
SUMMARY

The effects of 10 strains of Fusarium solani on
Meloidogyne javanica were tested in vitro and in con-
trolled conditions. Culture filtrates of the strains varied
with respect to parasitism on eggs and females of M. ja-
vanica and nematicidal activity in terms of juvenile mor-
tality. Mortality in boiled culture filtrates was slightly
lower than that caused by un-boiled filtrates, but sub-
stantial nematicidal activity was retained, pointing to
the relative thermostability of the active principle(s) in-
volved. Aqueous and ethyl acetate extracts of F. solani
produced higher nematicidal activity than a hexane ex-
tract indicating that the active compound(s) were polar
in nature. Conidial suspensions of F. solani strains Fs5,
Fs9 and Fs10 used as soil drench significantly reduced
nematode populations in soil and root-knot disease
severity, resulting in enhanced growth of tomato plants.
There was no significant difference among F. solani
strains on shoot fresh weight. Strain Fs5 was frequently
reisolated from surface sterilized tomato roots. When
evaluated in a field test, strain Fs5, reduced M. javanica
reproductive potential, promoting growth of tomato
plants. However, root length and fresh root weights
were slightly lower in Fs5-treated plants.

Key words: Fusarium solani, Meloidogyne javanica,
biological control, parasitism.

INTRODUCTION

Interactions between phytopathogenic fungi and
species of Meloidogyne coinhabiting a particular host
plant are not uncommon (Tu and Cheng, 1971; Garber
et al., 1979; El-Sharif and ElWakil, 1991; Hallmann and
Sikora, 1994). Of the various soilborne fungi, Fusarium
solani (Mart) Appel and Wollenw. Emend. Snyd. and
Hans. has a world wide distribution in soil and is consi-
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dered as one of the most destructive plant pathogens,
attacking hundreds of hosts, causing chiefly root and
fruit rots (Domsch et al., 1980). 

Some nematological investigations have considered
the ability of Fusarium spp., to produce toxic com-
pounds, and their effects on the different life stages of
many species of plant-parasitic and saprophytic nema-
todes (Krizkova et al., 1979; Mani and Sethi, 1984),
and various strains of Fusarium spp., have been shown
to produce a variety of mycotoxins (Kurobane et al.,
1980; Baker et al., 1981; James and Robert, 1983;
Marasas et al., 1984; Tatum et al., 1985; Ciancio et al.,
1988). Ciancio et al. (1988) showed that moniliformin,
fusarenone and neosolaniol caused reduced egg hatch-
ing in M. incognita. Ciancio (1995) further showed
that T2-toxin, moniliformin, verrucarin A and cy-
tochalasin B produced by species of Fusarium and
other soil fungi reduced viability of M. javanica juve-
niles. Thus toxins released by Fusarium spp. may play
a vital role in the population dynamics of plant para-
sitic nematodes in the field, where crops are rotated in
soils previously infected with Fusarium. Indeed, endo-
phytic colonization by F. oxysporum is reported to
protect tomato roots from M. incognita (Hallmann
and Sikora, 1994). 

Strains of fungi often vary in their pathogenicity to
nematode eggs and larvae (Kerry et al., 1986; Amer-Za-
reen and Zaki, 1999). Strains of Verticillium chlamy-
dosporium varied in their pathogenicity to Heterodera
avenae eggs as well as in their growth rates, optimum
growth temperature and production of chlamy-
dospores (Kerry et al., 1986). Pathogenicity to cyst ne-
matodes by strains of V. chlamydosporium was influ-
enced by nutrient level and temperature (Irving and
Kerry, 1986).

The aims of the present study were (i) to investigate
variation between strains of F. solani in toxicity to lar-
vae, and ability to parasitize eggs and females of M. ja-
vanica; (ii) to test the thermostability and solubility of
the nematicidal compounds produced by F. solani
strains in various solvents and (iii) to evaluate the abili-
ty of some strains to control M. javanica infection in
tomato under greenhouse and field conditions.
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MATERIALS AND METHODS

Sampling. A survey of cultivated fields in several lo-
calities of southern Sindh including Karachi University
campus, Shah Faisal Colony, Korangi, Memon Goth,
Linkroad, Gharo, Mirpur Sakro, Thatta and Kathore
area was carried out during January 1999 to December
1999. A total of 200 plant specimens belonging to 18
species showing symptoms of root-knot nematode dis-
ease were collected together with soil samples (250 g)
collected at 10 cm depth.

Isolation and identification of F. solani. Egg mass-
es of root-knot nematodes were hand picked using
sterilized forceps, surface sterilized in 1% Ca(OCl)2
for 1-2 minutes, rinsed twice in sterile distilled water
and plated on 0.8% water agar supplemented with
penicillin (100,000 units l-1) and streptomycin sulfate
(0.2 g l-1). 

Eggs of root-knot nematodes were extracted by
shaking infected roots in 2% NaOCl solution, and
collected on a 400 mesh sieve. Aliquots (1 ml) of the
suspension were then evenly spread on water agar
plates.

Females of M. javanica were obtained by teasing gall
root tissues with a sterilized needle under a dissecting
microscope. After surface sterilization in 2% NaOCl
solution, females were washed thoroughly with sterile
distilled water and plated onto water agar as described
above.

For F. solani isolation from roots, 5 mm long root
pieces were surface sterilized with 1% Ca(OCl)2 and
plated onto PDA plates containing penicillin and strep-
tomycin sulfate.

Three replicates of each sample were incubated at
30 ± 2oC for 5 days. As soon as some fungal colonies
appeared, hyphal fragments were transferred onto PDA
plates and fungi (Fusarium spp.) were identified ac-
cording to Booth (1971). Ten strains of F. solani either
isolated from Meloidogyne egg masses, eggs, and fe-
males or from root tissues were used (Table 1). All
strains of F. solani were maintained on PDA at 25oC
before use. 

Female and egg parasitism by F. solani strains in
vitro. Females of M. javanica were obtained from a
population maintained on brinjal roots growing in
earthen pots with autoclaved soil. Galls were teased
with sterilized needles and after surface sterilization
with 1% Ca(OCl)2, 5 females were transferred to 2%
water agar plates supplemented with penicillin and
streptomycin sulfate. At the centre, each plate was in-
oculated with a 5 mm diam., disc of a single strain of

F. solani. Plates with a water agar disc without fungal
culture were used as controls. After 7 days incubation,
10 ml sterile distilled water was added to each plate
and females were collected. After surface sterilization
the females were placed on 2% water agar plates and
incubated at room temperature. Structures of the
emerging fungi were then compared with that of the
test fungus.

To test eggs parasitism, ten egg masses of M. javanica
were randomly hand picked from greenhouse cultures.
Each egg mass was crushed in a drop of 0.01% NaOCl
solution to dissolve the gelatinous matrix. Eggs were
then washed three times in distilled water and dis-
persed in 3 ml water, plating 0.5 ml of each suspension
on 0.8% water agar to observe parasitism. The dishes
were incubated at 30 ± 1oC. After 3 days, 100-200 eggs
on each dish were examined for growth of hyphae from
eggs.

Extracts from culture filtrates. Strains of the fungus
were grown in Erlenmeyer flasks containing Czapek’s
Dox broth for 7 days in darkness at 30oC. The broth
was filtered through Whatman no. 1 filter paper to ob-
tain culture filtrate. Three strains (Fs2, Fs5 and Fs9)
which showed greater nematicidal activity were selected
for further investigation with ten-fold dilutions in dis-
tilled water. One set of dilutions was boiled for 5 min-
utes. 

For extraction of the culture filtrate, one portion of
the culture filtrate of each strain was lyophilized and di-
lutions of 0.01, 1.0 and 10 mg ml-1 were prepared in
sterile distilled water. Culture filtrates of F. solani were
extracted with ethyl acetate or hexane (1:2 v/v) and the
fraction was concentrated on a rotary vacuum evapora-
tor (Eyla) under reduced pressure at 37oC. Dilutions of
0.01, 0.10, 1.0 and 10 mg ml-1 of the extracts were pre-
pared in their respective solvents. The chemical nature
of the toxin was not determined. 

Nematicidal activity of F. solani strains in vitro.
Two ml of the culture filtrate or lyophilized powder di-
lutions were placed in cavity blocks and 1 ml of a sus-
pension containing 30-45 M. javanica juveniles ml-1 were
transferred to each cavity block and kept at room tem-
perature in three replicates. Cavity blocks with sterile
distilled water were used as controls. For organic solvent
fractions, 2 ml of each dilution was transferred to each
cavity block and left for 48 h to allow the solvents to
evaporate. One ml of the M. javanica juveniles suspen-
sion was then added to each cavity block. Toxicity was
assessed as the mean percentage of dead nematodes. Ne-
matodes were considered dead if they did not move
when probed with a fine needle (Cayrol et al., 1989). 
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Greenhouse evaluation of F. solani strains against
M. javanica. The soil used for the experiment was a
sandy-loam (sand 70%; silt 19%; clay 11%, pH 8.1)
with a maximum water holding capacity of 38%, ob-
tained from the experimental field of the Department
of Botany, University of Karachi. The soil was trans-
ferred to 8 cm diam. plastic pots (350 g per pot). F.
solani strains Fs5, Fs10 and Fs11 were maintained on
PDA for a week at 30oC. Conidia and hyphae scraped
from the surface of the medium using a flame-steril-
ized glass rod after adding 10 ml sterile distilled wa-
ter. 

The soil was excavated to a depth of 3 cm and 35 ml
of conidial suspension of each F. solani strain contain-
ing 1.8 x 108 cfu ml-1 was watered on each pot. Sterile
distilled water served as control. After treatment, the
soil surface was covered with soil and planted with
three-week old tomato seedlings. One week after
seedling transplant, soil in each pot was inoculated
with 2000 freshly hatched second-stage M. javanica ju-
veniles introduced into three holes around the
seedlings. The experiment was terminated 60 days af-
ter nematode inoculation and plant growth parameters
such as plant height and fresh shoot and root weight
were recorded. The number of galls and M. javanica
egg masses were counted with a stereomicroscope
(x10). To determine the nematode population, soil
from each replicate was pooled in a plastic container
and 5 samples of 50 g were used for nematode extrac-
tion using the Baermann funnel technique. Reisolation
of the F. solani strains from eggs and females was ac-
complished as described above. Each treatment was
replicated five times with pots kept in a randomized
design on the greenhouse bench.

Field experiment. Strain Fs5, which showed best
suppression of M. javanica in laboratory and green-
house conditions, was selected for test of biological
control efficiency under field conditions. A field experi-
ment was carried out in 2 x 1 meter microplots at the
Department of Botany, University of Karachi. The soil
was naturally infested with Fusarium spp. (2500 cfu g-1

of soil), as assessed by the soil dilution technique (Nash
and Snyder, 1962). 

After removing the soil to a depth of 6 cm, a conidial
suspension of Fs5 yielding 2.5 x 108 cfu ml-1 was
drenched at 300 ml m-1 furrow. Sterile distilled water
served as control. After drenching, the removed soil
was returned and six three-week old tomato seedlings
were planted. One week after transplantation, seedlings
were inoculated with 1000 freshly hatched M. javanica
second-stage juveniles. The juveniles were suspended in
25 ml water poured into three holes around the tomato

roots. Each treatment and control was replicated three
times. The microplots were arranged in a randomized
complete block design. 

The plants were watered at two-days intervals and
harvested 60 days after nematode inoculation. The data
collected included plant height and fresh weight of
shoot and root, and number of galls and egg masses
produced on the entire root system. Reisolation of Fs5
from female and eggs was done as described above.

Statistical analysis. Data were analysed using analy-
sis of variance (ANOVA) or factorial analysis of vari-
ance (FANOVA) in case of more than one factor. In
the experiments that were repeated, since the error
variances were similar, the analysis was performed on
pooled data. Treatment means were compared follow-
ing Duncan’s multiple range test (Sokal and Rohlf,
1995).

RESULTS

Culture filtrates of all ten strains of F. solani caused
substantial mortality of M. javanica juveniles (Table 1).
The strains differed significantly (P < 0.001) in their
ability to kill juveniles. Strain Fs5 showed highest mor-
tality followed by strain Fs9 and Fs2. Low mortality was
observed for filtrate of strain Fs1 and Fs3.

F. solani strains showed significant (P < 0.001) varia-
tion in parasitism of M. javanica females and eggs
(Table 1). Strain Fs9 and Fs5 showed highest rates of
parasitism on females and eggs. Strain Fs10 also
showed a high rate of egg parasitism but lower juvenile
mortality.

Ability of filtrates to kill M. javanica juveniles was
tested for three strains of F. solani that produced high-
est mortality in the initial test, using various boiled and
unboiled dilutions to test the thermostability of the ac-
tive compounds (Table 2). In general, mortality de-
creased with decrease in filtrate concentration. Boiled
filtrates substantially retained their effectiveness against
M. javanica larvae, but caused significantly lower mor-
tality when compared to unboiled filtrates. Unboiled
pure culture filtrate of strain Fs5 yielded the highest
mortality of M. javanica. 

Extracts of F. solani culture filtrates differed signifi-
cantly (P < 0.001) in mortality of M. javanica juveniles.
Differences were also observed for the extraction pro-
cedure used (Table 3). Water extracts of all the three
strains yielded greatest mortality followed by ethyl ac-
etate, while hexane extract showed lowest activity. In
general, increasing concentration resulted in increased
juvenile deaths. 
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Table 1. Source of F. solani strains and effects on females, eggs and juveniles of M. javanica.

Each figure is an average of 8 values obtained in two experiments each with four replicates. Figures followed by the same letter in each
column are not significant (P ≤ 0.05) according to the Duncan’s multiple range test. 
* 1: Gharo; 2: Linkroad; 3: Mirpur Sakro; 4: Shah Faisal colony.

Strains Source Host plant Locality* Mortality (%) Parasitism %

Female Egg

Control – – – 02 e 00 b 00 d
Fs1 egg mass eggplant 1 28 d 05 b 01 d
Fs2 egg mass eggplant 1 87 a 10 b 02 d
Fs3 egg mass eggplant 2 32 cd 10 b 01 d
Fs4 egg eggplant 3 40 c 00 b 01 d
Fs5 female tomato 1 91 a 55 a 48 a
Fs6 egg eggplant 3 38 c 00 b 01 d
Fs7 roots okra 3 54 b 00 b 02 d
Fs8 egg mass eggplant 2 63 b 05 b 01 d
Fs9 female tomato 4 90 a 58 a 32 c
Fs10 egg eggplant 3 56 b 48 a 42 b

Table 2. Mortality (%) of M. javanica juveniles in different concentrations of boiled and unboiled culture filtrates of three
F. solani strains.

Strains Concentration (mg ml-1)

Undiluted 0.1 0.01 0.001

Boiled Unboiled Boiled Unboiled Boiled Unboiled Boiled Unboiled

Control 02 03 02 01 02 04 02 02
Fs2 76 91 66 78 33 59 24 41
Fs5 68 94 45 74 36 65 21 38
Fs9 71 89 44 68 29 47 19 41

LSD 0.05

Strains 3.31    F = 491.4
Lability 2.34    F = 240.15
Concentration 3.31    F = 216.11

Table 3. Mortality (%) of M. javanica juveniles in various culture filtrate extracts of different F. solani strains after 48 h
exposure at 27 ± 1oC.

  Strains Extract Concentration (mg ml-1)

0 0.01 0.10 1.0 10

  Fs2 water 3 21 34 49 63
ethyl acetate 3 20 31 34 53
hexane 1   3   6   9 24

  Fs5 water 3 33 37 71 93
ethyl acetate 3 19 25 33 87
hexane 1   1   6 15 23

  Fs9 water 3 13 22 35 60
ethyl acetate 3   6 14 21 43
hexane 1   2   1   9 19

  LSD 0.05

Strain 2.12   F = 76.44
Extract 2.12   F = 350.83
Concentration 2.74   F = 374.33



F. solani strains significantly (P < 0.01) reduced ne-
matode populations in soil, lowering the number of
galls per root system under greenhouse conditions
(Table 4). Among the strains used, Fs5 was most effec-
tive resulting in 38, 50 and 38% reduction over con-
trols in number of galls, egg mass per root system and
nematode population in soil respectively. Female and
egg parasitism was also highest for strain Fs5. 

F. solani strains differed in their ability to colonize
tomato roots. Strain Fs5 showing highest colonization.
A weak negative correlation (r = –0.25; P < 0.1) be-
tween extent of root colonization and root-knot disease
severity was also recorded. Plant height was significant-
ly greater in soil treated with strains Fs5 and Fs10 com-
pared to controls, while shoot weight significantly in-
creased for all three strains tested. There was no signifi-
cant difference among strains on root weight.

Due to a greater efficacy shown in greenhouse condi-
tions, strain Fs5 was selected for testing its ability to
control M. javanica under field conditions. The number
of galls and egg masses observed per root system were
significantly (P < 0.001) lower following soil treatment
with Fs5 conidial suspensions (Table 5). Parasitism of
eggs was significantly higher in the treated plants. A few

eggs were also found to be infected by F. solani in con-
trols. Highest colonization was achieved in the roots
growing in treated soil. Both, plant height and shoot
weights increased in the treated plants. However, both
root length and root weight slightly declined over the
controls.

DISCUSSION

Considerable variation between strains was found in
ability to cause nematode mortality and parasitism on
eggs and females of M. javanica. Variation with respect
to egg parasitism among fungi has been reported. Sig-
nificant variation was observed among strains of V.
chlamydosporium, a nematophagous fungus parasitizing
cyst and root-knot nematodes, causing suppression of
H. avenae (Kerry et al., 1986). Similarly, Santos et al.,
(1992), observed substantial variability in virulence
among strains of Paecilomyces lilacinus, Arthrobotrys
conoides, A. musiformis, A. robusta, Monacrosporium el-
lisosporum, Dactylaria thanmasia, Cylindrocarpon sp.,
and Trichoderma harzianum tested against second-stage
juveniles (J2), eggs and egg masses of M. incognita race
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Table 4. Effect of different F. solani strains on parasitism and development of M. javanica on tomato plants under greenhouse
conditions.

Each figure is an average of 10 values obtained in two experiments each with five replicates. Means flanked in columns by the same letter are not
statistically different according to Duncan’s Multiple Range test (P < 0.05).

Strains Galls/
root
system

no. of egg
mass/root
system

Nematodes
250 g soil

Fungal parasitism
(%)

F. solani
colonization
(%)

Plant
height
(cm)

Shoot
weight
(g)

Root
weight
(g)

Females Eggs

Control 80 a 34 a 4215 a   0 c   0 c 34 b 15.3 a 1.2 a 0.53 a
Fs 5 49 c 17 c 2590 c 46 a 38 a 48 a 20.2 b 1.9 b 0.53 a
Fs10 65 b 25 b 3870 a 14 b   6 b 39 ab 17.8 b 1.6 c 0.56 a
Fs 9 62 b 26 b 3290 b 20 b 3b c 38 ab 15.6 a 1.6 c 0.54 a

LSD 0.05 8.96 3.53 554.10 13.07 4.37 11 1.60 0.22 0.05

Table 5. Effect of Fs5 strain of F. solani on development of root-knot infection, egg production and growth of tomato plants
under field conditions.

Each figure is an average of 10 values obtained in two experiments each with five replicates. Means flanked in columns by the same letter are not
statistically different according to Duncan’s Multiple Range test (P < 0.05).

Strain Galls/
root
system

no. of egg
mass/root
system

Fungal parasitism
(%)

F. solani
colonization (%)

Plant
height
(cm)

Shoot
weight
(g)

Root
length
(cm)

Root
weigh
(g)

Females Eggs

Control 77 a 34 a   0 a   2 a 26 a 19.3 a 13.2 a 14.3 a 2.5 a
Fs5 48 b 17 b 36 b 34 b 39 b 26.1 b 22.1 b 13.5 a 2.1 a

LSD 0.05 25.2 15.3 16.2 18.5 9.3 6.1 6.5 1.2 0.8



3. These authors assumed that variability could be due
to selective adaptation to various edaphic factors at
their geographic origin such as soil type or ambient
temperature. A marked variation in F. solani strains was
also reported (Burnett, 1984) and was attributed to ge-
netic diversity (Domsch et al., 1980). The variation
among various strains of F. solani could also be attrib-
uted to their qualitative and quantitative differences in
production of nematicidal compound(s).

In the present study, pure culture filtrates and vari-
ous dilutions of different strains of F. solani caused sig-
nificant mortality of M. javanica larvae. Many Fusarium
spp. are reported as toxin producers (Marasas et al.,
1984; Ciancio 1995). In a previous report, culture fil-
trate of F. solani was far more potent than that of F.
oxysporum f.sp. ciceri in inhibiting hatch, and immobi-
lizing the second stage juveniles of M. incognita (Mani
and Sethi, 1984). Nematicidal effects are also reported
for mycelial extracts of Alternaria spp., Penicillium
spp., Aspergillus spp., and other soil inhabiting fungi
(Shukla and Swarup, 1971; Krizkova et al., 1979; Singh
et al., 1983). Filtrates of some nematophagous fungi al-
so showed nematicidal activity (Krizkova et al., 1976).
Ciancio (1995) suggested that toxins produced by
Fusarium spp., can interact with nematodes. 

The active principle(s) retained their nematicidal
properties after heating. Similarly, there was no marked
difference in activity between culture filtrates and their
lyophilized powders. This suggests that active nematici-
dal compound(s) were not proteins. Giuma et al. (1973)
showed that three species of Nematoctocus can produce
thermostable toxins lethal to parasitized nematodes
during the germination of infective conidia. Mankau
(1969) also noted the thermostability of Aspergillus
niger filtrates and their nematicidal action both in vitro
and in soil, against the nematode Aphelenchus avenae.
Similarly, Zuckerman et al. (1994) demonstrated the
thermostability of a nematicidal compound (oxalic
acid) isolated from a strain of A. niger.

Water and ethyl acetate fractions of F. solani caused
significant mortality of M. javanica larvae in vitro
whereas hexane fractions showed least activity. This
suggests that the active principle(s) were soluble in wa-
ter or ethyl acetate and consequently polar in nature. A
number of active nematicidal compounds are reported
from Fusarium spp. (James and Robert, 1983; Marasas
et al., 1984; Tatum et al., 1985), and it is probable that
more than one compound were involved in the nemati-
cidal activity. 

Under greenhouse conditions, three strains of F.
solani (Fs5, Fs9 and Fs10) parasitized M. javanica eggs
and females, and gave reduced nematode populations
and increased growth of tomato plants. Similar results

were obtained with strain Fs5 when tested under field
conditions. Species of Fusarium are consistently found
associated with eggs of M. incognita (Santos et al., 1992)
and cysts and eggs of Heterodera spp., (Nigh et al.,
1980; Godoy et al., 1982; Gintis et al., 1983). Activity of
F. solani as an egg and female parasite relates to its
generic ability to decompose chitin and protein rather
than to specific parasitism. Since opportunistic and ec-
toparasitic fungi do not produce structures for nema-
tode capture, the constant movement of nematodes
should interfere with sustained contact and penetration
of the fungi into live juveniles (Freire and Bridge,
1985). On the other hand, females and eggs, being
sedentary stages, would facilitate penetration by the
fungus.

Therefore, F. solani strains used in this study may be
regarded as opportunistic parasites or saprophytes
rather than the true parasites. Chen et al. (1996) sug-
gested that a fungus may not be an actual parasite if the
egg parasitism index (EPI) is low, whereas fungi that
show a high EPI are likely egg parasites. In addition to
the egg and female parasitism, the reduction in nema-
tode reproduction (number of egg masses) and root
galling from combined inoculations may also be due to
competition between M. javanica and F. solani for infec-
tion loci or feeding sites and to a reduction in root
growth, as also suggested by Griffin and Thyr (1988).
Study of the disease complex, F. oxysporum f.sp.
glycines and M. incognita on soybean showed active col-
onization of the giant cell by the fungus, resulting in re-
duced juvenile development and an increased propor-
tion of males (Moussa and Hague, 1988). Tabreiz and
Husain (1986) reported a reduction in galls due to par-
asitism of M. javanica eggs and juveniles by F. solani.
Likewise, M. incognita reproduction in F. oxysporum-
colonized tomato plants was reduced 50% over F. oxy-
sporum-free plants (Hallmann and Sikora, 1994). 

Greenhouse and field observations suggest that the
Fusarium species tested did not exert any adverse effect
on growth of tomato plants. The strains used in green-
house or field were obtained from eggs or females of M.
javanica and not from infected tomato plants. Although
strains did colonize tomato roots, the phytotoxic symp-
toms were not evident, most likely due to the fact that
pathogenicity of Fusarium species is restricted to their
original host (Owen, 1956). However, both root length
and root weight were slightly reduced under field con-
ditions, evidently due to small size and lesser number of
galls. Similarly, Hallmann and Sikora (1994) also found
a reduced root weight in F. oxysporum-colonized plants. 

Although in our studies, strains of F. solani did re-
duce reproductive potential and invasion of M. javanica
the fungus is also a well-known opportunistic pathogen
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in human beings (Venditti et al., 1988; Patoux-Pibouin
et al., 1992; Leu et al., 1995; Kumar et al., 1997). The
fungus could provide potential toxic principle(s) wor-
thy of further investigation. However, the application of
mycotoxins for the management of plant-parasitic ne-
matodes cannot be recommended because of various
technical (storage and handling safety, soil and water
contamination, hazards to animals and man) and eco-
nomic considerations (Ciancio, 1995). 

Strains of Fusarium hypovirulent or non-pathogenic
on plants, antagonistic to Meloidogyne spp., may reduce
root-knot severity providing better crop growth under
field conditions. As an endophyte, F. solani offers an
advantage over some species of nematophagous fungi
that remain confined exclusively to the rhizoplane. In a
susceptible host like tomato, at high nematode densi-
ties, large galls are produced in which a significant pro-
portion of egg-masses may stay embedded in the gall
tissue. These egg masses are physically protected from
attack by the nematophagous fungi. On the other hand,
endophytes may provide protection to plants from inva-
sion of wilt-inducing fungi and endoparasitic nema-
todes (Siddiqui et al., 2000).
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