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Meloidogyne microcephala n. sp. (Meloidogynidae),  
a Root-knot Nematode from Thailand 1 

GEAN M. CLIFF 2 ANn HEDWIG HIRSCHMANN B 

Abstract: Meloidogyne microcephala n. sp. is described and illustrated from specimens obtained from 
tobacco (Nicotiana tabacum L.) in Thailand. The female perineal pattern usually has a low dorsal 
arch, coarse striae, and a series of small cuticular flaps around the tail terminus. The stylet of  the 
female is 14.4 ~m long, with large, square to rectangular stylet knobs, The distinctive male head 
region is narrow, small, and truncate with a low, flattened head cap. The stylet length is 20.6 urn, 
and the knobs are small, angular, and set off from the shaft. Mean length of second-stage juveniles 
is 457.5 tzm, and stylet length is 9.3/*m. The tail tip in the juveniles is set off from the rest of the 
tail as a small finger-like projection. M. microcephala reproduces by mitotic parthenogenesis, and has 
a chromosome number of 2n = 36. 

Key words: taxonomy, morphology, new Meloidogyne species, host range, scanning electron mi- 
croscopy. 

The International Meloidogyne Project, 
supported by the U.S. Agency for Inter- 
national Development (AID) and based at 
North Carolina State University, main- 
tains many populations of root-knot nema- 
todes in culture from tropical and sub- 
tropical regions of  the world. During a 
recent re-examination of  populations from 
this collection, tentatively identified as Me- 
loidogyne arenaria (Neal, 1889), Chitwood, 
1949 (1), one population (E 116), originally 
isolated from tobacco (Nicotiana tabacum L.) 
in Thailand, was found to have yery un- 
usual perineal patterns. In differential host 
tests (5), the responses were similar to those 
expected for M. arenaria, host race 2 (in- 
fective on tobacco, watermelon, tomato; 
noninfective on peanut, pepper, cotton). 
Cytologica ! examination revealed a chro- 
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mosome number of 2n = 36 (A. C. Trian- 
taphyllou, unpubl.), which is consistent for 
cytological race B of M. arenaria (6). After 
a detai led morphologica l  examina t ion ,  
however, these nematodes were found to 
be sufficently different from M. arenaria, 
and all other described species of the ge- 
nus, to be designated and described as a 
new species. The name Meloidogyne micro- 
cephala n. sp. is suggested, referring to the 
small head region of the male. 

MATERIALS AND METHODS 

Stock cultures of  M. microcephala n. sp. 
derived from the original isolate from 
Thailand were maintained on tomato (Ly- 
copersicon esculentum Mill. 'Rutgers') in the 
greenhouse at 22-28 C. Nematodes from 
greenhouse cultures were used for all mor- 
phologic and morphometric studies. Egg 
masses and adult females were hand picked 
from infected roots. Second-stage juveniles 
were hatched from egg masses in moist 
chambers. Males were obtained by incu- 
bating washed, infected roots in moist 
chambers;  the roots were periodical ly 
rinsed with water and males were collected 
from the washings. 

Light microscope (LM) studies: Eggs were 
fixed and mounted in 2% formalin. Sec- 
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ond-stage juveniles  and adult  males were 
fixed in hot  T A F  and m o u n t e d  in TAF.  
Adul t  females were fixed in 2% glutaral- 
dehyde  and the head  regions were re- 
moved  and m o u n t e d  in this fixative. 
Per ineal  pa t t e rns  were cut  f r o m  fresh, egg- 
laying females in 45% lactic acid and 
m o u n t e d  in glycerin.  Pho tographs  were 
taken using a br ight  field microscope.  
Drawings were  made  with a camera  lucida 
or  a drawing tube.  

Scanning electron microscope (SEM) studies." 
Juveniles,  males and per ineal  pa t te rns  were  
processed for  SEM as previously descr ibed 
(2-4).  T h e  specimens were viewed and 
p h o t o g r a p h e d  using an E T E C  Autoscan 
scanning e lec t ron  microscope opera t ing  at 
20 kV accelerating voltage or  a J E O L  T 2 0 0  
opera t ing  at 25 kV. 

Preparation of type material: Females, 
males, and juveniles  were  fixed in 2% glu- 
ta ra ldehyde  a t  7 C for  1 week. T h e  speci- 
mens were subsequent ly  washed in sodium 
cacodylate buffer ,  p H  7.4, for  24 hours  at 
7 C. Males and juveniles  were then  placed 
in a solution o f  1.5% glycerin in water  and 

slowly infi l trated with glycerin in an oven 
at 34 C. Af te r  washing in buffer ,  the fe- 
males were processed t h ro u g h  an e thanol  
dehydra t ion  series to 100% ethanol ,  then  
t r ans fe r red  to a solution o f  10% glycerin 
in 90% ethanol ,  and slowly infi l t rated with 
glycerin at r o o m  tempera tu re .  All glyc- 
er in-processed specimens were m o u n t e d  in 
desiccated glycerin on Cobb slides. 

SPECIES DESCRIPTION 

Meloidogyne microcephala n. sp. 

FEMALES: Measurements of holotype in glyc- 
erin: Body length 587 #m; body width 490 
#m; neck length 143 gin; neck width 169 
gm; stylet length 14.2 t~m; stylet knob 
height  2.0 ~m; stylet knob width 4.4 urn; 
dorsal esophageal  gland orifice (DGO) to 
stylet base 3.2 gin; exc re to ry  po re  to head  
end  32.0 gm. 

Description (Figs. 1-3; Tab le  1): Body 
usually small, ivory-colored,  globular  to 
ovoid in shape with distinct neck region 
and f la t tened to r o u n d e d  poster ior ly  (Fig. 
1 F). Head  region small, slightly set off  f rom 

TABC[ 1. Measurements of 30 females ofMeloidogyne microcephala n. sp. 

Coefficient 
Stand~trd of 
error  of Standard variability 

Character  Range Mean mean deviation (%) 

Linear (gm) 
Body length 450.0-840.0 601.2 17.63 96.31 16.0 
Body width 255.0-525.0 400.8 14.77 80.92 20.2 
Neck length 125.0-245.0 170.8 5.92 32.43 19.0 
Neck width 85.0-170.0 119.7 3.87 21.21 17.7 
Body length minus neck length 315.0-595.0 430.3 15.70 85.99 20.0 
Vulval slit length 17.8-23.8 20.8 0.27 1.60 7.7 
Vulva-anus distance 14.3-23.5 17.9 0.27 1.60 8.9 
Interphasmidial distance 17.8-27.9 23.6 0.53 2.76 11.7 
Stylet length 13.5-15.1 14.4 0.09 0.45 3.3 
Stylet knob height 2.0-2.9 2.4 0.04 0.18 8.5 
Styler knob width 3.7-4.7 4.2 0.05 0.27 6.4 
DGO 2.9-4.9 3.7 0.09 0.45 12.2 
Excretory pore to head end 32.0-71.2 51.6 2.05 11.30 21.9 

Ratios 
a 1.1-1.9 1.5 0.03 0.19 12.7 
Stylet knob width/height 1.5-2.4 1.8 0.04 0.21 11.7 

- - - )  

Fro. I. Line drawings of females ofMeloidogyne mic~vcephala n. sp. A) Esophageal region (lateral). B) Cephalic 
region (lateral). C-E) Perineal patterns showing variation typical for M. microcephala n. sp. F) Outlines of 
entire females. 
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FIo. 2. LM photographs of perineal pat terns of Meloidogyne microcephala n. sp. showing typical variation 
(A-E same scale as F). Scale 10 gm. 
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FIG. 3. SEM photographs of perineal patterns of Meloidogyne microcephala n. sp. showing cuticular flaps in 
tail terminus area (A, B same scale as C). Scale 10 ttm. 

body (Fig. 1 A,B). Head cap low, dumbbell- 
shaped in face view, in lateral view labial 
disc slightly raised above medial lips. An- 
nulations often present on head region. 
Cephalic framework delicate, with distinct 
vestibule and vestibule extension. Stylet 
small, delicate (Fig. 1 A,B). Cone narrow, 
curved dorsally, tapering to blunt tip; shaft 
straight, same width throughout.  Stylet 
knobs relatively large, square to rectan- 
gular, slope slightly posteriorly away from 
shaft. Anterior surface of  knobs occasion- 
ally indented. Distance between base of sty- 
let and DGO moderately long. Gland ori- 
fice branched, ampulla large. Procorpus 
and metacorpus distinct, metacorpal valve 
prominent  (Fig. 1 A). Subventral gland ori- 
fices branched and posterior to valve. 
Esophageal gland large; trilobed, dorsal 
lobe largest. Two small esophago-intesti- 
nal cells present near junction of metacor- 
pus and intestine. Excretory pore usually 
near level of  DGO. 

Perineal patterns (Figs. 1 C-E, 2, 3) ovoid 
to rectangular. Dorsal arch usually low and 
rounded (Fig. 2 C,D,E), occasionally high 
and more squarish (Fig. 2 A,B,F). Lateral 
lines visible, more pronounced near tail tip. 
Phasmids distinct, close to tail tip. Anus not 
visible in SEM (Fig. 3), covered by cuticular 
flap. Striations usually continuous. Dorsal 
striae coarse and wavy, form characteristic 
series of cuticular flaps, often in a windmill- 
shaped pattern, around tail terminus (Fig. 
3 C). Ventral striae frequently forked or 
divided near lateral line, may form wing 
on one side of pattern (Fig. 2 F). Edges of 
vulva usually smooth. Perivulval region 
with fine striae near lateral edges of vulva. 

MALES: Measurements of allotype in glyc- 
erin: Body length 1,301 #m; body width 
29.4 ttm; stylet length 21.2 ttm; stylet knob 
height 2.2 #m; stylet knob width 3.9 #m; 
stylet base to DGO 3.1 ttm; head end to 
middle of metacorpus valve 88.2 ttm; ex- 
cretory pore to head end 147.0 ttm; phas- 
mids to tail end 22.1 ttm; tail length 11.2 
ttm; spicule length 29.4 ~m; gubernaculum 
7.4 ttm; a = 44.3, c -- 116.7; body l eng th /  
head end to middle of  metacorpus valve 
14.8; excretory pore 11.3%. 

Description (Figs. 4-6; Table 2): Gener- 
ally slender nematodes, tapering to bluntly 
rounded ends with head narrower than tail 
end. Tail twisted through 90 °. Body an- 
nules pronounced, 2.2-2.5 #m at mid-body. 
Lateral field with four incisures, incom- 
pletely areolated (Fig. 4 E). Head region 
small, squarish, distinctly narrower than 
first body annule (Figs. 4 A,C,D, 5 A-C). 
Head cap low, not rounded, narrower than 
head region in lateral view (Figs. 4 A,C, 5 
A,B). In SEM, head structures small, rect- 
angular in face view (Fig. 6 A,B). Labial 
disc not wider than long axis of  medial lips 
and slightly raised above medial lips. In- 
dentations between medial lips and labial 
disc usually slight. Medial lips roughly rect- 
angular, outer  margins occasionally irreg- 
ular, lips not extending posteriorly over 
head region. Indication of lateral lips rare- 
ly present. Head region not annulated. 
Prestoma small, oval to hexagonal in shape. 
Inner  labial sensilla obscure. Cephalic sen- 
silla usually distinct. Ceaphalic framework 
weakly developed, vestibule and vestibule 
extension distinct. Styler slender, delicate 
(Figs. 4 A-D,  5 A-C); cone pointed, grad- 
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FIc.. 4. Line drawings of males of Meloidogyne microcephala n. sp. A) Esophageal region (lateral). B) Stylet 
(lateral). C) Cephalic region (lateral). D) Cephalic region (dorsal). E) Lateral field. F) Tail (lateral). G) Tail 
(ventral). 

ually increasing in diameter posteriorly, 
occasionally slightly wavy; shaft same width 
throughout or slightly wider anterior to 
knobs; styler knobs small, angular, set off 
from shaft. Distance from stylet base to 
DGO moderately long. Procorpus and 
metacorpus distinct (Fig. 4A), metacorpal 
valve pronounced; subventral gland open- 

ings posterior to valve; esophageal gland 
long with two equal-sized nuclei. Esopha- 
go-intestinal junction indistinct; intestinal 
caecum present. Excretory pore distinct, 
terminal excretory duct long. Hemizonid 
2-5 annules anterior to excretory pore. 
Usually one outstretched testis, rarely two 
testes. Sperm large, rounded, granular. 
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FIG. 5. LM photographs of males and second-stage juveniles ofMeloidogyne microcephala n. sp. A-C) Anterior 
portion of males (A, B lateral; C dorsal) (B, C same scale as A). D, E) Anterior portion of second-stage juveniles 
(D lateral; E dorsal). F) Tail of second-stage juveniles (lateral) (E, F same scale as D). All scales 4/~m. 

Spicules slender, blades curved dorsally 
(Fig. 4 F,G). Gubernaculum small, cres- 
cent-shaped. Tail bluntly rounded. Phas- 
mids distinct. 

SECOND-STAGE JUVENILES: Description 
(Figs. 5-7; Table 3): Body small, slender, 
tapering at both ends. Head region trun- 
cate. Head cap small, difficult to discern 
(Figs. 5 D,E, 7 A,D,E). In SEM, labial disc 
small, rounded, slightly elevated above me- 
dial lips (Fig. 6 C,D). Medial lips large, out- 
er margins indented. Medial lips and labial 

disc fused to form elongate head cap. Lat- 
eral lips triangular, margins may be irreg- 
ular, frequently fused to head region. Fu- 
sion of  lateral and medial lips forms right 
angle with lateral edge of  labial disc. Head 
region not annulated. Prestoma small, oval- 
shaped. Inner  labial sensilla distinct, open- 
ing on labial disc. Prestoma and inner la- 
bial sensilla in slight depression on labial 
disc. Cephalic sensilla indistinct. Cephalic 
framework weakly sclerotized. Vestibule 
and vestibule extension distinct. Stylet 
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FIG. 6. SEM photographs of males and second-stage juveniles of Meloidogyne microcephala n. sp. A) Face 
view of male. B) Lateral view of male (B same scale as A). C) Face view of second-stage juvenile. D) Lateral 
view of second-stage juvenile (D same scale as C). All scales 1 /~m. 

slender and delicate (Figs. 5 D,E, 7 A-E); 
cone pointed, increasing gradually in width 
posteriorly; shaft cylindrical, slightly wider 
anterior to stylet knobs; knobs low, slope 
slightly posteriorly. Distance from base of  
styler to DGO long. Procorpus slender, me- 
dian bulb distinct, ovoid with prominent  
valve (Fig. 7 A). Esophago-intestinal junc- 
tion between nerve ring and excretory pore 
obscure; esophageal gland lobe long, with 
three nuclei. Hemizonid 1-2 annules an- 
terior to excretory pore. Lateralfield with 
four incisures (Fig. 7 F,H). Body annules 
small and distinct, increase in size and be- 

come irregular in posterior tail region. Tail 
short, plump; hyaline tail terminus indis- 
tinct (Figs. 5 F, 7 F-I). Tai|  tip shape char- 
acteristic; tip frequently set off by deep an- 
nulations as small finger-like projection 
from remainder of tail. Rectal dilation 
large. Phasmids difficult to discern, located 
short distance posterior to anal opening. 

EGGS: Measurements of 30 eggs: Length 
82.5-100.8 um (mean 91.7 ~m +- 4.4 stan- 
dard error of  mean); width 38.7-44.0 t~m 
(39.8 t~m + 1.3). Egg morphology typical 
for the genus. 

DIAGNOSIS: Meloidogyne microcephala n. 
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FIG. 7. Line drawings of second-stage juveniles of Meloidogyne microcephaIa n. sp. A) Esophageal region 
(lateral). B, C) Stylets (lateral). D) Cephalic region (lateral). E) Cephalic region (dorsal). F-I) Variation in tail 
morphology (F, H lateral; G, I ventral). 

sp. is morphologically distinct from all oth- 
er described members of the genus. Di- 
agnostic characters include: in the female, 
the perineal pattern with its low, rounded 
to occasionally high, squared dorsal arch, 
coarse striae, and series-of cuticular flaps 
around the tail terminus; in the male, the 
small, narrow, truncate head region and 

low, flat head cap and the morphology of 
the stylet; in the second-stage juvenile, the 
characteristic tail tip, set off as a small fin_ 
ger-like projection. 

This species resembles M. arenaria in a 
few characteristics, but differs from the lat- 
ter species in the following: in the female, 
the perineal pattern is unique; the stylet is 
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TABLE 2. Measurements of 30 males of Meloidogyne microcephala n. sp. 

Coefficient 
Standard of 
error of Standard variability 

Character Range Mean mean deviation (%) 

Linear (Urn) 
Body length 979.0-1,521.9 1,314.5 25.66 140.62 10.7 
Greatest body width 25.4-35.6 30.4 0.45 2.49 8.2 
Body width at stylet knobs 15.9-21.3 17.1 0.27 1.51 8.8 
Body width at excretory pore 21,4-28.7 24.7 0.32 1.78 7.2 
Stylet length 19.1-21.6 20.6 0.11 0.62 3.0 
Stylet knob height 2.2-2.9 2.4 0.03 0.18 7.5 
Stylet knob width 3.7-4.8 4.3 0.05 0.27 6.3 
DGO 2.9-4.0 3.5 0.05 0.27 7.7 
Head end to metacorpus valve 76.4-93.2 83.8 0.99 5.43 6.5 
Excretory pore to head end 118.2-169.1 145.7 2.58 14.15 9.7 
Tail length 11.1 - 15.5 13.0 0.18 0.98 7.5 
Spicule length 24.0-29.5 26.6 0.27 1.34 5.0 
Gubernaculum length 6.7-8.4 7.5 0.27 0.62 8.3 

Ratios 
a 44.7-60.7 53.0 0.78 4.26 8.0 
c 74.5-133.6 101.3 2.36 12.91 12.7 
Body length/head end to 12.6-19.0 15.7 0.27 1.46 9.3 

metacorpus valve 
Stylet knob width/height  1.6-2.0 1.8 0.02 0.13 7.2 

Percentages 
Excretory pore 8.8-13.8 11.2 0.21 1.13 10.1 

s h o r t e r  ( r a n g e  1 3 . 5 - 1 5 . 1  # m ,  m e a n  14 .4  
~ m ;  M. arenaria 1 3 . 3 - 1 6 . 7  ~ m ,  15.1 t~m) 
a n d  t h e  k n o b s  d i f f e r  in s h a p e ;  t h e  d i s t a n c e  
f r o m  t h e  b a s e  o f  t h e  s ty le r  t o  t h e  D G O  is 
s h o r t e r  ( 2 . 9 - 4 . 9  ~ m ,  3 .7  # m ;  M. arenaria 

3 . 1 - 6 . 6  tsm, 4 .8  Urn). I n  m a l e s ,  t h e  s t y l e t  is 
s h o r t e r  ( 1 9 . 1 - 2 1 . 6  u m ,  2 0 . 6  u m ;  M. are- 
naria 1 9 . 7 - 2 8 . 4  ~ m ,  2 2 . 7  t~m), a n d  t h e  sty- 
l e t  k n o b  s h a p e  is a l so  d i f f e r e n t .  T h e  dis-  
t a n c e  f r o m  t h e  b a s e  o f  t h e  s ty l e t  t o  t h e  

TABLE 3. Measurements of 30 second-stage juveniles of Meloidogyne microcephala n. sp. 

Character Range 

Coefficient 
Standard of 
error of Standard variability 

Mean mean deviation (%) 

Linear (/2m) 
Body length 415.6-471.7 457.5 2.60 14.24 3.1 
Greatest body width 11.9-15.8 14.2 0.18 0.89 6.3 
Body width at anus 8.9-10.9 10.2 0.09 0.53 5.2 
Stylet length 9.1-9.8 9.3 0.04 0.22 2.4 
Stylet base to head end 12.8-14.3 13.6 0.44 2.40 17.7 
DGO 2.5-3.8 3.1 0.07 0.36 11.6 
Head end to metacorpus valve 50.7-62.3 55.1 0.45 2.40 4.3 
Excretory pore to head end 74.1-89.0 83.6 0.62 3.56 4.3 
Tail length 42.9-50.0 45.4 0.53 2.85 6.3 

Ratios 
a 29.0-38.3 32.4 0.39 2.11 6.5 
b 7.4-8.9 8.3 0.07 0.36 4.3 
c 9.1-13.6 10.1 0.14 0.78 7.7 
d 3.4-5.0 4.5 0.07 0.36 8.0 

Percentages 
Excretory pore 15.4-19.3 18.3 0.15 0.80 4.4 
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DGO is shorter (2.9-4.0 urn, 3.5 #m; M. 
arenaria 3.7-7.9 tzm, 5.8 /~m). In second- 
stage juveniles, the stylet length is shorter 
(9.1-9.8/~m, 9.3 #m;M. arenaria 10.1-11.9 
urn, 11.1 ~m), and the tail shape is distinct. 

Some of  the perineal patterns of M. mi- 
crocephala n. sp. with high square dorsal 
arch may superficially resemble perineal 
patterns of Meloidogyne incognita. They dif- 
fer, however, from the latter species by the 
structure of the lateral fields and the cu- 
ticular flaps around the tail terminus cov- 
ering the anal opening. 

HOLOTYVE: Female.  Isolated f rom 
greenhouse culture propagated on tomato 
(Lycopersicon esculentum Mill. Rutgers) de- 
rived from original population obtained 
from tobacco (Nicotiana tabacum L.) in 
Chiang Mai, Thailand. Slide T-376t USDA 
Nematode Collection (USDANC), Belts- 
ville, Maryland. 

ALLOTYPE: Male. Same data as holotype. 
Slide T-377t USDANC, Beltsville, Mary- 
land. 

PARATYVES: Females, males, and second- 
stage juveniles. Same data as holotype. 

USDANC, Beltsville, Maryland. Universi- 
ty of California Davis Nematode Collection 
(UCDNC), Davis, California. 

TYPE HOST AND LOCALITY: Roots of  to- 
bacco plants (Nicotiana tabacum L.) from 
Chiang Mai, Thailand. 
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