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Summary. Eight Radopholus similis populations from three continents and different hosts were compared 
morphologically and morphometrically. Reflection of the posterior or anterior ovary or testis was 
common in all the populations. Variability of most taxonomic characters was frequent. Many of the 
individuals from the Indonesian population had a forked tail end. Scanning microscopy showed that males 
and females from different populations had several morphological differences, especially in the number of 
anterior hrpoptygrnata in the males and annules terminating the vulva of the females. Results of this study 
confirm that R. citrophilus is a synonym of R. similk. 
Key words: banana, black pepper, morphology, morphometrics, ornamentals, Radopholus similis, SEM, 
taxonomy. 

Scanning electron microscopy (SEM) studies on 
Radopholus citrophilus and R. similis populations 
isolated from Anthurium andreaenum L. in Hawaii 
and fiom Citrus aurantium L. in Florida, revealed 
several morphological dserences between the two 
species (e.g., the number of genital papillae at the 
cloacal spicular orifice and number of annules at 
the vulva terminus in females (Huettel & Yaegashi, 
1988). A similar SEM study of Radopholus popula- 
tions from banana growing in Africa, revealed sub- 
stantial variation and overlapping of morphological 
characters previously considered useful for distin- 
guishing R. citmphilus from R. similis, and it was 
concluded that R. citmphilus was a junior synonym 
of R. similis (Valette et al., 1998; Elbadri et al., 1999). 

As both species are quarantine organisms in the 
European Union, accurate identification is required. 
To obtain more information on  the taxonomic status 
of R. citrophilus, the morphology of an additional 
eight Radopholus populations was studied. These 
populations originated from Australia, Belgium, the 
Caribbean, Germany, and Indonesia, and the results 
of the study are described here. 

MATERIALS AND METHODS 

Specimens of Radopholus (Tylenchida: Praty- 
lenchidae) were obtained from established carrot disk 
cultures of populations originally isolated in different 

countries and hosts (Table 1). Roots of infected host 
plants were cut into small pieces, rinsed with water 
and placed on a sieve in a funnel in a mistifier 
(Seinhorst, 1950). After 3-4 days Radopholus nema- 
todes were collected and hand-picked, surface steri- 
lised with streptomycin sulphate 4 ppm, and cul- 
tured on carrot (Daucus carota) disks (Moody et al., 
1973) at 22 "C for several generations. Nematodes 
were extracted fiom carrot disks placed in a mistifier 
as described. After 2-3 days mixed life stages were 
collected, specimens were heat killed and futed by 
adding 4% hot formaldehyde, and transferred to 
anhydrous glycerine according to Seinhorst's rapid 
method (Seinhorst, 1959 as modified by De Grisse, 
1969). Females and males were separated and moun- 
ted on permanent slides (Cobb, 1918). Thirty adult 
females and males were measured for each popula- 
tion and all measurements and drawings were made 
using a camera lucida attached to a light micro- 
scope. For study by scanning electron microscopy 
(SEM), nematodes embedded in glycerine were 
transferred into a drop of glycerine to which dis- 
tilled water was added gradually until the nematodes 
were in almost pure water. Ultrasonic treatment was 
used for about 8-10 minutes to remove particles 
adhering to the surface of the nematodes. The nema- 
todes were dehydrated by passing them through 
ethanol concentrations of 25, 50, 75, 95, and 100% 
a t  two hourly intervals, followed by an overnight 
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Table 1. Origin of Radopholus sirnilis populations used in this study. 

La Estrella 
Vila Clara 

dehydration in 100% ethanol. After critical-point 
drying with carbon dioxide, dried specimens were 
sputter coated with a layer of gold and examined 
with a JEOL JSM-840 SEM at 15 kV. 

Light microscopy 
Females (Table 2). The largest females were from 

an Indonesian population (average body length = 
686 pm) and the smallest from a population from 
CostaRica (average body length = 6 14 pm). Head 
measurements were almost identical in all popula- 
tions, and ranged from 10.5 x4.9 pm (Indonesia) to 
9.3 x 4.2 pm (Costa Rica). The number of head 
annules varied between 3 and 4 in the Costa Rican, 
Panamanian, and Australian populations, 2-4 in the 
Cuban and Indonesian populations, and populations 
from ornamental plant hosts (Calathea makoyana, 
Anthurium andreanum and Philodendron sp.) had 
only 3. The stylet length varied between 19.2 pm 
(Australia) to 17.8 pm (Cuba), and the DGO was 
situated near the stylet base in most populations. The 
excretory pore opened ventrally 1-2 annules behind 
the hernizonid. In most specimens the oesophageal 
gland had three nuclei, mostly in one extended gland 
lobe, but in some specimens of populations from C. 
makoyana and Cuba two separate lobes were present. 
Lateral fields had 4 lines, strongly areolated in the 
anterior and posterior parts of the body and faintly, 
partially areolated in the mid-body region. In all 
populations the vulval opening was at 57-58% of the 
body length. Ovaries were extended anteriorly and 
posteriorly with asingle row of oocytes, with reflec- 
tion of the anterior and/or posterior ovary 
occurring in all populations. The spermathecae was 
rounded to oval. Tail shape and length varied both 
within and between populations, with the tail shape 
being pointed to tapering with a smooth terminus 
and coarse annulation (Figs. 1 & 2). However, 47% 
of the individuals in the Indonesian population had 
atail shape with forked ends. The longest tail (81 
pm) was present in the population from Calathea 

makoyana, and the shortest (63.8 pm) in the Costa 
Rican population. 

Males (Table 3). Males were more slender and 
shorter than females. The longest males (625.7 pm) 
were present in the population from Philodendron 
sp., and the shortest (552.7 pm) in the population 
from A. andreanum. Heads were rounded, set off, 
with weak cephalic sclerotisation. The stylet was 
reduced and stylet knobs were absent. Head meas- 
urements showed little difference within and between 
populations. Lateral fields had 4 lines, as in females. 
The spicule length varied between populations being 
16 to 21 pm in the populations from Indonesia and 
Costa Rica, respectively. The gubenlaculum was 
stout, slightly protruding from the cloaca, and al- 
most half of the spicule length. Male gonads were 
generally outstretched with variable length and the 
genital tract contained rod-like sperm. However, 
some specimens with reflected gonads were present 
in all of the populations. 

Male tail ends were thinner than those in the 
females. Tail length and shape varied within and 
between populations (Figs. 1 & 2). Male tail shape 
was generally pointed to tapering with a smooth 
terminus, but in the Indonesian population 24% of 
the individuals had forked tails (Fig. 1). The longest 
male tails (82.3 pm) were present in the population 
from C. makoyana and the shortest (64.6 ptn) in the 
population from A. andreanum. 

Scanning electron microscopy 
Females. Morphological differences in the head 

region and the labial disc were observed in females 
from all populations studied. The labial disc was 
hexagonal (Fig. 3A) in the population from Costa 
Rica, slightly hexagonal in the populations from A. 
andreanum, Philodendron sp., and C. makoyana 
(Figs. 6A, 7A & 8A), to rounded-elongate in the 
populations from Panama and Indonesia (Figs. 4A 
& 5A). The lateral lips terminated differently, de- 
pending upon the population. In the Costa Ricnn 
and Panamanian populations, the lateral lips ap- 
peared to terminate before the end of the third head 



Variation of Radopholus similis populations 

Fig. 1. Tail ends of Radopholus similk populations. A-J: Females; K-T: Males. A-B and K-L: Panama; C-D and 
M-N: Cuba; E-F and 0-P: CostaRica; G-H and Q-R: Indonesia; I-J and S-T: Australia. Figures indicate the % presence 
of the tail shape in the population. 





Table 3. Morphometrics (in pm) of Radopholus sirnilis males from eight populations. 

List of abbreviations used. L, total body length; a, total body length/maximum body width; m.b.w., maximum body width; Oes. length, 
oesophagus length; b, total body length/distance from anterior end to junction of oesophagus and intestine; Oes. gl. length, oesophagus gland 
length; b', total body length/distance from anterior end to posterior end of oesophageal glands; c, total body length/tail length; c', tail lengthbdy 
width at anus; b.w.a., body width at anus; V%, distance from head end to vulva/body length x 100; V'%, distance from head end to vulva/distance 
from head end to anus x 100; DGO, dorsal oesophageal gland orifice; Ex. pore, excretory pore; G1, anterior ovary length; G2, posterior ovary 
length. 
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Fig. 2. Tail ends of females and males of Radopholus similis population. A-I: Females; J-R: Males. A-C and J-L: 
Philodendron; D-F and M-0: Anthurium; G-I and P-R :  Calathea. Figures indicate the % presence of the tail shape in 
the population. 
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Fig. 3. Scanning electron microscopy of a population of Radopholus similk from Costa Rica. A: Female en-face 
view; B: Female head lateral view; C-D: Vulva, ventral view; E-H: Male cloaca1 orifice, anterior view. Arrows indicate 
head direction. Scale bar - 1 pm. 

. 



G.A.A. Elbadri et al. 

Fig. 4. Scanning electron microscopy of a population of Radopholus sirnilis from Panama. A: Female en-face view; 
B: Female head lateral view; C-D: Vulva, ventral view. E-H: Male cloaca1 orifice, anterior view. Arrows indicate head 
direction. Scale bar - 1 pm. 
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Fig. 6. Scanning electron microscopy of a population of Radopholus similis from Anthurium andreanum. A: Female 
en-face view; B: Female head lateral view; C: Vulva, ventral view. D-F: Male cloaca1 orifice; D-E: Anterior view; F: 
Posterior view. Arrows indicate head direction. Scale bar - 1 pm. 
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Fig. 7. Scanning electron microscopy of a population of Radopholus sirnilis from Philodendron sp. A: Female en-face 
view; B: Female head lateral view; C-D: Vulva, ventral view; E-H: Male cloaca1 orifice; E-G: Anterior view; H: 
Posterior view. Arrows indicate head direction. Scale bar - 1 pm. 



G.A.A. Elbadri et al. 

Fig. 8. Scanning electron microscopy of a population of Radopholus similis from Calathea makoyana. A: Female 
en-face view; B: Head lateral view; C: Vulva ventral view. D-F: Male cloaca1 orifice; D-E: Anterior view; F: Posterior 
view. Arrows indicate head direction. Scale bar - 1 pm. 
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annule (Figs. 3B & 4B); in the populations from A. 
andreanum and Philodendron sp. the lateral lips 
terminated within the third annule (Figs. 6B & 7B); 
and in the populations from Indonesia and C. mak- 
oyana the lateral lips terminated within the second 
annule (Figs. 5B & 8B). 

SEM observations of the vulval area showed 
inter-population variation. In the population from 
Costa Rica (Figs. 3C-D) and Lndonesia (Figs. 
5C-D) three and two annules terminated at the 
vulva; in that from A. andreanum (Fig. 6C) and C. 
makoyana (Fig. 8C) two annules terminated at the 
vulva; in the population from Philodendron sp. the 
number of annules terminating at the vulva were 
one and two on each side, respectively, in the same 
specimen (Figs. 7C), or in some specimens only 
one annule was present on each side (Fig. 7D). In 
another population from Panama one or two an- 
nules were present on each side (Figs. 4C-D). 

Males. Most males in all populations had genital 
papillae or hypoptygmata on the anterior cloaca1 
apertures. However, these hypoptygmata varied in 
number both within and between populations, e.g. 
in the Costa Rican population they varied between 
5, 3, and 0 (Figs. 3E, F & H); in the Panamanian 
population between 1, 5, 7 and 4 (Figs. 4E-H); in 
the population from A. andreanum there were 6 and 
2 hypoptygmata (Figs. 6D-E); in the population 
from Philodendron sp. there were 7 and 6 (Figs. 
7E-G); and in the population from C. makoyana 
there were 2 and 3 (Figs. 8D-E). 

DISCUSSION 

Our study revealed the presence of substantial 
variation in cuticular structures and in morphomet- 
rics within and between eight Radopholus popu- 
lations. The morphometrical data are similar to 
those obtained by Huettel et al. (1986) and Koshy 
et al. (1991), although in our study the spicule 
length in an Indonesian population was somewhat 
shorter, being 16f1.4 pm. However, Van Weerdt 
(1958) reported a spicule length of 17.3k1.06 pm 
from a citrus population and 15f 1.3 pm from a ba- 
nana population. Sher (1968) reported a spicule 
length of R. similis from a sugarcane population from 
Hawaii of 2 1 pm. 

The number of head annules varied between 3, 
2-4 and 3-4 in the various populations studied. In 
previous studies on R. similis from Africa the number 
varied between 3, 2-5, and 5 (Elbadri et al., 1999), 
and Valette et al. (1998) found a range of 2-5 in 
two African R. sirnilis populations, whereas Wiiams 
& Siddiqi (1973) and Sher (1968) reported 3-4 
head annules for the species. Colbran (1970), when 

describing 11 new Radopholus species reported the 
number of annules for R. rectus as being 3-4, 
whereas R. intermedius, R. inanis, and R. brevi- 
caudatus had 3, R. ferax and R. clams had 4, R. 
vacuus and R. capitatus had only 2, and R. crenatus 
and R. megadorus did not have distinct annules. 
More recently Ryss and Wouts (1997) reported two 
new species of the genus Radopholus, R. nelsonensis 
and R. kahikateae, as having 4-6 and 4-5 annules, 
respectively. From the present study, and our pre- 
vious studies of R. similis populations we conclude 
that variation in the number of head annules exists 
both within and between the species of Radopholus. 
This is in contrast to the closely related genus 
Pratylenchus, where the number of head annules is 
considered a good taxonomic character (Sher & 
Allen, 1953; Corbett & Clark, 1983). 

The oesophageal glands were present as an 
extended gland lobe, except in the populations from 
Cuba and from C. rnakoyana, each of which have 
two separate gland lobes in some specimens. The 
length of the posterior ovary is slightly shorter than 
the anterior ovary and this con fms  previously 
reported data obtained from African populations 
(Elbadri et al., 1999). 

The morphology of the tail end varied within and 
between populations. In the Indonesian population 
47% of female and 27% of male tail ends had forked 
ends and this is the firsf report of this type of tail end 
for R. sirnilis. In general, the male tail tapered more 
than that of the female and this observation confms  
the findings of Siddiqi (1986). 

~ u e t t e l  & yaeg&hi (1988) separated R. similis 
from R. citrophilus by several minor morphological 
characteristics, which were used in combination 
with cytogenetical differences (n=4 vs n = 5; Huettel 
& Dickson, 1981) and differences in isozyme pat- 
terns (Huettel et al., 1983a, 1983b). Hahn et at. 
(1996), however, demonstrated that the chromo- 
some number cannot be used as a diagnostic feature 
in R. similis. The morphological differences included 
the number of hypoptygmata on the cloaca-spicu- 
lar orifice of males, the number of annules 
terminating the vulva, the shape of the head region, 
and the position of the lateral lips. In our previous 
study (Elbadri et al., 1999), and that by Valette et 
al. (1998), and confirmed in the present study, the 
values of these characteristics showed considemble 
overlap. The eight populations studied here could not 
be differentiated by light microscopy or SEM. As the 
populations studied originated from a large host 
range and have a very wide geographical distribution, 
our results confirm that R. citrophilus is a synonym 
of R. similis and thus the eight populations studied 
here are each R. similis. This synonimization has 
recently been supported by independent molecular 
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and biochemical studies (Kaplan, 1999; Kaplan et 
al . ,  1999). 
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