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Effect of Meloidogyne javanica and M. incognita on resistance of
muskmelon cultivars to Fusarium wilt
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Summary. A growth chamber experiment was conducted to study the interaction between Meloidogyne javanica
and/or M. incognita and the Fusarium wilt fungus Fusarium oxysporum f. sp. melonis, using three muskmelon cultivars
differing in their resistance to the fungus. Inoculations were carried out 1. with the wilt fungus alone, 14 and 28 days
after transplanting; and 2. with the wilt fungus plus one or both root-knot nematodes, either directly upon trans-
planting, or 14 or 28 days after transplanting. In the course of the test all muskmelon cultivars, irrespective of their
initial resistance to the wilt, almost completely lost their resistance when infected with M. javanica; resistance was
also impaired but to a lesser extent with M. incognita. Wilting of 100% in the resistant and moderately resistant
muskmelon cultivars inoculated with M. javanica + F. oxysporum f. sp melonis occurred 14 days earlier than in
muskmelon inoculated with the fungus alone. Also, M. javanica was more severe on the plants than M. incognita. In
all three cultivars, both root-knot nematode species hastened expression of plant wilting, which took 12.1 days with
M. javanica, 14.8 days with M. incognita, and 12.3 days with both species combined, compared with 22.7 days for
plants inoculated with Fusarium oxysporum f. sp. melonis alone. Moreover, the onset of wilting required 9-13.3 days
when the nematode infection preceded F. oxysporum f. sp. melonis inoculation by two weeks, compared with 16.7—
19.7 days when the nematode and fungus were inoculated simultaneously 14 days after transplanting, indicating
plant preconditioning by the nematode.
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Introduction

Muskmelon (Cucumis melo L.), is one of the
most important summer crops in the world
(Yamaguchi, 1983). Muskmelons suffer from many
diseases that limit their yield. Fusarium oxyspo-
rum Schlechtend f. sp. melonis (Leach & Currence)
Snyder and Hans (Fom) is one of the most serious
pathogens of muskmelon, causing mortality of 90%
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and more (Sohi and Shrama, 1998). Root-knot nem-
atodes are also one of the most important causes
of plant diseases in the world (Sasser, 1980). The
conditions required for muskmelon production are
very similar to those that also favour both Fusa-
rium wilt development (Armstrong and Armstrong,
1978; Punja et al., 2001) and nematode activity
(Freckman and Caswell, 1985). In the soil many
pathogens occur together and some establish as-
sociations, interactions or complexes. Meloidogyne
spp. and Fusarium oxysporum are a good example
of such an association (Sikora and Carter, 1987).
But although muskmelons suffer greatly from
Fusarium wilt in many parts of the world, and are



also affected by root-knot nematodes, they are rare-
ly used as a test crop to study the Fusarium - root-
knot nematode complex.

This investigation was designed to study the
effect of Meloidogyne javanica (Treub) Chitwood
and M. incognita (Kofoid and White) Chitwood,
separately and together, on muskmelon wilt caused
by Fom, to evaluate how muskmelon cultivars are
preconditioned by the time of nematode inocula-
tion, and how nematodes lower or remove musk-
melon resistance to Fom in three cultivars classed
as resistant, moderately resistant, and moderate-
ly susceptible to Fusarium wilt.

Materials and methods

Plant material

Three muskmelon cultivars differing in their
resistance to Fom were tested. For cultivar selec-
tion, the seeds of twelve muskmelon cultivars
were obtained from the National Center for Agri-
cultural Research and Technology Transfer
(NCARTT) in Baga’a, Jordan. Seeds were grown
in sterilized trays containing sterilized peat moss.
Seedlings (one plant per pot) were inoculated with
Fom at the first true-leaf stage. One ml of inocu-
lum suspension (10° conidia ml?') was applied to
each seedling using a pipette (Latin and Snell,
1986). Each inoculum test on a muskmelon culti-
var was replicated 7 times. Twenty days after in-
oculation, wilt incidence was assessed on all
plants and muskmelons were classed as resist-
ant, moderately resistant, or moderately suscep-
tible according to the scale of Martyn and
Mclaughlin (1983), in which plants with 20% wilt-
ing or less were resistant; with 21-50% wilting,
moderately resistant; with 51-80% wilting, mod-
erately susceptible; and with more than 80% wilt-
ing, highly susceptible. Three cultivars were se-
lected according to this scale: Zeinah’ as being
resistant; ‘Ananas’, moderately resistant, and
‘Amal’, moderately susceptible.

Sources of inocula

Meloidogyne javanica and M. incognita were
obtained from the roots of infected tomato plants.
The females were isolated along with their egg
masses. The females were identified as to species
by morphological characteristics of the perineal
pattern (Hartman and Sasser, 1985), while the egg
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masses were inoculated on susceptible tomato (GS-
12) plants to maintain the populations. One popu-
lation of each nematode species was used in the
experiment.

Fusarium oxysporum f. sp. melonis was obtained
from a wilted muskmelon plant in the Jordan Val-
ley. The pathogenicity of this isolate was tested on
the muskmelon cultivar from which it was obtained
(Agrios, 1997). For population built-up Fom was
grown on potato dextrose agar (PDA) for 12 h in an
incubator supplemented with fluorescent lighting.

Treatments and data analysis

Thirty-six treatments were completely rand-
omized in a split-plot design with five replicates.
Twelve main plots including the non-inoculated
control were assigned to the treatments and three
sub plots assigned to the selected cultivars (Table
1). The tests were conducted in a growth chamber
maintained at 28+2°C, 50-60% relative humidity,
with a 16 h day (Salunkhe and Kadam, 1998).

The potting soil consisted of sand, peat moss
and perlite 1:1:1 (v:v:v), and was sterilized with
methyl bromide at 454 g/1.4 m® (Sumner and John-
son, 1973; Khan and Haider, 1991). The soil was
placed in 15-cm plastic pots, which were sterilized
by dipping in a Benlate solution (12 g/20 1). The
pots were placed in the growth chamber, raised
from the ground on a bench and spread out to avoid
contamination with each other (Ko et al., 1997).
Ten-day-old muskmelon seedlings of uniform size
(first true-leaf stage) were selected and transplant-
ed to the pots.

Eggs of each Meloidogyne species were harvest-
ed from infected tomato plants using sodium hy-
pochlorite (Barker, 1985). Egg counts in the water
suspension were done several times using a 0.5-
ml capacity grooved slide and the number of eggs
was adjusted to 10% eggs ml™. Ten ml of this sus-
pension was poured into holes made around the
stems of the potted muskmelon seedlings. Nema-
todes were inoculated either at transplanting (ATP)
or 14 days after transplanting (14 DAT) and each
nematode species was either inoculated alone, or
both species were inoculated together into the Fom-
infected muskmelon plants (Morrell and Bloom,
1981; Shane and Barker, 1986). In treatments
where both nematode species were inoculated to-
gether, 5 ml of M. javanica and 5 ml M. incognita
suspensions were applied to each pot.
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Table 1. Effect of interaction between Meloidogyne javanica, M. incognita, Fusarium oxysporum f. sp. melonis (Fom)

and muskmelon cultivars on plant wilting.

Wilting index (0-5)°

Wilt increase (%)®

Treatment?®
R M. R M. S R M.R M.S
Control 0° 1 0 1 0 1 0° 0 0
Fom 14 DAT 1 k 2 j 3 f- 20 40 60
Fom 28 DAT 0.8k 1.9j 2.6 hi 16 38 52
M. javanica ATP + Fom 14 DAT 4 b-e 44a-d 38cf 80 88 76
M. javanica 14 DAT + Fom 14 DAT 44a-d 44a-d 44a-d 88 88 88
M. javanica 14 DAT + Fom 28 DAT 5 a 5 a 4.6 a—c 100 100 92
M. incognita ATP + Fom 14 DAT 3 f- 3.8cf 3 f4 60 76 60
M. incognita 14 DAT + Fom 14 DAT 34e-h 4 be 3 f4 68 80 60
M. incognita 14 DAT + Fom 28 DAT 3 f- 3 f- 3.4 e-h 60 60 68
(M. javanica + M. incognita) ATP + Fom 14 DAT 44a-d 5 a 3.6d-g 88 100 72
(M. javanica + M. incognita) 14 DAT + Fom 14 DAT 4.8 ab 4.6 a— 4 b-e 96 92 80
(M. javanica + M. incognita) 14 DAT + Fom 28 DAT 4.6a—c 5 a 5 a 92 100 100

* ATP, inoculated at transplanting; 14 DAT, inoculated 14 days after transplanting; 28 DAT, inoculated 28 days after transplanting.
b R, resistant; M. R, moderately resistant; M. S, moderately susceptible cultivar.
¢ Mean of 5 replicates. Means within the table followed by the same letter are not significantly different according to Duncan’s

multiple range test (P= 0.05).

Inoculum of Fom was prepared by transferring
fungal plugs from a 5-day-old pure colony growing
on PDA to 500-ml flasks each containing 100 ml of
potato dextrose broth (10 g1*). Flasks were placed
on a shaker operating at 96 rpm and maintained
at room temperature. After 5 days, the contents of
all flasks were combined and filtered through four
layers of cheesecloth. The suspension was adjust-
ed to 108 conidia ml*. A haemocytometer was used
to determine inoculum concentration (Waller et al.,
1998). One ml of this suspension was applied ei-
ther 14 days after transplanting (14 DAT) or 28
days after transplanting (28 DAT) (Powell, 1971),
without nematodes, or with one or both nematode
species. As with the nematodes, the suspensions
were applied to holes made in the soil around the
plant stems.

The following parameters were determined: (1)
shoot length (cm); (2) leaf dry weight (g), deter-
mined by drying the leaves in an oven at 60°C for
3 days prior to weighing (Mizrach et al., 1994);
(3) the plant wilting index, determined visually
using the scale of Abawi and Barker (1984) (0, no
symptoms; 1, one or two wilted leaves; 2, half the
leaves wilted and beginning to yellow; 3, three-
fourths of the leaves wilted, yellow and becoming
necrotic; 4, all leaves wilted with lower leaves
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abscising; and 5, plant dead); (4) the root-galling
index (0, no root-galling; 1, 1-10% of roots galled;
2, 11-25%; 3, 26-50%; 4, 51-75% and 5, 76-100%
of roots galled); and (5) number of days required
for the muskmelons with and without nematodes
to start wilting after inoculation with F. oxyspo-
rum f. sp. melonis (Sumner and Johnson, 1973;
Abawi and Barker, 1984). In treatments where
both nematode species were inoculated, 20 fe-
males were randomly dissected from the roots of
each plant, the perineal patterns mounted, the
species identified (Hartman and Sasser, 1985) and
the relative proportion of each species was deter-
mined (Khan and Haider, 1991).

Data were subjected to analysis of variance
(ANOVA), and means were separated using Dun-
can’s multiple range test at P=0.05 (Steel and Tor-
rie, 1980).

Results

Effect on plant wilting

All three muskmelon cultivars inoculated with
Fom alone showed a significantly higher plant wilt-
ing index than did the non-inoculated control (Ta-
ble 1). There were no significant differences be-
tween Fom-inoculated plants 14 DAT and those



inoculated 28 DAT in any of the cultivars.

When muskmelons were treated with Fom 14
DAT alone, the increase in wilting was 20% in the
resistant cultivar, 40% in the moderately resist-
ant cultivar, and 60% in the moderately suscepti-
ble cultivar (Table 1).

Inoculation with M. javanica plus Fom in-
creased the wilting index significantly in the re-
sistant and moderately resistant cultivars and at
all inoculation dates compared with the Fom-alone
inoculation. The increase in wilting was up to 100%
in both resistant and moderately resistant culti-
vars treated with M. javanica 14 DAT + Fom 28
DAT.

Inoculation with M. incognita plus Fom in-
creased the wilting index significantly in the re-
sistant and moderately resistant cultivars and at
all inoculation dates, compared with cultivars in-
oculated with Fom alone (Table 1).

Inoculation of M. javanica + M. incognita + Fom
significantly increased plant wilting of all cultivars
with all treatments compared with muskmelons
inoculated with Fom alone; except for one treat-
ment on the moderately susceptible cultivar (Ta-
ble 1). Percent wilting in the three types of culti-
vars increased to values close to those caused by
inoculation with M. javanica + Fom.
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Number of days required for wilting (early
expression of disease)

On all three cultivars, taken together, musk-
melon plants inoculated with Fom alone 14 DAT
required an average of 19.3 days after inoculation
to exhibit wilting, compared with 26 days after in-
oculation when Fom was inoculated 28 DAT (Ta-
ble 2). Inoculation of muskmelon plants with M.
Jjavanica or M. incognita ATP caused wilting after
10.6 and 13.3 days respectively, compared with 19.3
days for plants that received Fom alone 14 DAT
(Table 2). Inoculating muskmelon plants with M.
Jjavanica and/or M. incognita 14 DAT and Fom 28
DAT caused wilting within 9 and 11.3 days respec-
tively, compared to 26 days with Fom alone 28 DAT.

Effect on foliage dry weight

Inoculation of muskmelon cultivars with Fom
alone significantly decreased leaf dry weight in the
14 DAT treatments, except in the moderately re-
sistant cultivar, but not in the 28 DAT treatments,
as compared with non-inoculated plants (Table 3).

Inoculation with M. javanica + Fom caused a
significant further reduction in the leaf dry weight
of all cultivars at all inoculation dates (Table 3).
The reduction was up to 77.4% in the resistant
cultivar inoculated with M. javanica ATP + Fom

Table 2. Time required to produce wilting in muskmelon cultivars inoculated with Fusarium oxysporum f. sp melo-
nis (Fom) with or without Meloidogyne javanica and/or M. incognita.

Days required for wilting®

Treatment®
R M.R M. S Average
Control - - - -
Fom 14 DAT 25° 20 13 19.3
Fom 28 DAT 29 27 22 26
M. javanica ATP + Fom 14 DAT 10 11 11 10.6
M. javanica 14 DAT + Fom 14 DAT 20 17 13 16.6
M. javanica 14 DAT + Fom 28 DAT 10 9 8 9
M. incognita ATP + Fom 14 DAT 17 12 11 13.3
M. incognita 14 DAT + Fom 14 DAT 21 17 21 19.6
M. incognita 14 DAT + Fom 28 DAT 13 10 11 11.3
(M. javanica + M. incognita) ATP + Fom 14 DAT 12 10 9 10.3
(M. javanica + M. incognita) 14 DAT + Fom 14 DAT 20 18 15 17.6
(M. javanica + M. incognita) 14 DAT + Fom 28 DAT 11 8 8 9

? See Table 1.
b See Table 1.
¢ Mean of 5 replicates.
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14 DAT and 80.2% in the moderately resistant cul-
tivar inoculated with the same mixture.

Inoculation with M. incognita + Fom also sig-
nificantly decreased foliage dry weight, but to a
less extent than that brought about in plants inoc-
ulated with M. javanica + Fom (Table 3). Inocula-
tion of M. javanica simultaneously with M. inco-
gnita plus Fom significantly decreased foliage dry
weight in all cultivars at all inoculation dates; ex-
cept in the moderately resistant cultivar when the
fungus was added 28 DAT (Table 3). The percent
reduction in foliage dry weight with these treat-
ments was higher than that with M. incognita in-
oculated alone, except for the resistant cultivar
inoculated with M. javanica + M. incognita 14 DAT
+ Fom 14 DAT.

Effect on shoot length

All cultivars inoculated with Fom showed a sig-
nificant reduction in shoot length compared with
non-inoculated plants (Table 4). Plants inoculated
with Fom alone 14 DAT had a significantly short-
er average shoot length than plants inoculated with
Fom 28 DAT.

Inoculation with M. javanica + Fom caused a
further significant decrease in the shoot length
compared with plants inoculated with Fom alone

(Table 4). Inoculation with M. incognita + Fom sig-
nificantly reduced shoot length in all cultivars ex-
cept the moderately resistant and moderately sus-
ceptible cultivar inoculated with M. incognita 14
DAT+ Fom 14 DAT (Table 4) with values that were
significantly lower than those recorded with the
M. javanica inoculations.

Inoculation of M. javanica simultaneously with
M. incognita + Fom significantly reduced shoot
length in all cultivars at all inoculation dates com-
pared to the Fom-alone treatment (Table 4). The
percent reductions in shoot length for all cultivars
resembled those produced with the M. javanica
inoculations.

Dominance of root-knot nematode species

There was no significant difference in root gall-
ing between nematode inoculation dates, i.e. at
transplanting or 14 days after transplanting. M.
Javanica caused severe root galling (galling index
4.75), galling was light to medium with M. inco-
gnita (galling index 2.6), while with both nematodes
inoculated concomitantly the galling index was
3.75.

With all mixed inoculations of M. javanica and
M. incognita, M. javanica dominated over M. in-
cognita (Table 5). Females of M. javanica com-

Table 3. Effect of interaction between Meloidogyne javanica, M. incognita, Fusarium oxysporum f. sp. melonis (Fom)

and muskmelon cultivars on foliage dry weight.

Foliage dry weight (g)”

Reduction in foliage dry

weight (%)"
Treatment®

R M.R M. S R M.R M. S
Control 7.80° a 4.86d-f 8.32a 0 0 0
Fom 14 DAT 5.56cd 4.66d-f 6.56bc 28.7 4.1 21.2
Fom 28 DAT 724ab 324gj 7.86a 7.2 33.3 5.5
M. javanica ATP + Fom 14 DAT 1.76 k-0 0.96 o 0.96 o 77.4 80.2 88.5
M. javanica 14 DAT + Fom 14 DAT 4.14e-h 314g-j 4.24e-h 46.9 35.4 49
M. javanica 14 DAT + Fom 28 DAT 22 jn 156l-0 4.62d-f 71.8 67.9 44.5
M. incognita ATP + Fom 14 DAT 2.06j-0 28 i-k 1.64k-o 73.6 42.4 80.3
M. incognita 14 DAT + Fom 14 DAT 5.22de 2.36j-m 5.76cd 33 51.4 30.8
M. incognita 14 DAT + Fom 28 DAT 5.6 42 e-h 6.42bc 28.2 13.6 22.8
(M. javanica + M. incognita) ATP + Fom 14 DAT 1.3 m-o 1.1 no 142m-o 383 77.4 82.9
(M. javanica + M. incognita) 14 DAT + Fom 14 DAT 3.16 g—j 3.12h-j 4.36e-g 59.5 64.2 74.6
(M. javanica + M. incognita) 14 DAT + Fom 28 DAT 4.22 e-h 2.66j-1 3.96 e-i 45.9 45.3 52.4

? See Table 1.
b See Table 1.
¢ See Table 1.
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Table 4. Effect of interaction between Meloidogyne javanica, M. incognita, Fusarium oxysporum f. sp. melonis (Fom)

and muskmelon cultivars on shoot length.

Shoot length (cm)P

Treatment?®

R M. R M.S
Control 412°a 360 c 383 b
Fom 14 DAT 232 k 192 mn 228 k
Fom 28 DAT 3l4 e 248 i 354 d
M. javanica ATP + Fom 14 DAT 132's 57 x 63 w
M. javanica 14 DAT + Fom 14 DAT 198 m 142 r 175 op
M. javanica 14 DAT + Fom 28 DAT 180 o 170 p 240j
M. incognita ATP + Fom 14 DAT 158 q 98t 86 uv
M. incognita 14 DAT + Fom 14 DAT 270 h 190 n 226 k
M. incognita 14 DAT + Fom 28 DAT 288 g 238j 302 f
(M. javanica + M. incognita) ATP + Fom 14 DAT 90 u 43y 83v
(M. javanica + M. incognita) 14 DAT + Fom 14 DAT 194 mn 178 o 192 mn
(M. javanica + M. incognita) 14 DAT + Fom 28 DAT 2521 2181 2181

2 See Table 1.
» See Table 1.
¢ See Table 1.

Table 5. Effect that concomitant inoculation of muskmelon with Meloidogyne javanica and M. incognita, with or
without Fusarium oxysporum f. sp. melonis (Fom), has on the number of nematodes sixty days after transplanting.

Treatment®

No. of M. javanica® No. of M. incognita®

(M. javanica + M. incognita) ATP

(M. javanica + M. incognita) 14 DAT

(M. javanica + M. incognita) ATP + Fom 14 DAT
(M. javanica + M. incognita) 14 DAT + Fom 14 DAT
(M. javanica + M. incognita) 14 DAT + Fom 28 DAT

14
12
11
12
15

Qr 0o © 0 O

2 See Table 1.

» Number of females (out of 20), based on examination of perineal patterns.

prised from 55 to 75% of nematodes, M. incognita
females from 25 to 45%. The presence of Fom had
no effect on the dominance of M. javanica over M.
incognita.

Discussion

Mai and Abawi (1987) stated that the degree to
which Fusarium wilt was enhanced in inoculation
tests depended on many factors, including the pres-
ence of root knot nematodes, the age of the plants
at the time of inoculation with one or other patho-
gen, and the sequence in which the nematode and

the wilt pathogen were inoculated. In our study
too, M. javanica and M. incognita, inoculated sep-
arately or concomitantly, increased Fusarium wilt
in all muskmelon cultivars, but the extent of wilt
severity enhancement depended on the nematode
species, the plant age and the sequence of nema-
tode and fungus inoculation. Later inoculation with
Fom alone (28 DAT) produced a lower wilt severi-
ty and lower plant growth parameters than did
earlier inoculation (14 DAT). Latin and Snell (1986)
found that wilting of muskmelon seedlings was
more severe when Fom was inoculated 6 days rath-
er than 11 days after transplanting, which suggests
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that in very young seedlings resistance may not
yet be expressed

A number of studies reported that the wilt
caused by Fom was most severe when the nema-
todes were inoculated 2—4 weeks prior to inocula-
tion with the fungus than when both pathogens
were inoculated simultaneously (Powell, 1971; Mai
and Abawi, 1987). The present study, however,
found that wilt was more severe when Fom was
inoculated either simultaneously with M. javani-
ca and/or M. incognita, or 14 days after the
nematode(s). Similar results have been reported
on watermelon (Sumner and Johnson, 1973; Sul-
tan Al-Tamimi, 1995), squash (Caperton et al.,
1986), and tomato (Morrell and Bloom, 1981; Aba-
wi and Barker, 1984; El-Sherif and Elwakil, 1991).
Also, Moussa (1986), cited in Moussa and Hague
(1988), found that when M. incognita was inocu-
lated simultaneously with F. oxysporum f. sp. gly-
cines, soybean resistance to the wilt fungus was
broken.

As regards the horticultural parameters, inoc-
ulation with the root-knot nematode at transplant-
ing followed by Fom 14 days later caused a greater
reduction than inoculation with both nematode and
fungus simultaneously 14 DAT. This was consist-
ent with Shane and Barker (1986) who found that
when M. incognita was inoculated 2, 4, 6 and 8
days after transplanting, soybean shoot length,
fresh weight and root weight increased with in-
creasing lapse of time between transplanting and
inoculation.

Rezk and Fegla (1981) suggested that the Me-
loidogyne species predisposed plants to F. oxyspo-
rum attack because they caused the sugar and
amino acid concentrations in the plants to rise.
F. oxysporum readily infects the roots by direct
penetration, but the wilt can be made more se-
vere by root wounding (Latin and Snell, 1986).
The fact that the wilt is more severe in plants
inoculated with the root-knot nematodes prior
to F. oxysporum inoculation supports the gener-
al theory that the nematode-wilt interaction is a
complex one that involves a modification of the
host physiology rather being than a mere wound-
ing due to invasion by juveniles (Webster, 1985).
Also, Meloidogyne spp. stimulate the production
of giant cells in the xylem parenchyma cells ad-
jacent to xylem vessels that act as a nutrient sink
(McClure, 1977), and the growth of these cells
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may facilitate F. oxysporum infection of the xy-
lem elements.

Under the conditions of this experiment, M.
Javanica was more severe and dominated over M.
incognita in all parameters studied. Soil tempera-
ture is an important factor in root-knot nematode
activity. In this study the soil temperature (25+2°C)
was possibly more suitable for M. javanica than
for M. incognita. In Jordan, Abu-Gharbieh (1982)
found that the optimal growing temperature for
M. javanica was 4-5°C higher than that for M. in-
cognita.

In general, interaction between simultaneous-
ly inoculated Meloidogyne species led to mutual
inhibition as both species competed with each oth-
er for feeding sites. In this study, both nematode
species inoculated together increased the wilting
index more than M. incognita inoculated alone, and
this even though the amount of inoculum of M.
Jjavanica when co-inoculated was only half the
amount of inoculum that was given when it was
inoculated alone. Possibly M. javanica produced
more or larger giant cells than M. incognita; and
in the presence of Fom this led to more severe plant
wilting. In a similar association, Johnson and Nus-
baum (1970) found that reproduction of M. hapla
was depressed by association with M. incognita in
susceptible plants, and that this was related to the
rapid necrosis of the root tips caused by the inva-
sion of M. incognita juveniles. This hypersensitive
reaction may similarly have reduced the number
of infection sites available for successful coloniza-
tion by juveniles of M. hapla.

Both M. javanica and M. incognita caused a
breakdown of resistance to Fusarium wilt in musk-
melon cultivars. A number of other experiments
have shown that M. javanica and M. incognita in-
duce wilting in the cultivars of various crops oth-
erwise resistant to F. oxysporum (Powell, 1971; Mai
and Abawi, 1987). Caperton et al., (1986) found that
resistance of summer squash cultivars to F. oxyspo-
rum f. sp. niveum was dependent on the concen-
tration of the fungal inoculum and the occurrence
of root-knot nematodes. Sultan Al-Tamimi (1995)
reported 100% wilting when a moderately resist-
ant cultivar of watermelon was inoculated with M.
Javanica in addition to F. oxysporum f. sp. niveum.
Bergeson (1970) reported that the capacity of M.
incognita to break Fusarium wilt resistance var-
ied among cultivars, and that resistance was most



easily broken in cultivars that initially had only
partial resistance. These results suggest that al-
though root-knot nematode infection increased the
susceptibility of certain cultivars to Fusarium wilt,
this effect was not uniform throughout a given host
species (cited in Caperton et al., 1986). It should
also be noted that the reaction between root-knot
nematode and Fom in causing the breakdown of
wilt resistance is physiological rather than physi-
cal. M. javanica possibly produces larger giant cells
than M. incognita, and since M. incognita infec-
tion is less significant, plants maintain their re-
sistance to M. incognita to a later stage of develop-
ment, which thus leads to a less severe wilting than
with M. javanica.
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