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Morphological Differences Between 
Radopholus citrophilus and R. similis 1 

R. N. H U E T T E L  2 AND T. YAEGASHI  s 

Abstract: SEM observa t ions  o f  the  ex te rna l  m o r p h o l o g y  o f  popula t ions  o f  Radopholus citrophilus 
and  R. similis revea led  several  d iagnost ic  differences.  T h e  cloaco-spicular  orifice on males  o f  R. 
citrophilus h a d  t h r ee  to seven geni ta l  papillae (anter ior  hypop tygmata ) ,  whereas  males  o f  R. similis 
were e i the r  s m o o t h  o r  had  one  or  two shor te r  geni tal  papil lae (anter ior  hypoptygmata ) .  Females  o f  
R. citrophilus h a d  four  annu l e s  in t he  reg ion  of  the  vulval open ing ,  bu t  R. similis had  five annu les  in 
the  same  region.  T h e  labial disc and  lateral lips appe a r ed  to be  o f  d iagnost ic  significance,  bu t  these  
areas  were m o r e  suscept ib le  to ar t i facts  due  to fixation. A n  u n k n o w n  popula t ion  o f  Radopholus f r om 
Pue r to  Rico with a c h r o m o s o m e  n u m b e r  o f  n = 4 was morpholog ica l ly  similar  to R. simiIis. T h e s e  
morpho log ica l  d i f fe rences  p rov ide  addi t ional  suppor t  tha t  R. citrophilus and  R. similis are  dis t inct  
species. 
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A 1978 SEM study of  the external mor- 
phology of the then designated "citrus 
race" of  the burrowing nematode suggest- 
ed possible morphological characters that 
could be used to distinguish it from pop- 
ulations of  the "banana race" (1). Previous 
studies had failed to reveal morphometric  
differences between the two races (13,15, 
16). Differences had been detected, how- 
ever, in chromosome number (5,10), iso- 
zyme patterns (7,8), mating behavior (6), 
and host preference (3), and in 1984 the 
two races were separated into sibling species 
(9). The  banana race retained the name 
Radopholus similis (Cobb, 1893) Thorne,  
1949, and the citrus race was named R. 
citrophilus Huettel, Dickson & Kaplan, 1981 
(9). 

The objective of  this study was to extend 
the morphological observations detected 
in the 1978 study. Males and females of  
both species, from different regions of  the 
world, were used for these observations. 

Received for publication 17 April 1987. 
Mention of a trade name, warranty, proprietary product, 

or vendor does not zonstitute a guarantee of a product and 
does not imply its approval to the exclusion of other products 
or vendors that may also be suitable. 

2 USDA ARS, Nematolog-y Laboratory, Plant Protection 
Institute, Beltsville Agricultural Research Center, Beltsville, 
MD 20705. 

s Meiji University, Kawasaki, Kanagawa 214, japan. 
We thank Drs. B. Y. Endo and W. P. Wergin, USDA ARS, 

Beltsville, Maryland, for SEM instructions and helpful sug- 
gestions. We also thank Carol Geckle and Sharon Ochs for 
technical assistance. 

150 

M A T E R I A L S  AND M E T H O D S  

"Vematode populations: Populations of  R. 
citrophilus (Tylenchida: Pratylenchidae)  
were obtained from established carrot disc 
cultures of populations originally isolated 
from infested Anthurium andreaenum L. 
collected in Hawaii and from infested Cit- 
rus autrantium collected in Florida. Popu- 
lations were previously characterized by 
karyotype, mating behavior, isozyme pat- 
terns, and morphometrics (10). Nematodes 
were transferred from carrot discs and 
maintained aseptically on Zea mays cv. Iowa 
Chief root  explants on Gamborg 's  B-5 
medium (Grand Island Biological Co., 
Grand Island, NY) (11). 

One population ofR. similis was obtained 
from established carrot disc cultures orig- 
inally isolated from iVlusa sp. in Florida. 
This population had been previously char- 
acterized by the same methods described 
above. An unknown population of Ra- 
dopholus sp. was obtained from Puerto Rico 
and isolated from infested banana roots, 
Musa sp. (Jesse Roman, pers. comm.). This 
population was established in carrot disc 
culture, transferred to corn root explants, 
and maintained as described for the above 
populations. It was characterized by chro- 
mosome numbers as described by Huettel  
and Dickson (5). 

Nematodes for SEM: Nematodes were ob- 
tained for scanning electron microscope 
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(SEM) studies by extracting the mixed life 
stages from the root explants with a mod- 
ified Baermann funnel. Males and females 
were separated by hand. Specimens were 
fixed by adding 4% glutaraldehyde-2% 
formalin (buffered in 0.1 M sodium caco- 
dylate, pH 7.2) in a step-wise manner every 
30 minutes until a final concentration 
of 2% glutaraldehyde-l% formalin was 
reached. After fixation for 4 days at 4 C, 
the specimens were rinsed in 0.1 M sodium 
cacodylate and postfixed in 2% osmium te- 
troxide for 12 hours at 4 C (4). The  spec- 
imens were then dehydrated in an ethanol 
series, dried by a critical point dryer with 
CO2, and sputter coated with 20-30 nm 
gold-palladium. Specimens were observed 
and photographed on a Hitachi SEM op- 
erated at 15 kV (5). 

RESULTS 

Morphological  differences were ob- 
served in males of both species in the re- 
gion of the cloaco-spicular orifice above 
the spicules. All specimens of R. citrophilus 
had genital papillae on the anterior cloacal 
aperture, referred to as anterior hypop- 
tygmata. The mean length of the hypop- 
tygmata was 0.43 #m, and three to seven 
were observed per specimen (Figs. 1-4). 
Radopholus similis from Florida was com- 
pletely smooth in this area or had only one 
hypoptygma of mean length 0.24 um in 
14% of those observed (Figs. 5-8). The 
population of Radopholus sp. from Puerto 
Rico had a smooth anterior cloaco-spicular 
orifice, or up to 33% of those observed had 
one or two hypoptygmata (Figs. 9-12). This 
population also had a chromosome num- 
ber of  n = 4, which confirms that it was 
similar to R. similis (Figs. 13, 14). Neither 
this population nor R. similis from Florida 
had hypoptygmata as observed in the R. 
citrophilus populations. The  number of 
specimens observed were 75 males of R. 
citrophilus, 44 males of the Puerto Rico 
population, and 65 males ofR. similis, Flor- 
ida. 

Morphological differences between fe- 
males of the two species were observed in 
the head region and labial discs. The labial 

disc was more rounded in populations of 
R. citrophilus (Fig. 15), whereas R. similis 
was more hexagonal (Fig. 16). The female 
medial and lateral lips appeared to be more 
fused in R. citrophilus than in R. similis (Figs. 
15, 16). The  lateral lips appear to termi- 
nate different ly  depending  upon the 
species. In populations of R. citrophilus, the 
lateral lip did not completely terminate at 
the third annule from the head (Fig. 17). 
In populations of R. similis, the lateral lip 
appeared to terminate at the bottom of  the 
third annule itself (Fig. 18). 

Observations of the vulval area of  the 
two species also revealed diagnostic differ- 
ences. Radopholus citrophilus had three an- 
nules terminating at the vulva (Fig. 19), 
whereas R. similis had two annules in the 
same area (Fig. 20). The vulval opening 
generally appeared to be more protruding 
in R. citrophilus populations (Fig. 19); how- 
ever, this could have been an artifact re- 
sulting from fixation. Approximately 45 
females from each population were used 
for these observations. 

DISCUSSION 

There  are several minor but consistent 
morphological characteristics that can be 
used in combination with the cytogenetics 
and biochemical genetic differences to sep- 
arate R. similis from R. citrophilus. The most 
easily observed morphological difference 
was the number of  hypoptygmata on the 
cloaco-spicular orifice on males. This term 
was selected as defined by Siddiqi (14). Even 
though hypoptygmata were originally de- 
scribed for the genital papillae on the pos- 
terior cloacal lips of  Merliniinae, this is also 
a diagnostic characteristic of  Hoplolaimoi- 
dea (14). The posterior genital papillae or 
hypoptygmata appear to be similar to those 
observed on the anterior cloaco-spicular 
orifice of Radopholus sp. males. This ap- 
pears to be a cuticularized area that did 
not seem to be subject to fixation artifacts. 
Differences in the vulval region also ap- 
peared to be diagnostic but are more dif- 
ficult to observe in all the specimens be- 
cause of fixation. The head region and 
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FIGS. 1-4. SEM micrographs of the cloaco-spicular orifice of male Radopholus citrophilus posterior region, 
ventral view. 1. 2) From Hawaii. 3, 4) From Florida. Scale: Bar = 0.5 t~m. 
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FIGs. 5-8. SEM micrographs of the cloaco-spicular orifice of male Radopholus similis from Florida, posterior 
region, ventral view. Scale: Bar = 0.5 tzm. 



154  Journal of Nematology, Volume 20, No. 1, January 1988 

Fits.  9-12. SEM micrographs of the cloaco-spicular orifice of male Radopholus similis from Puerto Rico 
posterior region, ventral view. Scale: Bar = 0.5 ~m. 
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FIGS. 1 g, 14. Light micrographs of chromosomes ofRadopholus sp. from Puerto Rico. 13) 2n = 8, oogonial 
metaphase. 14) n = 4, metaphase I. 

lateral  lips were  also character is t ic  for  each 
o f  the species. 

T h e r e  was a m a r k e d  d i f ference  in the 
critical poin t  d ry ing  p r e p a r a t i o n  o f  R. sire- 
ills and R. citrophilus. Radopho'lus similis 
males were  much  m o r e  susceptible to fix- 
at ion,  which caused mos t  spec imens  to col- 
lapse or  b e c o m e  dis tor ted,  whereas  mos t  
R. citrophilus specimens  were  well p re -  
served fol lowing fixation. 

I t  is i m p o r t a n t  to use several  cr i ter ia  for  
ident i fying u n k n o w n  popula t ions  o f  Ra- 

dopholus sp. T h e  P u e r t o  Rico popu la t ion  
was previously r e p o r t e d  to have  n = 5 chro-  
mosomes  (12); however ,  examina t ion  of  
m o r e  than  100 females  revea led  that  the  
c h r o m o s o m e  n u m b e r  is n = 4. We  have  
found  it i m p o r t a n t  to r e m o v e  the  en t i re  
r ep roduc t ive  system f r o m  females  b e f o r e  
beg inn ing  the  staining p rocedure .  T h e  
SEM morpho log i ca l  studies con f i rmed  tha t  
this popula t ion  was m o r e  similar to R. sire- 
ills t han  to R. citrophilus. 

T h e  two popula t ions  o f  R. citrophilus 
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FIGS. 15-20. SEM micrographs of lips, head, and vulva region of female Radopholus citrophilus and R. 
similis. 15) R. citrophitus en face view. 16) R. similis en face view. 17) R. citrophilus labial lips, anter ior  region. 
18) R. similis labial lips, anterior  view. 19) R. citrophilus vulva, ventral  view. 20) R. s~milis vu~a,  ventral  v~ew. 
Scale: 15, 16) Bar = 0.5 #m. 17-20) Bar = 5 tzm. 
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s tud ied  o r i g i n a t e d  f r o m  d i f f e ren t  hos ts  a nd  
were  g e o g r a p h i c a l l y  sepa ra ted .  A l t h o u g h  
the  p o p u l a t i o n  f r o m  Hawai i  does  no t  infec t  
c i t rus  (10), it has  m o r p h o l o g i c a l  c h a r a c t e r -  
istics s imilar  to  the  F lo r ida  p o p u l a t i o n  tha t  
infects  citrus.  A t  p resen t ,  hos t  p r e f e r e n c e  
tests a re  the  on ly  avai lable t e c h n i q u e  fo r  
d e t e r m i n i n g  b io types  o f  R. citrophilus. 

T h e  d e g r e e  o f  p r o t e i n  evo lu t ion  as pre-  
viously d e m o n s t r a t e d  in R. similis a n d  R. 
citrophilus is no t  necessar i ly  associa ted  with 
the  d e g r e e  o f  ana tomica l  c h a n g e s  in these  
o rgan i sms .  Di f fe rences  o b s e r v e d  in several  
m o r p h o l o g i c a l  a r e a s  b e t w e e n  t h e  t w o  
species indicates  two gene t i c  events  m a y  
have  o c c u r r e d .  M u t a t i o n  in r e g u l a t o r y  
genes  r e su l t ing  in ana tomica l  c h a n g e  cou ld  
o c c u r  separa te ly  f r o m  m u t a t i o n s  at t he  
s t ruc tu ra l  g e n e  level r e su l t ing  in p r o t e i n  
ch an g es  (2,17). T h e s e  results  s u p p o r t  t he  
t h e o r y  tha t  o r g a n i s m s  with re la t ive ly  sim- 
ple ana tomica l  f ea tu res  will have  few o r  no  
m o r p h o l o g i c a l  d i f fe rences  b e t w e e n  t h e m ,  
a l t h o u g h  they  m a y  dif fer  g rea t ly  in the  
a m o u n t  o f  p r o t e i n  c h a n g e  (16). T h i s  ap- 
pears  to  be  the  case in Radopholus spp. 
(8,10). 

Even  t h o u g h  similari t ies were  o b s e r v e d  
within  po pu l a t i ons  o f  each  species, m o r e  
p o p u l a t i on s  f r o m  o t h e r  loca t ions  shou ld  be  
obse rved .  Since these  m o r p h o l o g i c a l  dif- 
f e rences  a re  difficult  to  imposs ib le  to ob-  
serve by l ight  mic roscopy ,  t hey  shou ld  be  
c o n s i d e r e d  m i n o r  a n d  add i t iona l  s u p p o r t  
f o r  the  sibling species concep t .  H o w e v e r ,  
if these  m o r p h o l o g i c a l  d i f fe rences  a re  con-  
sistently o b s e r v e d  wi th in  o t h e r  p o p u l a t i o n s  
o f  the  two species,  t h e n  the  "s ib l ing  species 
c o n c e p t "  shou ld  be  r ede f ined .  
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