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Meloidogyne lusitanica n. sp. (Nematoda: Meloidogynidae), 
a Root-knot Nematode Parasitizing Olive Tree 

( Olea europaea L.) 1 
ISABEL M .  DE O .  ABRANTES AND M .  SUSANA N .  DE A .  SANTOS ~ 

Abstract: A root-knot  nematode from Portugal, Meloidogyne lusitanica n. sp., is described and 
illustrated from specimens obtained from olive trees (Olea europaea L.). Females of  the new species 
have a characteristic perineal pat tern  with medium to high trapezoidal dorsal arch with distinct 
punctuat ions in the tail terminus area. T he  excretory pore is located posterior to the styler, about  
1.5-2.5 stylet lengths f rom the anter ior  end. T he  stylet is 17.1 /~m long with pear-shaped knobs. 
Males have a rounded,  posteriorly sloping head cap and head region not  annulated. T h e  robust  
stylet, 24.5 t~m long, has large, elongate knobs. Mean length of  the second-stage juveniles is 449.5 
t~m, stylet length 14.2 t~m, and tail length 44.1 tzm. Scanning electron microscope observations 
provide fur ther  details of  perineal pat terns and head and stylet morphology of  females, males, and 
second-stage juveniles. Meloidogyne lusitanica n. sp. did not  reproduce on any of the  differential hosts 
used to separate the four most common Meloidogyne species. The  common name "olive root-knot 
nematode"  is proposed for M. lusitanica n. sp. 

Key words: light microscopy (LM), Meloidogyne lusitanica n. sp., morphology, morphometrics,  new 
species, Olea europaea, olive root-knot nematode, olive tree, Portugal, root-knot nematode,  scanning 
electron microscopy (SEM), taxonomy. 

There  are few reports of  root-knot 
nematodes parasitizing olive (Olea europaea 
L.). Olive was first reported as a host for 
root-knot nematodes by Buhrer  et al. in 
1933, for M. javanica (Treub, 1885) Chit- 
wood, 1949 by Tarjan in 1953, and forM. 
incognita (Kofoid & White, 1919) Chit- 
wood, 1949 and M. hapla Chitwood, 1949 
by Minz in 1961. Diab and E1-Eraki, in 
Egypt, and Lamberti  and Lownsbery, in 
California, found M. javanica associated 
with olive. In southern Italy, M. incognita 
was detected in only 2% of  the olive groves 
sampled and, in other  parts of  Italy, M. 
javanica and M. incognita were found in less 
than 1% of the surveyed olive orchards. In 
Jordan,  Hashim repor ted the presence of  
M. incognita and M. javanica in a few groves 
and nurseries. Yang and Zhong identified 
four species: M. javanica, M. incognita, M. 
arenaria (Neal, 1889) Chitwood, 1949, and 
M. acrita (Chitwood, 1949) Esser, Perry & 
Taylor, 1976 causing damage to olive in 
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China. In 1982 Jimenez reported the four 
most common root-knot nematode species 
infecting olive trees in Chile, and Santos 
recovered M. incognita race 2 and M. hapla 
from heavily infected olive tree roots in 
Portugal. Recently M. incognita and M. ja- 
vanica were found in Libya associated with 
olive roots. 

Some years ago an undescribed Meloi- 
dogyne species was found on olive at Ca- 
daixo, Miranda do Corvo, Portugal, and 
later, on the same host, at Carvalhal de 
Pussos, Alvaifizere, Portugal. Preliminary 
reports on this nematode have been given 
(1,2,4,11,12). This nematode is described, 
illustrated, and designated herein as a new 
species, M. lusitanica n. sp. The  species ep- 
ithet refers to the Roman Province that 
included most of  Portugal proper.  The  
common name "olive root-knot nema- 
tode"  is proposed. This is the first species 
of  Meloidogyne to be described from Por- 
tugal. 

MATERIALS AND METHODS 

Morphological and morphometric  stud- 
ies were made from field populations be- 
cause attempts to propagate the nematode 
on tomato (Lycopersicon esculentum Mill. cv. 
Rutgers) and several other plants were not 
successful. Egg masses and adult females 
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were handpicked from infected olive roots, 
and second-stage juveniles were hatched 
from egg masses in moist chambers. Males 
were obtained by incubating pieces of 
washed infected roots in petri dishes with 
a small amount of  water; roots were rinsed 
periodically with water and males were col- 
lected from the washings. 

Light microscope (LM) studies: Eggs, fresh- 
ly hatched second-stage juveniles, males, 
and females were transferred to 2% for- 
malin and measured immediately. Perineal 
patterns of  females were cut from live spec- 
imens in 45% lactic acid and mounted in 
glycerin (14). Photographs were taken with 
a bright field light microscope and draw- 
ings were made with a drawing tube. In 
some cases differential interference con- 
trast (DIC) was used. 

Scanning electron microscope (SEM) studies: 
Second-stage juveniles, males, and fe- 

males were killed and fixed in 2% glutar- 
aldehyde solution buffered with 0.1 M so- 
dium cacodylate buffer at 7.2 pH for 48-  
72 hours, at 5 C. Post fixation was done 
with 2% osmium tetroxide solution for 12 
hours at 5 C. Specimens were dehydrated 
in a graded series of ethanol, critical point 
dried with liquid COs, mounted on double 
sided adhesive tape on SEM stubs, and 
coated with gold (8). Perineal patterns and 
stylets of  juveniles, males, and females were 
prepared as described earlier (3,7). Speci- 
mens were viewed and photographed using 
a JEOL 35C scanning electron microscope 
operating at 20 kV accelerating voltage. 
At least 50 specimens of each life stage 
were examined. 

Preparation of type material: Females were 
killed and fixed in hot TAF (7 ml 37% 
formaldehyde, 2 ml triethanolamine, 91 ml 
distilled water), processed by the rapid lac- 
tophenol method (9) and mounted in lac- 
tophenol on glass cavity slides. Males and 
juveniles were killed and fixed in 2% glu- 
taraldehyde at 5 C for 1 week. Specimens 
were subsequently washed in sodium cac- 
odylate buffer, pH 7.2, processed through 
an ethanol dehydration series to 100% eth- 
anol, then transferred to a solution of 10% 
glycerin in 90% ethanol, and slowly infil- 

trated with glycerin at room temperature 
(6). These specimens were mounted in des- 
iccated glycerin on Cobb slides. All mea- 
surements are in micrometers (~m) unless 
otherwise stated. 

SYSTEMATICS 

Meloidogyne lusitanica n. sp. 
(Figs. 1-9) 

Description 

Holotype (female in lactophenol): Body 
length, 695.0; body width, 510.0; neck 
length, 125.0; neck width, 100.0; stylet 
length, 19.0; stylet knobs height, 2.5; stylet 
knobs width, 4.5; dorsal esophageal gland 
orifice (DGO) to stylet base, 5.0; head end 
to posterior end of metacorpus, 134.0; 
me tacorpus  length,  45.0; me tacorpus  
width, 37.0; metacorpus valve length, 12.0; 
metacorpus valve width, 9.0; excretory 
pore to head end, 50.0 t~m; a = 1.4; body 
length/head end to posterior end of  meta- 
corpus, 5.2; stylet knobs width/height ,  
1.8; metacorpus length/width,  1.2; meta- 
corpus valve length/width,  1.3; excretory 
pore/stylet  length, 2.6. Female as in gen- 
eral description. Perineal region not visi- 
ble. 

Female: Morphometric data of  30 fe- 
males in Table 1. Females completely en- 
closed by gall tissue. Body pearly white, 
variable in size, elongate ovoid to pear 
shaped, with short neck, posteriorly round- 
ed, without tail protuberance (Fig. 1H-N). 
Head region not set off from body, not 
annulated (Fig. 1 A, B). Rounded prestoma 
located centrally on labial disc. Pore-like 
openings of six inner labial sensilla sur- 
round prestoma (Fig. 2A, B). Labial disc 
with two bumps on ventral side (Fig. 2A), 
slightly raised above medial lips. Medial lips 
usually indented medially, often dividing 
into lip pairs (Fig. 2A, B). Lateral lips large, 
fused laterally with head region for short 
distance (Fig. 2A, B). Amphidial openings 
oval shaped, between labial disc and lateral 
lips. Cephalic framework weakly devel- 
oped. Stylet long, easily dislodged poste- 
riorly (Figs. 1A-G; 2C-E). Stylet cone 
slightly curved dorsally, widening gradu- 
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TABLE 1. Morphometric data of 30 females of Meloidogyne lusitanica n. sp. 

Coe~- 
Stand- Stand- cient o f  

a rd  a rd  varia- 
e r r o r  o f  devia- bility 

Cha rac t e r  Range  Mean mean  t ion (%) 

Linear (tzm) 
Body length 620.0-1,115.0 873.3 21.13 115.71 13.3 
Body width 345.0-650.0 534.0 12.71 69.60 13.0 
Neck length 75.0-260.0 143.7 9.19 50.36 35.1 
Neck width 50.0-200.0 127.7 7.22 39.56 31.0 
Body length without neck 500.0-985.0 730.7 18.85 103.25 14.1 
Stylet length 16.0-19.0 17.1 0.17 0.94 5.5 
Stylet knobs height 2.0-3.0 2.5 0.06 0.35 14.2 
Stylet knobs width 4.0-5.5 5.0 0.07 0.37 7.5 
Dorsal esophageal gland orifice (DGO) to stylet base 3.0-5.0 4.0 0.11 0.62 15.7 
Head end to posterior end of metacorpus 82.5-145.0 106.0 2.45 13.42 12.7 
Metacorpus length 39.0-58.5 46.5 0.79 4.36 9.4 
Metacorpus width 35.0-56.0 43.4 0.83 4.53 10.4 
Metacorpus valve length 10.5-13.5 12.1 0.14 0.77 6.4 
Metacorpus valve width 9.0-11.0 9.8 0.11 0.63 6.4 
Excretory pore to head end 28.0-60.0 44.1 1.52 8.32 18.9 
Vulva slit length 16.0-26.5 20.1 0.41 2.23 11.1 
Anus to vulva (center) distance 14.5-26.0 19.3 0.50 2.76 14.3 
Interphasmidial distance 16.5-35.5 27.9 0.81 4.41 15.8 

Ratios 
a 1.3-1.9 1.6 0.03 0.17 10.3 
Body length/head end to posterior end of metacorpus 5.2-10.6 8.3 0.24 1.30 15.6 
Stylet knobs width/height 1.6-2.5 2.1 0.05 0.26 12.8 
Metacorpus length/width 1.0-1.2 1.1 0.01 0.06 5.8 
Metacorpus valve length/width 1.1-1.4 1.3 0.02 0.09 6.7 
Excretory pore/stylet length 1.6-3.8 2.6 0.09 0.50 19.3 

ally p o s t e r i o r l y ;  shaf t  o f  same w id th  
t h r o u g h o u t ,  o r  w i d e n i n g  s l ight ly  n e a r  
j unc t ion  with knobs; knobs well developed,  
distinctly separate ,  pear  shaped.  Distance 
be tween  stylet base and dorsal esophageal  
gland orifice (DGO) long (3.0-5.0) .  Excre-  
to ry  po re  located pos te r io r  to stylet about  
1 .5-2 .5  stylet lengths or  16-23  annules 
f r om  an te r io r  end.  

Character is t ic  cut icutar  pa t t e rn  o f  peri-  
neal region (Figs. 3-5),  t rapezoidal  in shape; 
s t r i ae  coa r se ,  s o m e t i m e s  c o n t i n u o u s ,  
smooth  to wavy, fo rming  a medium to high, 
t rapezoidal ,  dorsal  arch.  Vent ra l  pa t t e rn  
area  with fine, smooth  or  wavy striae. Lat- 
eral  lines indicated by dorsal and ventral  
striae mee t ing  at an angle, or  by shor t  lat- 
eral  striae, somet imes  striae discontinuous,  
may fork  nea r  lateral lines. Occasionally, 
some striae may e x t e nd  laterally, fo rming  
one  o r  two wings. Tai l  tip area well de- 
fined, m a r k e d  by few punctuat ions ;  striae 

of ten  bend ing  toward  vulva. Perivulval re- 
gion f ree  o f  striae. Phasmids distinct; sur- 
face s t ruc ture  not  appa ren t  in SEM (Fig. 
5). 

Allotype (male in glycerine): Body length,  
1,240.0; greatest  body width 34.5; body 
width at stylet knobs,  20.0; body width at 
exc re to ry  pore ,  27.5; head  region height ,  
3.5; head  reg ion  width, 12.0; stylet length,  
24.0; stylet cone length,  13.0; styler shaft 
and knobs length,  11.0; stylet knobs height,  
3.0; stylet knobs width, 4.5; dorsal esoph- 
ageal gland orifice (DGO) to stylet base, 
4.5; head  end  to metacorpus  valve, 106.0; 
metacorpus  width,  9.0; metacorpus  valve 
length,  5.0; metacorpus  valve width, 3.5; 
head  end  to exc re to ry  pore ,  137.5; testis 
length,  750.0; tail length,  11.5; spicule 
length,  34.5; gubernacu lum length,  10.0; 
a = 35.9; c = 107.8; body  l e n g t h / h e a d  end  
to metacorpus  valve, 11.7; head  region 
w i d t h / h e i g h t ,  3.4;  s ty le t  l e n g t h / b o d y  
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FIG. 1. Drawings of females of Meloidogyne lusitanica n. sp. A) Esophageal region, lateral. B) Anterior 
region, lateral. C-G) Stylets. H-N) Outlines of whole specimens. 
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FIG. 2. SEM pho tog raphs  o f  females of Meloidogyne lusitanica n. sp. A, B) Face views o f  head.  C-E)  Stylets. 
Scale bars: A, B = 1 ~m; C - E  = 5 urn. Arrows  indicate  the  bumps  on labial disc. 

width at stylet knobs, 1.2; stylet knob 
w i d t h / h e i g h t ,  1.5; m e t a c o r p u s  valve 
length /wid th ,  1.4; excretory pore, 11.1%; 
T = 60.5%. Male as in general description. 

Male: Morphometr ic  data of 30 males in 
Table 2. Body vermiform, tapering ante- 
riorly, bluntly rounded  posteriorly. Head 
cap in lateral view quite high and rounded,  
extending posteriorly onto distinctly set off 
head region (Figs. 6B, C; 7C, D). In SEM 
(face view), labial disc very large and round  

(Fig. 7B), stoma slit-like located in ovoid 
prestomatal  cavity surrounded by pore-like 
openings of six inner labial sensilla. Medial 
lips with smooth or slightly indented outer  
margins, fused with labial disc to form a 
continuous elongate structure with parallel 
sides. Four cephalic sensilla marked by cu- 
ticular depressions on medial lips. Amphid-  
ial apertures large, elongate slits between 
labial disc and lateral sectors of head re.- ..... 
gion. Lateral lips absent. Head region usu- 
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FIG. 3. Drawings of perineal patterns of Meloidogyne lusitaniea n. sp. 
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FIG. 4. Perineal patterns ofMeloidogyne lusitanica n. sp. showing typical variation. A-E) LM photograph~. 
F) Differential interference contrast micrograph showing punctuations in the tail terminus area. A-E same 
scale as F; bar = 20 urn. 

ally smooth ,  but  may have one  or two in- 
c o m p l e t e  a n n u l a t i o n s .  B o d y  a n n u l e s  
distinct. Lateral field with four incisures 
beg inn ing  near level o f  stylet base as two 
incisures. In LM (Fig. 6 A - D ) ,  cephalic 

framework moderate ly  developed.  Stylet 
robust,  large (Figs. 6 A - G ;  7C-E);  cone  
straight, pointed,  gradually increasing in 
d i a m e t e r  pos ter ior ly ;  styler o p e n i n g  
marked by very faint protuberance  several 
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FIG. 5. SEM pho tog raphs  o f  perineal  pat terns  o f  Meloidogyne lusitanica n. sp. A - C  same scale as D; bar  = 
20 #m. 

micrometers from stylet tip; shaft cylin- 
drical; knobs elongate, pear shaped, slight- 
ly set off from shaft. Distance of DGO to 
stylet knob base long (4.0-6.0). Procorpus 
and metacorpus distinct (Fig. 6A), meta- 
corpus elongate, oval shaped with large 
valve plates. Hemizonid distinct, three or 
four annules anterior to well-defined ex- 
cretory pore. Testis usually one, sometimes 
two, generally outstretched. Spicules long, 
moderately curved ventrally; gubernacu- 
lum crescent shaped (Fig. 6H). Tail short, 
terminus not striated. Phasmids posterior 
to cloacal level (Fig. 6H, I). 

Second-stage juvenile: Morphometric data 
of 30 specimens in Table 3. Body vermi- 
form, clearly annulated, tapering more 
posteriorly than anteriorly. In SEM (Fig. 
9D), prestoma opening ovoid, surrounded 
by small, pore-like openings of six inner 

labial sensilla. Labial disc, medial lips, and 
lateral lips fused into one structure. Labial 
disc rounded, slightly raised above medial 
lips. Medial lips with crescent-shaped to 
rounded margins, sometimes slightly in- 
dented, suggesting subdivision into lip pairs 
(Fig. 9B), wider than labial disc. Cephalic 
sensilla not expressed externally (Fig. 9A- 
D). Amphidial apertures between labial disc 
and lateral lips. Head cap narrower than 
head region. Head region smooth, occa- 
sionally with one or two short, incomplete 
annulations. Lateral field marked by four 
incisures. Cephalic framework weak (Fig. 
8A, E-H). Stylet long, but delicate (Figs. 
8A-H, 9E, F). Stylet cone sharply pointed. 
increases in width gradually posteriorly; 
shaft cylindrical; knobs distinctly separat- 
ed, pear shaped, slightly set off from shaft. 
Distance of dorsal esophageal gland orifice 
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TABLE 2- Morphometric data of 30 males of Meloidogyne lusitanica n. sp. 

Character Range Mean 

Coeffi- 
Stand- Stand- c~ent of 

ard ard varia- 
error of devia- bility 

mean tion (%) 

Linear (ttm) 
Body length 960.0-1,980.0 
Greatest body width 34.5-52.0 
Body width at stylet knobs 16.0-23.0 
Body width at excretory pore 26.0-41.5 
Head region height 3.5-5.0 
Head region width 12.0-14.0 
Stylet length 21.0-27.0 
Stylet cone length 11.0-15.0 
Stylet shaft and knobs length 9.5-12.0 
Stylet knobs height 2.5-3.5 
Stylet knobs width 4.0-5.5 
Dorsal esophageal gland orifice (DGO) to styler base 4.0-6.0 
Head end to me tacorpus Valve 73.0-110.5 
Metacorpus width 9.0-12.5 
Metacorpus valve length 4.8-7.5 
Metacorpus valve width 3.0-5.5 
Head end to excretory pore 130.0-207.0 
Testis length 440.0-1,045.0 
Tail length 10.5-15.0 
Spicule length 32.0-44.5 
Gubernaculum length 8.5-12.0 
Phasmids to tail tip 7.0-12.0 

Ratios 
a 26.3-45.3 
c 76.8-170.5 
Body length/head end to metacorpus valve 11.3-19.6 
Head region width/height 2.5-3.6 
Stylet length/body width at styler knobs 1.0-1.3 
Stylet knob width/height 1.3-1.8 
Metacorpus valve length/width 1.1-2.0 

Percentages 
Excretory pore 8.1-15.7 
T 40.4-70.6 

1,613.2 43.83 240.08 14.8 
43.0 1.00 5.48 12.7 
20.8 0.31 1.67 8.0 
33.5 0.68 3.72 11.1 

4.3 0.09 0.51 11.9 
12.7 0.11 0.62 4.9 
24.5 0.26 1.41 5.8 
13.6 0.20 1.11 8.2 
11.0 0.12 0.67 6.1 
3.1 0.05 0.27 8.7 
4.7 0.08 0.43 9.1 
5.0 0.12 0.66 13.1 

98.3 1.71 9.38 9.5 
11.2 0.21 1.16 10.3 
5.8 0.14 0.75 13.1 
4.0 0.11 0.58 14.4 

169.6 3.67 20.04 11.8 
821.7 23.52 128.82 15.7 

12.5 0.24 1.33 10.7 
37.9 0.53 2.92 7.7 
10.2 0.15 0.82 8.1 
9.2 0.26 1.43 15.6 

37.7 0.87 4.76 12,6 
130.2 3.92 21.48 16.5 

18.4 0.31 1.72 10.5 
3.0 0.05 0.30 9.8 
1.2 0.02 0.09 7.2 
1.5 0.03 0.15 10.1 
1.5 0.04 0.24 16.2 

10.7 0.36 1.97 18.4 
51.3 1.28 7.02 13.7 

to  s ty le t  b a s e ,  3 . 5 - 4 . 5 .  M e t a c o r p u s  o v o i d  
wi th  p r o m i n e n t  va lve  p la tes .  E x c r e t o r y  p o r e  
d i s t i nc t ;  h e m i z o n i d  o n e  o r  two  a n n u l e s  an -  
t e r i o r  to  e x c r e t o r y  p o r e .  T a i l  s h o r t  ( 3 9 . 0 -  
50 .0) ,  c o n o i d  w i th  r o u n d e d  u n s t r i a t e d  t e r -  
m i n u s ;  h y a l i n e  t a i l  t e r m i n u s  d i s t inc t .  Rec -  
ta l  d i l a t i o n  l a r g e .  P h a s m i d s  smal l ,  a lways  
b e l o w  leve l  o f  anus .  

Egg (n = 30): L e n g t h ,  1 0 7 . 5 - 1 4 4 . 0  
(124 .4 ;  SE 1.70;  SD 9 .33 ;  C V  7.5%);  w i d t h ,  
3 7 . 0 - 5 7 . 0  (47 .2 ;  SE 0 .76 ;  SD 4 .14 ;  C V  
8.8%);  l e n g t h / w i d t h  r a t i o ,  2 . 4 - 2 . 9  (2.7;  SE 
0 .03 ;  SD 0 .16 ;  C V  6.1%).  E g g  m o r p h o l o g y  
s i m i l a r  to  t h a t  o f  o t h e r  Meloidogyne spec ies ,  

Type host and locality 

R o o t s  o f  o l ive  t r e e s  (Olea europaea L, cv, 
G a l e g a )  in a f i e ld  n e a r  C a d a i x o ,  M i r a n d a  
d o  C o r v o ,  P o r t u g a l .  

Type specimens 

Holotype (female): I s o l a t e d  f r o m  o l ive  t r e e  
r o o t s  c o l l e c t e d  f r o m  t y p e  loca l i ty .  S l i d e  no .  
5 7 / 1 ,  d e p o s i t e d  in  t h e  M u s e u  e L a b o r a -  
t 6 r i o  Z o o l 6 g i c o  N e m a t o d e  C o l l e c t i o n ,  
U n i v e r s i d a d e  d e  C o i m b r a ,  C o i m b r a ,  P o r -  
t uga l .  AUotype (male): S a m e  d a t a  as  h o l o -  
t ype .  S l ide  no .  5 7 / 2 ,  M u s e u  e L a b o r a t 6 r i o  
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FIG. 6. Drawings of males of Meloidogyne lusitanica n. sp. A) Esophageal region, lateral. B-D) Anterior 
regions; lateral, lateral, and dorsal. E-G) Stylets. H, I) Tails, lateral and ventral. 
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C n E 

Flo. 7. Males of Meloidogyne lusitanica n. sp. A, B) SEM photographs of heads, face views. C, D) LM 
photographs of anterior regions. E) SEM photograph of excised stylet. Scale bars: A, B = 2 ~m; C, D = 4 
t~m; E = 5 ~m. 

Zool6gico Nematode Collection, Univer- 
sidade de Coimbra, Coimbra, Portugal. 
Paratypes (females, males, and second-stage ju- 
veniles): Same data as holotype. One fe- 
male, six perineal patterns, one male and 
five second-stage juveniles, Rothamsted 
Experimental  Station Nematology Collec- 
tion, Harpenden,  Herts., U.K. One female, 
six perineal patterns, one male, and six sec- 
ond-stage juveniles, United States Depart- 

ment  of  Agriculture Nematode Collection 
(USDANC), Beltsville, Maryland, U.S.A. 
Females, perineal patterns, males, and sec- 
ond-stage juveniles in Museu e Laborat6- 
rio Zool6gico Collection, Universidade de 
Coimbra, Coimbra, Portugal. 

Diagnosis 

Meloidogyne lusitanica n. sp. can be dis- 
t inguished from other  species in the genus 
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TABLE 3. Morphometric data of 30 second-stage juveniles of Meloidogyne lusitanica n. sp. 

Coeffi- 
Stand- Stand- cient of  

ard ard varia- 
e r ror  of  devia- bility 

Character  Range Mean mean tion (%) 

Linear (tsm) 
Body length 390.0-515.0 449.5 6.44 35.29 7.9 
Greatest body width 17.0-20.0 18.8 0.17 0.95 5.0 
Body width at stylet knobs 11.0-12.0 11.5 0.08 0.43 3.7 
Head region height 1.8-2.5 2.0 0.02 0.11 5.6 
Head region width 6.0-6.5 6.3 0.05 0.25 4.1 
Stylet length 13.0-16.0 14.2 0.16 0.87 6.1 
Stylet shaft and knobs 5.5-6.0 5.8 0.04 0.23 4.0 
Stylet knobs height 1.0-1.5 1.3 0.04 0.19 15.2 
Stylet knobs width 2.0-2.5 2.2 0.04 0.19 8.7 
Stylet base to head end 15.0-18.0 16.4 0.14 0.77 4.7 
Dorsal esophageal gland orifice (DGO)to stylet b a s e  3.5-4.5 3.9 0.07 0.36 9.1 
Metacorpus valve length 4.0-4.8 4.4 0.05 0.25 5.8 
Metacorpus valve width 3.2-3.8 3.5 0.03 0.16 4.7 
Head end to metacorpus valve 55.0-73.0 63.2 0.74 4.05 6.4 
Body width at excretory pore 16.0-18.5 17.2 0.14 0.75 4.4 
Excretory pore to head end 78.0-102.0 90.3 0.99 5.41 6.0 
Body width at anus 12.5-14.5 13.2 0.12 0.68 5.1 
Tail length 39.0-50.0 44.1 0.54 2.97 6.7 
Tail terminus length 10.0-14.0 12.0 0.23 1.24 10.4 
Tail terminus width at beginning 5.5-7.0 6.1 0.09 0.47 7.7 

Ratios 
a 20.0-27.4 24.1 0.34 1.84 7.7 
c 9.1-11.4 10.2 0.09 0.50 4.9 
d 3.0-3.7 3.3 0.03 0.19 5.7 
Head region width/height 2.6-3.3 3.1 0.03 0.18 5.8 
Stylet knobs width/height 1.5-2.1 1.8 0.04 0.19 10.6 
Body length/head end to metacorpus valve 6.4-8.1 7.1 0.07 0.40 5.7 
Metacorpus valve length/width 1.1-1.4 1.3 0.01 0.08 6.2 
Tail length/tail terminus length 3.1-4.3 3.7 0.07 0.37 9.6 

Percentage 
Excretory pore 18.0-22.3 20.2 0.22 1.21 6.0 

by the  fol lowing characteris t ics:  T h e  per-  
ineal pa t t e rn  has a m e d i u m  to h igh trap-  
ezoidal  dorsal  a rch  and distinct punc tua -  
tions in the  tail t e rminus  region.  Distance 
f r o m  the  exc re to ry  po re  to head  end  o f  
the  female  is 44.1 (28 .0-60.0) .  H e a d  cap 
in the  male is r o u n d e d  and  extends  pos- 
ter ior ly  into the head  region.  Th i s  male 
character is t ic  is con f i rmed  by SEM obser-  
vations which show that  labial disc and  
median  lips are  fused to f o r m  e longa te  lip 
s t ructures .  H e a d  r eg ion  is of ten  m a r k e d  
by one  b r o k e n  annula t ion .  Second-s tage  
juveni le  head  reg ion  is smoo th  o r  with one  
o r  two shor t  b r o k e n  annules.  Tai l  shape 
is cono id  with r o u n d e d  uns t r ia ted  termi-  
nus. 

Relationships 

Meloidogyne lusitanica n. sp. is most  sim- 
ilar to M. megatyla Baldwin & Sasser, 1979 
and M. partityla Kleynhans,  1986. How- 
ever, M. lusitanica n. sp. differs f rom these 
species by the presence o f  distinct punc-  
tuations above the anus in perineal  pat- 
terns, by the absence o f  deep indentat ions  
in the stylet knobs o f  the female, male, and 
second-stage juvenile;  by the more  poste- 
r ior  posit ion o f  the excre tory  pore  in the 
female,  which in M. megatyla is 20.4 (12 .1-  
32.3) and inM. partityla is 27.9 (17.3-41.0) .  
SEM examinat ion  o f  the an te r ior  views o f  
males showed details o f  the head  mor-  
pho logy  which slightly resembles that  o f  
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FIG. 8. Drawings of second-stage juveniles of Meloidogyne lusitanica n. sp. A) Esophageal region, lateral. 

B-D) Stylets. E-H) Anterior regions; lateral, lateral, dorsal, and ventral. I-K) Tail, lateral. 

M. arenaria race B (5). Leng th  of  the sec- 
ond_stage juveniles ofM.  lusitanica n. sp. is 
449.5 (390.0-511.0),  making it closely re- 
lated to M. megatyla and M. partityla; how- 
ever, they are distinct in tail and rec tum 
shapes. Biochemically the new species has 
a single esterase band at Rm 0.52 similar 

to M. arenaria (10). Meloidogyne lusitanica 
n. sp. has also a specific and unique malate  
dehydrogenase  phenotype  (10). 

Biology 

Egg masses o f  M. lusitanica n. sp. are al- 
ways large and yellowish to reddish in col- 
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FIG. 9. Second-stage juveniles ofMeloidogyne lusitanica n. sp. A, B) SEM photographs o f  heads, lateral views. 
C, D) SEM photographs of  heads, face views. E) LM photograph of  anterior region. F) SEM photograph o f  
excised stylet. G) LM photograph of  tail. Scale bars: A - C  same scale as D = 1 #m; E, F = 5/~m; G = 10/zm. 
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or.  N o  females  w e r e  o b s e r v e d  to  p r o t r u d e  
f r o m  roots .  

A m o n g  t he  hos t  d i f f e ren t i a l s  (13) com-  
m o n l y  u sed  for  i d e n t i f i c a t i o n  o f  Meloido- 
gyne species,  w a t e r m e l o n  a n d  t o m a t o  we.re 
l igh t ly  ga l led  b u t  n o  r e p r o d u c t i o n  oc- 
c u r r e d .  N o  i n f e c t i o n  was f o u n d  o n  tobacco ,  
c o t t o n ,  p e p p e r ,  o r  p e a n u t .  

G e o g r a p h i c  d i s t r i b u t i o n  o f  M. lusitanica 
n. sp. is n o t  k n o w n ,  a l t h o u g h  in  a su rvey  

o f  P o r t u g u e s e  ol ive  fields this  species was 
f o u n d  in  on ly  2 o f  t he  90 fields s ampled .  
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