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Description of the Blueberry Root-knot 
Nematode, Meloidogyne carolinensis n. sp: 

J. D. EISENBACK~ 

Abstract: Meloidogyne carolinensis n. sp. is described from cultivated highbush blueberry 
(cultivars derived from hybrids of Vaccinium corymbosum L. and V. lamarckii Camp) in North 
Carolina. The perineal pattern of the female has a large cuticular ridge that surrounds the 
perivulval area, and the excretory pore is near the level of the base of the stylet. The stylet is 
15.9 ,am long and the knobs gradually merge with the shaft. The head shape and stylet morphol- 
ogy of the male are quite variable. The typical head and four variants, as well as the typical 
stylet and two variants, are described. The labial disc, medial lips, and lateral lips of second- 
stage juveniles are fused and in the same contour. The head region is not annulated. Mean 
juvenile length is 463.7 /~m, stylet length is 11.9 /un, and tail length is 42.5 #m. Key words: 
taxonomy, morphology, new Meloidogyne species, host range, scanning electron microscopy. 

Journal of Nematology 14(3):303-317. 1982. 

A b i o l o g i c a l  s t u d y  o f  a n  u n d e s c r i b e d  
species  o f  r o o t - k n o t  n e m a t o d e  p a r a s i t i z i n g  
c u l t i v a t e d  a n d  w i l d  b l u e b e r r i e s  in  N o r t h  
C a r o l i n a  was  c o n d u c t e d  in  1967 (6). Obse r -  
v a t i o n s  o n  t h e  m o r p h o l o g y ,  cy to logy ,  m o d e  
o[  r e p r o d u c t i o n ,  a n d  hos t  r a n g e  r e v e a l e d  
m a n y  u n u s u a l  f ea tu re s  p e c u l i a r  to th is  spe- 
cies. D i f f e r e n c e s  i n  m o r p h o l o g y  w e r e  ob- 
se rved  in  s h a p e  of  t h e  p e r i n e a l  p a t t e r n  a n d  
l o c a t i o n  o[  t he  e x c r e t o r y  p o r e  in  t h e  f ema le .  
C y t o l o g i c a l  s tud i e s  i n d i c a t e d  t h a t  t he  m o d e  
of  r e p r o d u c t i o n  was o b l i g a t o r i l y  a m p h i -  
tn i c t i c  a n d  t h e  h a p l o i d  c h r o m o s o m e  n u m -  
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b e r  was 17 o r  18. H o s t  r a n g e  s tud ies  s h o w e d  
t h a t  o n l y  b l u e b e r r y  (Vaccinium sp.) a n d  
aza lea  (Rhododendron sp.) w e r e  g o o d  hosts .  
A few m a t u r e  f ema le s  d e v e l o p e d  w i t h  s o m e  
r e p r o d u c t i o n  pos s ib l e  o n  b e e t  (Beta vuIgaris 
L.), r a d i s h  (Raphanus sativus L.),  c a b b a g e  
(Brassica oleracea var .  capitata L.),  c a r r o t  
(Daucus carota var .  sativa D.C.) ,  a n d  t o m a t o  
(Lycopersicon esculentum Mil l . ) .  J u v e n i l e s  
d e v e l o p e d  a b n o r m a l l y  u p  to t he  f o u r t h  s tage  
on  c u c u m b e r  (Cucumis sativis L.),  m u s k -  
m e l o n  (Cucumis rnelo vat'. reticulatus 
N a u d . ) ,  w a t e r m e l o n  (Citrullus vulgaris 
Schrad . ) ,  s q u a s h  (Cucurbita pepo L.),  c o r n  
(Zea mays L.),  w h e a t  (Triticum aestivum 
L.), a n d  oa ts  (Arena sativa), a n d  t h e r e  was 
no  r e p r o d u c t i o n .  E g g p l a n t  (Solanum 
melongena L.), t o b a c c o  (Nicotiana tabacum 
L.), p e p p e r  (Capsicum frutescens L.),  c o t t o n  
(Hibiscus esculentus L.),  swee t  p o t a t o  
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Fig. 1 (A-I). Drawings of females of Meloidogyne carolinensis n. sp. A) Anterior portion (lateral). B-E) 
Outlines of whole specimens (lateral). F-I) Perineal patterns. 
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'Fable 1. M e a su remen t s  of  30 females of  Meloidogyne carolinensis n. sp. 

Mean  ± Coefficient 
R a n g e  std. er ror  S tandard  of  

Charac ter  (#m) (#m) devia t ion  var iabi l i ty  

Who le  females 
Body l eng th  373.5-690.3 508.6 ± 13.71 75.5 14.8 
Body l eng t h  w i t h o u t  neck 297.0-507.6 377.9 ± 10.71 58.7 15.5 
Neck l eng th  71.0-236.7 130.6 _+ 6.81 37.3 28,6 
Neck wid th  68.4-174.6 96.2 + 3.83 21.9 21.8 
Body wid th  315.0-593.1 444.4 ___ 13.51 74.0 16.7 
Body l e n g t h / b o d y  width  1.9- 5.6 4.0 ± 0.15 0.8 20.8 
Body l eng th  w i thou t  neck /body  

wid th  0.9- 1.5 1.2 + 0.03 0.1 12.5 

Excised female  heads  
Stylet l eng th  14.9- 16.9 15.9 ± 0.10 0.6 3.4 
Stylet knob  he igh t  1.9- 2.8 2.3 ± 0.03 0.2 7.4 
Stylet k n o b  width  3.3- 4.4 4.0 ± 0.04 0.2 5.9 
Dorsa l e sophagea l  g land  orifice 2.4- 5.9 4.6 ± 0.14 0.8 17.3 

to stylet  base 
Excretory pore to head  end  8.6- 28.2 13.9 ± 0.66 3.6 26.1 

Per inea l  pa t t e rns  
V u l v a l l e n g t h  14.9- 23.7 20.2 ± 0,34 1.8 9.2 
Anus  to vulva  (center) dis tance 5,6- 24.2 16.4 _+ 0,62 3.4 20.7 
In t e rphasmid ia l  d is tance  14.0- 34.7 27.8 ± 0,81 4.4 16.0 

Tab l e  2. M e a su remen t s  of 30 males  of  Meloidogyne carolinensis n. sp. 

Mean  + Coefficient 
R a n g e  std. er ror  S tandard  of 

Charac ter  (#m) (/~m) devia t ion  var iabi l i ty  

L inea r  
Body l eng th  1,253.7-1,980.0 
Body width  32.1- 44.5 
Stylet l eng th  17.4- 21.9 
Stylet knob  he igh t  2.3- 3.0 
Stylet knob  width  3.6- 5.2 
Dorsal  esophageal  g land  oritice 

to stylet base 1.9- 5.2 
Esophagus  l e n g th  (center  of  

m e d i a n  bu lb  to head  end) 75.5- 98.0 
Excretory pore  to head  end 126.3- 180,9 
Body width  at stylet base 15.7- 19.1 
Body wid th  at excretory pore 25.6- 31.3 
Ta i l  l eng th  4.9- 10.4 
Spicule l eng th  27.0- 35.3 

Rat ios  
Body length~body width  = a 32.3- 49,9 
Stylet l e n g t h / b o d y  wid th  at 

styler base 
Stylet knob  w i d t h / h e i g h t  

Percentages 
Excretory pore  

0.9-  1.3 
1.5- 1.93 

1,487.5 _____ 26.56 145.5 9.8 
36.6 __ 0.49 2.7 7.3 
20.0 ----- 0.21 1.1 5.6 

2.7 + 0.03 0.2 5.4 
4.4 + 0.06 0.3 7.6 

4.0 +__ O.13 0.7 18.4 

86.8 ----- 1.13 6.2 7.2 
151.8 + 2,53 13,9 9,1 

17.5 _____ 0.17 0.9 5.2 
28.7 + 0.30 1.7 5.8 

7.4 +__ 0.26 1.4 19.1 
31.7 + 0.44 2.4 7.6 

40.7 ----- 0.64 3.5 8,6 

1.2 -4- 0.01 0.1 7.2 
1.67 ± 0.01 0.02 7.8 

9.6-  12.4 11.0 ± O.O0 O.Ol 9.8 
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T a b l e  3. Measurements  of 30 second-stage juveni les  of Meloidogyne carolinensis n. sp. 

Mean ___ Coefficient 
Range  std. e r ro r  S tandard  of 

Charac te r  (#m) (#m) dev ia t ion  va r i ab i l i ty  

L i n e a r  
Body l eng th  416.7 -515.7 463.7 _+ 4.89 26.8 5.8 
Body wid th  13.4 - 17.6 15.1 "4- 0.17 0.9 6.3 
Styler l eng th  10.9 - 13.1 11.9 + 0.11 0.6 5.3 
Styler base to head  end 13.6 - 15.6 14.6 --+ 0.08 0.5 3.1 
Dorsal  esophageal  g land  oritice 

t o s t y l e t  base 3.0 - 4.7 3.9 -+- 0.08 0.5 11.5 
Esophagus  Iength  (center of 

m e d i a n  bu lb  to head  end) 53.1 - 78.2 60.0 + 0.82 4.5 7.5 
Excre tory  pore  to head  end 73.4 - 86.1 80.4 ___ 0.65 3.6 4.4 
T a i l l e n g t h  34.7 - 49.0 42.5 _+ 0.71 3.9 9.2 
Body w i d t h  at  anus  9.7 - 11.8 10.8 _+ 0.09 0.5 4.6 

Rat ios  

Body l e n g t h / b o d y  wid th  = a 27.2 - 36.3 30.7 _+ 0.41 2.2 7.3 
Body l eng th / e s opha gus  l eng th  = b 5.74- 8.61 7.76 ± 0.56 0.01 4.2 
Body l e n g t h / t a i l  l eng th  = c 9.65- 13.25 10.94 ± 0.95 0.02 9.1 
T a i l  l e n g t h / t a i l  w id th  at  anus  = d 3.2 - 4.9 3.9 ___ 0.07 0.4 9.2 

Percentages 

Excre tory  pore  16.0 - 19.0 17.5 _+ 0.00 0.01 8.2 

(Ipomoea batatas [L.] Lam.), strawberry 
(Fragaria chiloensis [Duch.] var. ananassa 
Baily), elm (Ulmus americana L.), maple 
(Acer saccharinum L.), and coffee (Co[Jea 
arabica L.) were poor hosts, and juveniles 
usually did not progress beyond the second 
stage. Few nematodes penetrated bean 
(Phaseolus vulgaris L.), lima bean (Phase- 
olus lunatus L.), soybean (Glycine max [L.] 
Merr.), or cowpea (Vigna sinensis [Turner] 
Savi). The  nematode was found in 24 of 63 

North Carolina commercial blueberry 
plantings sampled in 1967 and is probably 
indigenous to that state. It parasitized high- 
bush, lowbush (V. angustifolium Ait.), and 
creeping blueberry (V. crassifolium Andr.), 
as well as several cultivars of cultivated 
blueberry. A species description has not  
been published, and the species name pro- 
posed by Fox has remained unofficial (5,7, 
10). The  purpose of this study is to describe 
tttis nematode as the "blueberry root-knot 

Fig. 2 (A-B). SEM pho tographs  of the head of a female of Meloidogyne carolinensis n. sp., face and  
la tera l  views, a'espectively. 
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nematode,"  Meloidogyne carolinensis n. sp., 
as suggested by Fox. 

Root-knot  nematodes have been found 
associated with cultivated highbush blue- 
berry (cultivars derived from hybrids of 
Vaccinium corymbosum L. and V. lamarckii 
Camp.) for many years. Meloidogyne spp. 
on blueberry may have been identified in- 
correctly as M. incognita (1,8) or listed as 
unidentified species (9,12). 

MATERIALS AND M E T H O D S  

Three  mature  highbush blueberry 
plants (cv. Wolcott)  heavily infected with 
M. carolinensis n. sp. were collected from 
the type locality (farm near Charity, North  
Carolina) and maintained in a greenhouse 
at 22-28 C. All morphologic and morpho- 

metric studies were made from these cul- 
tures. 

Males and second-stage juveniles were 
obtained by incubat ing pieces o[ infected 
washed roots in a moist chamber. Light  
microscope (LM) observations were made 
from temporary mounts of specimens that 
were gently heat-killed in water and 
mounted  in 2% formalin. Fixed material  
was always compared to live specimens 
motmted in 0.85 % saline. Males and second- 
stage juveniles were prepared for scanning 
electron microscopy (SEM) as previously 
reported (2,3). Females were prepared for 
LM and SEM observations of heads, per- 
ineal patterns, and stylets as described 
earlier ('1). Stylets of males and juveniles 
were dissected 1or SEM by adapt ing the 
technique developed for removal of the 
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Fig.  3 (A-B) .  P h o t o g r a p h s  o f  f e m a l e s  o f  AIeloidog),ne caro[inensis n. sp.  A) L M  p h o t o g r a p h  o f  l h e  a n -  
lerior portion with stylet (lateral). B) SEM photograph of an excised styler. 
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stylets of females. Eggs were mounted  in 2% 
formalin. All LM observations were made 
within 4 h after processing, and photo- 
graphs were taken with a bright field micro- 
scope. At least 100 specimens of each stage 
were examined by LM and SEM. 

Type  specimens were prepared as for 
SEM (2), except that after dehydrat ion in 
100% ethanol, the specimens were trans- 
ferred into a solution of 10~/{ glycerin in 
90% ethanol. T h e  ethanol was allowed to 
evaporate slowly at room tempera tme until  
the specimens were infiltrated with glycerin. 

SPECIES D E S C R I P T I O N  

Meloidogyne carolinensis n. sp. 

FEMALES: Measurements of 30 females 
are listed in Table  1. Measttrements of holo- 
type in glycerin: Length, 566.7 ~m; body 
width, 426 ~m; body neck length, 124.7 /~m; 
neck width, 110.0 /xtn; stylet length, 16.4 
~tm; stylet knob height, 2.4 t~m; dorsal gland 
orifice to styler base, 4.9/m~; excretory pore 
to head end 10.0 ttm. 

Description (Figs. 1-4): Body trans- 
htcent-white, variable in size, pear-shaped 
to ovoid, width often greater than length 
without  neck. Neck prominent,  cuticular 
anlmlations on body finer posteriorly. Body 
posteriorly flattened, with slight protuber- 
ance. In SEM (Fig. 2), stoma slit-like, lo- 
cated in ovoid prestomatal cavity, sur- 
rounded by pit-like openings of six inner 
labial sensilla. Raised labial disc, separated 
from lips by a deep groove. Labial disc often 
rectangular, may be indented medially on 
one or both sides, often marked by two or 
four bumps. Lateral  and medial lips often 
fused, forming one structure. Head region 
set off, with 2-3 annulations. In LM (Fig. 
3A), cephalic framework weak, hexaradiate, 
lateral sectors slightly enlarged, vestibule 
and extension prominent .  Excretory pore 
anterior to stylet base. Stylet delicate; cone 
slightly curved dorsally; shaft enlarged pos- 
teriorly; knobs tapering onto shaft, separate, 
rounded posteriorly. Distance of dorsal 
esophageal gland orifice to styler base ap- 

A / / / / /  
\ \ \ \ \  

proximately one shaft-length; orifice 
branched into three channels; ampulla 
large. Sub-ventral gland orifices branched; 
located immediately posterior to enlarged 
lumen of median bulb. Esophageal gland 
with one large dorsal lobe with one nucleus; 
two small nucleated subventral gland lobes, 
variable in shape, position, and size, usually 
posterior to dorsal gland lobe; two small 
rounded,  esophageal-intestinal cells with 
nuclei attached to dorsal lobe between me- 
dian bulb  and intestine. 

Perineal pattern (Figs. 1F-I, 4) rounded 
to hexagonal; striae coarse, sometimes con- 
tinuous, smooth to wavy. One large nearly 
continuous cuticular ridge surrounds peri- 
vulval region; coverslip causes ridge to fold 
inward making anus appear  below a 
cuticular flap. Perivuval region free of 
striae. Phasmids small, directly on either 
side of anus; surface structure not  apparent  
in SEM (Fig. 4F). 

MALES: Measurements of 30 males are 
listed in Tab le  2. Measurements of allotype 
in glycerin: Body length, 1,324.2 ~tm; body 
width, 34.7 ~m; stylet length, 20.9 tzm; 
styler knob height, 2.5 /~m; stylet knob 
width, 4.2 ttm; dorsal esophageal gland 
orifice to styler base, 4.2 txm; esophagus 
length (center of median bulb to head end), 
86.4 /xm; excretory pore to head end, 150.7 
~m; body width at stylet base, 16.3/~m; body 
width at excretory pore, 29.2/zm; tail length, 
6.8 tml; spicule length, 28.1 t~m. 

Description (Figs. 5A-C, 6-10): Body 
vermiform, tapering anteriorly, bluntly 
rounded posteriorly, tail twisting through 
90 °. Head shape extremely variable. Typ-  
ically, head cap low, rounded,  tapers pos- 
teriorly; head region narrower than first 
body annule. In SEM (Fig. 6), stoma slit- 
like, located in ovoid to hexagonal pre- 
stomatal cavity surrounded by pit-like open- 
ings of six inner labial sensilla. Labial  disc 
rounded,  slightly raised near prestoma. 
Rounded medial lips fused with labial disc 
forming elongate head cap. Four cephalic 
sensilla marked by cuticular depressions on 
medial lips. Amphidial  apertures appear as 

Fig. 4 (A-F). Perineal patterns of Meloidogyne carolinensis n. sp. A-E) LM photographs showing vari- 
ation typical for the species. F) SEM photograph showing the raised cuticular ridge surrounding the peri- 
vulval area. Figs. A and B are photographs of the same pattern, except the striae have been traced in ink 
in Fig. A. 
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Fig. 5 (A-G). Drawings of males and second-stage juveniles of Meloidogyne carolinensis n. sp. A) An- 
terior portion of male (lateral). B) Male tail (lateral). C) Male tail (ventral). D) Anterior portion of second- 
stage juvenile (lateral). E-F) Juvenile tails (lateral). (;) Juvenile tail (ventral). 
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Fig. 6 (A-B). SEM photographs of the head of a male of Meloidogyne  carolinensis n. sp., face and 
lateral view, respectively, 

elongate slits between labial disc and lateral 
sectors of head region. Lateral lips absent. 
Head region not annulated. Body annules 
distinct. Lateral field with four incisures, 
areolated, beginning near level of styler 
base. 

In LM (Fig. 7A), cephalic framework 

moderately developed, hexaradiate, lateral 
sectors slightly enlarged. Vestibule and ex- 
tension distinct. Stylet morphology ex- 
tremely variable (Figs. 7, 8, 10). Typical 
stylet opening marked by slight protuber- 
ance several microns from styler tip; cone 
pointed, gradually increasing in diameter 

il 

Fig. 7 (A-C).  Head shape and styler morphology of a male of Meloidogyne  earoli~e~sis n. Sl>. A-B) LM 
photograph and drawing, respectively. C) SEM photograph of all excised stylet. 
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posteriorly, junct ion of cone and shaft un- 
even (Fig. 7). Shaft cylindrical, o[ten 
slightly wider near middle. Knobs broadly 
elongate, set off from sha{t, indented slightly 
anteriorly, rounded posteriorly. Distance of 
dorsal esophageal gland orifice to stylet base 
moderately long, orifice branched into three 
channels, ampulla indistinct. Procorpus dis- 
tinct, median bulb ovoid, tr iradiate lining 
o[ enlarged lmnen of median bulb thinner  
than in female. Subventral gland orifices 
posterior to lining of median bulb, 
branched. Esophago-intestinal junct ion at 
level of nerve ring, indistinct. Two  nuclei 
in gland lobe; lobe variable in length. In- 
testinal caecum extending anteriorly near 

3,jury 1982 

level of medium bulb. Excretory pore dis- 
tinct. Hemizonid 3-4 annules anterior  to 
excretory pore. Usually one testis, some- 
times two testes; outstretched or anteriorly 
reflexed. Spicules arcuate; gubernaculum 
distinct. Tai l  short, phasmids at level of 
cloaca. 

Variants (Figs. 8-10): More than 50% 
of all males exhibi t  distinct morphological  
variat ion in head morphology. Differences 
exist ill height and shape of head cap and 
width of head region relative to width o[ 
first body annule. Variant  1 (Figs. 8A, 9A), 
similar to typical male except head cap 
much higher, more rounded.  Variant  2 
(Figs. 8B, 9B), one or both medial lips lower 

Fig. 8 (A-l)). LM photographs of males of Meloidog),ne caroliuensis n. sp. showing variation in head 
~hape and styler morphology. 
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Fig. 9 (A-D). SEM photographs of males of Meloidogyne caroliT~ensis n. sp. showing variation in head 
shape. 
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than labial disc. Variant  3 (Figs. 8C, 9C), 
labial disc distinctly elevated near pre- 
stomatal cavity. Variant 4 (Figs. 8D, 9D), 
head cap narrower than in typical male; 
head region wider than first body annule. 
Stylet morphology also variable (Figs. 8, 10). 
Variant 1 (Figs. 8B, 10B), stylet much 
longer, knobs larger, more rounded,  taper- 
ing anteriorly onto shaft. Variant  2 (Figs. 
8C-D, 10C), knobs anteriorly indented, 
each knob often appears as two; knobs 

3, July 1982 

taper on to  shaft. Stylet morphology cannot  
be correlated to differences in head mor- 
phology. 

SECOND-STAGE JUVENILES:  Meas- 
uremenls of 30 juveniles are presented ill 
Tab le  3. 

Description (Figs. 5D-G, 11-12): Body 
vermiform, tapering more posteriorly than 
anteriorly. In SEM (Fig. 11), stoma slit-like 
located in ovoid prestomatal cavity, sur- 
rounded by pit-like openings of six inner 

Fig. 10 (A-D). SIGM photographs of excised stylets o1" males of Aleloido,gyne carolin+msis n. sp. showing 
varialion in stylet morphoh)gy. 
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A 

Fig. 11 (A-B). SEM photographs of heads of second-stage juveniles of Meloidogyne carolinensis n. sp., 
face and lateral views, respectively. 

labial seusilla. Labial  disc, medial  lips, and 
lateral lips fused into one structure. Labial  
disc elevated above stoma. Medial lips with 
rounded margins, cephalic sensilla distinct. 
Amphidial  apertures between labial disc 
and lateral lips. Head region smooth. Body 
ammles  distinct. Lateral  fiekl with four 
incisures, areolated. In  L M  (Fig. 12), 

cephalic f ramework weak, hexaradiate.  
Vestibule and vestibule extension more dis- 
tinct than rest of framework.  Stylet cone in- 
creases in width gradually, shaft cylindrical, 
knobs rounded and set off from shaft. Dis- 
tance of dorsal esophageal gland orifice to 
stylet base long; orifice branched into chan- 
nels; ampul la  indistinct. Median bu lb  

B 

t 

ii ~, 

C 

] 

Fig. 12 (A-C). Head shape and stylet morpboh)~y of seco~d-,lage .im.e~61es of Meloidogy~e caro!fnensis 
n. sp. A-B) LM photograph and drawing, respectively. C) SEM photograph of an excised stylet~ 
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ovoid; t r i radiate l ining strongly sclerotized; 
subventral  gland orifices branched,  located 
immediate ly  posterior to enlarged lumen of 
median bulb.  Esophago-intestinal junct ion 
indistinct, at level of nerve ring. Gland lobe 
of variable length with three nuclei. Ex- 
cretory pore distinct; hemizonid 1-2 annttles 
anter ior  to excretory pore. Ta i l  annulat ions 
larger and more  irregular posteriorly. Hy- 
aline tail terminus distinct. Phasmids small, 
always below level of anus. 

EGGS: Measurements of 30 eggs. 
Length:  79.6-104.2 t~m (mean 90.7 /zm -+- 
1.10 std. error of mean  at 95% confidence 
intervals); width: 34.0-41.6 /~m (37.1 -+- 
0.38); l ength /wid th  ratio: 1.9-3.0 (2.5 ± 
0.05). 

Description: Egg morphology  typical for 
the genus. Egg masses usually enclosed 
within root  tissues. Sometimes eggs not  
present, a l though gelatinous mat r ix  very 
large. 

DIAGNOSIS:  Meloidogyne carolinensis 
n. sp. is morphological ly  distinct from all 
other described species in tile genus. T h e  
perineal  pa t tern  and stylet morphology  of 
the female, the shape of the male  head and 
stylet morphology,  and the head and stylet 
morphology  of the second-stage juvenile are 
useful diagnostic characters. 

H O L O T Y P E :  Female. Isolated f rom 
cult ivated highbush blueberry  cv. Wolcot t  
(cultivars derived from hybrids of Vac- 
cinium corymbosum L. and V. lamarckii 
Camp) collected from type locality and 
main ta ined  in a greenhouse. Collected June, 
1980. Slide T-356t. USDA Nematode  Col- 
lection (USDANC), Beltsville, Maryland, 
USA. 

A L L O T Y P E :  Male. Same data as holo- 
type. Slide T-357t. USDANC, Beltsville, 
Maryland,  USA. 

PARATYPES:  Females, males, and 
second-stage juveniles. Same data as holo- 
type. USDANC, Beltsville, Maryland.  Uni- 
versity of California Davis Nematode  Col- 
lection (UCDNC),  Davis, California, USA. 

TYPE H O S T  AND L O C A L I T Y :  Roots 
of cult ivated highbush blueberry  cv. Wol- 
cott (cultivars derived f rom hybrids of Vac- 
cinium corymbosum L. and V. lamarekii 
Camp) from the Frank Blanchard farm on 
state Highway 11 near  Charity, Nor th  Caro- 
lina. 

DISCUSSION 

T h e  blueberry root-knot  nematode  was 
the first Meloidogyne species found to be 
obligatorily parthenogenetic.  Along with 
M. microtyla, M. megatyla, and other am- 
phimictic  species, M. carolinensis n. sp. is 
not considered to be successful agricul- 
turally because it has a l imited host range 
and an isolated dis tr ibut ion (11). Even 
though the parasitic abili ty of this species 
is quite restricted, the morphological  vari- 
abili ty of tile male is striking. T h e  charac- 
teristic perineal  pa t tern  and the narrow host 
range distinguishes M. carolinensis n. sp. 
from all other  species. Ti le  morphology  of 
the stylet of the female and second-stage 
juvenile  anti the head morphology  of the 
second-stage juvenile are generally stable. 
T h e  most variable characters are the ]lead 
shape and stylet morphology  of males. T h e  
five distinct types of male head shapes and 
three different types of stylets are not corre- 
lated: any par t icular  head shape may 
possess any type of stylet. Apparent ly ,  dis- 
t inct  gaps occur between the morphological  
variants, and M. carolinensis n. sp. may be 
a polymorphic  species with respect to mor- 
phology of the male. If  that  is true, then 
perhaps this species could be a useful tool 
in tile study of the genetics of root-knot  
nematodes.  
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Three New Species of the Super Family Neotylenchoidea 
(Nematoda: Tylenchida) from Pakistan ~ 

3,1. A. ~]AQBOOL ~' 

Abstract: Three  new species in the super  family Neotylenchoidea collected in Pakistan dur ing  
1979-80 are described. New species Nothotylenchus gohleni is related to N. affinis Thorne ,  1941 
but  is differentiated by its longer, nmre robust  body with tine cuticular annules, a more posterior  
vulva, inconspicuous basal knobs of the stylet, and poorly developed metacorpal area. N. geraerti 
and N. tuberosus are also close to this undescribed species, hut  they have a more developed 
metacorpal area and a larger post uterine sac. lloleodorus zaini n.sp. is distinguished by its ex- 
cretory pore open at a level with the base of the posterior esophageal bulb and by six distinct 
lines in the lateral field. Paurodontella sohailai n.sp. is closely related to P. densa (Thorne,  1941) 
Hussain & Khan, 1967 and P. minuta Hussain & Khan, 1967 but  differs ftonl them by its larger 
body, shape of tail, and seven incisures in the lateral field. Key words: taxonomy, Nematoda,  
Tylenchida, Neotyleuchoidea, NotlwtyleTwhus. Boleodorus, Paurodm~tella. 

Journa l  of Nematology 14(3):317-323. 1982. 

Dur ing  an extensive study of p lan t  anti 
soil nematodes  of Pakis tan d u r i n g  1979-80, 
three new species in the superfami ly  Neo- 
ty lenchoidea  were identified. These  species, 
each be long ing  to a different  genus and en- 
compass ing the families P a u r o d o n t i d a e  and 
Notho ty lench idae ,  are described and il- 
hts t ra ted herein. Only  one o ther  species of  
nematode ,  Boleodorus pahistansis (6), has 
been described from Pakistan.  

Specimens used in the descr ipt ion were 
recovered from soil by improved  B a e r m a n n  
funnel  method ,  kil led by gent le  heat,  fixed 
in T.A.F. ,  trans[erretl  to glycerine solut ion 
con ta in ing  traces of picric acid, and al lowed 
to dehydra te  slowly. Processed specimens 
were m o u n t e d  in dehydra ted  glycerine on 
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p e r m a n e n t  slides for observat ion  and  meas- 
urements .  Drawings  were made  by means 
of a camera  lucida. 

Nothotylenchus goldeni n.sp. 
(Fig. 1) 

Paratypes (16 females): L = 0.73-0.84 
(0.73) rnm; a = 26-28 (27.2); b = 5.6-6.9 
(5.8); c --- 12-14 (13); c'  = 3.3-3.8 (3.5); V 
= 82-83 (82.3); stylet = 11-12 (11 .6 )#m.  

Holotype (female): L = 0.76 ram; b = 
6.9; c = 13; c' = 3.8; V = 82.5; stylet = 
l i / m l .  

Paratypes (6 males): L = 0.56-0.72 
((1.56) ram; a = 28-31 (28.2); b = 5.4-6.3 
(5.6); c = 9.7-10.2 (10); c' = 3.7-3.8 (3.8); 
T = 55-58 (55.4); stylet = 11-11.5 (11) 
/Lm; spicules ~ 20-21 (20.5) /~m; guber-  
n a c u l u m  = 7 / ~ m .  

Description, females: Body  cyl indrical  
t aper ing  at bo th  ends, more  marked ly  f rom 
vulva to terminus.  By gentle  hea t ing  body  
asstnnes ventra l ly  arcuate  shape. Ctt t icular  
annules  abou t  1.5-2.0 /zm in m i d b o d y  re- 
gion. La te ra l  fields wi th  six incisures oc- 
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