalic morphology. Population ~2-Can 
(15) can be identified by the absence of 
late ral lips and a tendency toward pointed 
media l lips. Population 6- ' C (16) has 
squared -o[( medial lips and elevated la tcral 
lips that are in contour with the labial disc 
and th e medial lips. Population 86-Ne (17) 
is very , imilar to population 6- ' C (16). 
but the medial lip, are rounded-off, and 
th e lateral lips are lower than the med ial 
lips and in COlllour with the head region . 

Popu lat ions belonging to race B of M. 
hapla were vcr)' stabl e in morphology and 
differ~nt from ra ce A. All populations 
\t llciied, including two with a somatic 
chromosome Ilumber o[ ~5 and one with 
LI8 chromosomes, were si nlilar in head 
morphology. However. one o[ the popula­
tions. 4S-NC (45). possessed an excretory 
pore that was different from the other 
populations of M. hapia . Each population 
of racc B can he disting ui shed [rolll th ~ 
populations of ra ce A b y an elevated labial 
disc. The lateral lips are lower than the 
medial lips and in contour with the head 
region and often become [used with the 
head region for a short di sta nce latera ll y. 

Similar SEM studies ( 19) with six popu­
lations of Helerode,.. avelwe 'Vollenwebcr 
did not reveal any consistent di lIerences 
between the two pathot),pes of thal species. 
SEM studies ( IS) o[ second-stage juveniles 
of several species o[ H e/erodeI'll A_ Schmidt 
showed that head morphology agrees with 
recognized specics groups of the genus. 
Tdelll ilication to species level, however, 

wa~ not pos!:l ible lIsing external head mor­
phology. 

In AT eloidogyne, the present Ei\l stud­
ies of econd-stage j u ven i Ie, of several 
chromosomal populations of M. h"pla, M . 
ll,-ellaria~ J\l. incognita, and J\I . jauGl1ica re­
vealed that the cephalic morphology "'a> 

di , tinct for each species. iII. !t" J)I" second­
ta~e juvenil es are characteriled by the 

absence or surface mani£eslalions oE cc­
phalic sensilla and sma ller labial disc, 
med ial, and lateral lips. M. "re IlO1'i" juve­
nil es possess very long latera l lips, and labial 
di sc and med ia l lips are abo elongate. M. 
illcognita is simil ar to JU . arenor;a bUl has 
a small round labia l disc, reduced lateral 
lips. and, jn mo~t specimens. two to three 
in complete head annulations. J\{ . java nica 
ca n be differentiated from the other species 
hy its bow-tie-shaped labial di sc and medial 
lips, and triangular-shaped latera l lips 111 

side view. 
The structure of the lateral field o f 

second-stage juvenile of the four Mel­
oidogyne species studied was very sim i lar 
and or no value in identification. Number 
or incisures and type o[ arcolation may, 
however. din'er in other species o f the 
genus. The outer inci,mes. as seen in the 
ligh t microscope, are not tru e inci sures but 
are the ouLer edges of the ridge Lhat COI1-

t itute, the lateral field in S£;\{ micro-
graphs_ The remaining bod)' cI,aracters. 
including shape of the tail a nd tail 
terminus and structure of the excretory 
pore aJld anal opening, were of lilli e 
ta xonomic yalue. sin ce they were quite 
variabl e among individu als. 

A comparison of the genera H clerodera 
a nd M f' ioidogyl1e shows that the prestoma 
is much larger in H elerodenl !:lcconcl-stage 
j uvenil es than in Me/oidogyne second- tage 
juvenil es. The inner labial emilla of 
H elcl'OdcHI second-stage jll\'eniles open 
into the prestoma and are thm obscured in 
face view_ In i11 eioidogyne ,econd-stage 
juveniles. on the other hand, the inner 
labia l se nsilla are always visibl e. Also, in 
most species of Meloidogyne the cephalic 
sens illa are expressed externa ll y. whereas 
no H cle.-odem species examined (18) have 
shown an)' ex ternal indication o[ cepha lic 
sensilla. The expression of cephalic sensi lla, 
however, could be obscured by shrinkage 
of the specimen. Although the lauer sen-
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silla are on the lips, we term them "cephalic 
sensilla" since they correspond to the ce­
phalic sensilla in DeConinck's scheme of 
the head structures of a generalized nema­
tode (6). Also, transmission electron micro­
scope studies have shown that second-stage 
juveniles of M. incogmta have si>: inner 
labial and four cephalic sensilla but lack 
the six outer labial sensilla (9). 

Compared with the lip patterns of 
Heterodera groups illustrated by Stone (18), 
the lip patterns of Meloidogyne species are 
similar to patterns 3 and 4. In our opinion, 
it is more like! y that the large labial disc 
in patterns 3, 4, and 5 results from a fusion 
of the labial disc with the medial lips 
rather than an elongation of the labial disc 
and subsequent loss of the medial lips, as 
suggested by Stone (18). The medial di­
vision of patterns 3 and 5 is indicative of 
the presence of medial lips. Posterior to 
these lips, the head region of many species 
of Heterodera had 1-3 annulations which 
were regular and complete. In the few 
species of Meloidogyne with annulations, 
they were irregular and incomplete. Also, 
the annulation separating the head from 
the body was pronounced in H eie1'Odera 
but in l1ieloidogyne was similar to the other 
body annulations. 
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