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Inhibitory Effect of Watermelon Mosaic Virus on 
Meloidogyne javanica (Treub) Chitwood 

Infecting Cucurbita pepo L. 1 
S. P. HUANG AND E. Y. CHU 2 

Interactions between root-knot nema- 
todes and viruses were recently reviewed 
by Taylor (4). Compared to virus-free cow- 
pea (vigna sinensis Endl.), cowpea mosaic 
virus-infected plants formed fewer galls on 
roots in response to infection by Meloido- 
gyne incognita (Kofoid and White) Chitwood 
(2). On the other hand, tobacco plants (Ni- 
cotiana tabacum L.) infected with tobacco 
ringspot virus (TRSV) and M. incognita had 
more galls than did nematode-infected vi- 
rus-free plants (4). Also, TRSV-infected 
bean plants (Phaseolus vulgaris L.) had more 
second-stage juveniles  of  M. javanica 
(Treub) Chitwood entering roots than did 
virus-noninfected plants, whereas tobacco 
mosaic virus (TMV) did not show similar 
influence on the nematode in tomato plants 
(Lycopersicon esculentum Mill.) (1). Tomato 
plants infected with TMV induced higher 
growth rates of  the nematode than did vi- 
rus-free plants, whereas TRSV in bean 
plants did not affect the rates (1). Similarly, 
Bird (1) found no synergistic effect be- 
tween M. javanica and TRSV on bean root, 
but the effect on soybean (Glycine max (L.) 
Merr.) betweenM, incognita acrita and TRSV 
was reported by Ryder and Crittenden (3). 
Clearly, interactions between viruses and 
root knot nematodes on host plants are 
complex. 
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In Minas Gerais, Brazil, both M. javanica 
and watermelon mosaic virus (WMV) oc- 
cur on zucchini (Cucurbita pepo L.). The 
purpose of our work was to investigate the 
effect of WMV on M. javanica infection 
and the concomitant effect of both organ- 
isms on zucchini plant growth. 

Nematodes for inoculum were main- 
tained in the greenhouse and collected as 
needed. Virus for inoculum was main- 
tained on zucchini leaves. WMV crude sap 
from infected leaves was diluted with phos- 
phate solution (0.01 M, pH 7.0) respec- 
t ive lyto5 x 10-1, 1 x 10-~,5 × 10-2, and 
1 x 10 -1 times. Two leaves per plant were 
inoculated with the sap by rubbing the leaf 
surface with carborundum (600 mesh). 
Mosaic symptoms appeared 3 days after in- 
oculation with the crude sap. 

The experiment was conducted in a 
greenhouse. In the first test, four C. pepo 
cv. Caserta seeds were planted in a 10-liter 
plastic bag filled with methyl bromide- 
treated soil (73% sand, 18% clay, and 9% 
cow manure). Thirty grams commercial 
fertilizer products at the rate of N-P-K = 
4-14-8 and 20 g lime per bag were uni- 
formly mixed with the soil. The plants were 
thinned to one seedling per bag after emer- 
gence. Four weeks later (four-leaf stage), 
the following treatments were made: 1) 
neither roots nor leaves inoculated (con- 
trol); 2) roots inoculated with approxi- 
mately 664 eggs and 1,624 juveniles of M. 
javanica, leaves not inoculated (N); 3) roots 
not inoculated, leaves inoculated with 10 -1 
dilution of WMV crude sap concentration 
(V 10-1); 4) roots inoculated as in 2, leaves 
inoculated as in 3 (N + V 10-1). Each treat- 
ment was replicated six times. Fifty-four 
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FIG. l. Correlation among inoculum level of watermelon mosaic virus, number of Meloidogyne javanica, 
root weight, and top weight of Cucurbita pepo. Virus and nematode were inoculated at the same time on C. 
pepo. 

days after  inoculation, nematode  numbers  
(eggs and second-stage juveniles) and fresh 
root  weights were determined.  

In the second test, each 20-liter plastic 
bag containing the same soil as in the first 
test was planted with five seeds (cv. Caserta) 
and th inned  to three  plants per bag. T h e  
following t rea tments  were applied: 1) nei- 
ther  roots nor  leaves inoculated (control); 
2) roots inoculated with 3,102 eggs and 
4,465 juveniles of  M. javanica, leaves not  
inoculated (N); 3) roots not  inoculated, 
leaves inoculated with 10 -1 dilution of  
WMV crude sap (V 10-1); 4-8)  roots in- 
oculated as in 2, leaves respectively inoc- 
ulated with WMV a t  10 -2, 5 × 10 -2, 10 -1, 

and 5 x 10 -1 dilutions and crude sap (N + 
V 10-2, N + V 5  x 10-2, N + V 10-] ,N + 
V 5 x 10 -1, and N + V 10°); 9) roots in- 
oculated as in 2, 7 days later leaves inoc- 
ulated as in 3 (N --' V 10-1); 10) leaves 
inoculated as in 3, 7 days later roots inoc- 
ulated as in 2 (V --* N 10-1). Each t rea tment  
was replicated seven times. Forty-five days 
after  t reatment ,  plants were harvested and 
weighed and nematode  numbers  (eggs and 
second-stage juveniles) were determined.  

Nematode infection: In the first test, the 
roots inoculated with nematode  only (N) 
contained higher  final nematode  numbers  
than the roots inoculated with nematodes  
and WMV (N + V 10 -1 ) (Table I). The  
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TABLE 1. E f f e c t  o f  w a t e r m e l o n  m o s a i c  v i r u s  (V) i n f e c t i o n  o f  Cucurbita pepo o n  p o p u l a t i o n  d e v e l o p m e n t  o f  
Meloidogyne javanica (N).  

First test 
Second test 

Eggs a n d  
Eggs and  second-stage 

T rea tm en t s  second-stage juveniles  
j uven i l e s /  Root  (x 1 ,000) /  T o p  Root  

Inoculum root  wt (g) /  roo t  wt (g) /  wt (g) /  
Pathogens* levelst system plant  system plant  p lant  

C o n t r o l  16 .6  b 2 1 9 . 5  a 15 .8  c 
N a l o n e  1 , 0 2 4  az~ 2 0 . 8  a 8 3 7  a§  2 3 3 . 8  a 2 3 . 6  a b  
V a l o n e  10 -1 15 .7  b 1 9 1 . 9  b 
N + V 10 -2  125  b 1 9 6 . 2  b 27 .1  a b  
N + V 5 x 10 -2  7 3  c 1 8 5 . 2  b 2 8 . 3  a b  
N + V 10 -~ 4 9 2  b 2 3 . 3  a 6 9  c 1 8 8 . 6  b 2 5 . 0  a b  
N + V 5 x 10 -1 4 7  c d  1 9 9 . 5  b 2 4 . 0  a b  
N + V 10 ° 3 9  d 1 8 8 . 6  b 2 0 . 9  b c  
N ~ V 10 -1 6 3  c d  1 8 8 . 0  b 2 7 . 3  a 
V ~ N 10 -1 12 e 1 9 5 . 7  b 16 .8  c 

* Control  = no inoculation; N alone = only nematodes;  V alone = only virus; N + V = both  pa thogens  inocula ted at same 
time; N - V = nematodes  first, virus next;  V ~ N = virus first, nematodes  next.  

t Inoculum levels o f  virus were  5 x 10 -~, 10 -~, 5 x 10 -2, a n d  10 -2 dilutions o f  WMV crude  sap (10°). Each roo t  system 
was inoculated with 2,288 nematodes  in the  first test and  with 7 ,567 nematodes  in the second test. 

Different letters in columns indicate differences (P = 0.05) accord ing  to Duncan ' s  mul t ip le- range test. 
§ Data in this co lumn t r ans fo rmed  into log~0 for  analysis. 

overall  low n e ma t o d e  infect ion in this test 
may be re la ted to low t empera tu res  (8-21 
C) dur ing  fall and winter.  

In the second test, the  plants inoculated 
with nematodes  only (N) were found  to have 
significantly h igher  final nema tode  num- 
bers in the roots  than in any o the r  treat-  
ments  (Table  1). Final nema tode  numbers  
in the roots  o f  plants inoculated with nem- 
atodes and WMV at the same t ime de- 
creased with the increase in WMV concen-  
t r a t i on .  T h e  c o r r e l a t i o n  coef f i c ien t  (r) 
be tween the final n e ma tode  numbers  and 
WMV sap concent ra t ions  was - 0 . 7 5 6  (Fig. 
1). On the o the r  hand,  in the th ree  treat-  
ments  using the same inoculum level (10 -1 
dilution) o f  virus and nematode ,  the final 
nema tode  numbers  in the plants inoculat- 
ed with WMV 7 days pr io r  to inoculat ion 
with nematodes  (V --, N 10 -1) were  lower 
(P = 0.05) than that  inoculated with both  
organisms at the same t ime (N + V 10-~), 
or  than that  inoculated with nematodes  
first, followed by WMV 7 days later  (N 
V 10-1). T h e  results indicate that  WMV 
re t a rded  the es tabl ishment  o f  the M. ja- 
vanica popula t ion  in zucchini roots.  

Plant growth: In the first test, roo t  weights 
o f  plants inoculated with nematodes  only 
(N), or  with bo th  organisms (N + V 10 -1) 

were h igher  (P = 0.05) than  those of  the 
cont ro l  plants (control)  or  plants inoculat- 
ed only with virus (V 10- ')  (Table  1), in- 
dicating that  high roo t  weights were in- 
duced by the nematodes  fo rming  heavy 
galls on roots.  Similar results were also 
shown in the second test. In the five treat-  
ments  (N + V), r be tween final nema tode  
numbers  and roo t  weights was +0 .712 ,  
whereas  r be tween  virus inoculum levels 
and roo t  weights was - 0 . 9 3 0  (Fig. 1). In 
the th ree  t rea tments  using the same level 
o f  virus inoculum (10 -1 dilution) and nem- 
atode,  roo t  weights o f  plants inoculated 
with WMV first and nematodes  next  (V 
N 10 -1) were lower than in the o the r  two 
t rea tments  (N + V 10 -1 , N ~ V 10 -1 ) in 
which both  roo t  weights were no different .  
T h e  results indicate that  the r educ t ions  o f  
roo t  weights were re la ted to the decrease  
in n em a to d e  numbers  due  to the inhibi tory 
effect of  WMV. 

T o p  weights o f  plants inocula ted with 
WMV only (V 10 -1) or  with bo th  organisms 
were less (P = 0.05) than  those o f  the con- 
trol  plants (control)  or  plants inoculated 
only with nematodes  (N) (Table  1). T h e  
result  shows that  WMV reduced  normal  
plant growth.  However ,  the top weights 
were almost independen t  o f  the WMV 
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inoculum levels (r = +0.034) and of the 
final nematode numbers (r = + 0.184) (Fig. 
1). 

Neither synergistic nor additive effects 
on plant growth between the nematode and 
the virus pathogens were demonstrated. 

LITERATURE CITED 

1. Bird, A. F. 1969. The  influence of tobacco ring- 
spot virus and tobacco mosaic virus on the growth of 
Meloidogyne javanica. Nematologica 15:201-209. 

2. Goswami, B. K., S. Singh, and V. S. Verma. 1974. 
Interaction of a mosaic virus with root-knot nematode 
Meloidogyne incognita in Vigna sinensis. Nematologica 
20:366-367. 

3. Ryder, H. W., and H. W. Crit tenden. 1962. 
Interrelationships of tobacco ringspot virus and Me- 
loidogyne incognita acrita in roots of soybean. Phyto- 
pathology 52:165-166 (Abstr.). 

4. Taylor, C. E. 1979. Meloidogyne interrelation- 
ships with microorganisms. Pp. 375-398 in F. Lam- 
berti  and C. E. Taylor, eds. Root-knot nematode (Me- 
loidogyne species)--Systematics, biology and control. 
New York: Academic Press. 

Journal  of Nematology 16(1): 112-115. 1984, 
© The  Society of Nematologists 1984, 

An Observation Chamber Technique for Evaluating 
Potential Biocontrol Agents of 

G l o b o d e r a  r o s t o c h i e n s i s  1 

J. A. LAMONDIA AND B. B. BRODIE 2 

Recent research has stimulated opti- 
mism that naturally occurring parasites may 
be useful biocontrol agents of nematodes 
(3,4,6-9). To evaluate their potential, col- 
lections of  b iocontro l  agents must be 
screened against the target nematode. 
Screening isolates against one nematode 
generation in greenhouse pots is an often 
used standard test. Disadvantages of  this 
test include the lack of controlled environ- 
mental conditions and the inability, with- 
out destructive sampling, to observe the 
effect of parasitism. 

An observation chamber was developed 
(1) and used to continually observe para- 
sitism of  developing Heterodera avenae 
(Woll.) females by Nematophthora g),nophila 
(5). This technique involved growing oat 
roots in clear petri dishes in soil infested 
with both the nematode and the fungM 
parasite under greenhouse conditions. The 
observation chamber allowed evaluation of 
parasitism at more than one point in the 
life cycle, but lacked controlled environ- 
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mental conditions, which might increase 
sensitivity over greenhouse tests. 

Foot (2) described a method to screen 
potatoes for resistance to the potato cyst 
nematode. Clear containers formed an en- 
closed sterile system which inhibited shoot 
growth and stabilized moisture without 
eliminating root growth, which was sus- 
tained by the seed tuber. We developed a 
modification of this procedure to evaluate 
fungal parasitism of Globodera rostochiensis 
(Woll.) Behrens. Results obtained with the 
canister method were compared with re- 
sults obtained using greenhouse-grown 
potted plants. 

Forty-one fungi isolated from G. rosto- 
chiensis in the Peruvian Andes and a par- 
asite of Meloidogyne incognita (Kofoid & 
White) Chitwood, Paecilomyces lilacinus 
Thom. Samson (3) obtained from the In- 
ternational Potato Center were examined. 
Eight replications of each isolate were in- 
cluded. Potential fungal parasites were 
added to the system either on oat seeds or 
potato dextrose agar (PDA) strips. Oat seed 
medium consisted of  50 ml of oat seed and 
25 ml of distilled water added to a 150-ml 
flask and autoclaved before inoculation. 
The infested oat seeds or PDA strips served 
both as an initial food source for the fungus 
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