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/lbstracl: The  response of Citrus spp. and related rootstocks to a popnla t ion  of Meloidogyne 
javanica was evaluated in a screenhouse experiment.  Palestine and Rangpur  lime, rough lemon, 
sour orange, Sexton and Then t r i t on  tangelo, and Volkamer lemon were not infected by M. 
]avanica. Galls and tip swellings were observed on the roots of Poncirus triloliata and Troyer  
citrange. There  was no evidence of nematode development.  Symptoms induced by the nematode 
were stelar division, syncytia formation in the vascular tissues, and necrotic cells. Key Words: 
root-knot nematode, histopathology, Poncirus trifoliata, Troyer  citrange. 

Root-knot nematode infections on Citrus 
spp. are rare and of linaited economic im- 
portance. Five Meloidogyne species--the 
Asiatic pyroid citrus nema, M. exigua 
Goeldi, M. incognita (Kofoid g: White) 
Chitwood, M. indica Whitehead,  and M. 
javanica (Treub) Chitwood--have been re- 
ported to infect citrus roots worldwide (1, 
2, 3, 5, 6, 8, I0, I 1). Nematode reproduct ion 
has been observed in citrus roots infected 
with the Asiatic pyroid citrus nema in India 
and Taiwan (1), M. exigua in Surinam (3) 
and Guadeloupe (8), M. incognita in 
Queensland, Australia (2), and M. indica 
in India (11). Citrus spp. are probably 
invaded by populat ions of these species 
tllat usually reproduce in other hosts. 

Meloidogyne javanica has been reported 
on citrus more frequently than the other 
species of Meloidogyne. T h e  parasite usu- 
ally failed to complete its life cycle, which 
was at t r ibuted to a lack of syncytial forma- 
tion following nematode penetrat ion (7). 
This  paper reports the host range of an 
M. iavanica populat ion on Citrus spp. and 
related genera, and histological changes 
caused by nematode invasion. 

MATER IALS  AND M E T H O D S  

The  following Citrus species and related 
genera were used: sour orange (Citrus 
aurantium L.), rough lemon (C. limon [L.] 
Burro. f.), Palestine and Rangpur  lime (C. 
reticulata var. austera Swing.), Volkamer 
lemon (C. volkameriana Pask.), Poncirus 
trifoliata (L.) Raf., Sexton and Then t r i t on  
tangelo (C. paradisi Mac[. X C. reticulata 
Blanco), and Troyer  citrange (C. sinensis 
[L.] Osb. X P. triJoliata). 
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In a screenhouse, 40 seeds of each species 
were sown in a bin, 11 x 2 x 0.5 m deep, 
filled with a volcanic sandy soil containing 
80.7% sand, 11.3% silt, and 8.0% clay, 
naturally infested with about  three eggs 
and juveniles of M. javanica per ml of soil. 
Seeds of each rootstock were randomly 
planted in four rows, each row alternat- 
ing with rows of tomato (Lycopersicon 
esculenturn Mill.) cv. Roma, the latter 
planted to mainta in  a high populat ion 
density of root-knot nematodes. To m a to  
and citrus seeds respectively germinated in 
10-15 and 25-30 days. Plants were grown 
under  a Mediterranean climate in Sicily, 
from April to September 1976, and were 
given normal screenhouse maintenance. 
T h e  tomato plants were pruned frequently 
to prevent excessive growth. T h e  citrus 
and tomato roots were rated 5 months after 
the seed was sown. Galling indices for M. 
javanica-infected roots were: 0, none; I, 
light; 2, moderate; 3, moderate to heavy; 
and 4, heavy (9). Root  segments with galls 
were washed free of soil, fixed in FAA 
(formalin, acetic acid, alcohol) for 48 h, 
dehydrated in tertiary butyl  alcohol, and 
embedded in paraffin. T h e  10-to-15-/~m 
sections were stained in safranin-fast green, 
mounted in Permount ,  and observed with a 
compound microscope. 

RESULTS AND DISCUSSION 

No galls or swellings were found on the 
roots of any Citrus sp. T i p  swelling and 
galls were present on the feeder roots of 
P. tritoliata and Troyer  citrange. Gall 
indices ranged from 1 to 3 (Fig. 1). All 
tomato plants were severely galled (rating 
of 4) and had about  800 egg masses/g of 
fresh feeder root  prot ruding from the root  
surface. Only juvenile stages were observed 
in galls of infected P. trifoliata and T ro y e r  
citrange seedlings. 
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Cross sect ions  of  i n fec t ed  feeder  roo ts  
of  P. tri[oliata showed tha t  j uven i l e s  
p e n e t r a t e d  the  e p i d e r m i s  a n d  cor tex  a n d  
fed on x y l e m  p a r e n c h y m a  cells. T h e  nema-  
tode  feed ing  ac t iv i ty  d i so rgan ized  a n d  
d i v i d e d  the stele in to  several  bundles ,  
i n d u c i n g  syncyt ia  wi th  t h i ckened  walls  in 
the  p r i m a r y  tracl~eal e l emen t s  (Fig. 5). 
S te lar  d iv i s ion  increased  whereve r  several  
n e m a t o d e s  i n v a d e d  the r o o t  a t  the  same 
level,  as obse rved  in T r o y e r  c i t r ange  (Fig. 
2). In  in fec ted  roots ,  the  s e p a r a t e d  s te la r  
p o r t i o n s  were usua l ly  wel l  d e l i m i t e d  f rom 
each o t h e r  by  g r o t m d  tissue, b u t  somet imes  
g roups  of x y l e m  cells were  sca t te red  in the  
g r o u n d  tissue (Fig. 5). Ohserved  in  the 
secondary  vascu la r  t issue in al l  sect ions 
were  several  m u l t i n u c l e a t e  syncytia ,  wi th  
g r a n u l a r  c y t o p l a s m  a n d  no  ev idence  of  
t h i c k e n i n g  of  secondary  walls  (Fig. 3, 4). 
T h e  s te lar  a rea  a p p e a r e d  eccent r ic  becanse  
of h y p e r p l a s i a  in  the  vascu la r  p a r e n c h y m a  
(Fig. 3). A nec ro t i c  r eac t i on  in the  cells 
s u r r o u n d i n g  the n e m a t o d e  head  of ten  oc- 
cur red ,  p r e v e n t i n g  syncyt ia l  f o r m a t i o n  and  
l a rva l  d e v e l o p m e n t  and  caus ing  even tua l  
d e a t h  of  the  n e m a t o d e .  ¥Vhen this necro t ic  
r eac t i on  was accen tua ted ,  the  en t i r e  s te lar  
a rea  d isso lved  a n d  the o r i g i n a l  vascu la r  
t issue was very diff icult  to d is t ingt t i sh .  A 
large  nec ro t i c  spot  r e m a i n e d  in the  r o o t  
cen te r  (Fig. 6). 

S imi la r  r o o t  d a m a g e  was obse rved  in 
in fec ted  T r o y e r  c i t r ange  feeder  roots.  T h e  
s i m u l t a n e o u s  invas ion  of  several  j uven i l e s  
i n d u c e d  m u l t i p l e  s te la r  d iv is ion .  I u  roo t  
cross-sections, the  n e m a t o d e s  a p p e a r e d  to 
be loca l ized  in the  h y p e r p l a s t i c  g ro t tnd  
tissue a m o n g  the d i v i d e d  stele (Fig. 2). N o  
syncyt ia  f o r m a t i o n  was obse rved  in cross- 
sect ions of  the  root .  

S te lar  d iv i s ion  w i th  de l ayed  n e m a t o d e  
d e v e l o p m e n t  has been  r e p o r t e d  in gal ls  
of M. incognita-infected Lycopersicon 
pirnpineUi[olium Mil l .  (4). M. ]avanica 
i n fec t ion  in P. trifoliata a n d  T r o y e r  
c i t r ange  i n d u c e d  s te lar  d iv i s ion ,  b u t  the  

Y I l t l l  
\ \ \ \ \  

n e m a t o d e  d i d  n o t  c o m p l e t e  i ts l i fe cycle. 
Poncirus trifoliata and  T r o y e r  c i t r ange  ex- 
hibi tecl  less g a l l i n g  than  toma to ,  a n d  
nematocle  invas ion  i n d u c e d  syncyt ia  in  
some instances.  Ste lar  d i so rgan i za t i on ,  
which  causes local ized roo t  swel l ing,  a lways 
occt , r red  before  necrosis  of  the  cells sur- 
r o u n d i n g  the  nematocle .  

Because the  juven i l e s  fa i led  to c o m p l e t e  
d e v e l o p m e n t  in the roots  of  P. trifoliata 
and  T r o y e r  c i t range ,  r e m o v i n g  the p l an t s  
h 'om the  source of  in fec t ion  s h o u l d  enab l e  
t hem to recover  f rom n e m a t o d e  infec t ion .  
T h a t  was shown when  P. trifoliata a n d  
T r o y e r  c i t r ange  seedl ings  in fec ted  w i t h  M.  
iavanica were t r a n s p l a n t e d  to clay pots  con- 
t a i n i n g  c lean  soil. E leven  m o n t h s  l a t e r  they  
ev idenced  no  g a l l i n g  in the  roo t  system. 
D a m a g e  caused by nematoc le  p e n e t r a t i o n  
in to  the  feeder  roots  can be a vo ide d  by  
k e e p i n g  Citrus and  r e l a t e d  genera  sepa ra t e  
f rom hosts  suscep t ib le  to Meloidogyne sp. 
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FIG. 1-6. 1) Root-galls on Troyer citrange seedlings induced by Meloido~'ne ]avanica. 2) Cross-section 
of Troyer ci.trange root with divided stele (St) caused by M. javanica (N) infection. 3) Cross section of 
Poncirus triloliata feeder root showing syncytia (S) in the secondary vascular tissue. 4) Multinucleate 
syncytium (S) in a cross section of Poncirus trifoliata feeder root; nu = nuclei. 5) Cross-section of Poncirus 
trifoliata feeder root showing a syncytium (S) in primary tracheal elements surrounded hy divided stele 
(St) and xylem cells (X). 6) Cross-section of Poncirus triloliata feeder root showing necrotic reaction of 
cells in the disorganized stelar area due to M. javanica infection. 
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Iontophoretic Cobalt Staining of the Body Wall of 
Phocanema decipiens ~ 

CLARE BRADLEY and NElL A. CROLL 2 

Abstract: l on tophore t i c  cobalt  s t a in ing  of the nematode  Phocanema decipiens results  in t h e  

depos i t ion  of cobal t  between the contrac t i le  bases of ad jacent  muscle  cells and  in a hexagona l  
la t t ice  pa t t e rn  in the hypodermis .  T h e  possibi l i ty  of s t a in ing  sa rco lemmal  invagina t ions  be tween 
muscle  cells which are p ropr iocep t ive  or coord ina te  the act ivi ty  of  adjacent  muscle cells is 
suggested. Key Words: nervous tissue, hypodermis ,  muscle cells. 

H y p o d e r m a l  fibrillae in nematodes  have 
been described m a n y  times, of ten as a nerve 
ne twork  (1, 8), and  sometimes as a suppor-  
tive f ramework  (5). Elect ron-microscope 
studies confirm the presence of hypode rma l  
fibrillae bu t  do no t  demons t ra te  their  func- 
t ion (14). Croll  and Maggent i  (4) described 
a silver-staining ne twork  in Thoracostoma 
(=Deontostoma) cali[ornicum Steiner and  
Albin;  their  s ta in ing technique  was effective 
only  on  l iving mater ia l  and  there has been 
some discussion as to whe ther  the silver- 
stained elements  are nervous tissue or  sites 
o[ ionic exchange  (3, 12, 13). T h e  present  
s tudy describes the result  of ion tophore t i c  
cobal t  s ta ining of  the body  wall of  
Phocanerna decipiens Myers. Th i s  tech- 
n ique  has been used widely to demons t ra te  
nervous  tissue (7). 

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

Fourth-stage larvae of  P. decipiens were 
r emoved  f rom cod muscle aml stored at 4 C 
in 0.9% saline. T h e  exper imenta l  pro- 
cedure  fol lowed was that  described by 
Mul loney  (9). A segment  of  worm, cut  at 
bo th  ends, was washed in disti l led water  
and  placed across a br idge between two 
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wells in a leucite block. T h e  w o r m  was held 
on the bridge wi th  h igh-vacuum silicone 
grease, wi th  the an te r ior  end in the well 
fitted with a 5% saline solut ion of  cobal t  
chloride,  and  the poster ior  end in tile o ther  
well, which conta ined  0.9% saline. Using 
p la t in tun  electrodes, a cur ren t  of 10 amp  
DC was passed t h r o u g h  the p repa ra t i on  for 
a per iod of  3 11. Fol lowing  this, the prep- 
a ra t ion  was immersed in 10 ml saline 
con ta in ing  0.1 ml 100% a m m o n i u m  sul- 
phide,  as described by P i tman  et al. (10). 
T h e  tissue was then fixed for 2 h in the 
fol lowing solut ion:  4.5%: formaldehyde,  
! .1% g lu te ra ldehyde  and buffered in 4.5 
ml of 0.15M phospha te  buffer in 100 ml of  
distilled water.  T h e  tissue was then  dehy- 
dra ted  th rough  a series of  30%,  70% and  
90% ethyl alcohols buffered wi th  0.15M 
phospha te  buffer, cleared in benzene,  and  
embedded  in wax. Sections were counter-  
s tained wi th  eosin. 

R E S U L T S  A N D  D I S C U S S I O N  

Cobal t -s ta ined sections of  tile b o d y  wall 
of  P. decipiens in  the post -pharyngeal  
region are shown in Figs. 1 and 2. Coba l t  
was deposi ted in the interst i t ial  spaces be- 
tween the contract i le  por t ions  of  ad jacent  
muscle cells (see ar row Fig. l-A). T h e  
median  nerve cord can be seen to the right,  
marked  by an arrow, l-C, l-D, 2-A, and  2-B 
are all transverse sections of  the b o d y  wall 
and  show the cobal t  deposi ted  as a cap at 
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