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ABSTRACT

This study was conducted to investigate the effects of three isolates of Fusarium spp. (HR4, HR23 and HR57) on Meloidogyne incognita
(Kofoid and White), and their pathogenicity on tomato (Lycopersicon esculentum Mill.) plants. Fusarium isolates were obtained from egg
masses extracted from tomato plants grown in plastic greenhouses in Békalta (centre of Tunisia) and identified by sequencing of the
internal transcribed spacer fragments (ITS). Healthy M. incognita eggs were placed on fungal colonies already formed on water agar. The
highest infection rate was observed 7 days after inoculation and reached 70%. F. oxysporum had the ability to penetrate through the
eggshell. The effects of Fusarium spp. on M. incognita in tomato plants were tested in pot experiments in growth chambers. A positive
effect was observed on plant height fresh shoot and root weight. The number of galls and egg masses in the root system decreased within

45 days after inoculation of Fusarium spp. strains.
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INTRODUCTION

Tomato (Lycopersicon esculentum Mill.) is one of the most
important commercial and widely grown vegetable crop in
many area of the Mediterranean region, which is often
severely attacked by several pests. Root knot nematodes
(Meloidogyne spp.) are one of the major pathogens of
tomato worldwide (Sikora and Fernandez 2005). Control of
plant parasitic nematodes is currently limited to application
of nematicides, which are costly and detrimental to the en-
vironment and human health (Wachira et al. 2009). There-
fore, alternative control measures for the management of
root knot nematodes are needed.

Biological control using endophytic microorganisms
has been demonstrated to be highly effective against seden-
tary and migratory endoparasites that complete their life-
cycle inside the host (Sikora 1992; Sikora et al. 2007).
Some endophytic Fusarium strains are known to be patho-
gens on certain crops and induce either root rot or tracheo-
mycosis (Alabouvette et al. 1998); however, the majority of
strains are non-pathogenic saprophytes that inhabit soil
(Alabouvette ef al. 1998; Fravel et al. 2003). High interest
is being given to the study of non-pathogenic strains of
Fusarium in the biocontrol of soil-borne pathogens (Olivain
et al. 2006; Minerdi et al. 2008; Kaur ef al. 2010) as well as
root-knot nematode (Vu et al. 2004; Yan et al. 2011). Only a
few species of Fusarium have been tested in the laboratory
and the greenhouse for their potential as biocontrol agents
against nematodes. A number of Fusarium species have
been isolated from females, cysts, egg masses and eggs of
nematodes (Dos Santos ef al. 1992; Sun et al. 2006; Ashoub
et al. 2009). Many non-pathogenic Fusarium strains have
been isolated from asymptomatic roots in nematode-in-
fested fields where they grow without causing any visible
damage to the plant; such strains were isolated from many
crops including rice, cucumber, tomato or banana (Hallman
and Sikora 1994; Huang et al. 2009; Yan ef al. 2011). In
these biocontrol systems, the fungi suppressed nematode

activity both at invasion by decreasing the nematode penet-
ration and during development by reducing the gall index
and the number of egg masses on roots (Hallman and
Sikora 1994).

The objective of the current investigation was to eval-
uate the potential of three Fusarium isolates obtained from
egg masses removed from tomato roots showing gall forma-
tion as biological control agents against M. incognita.

MATERIALS AND METHODS

Isolation and identification of Fusarium isolates by
ITS gene sequencing

Prior to the molecular characterization, all isolates were identified
macroscopically and microscopically based on their morphological
traits on potato dextrose agar medium (PDA) using the criteria
recommended by Domsch et al. (1980).

1. Fungal isolates

Isolates of Fusarium spp. (HR4, HR23 and HR57) were obtained
from tomato roots heavily infested with Meloidogyne spp. col-
lected from several greenhouses in centre of Tunisia (Békalta).
Egg masses were picked up from the root surface and surface dis-
infected with 1% sodium hypochlorite (NaOCl) for 30 s. They
were collected on a 30-um aperture sieve and washed with sterile
distilled water to remove residual NaOCl. About 5 egg masses
were smeared on each Petri dish containing PDA and incubated at
23°C for one week. Eggs were daily examined for colonization of
fungi using an inverted microscope. Hyphae growing from egg
masses were transferred to PDA plates for purification and iden-
tification.

2. DNA isolation

For DNA extractions, all Fusarium spp. isolates were grown on
PDA for 7 days at 25°C. Mycelium was then scraped directly from
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agar plates and used for DNA isolation. Cultures were transferred
to a 1.5 ml Eppendorf tube homogenized with a pestle in 0.7 ml
2X CTAB buffer. Eppendorf tubes were incubated at 65°C for 30
min, and then 0.7 ml of chloroform was added and mixed briefly.
After centrifugation at 15000 rpm for 30 min, the supernatant was
transferred into a new tube mixed with 0.6 ml isopropanol and
chilled to 20°C, followed by another centrifugation step for 5 min
at 15000 rpm. The supernatant was discarded and the remaining
pellet was washed twice with 1 ml of 70% ethanol, followed by
drying under vacuum and thereafter dissolved in 1 ml TE (10 mM
Tris, 1 mM EDTA, pH 7.5) buffer. The DNA was visualized on a
1% agarose gel (wt/v) (Boehringer Mannheim) stained with
SYBR-safe (Invitrogen, USA) and viewed under ultra-violet light.
DNA concentrations were estimated by comparing the intensity of
SYBR-safe fluorescence of the DNA sample to a known concen-
tration of lambda DNA marker (marker III, Roche Diagnostics,
Mannheim, Germany).

3. PCR amplification of ribosomal DNA regions

Isolated DNA (50 ng) was used as template for the PCR reaction.
The ITS1 and ITS2 and the inverting 5.8S coding rDNA were am-
plified by PCR using the primers ITS1 (5-TCCGTAGGTGAA
CCTGCGG-3") and ITS4 (5-GGAAGTAAAAGTCGTAACAAG
G-3') as described by White ef al. (1990). This primer set was cho-
sen to amplify approximately 600-pb fragments. Reactions were
carried out in a 25 pl reaction volume containing 0.5 uM of each
primer, 2 pul of 10X buffer, 1.5 mM MgCl,, 200 pM dNTPs, 1 pl
DNA preparation and 1 U of Taq polymerase (Invitrogen, USA).
Sterile distilled water was used to achieve the final volume of 25
ul. DNA amplifications were performed in an AT-gradient™ ther-
mal cycler (Biometra, Germany) using an initial denaturation tem-
perature of 94°C for 4 min, followed by 30 cycles of template
denaturation for 30 s at 94°C, primer annealing for 30 s at 58°C
and chain elongation for 60 s at 72°C, with a final extension of 7
min at 72°C. The amplified products were verified using 2% aga-
rose gel electrophoresis in 1X Tris acetic acid EDTA (TAE, pH
8.0) buffer, stained with SYBR-safe (Invitrogen, USA) and se-
quenced at BMR Genomics, DNA Sequencing Service Centre,
Padova, Italy. The identity of the sequences was confirmed using
BLAST search to known sequences in NCBI Genbank (http://
www.ncbi.nlm.nih.gov)

In vitro trial to asses the efficacy of the
nematophagous fungi

1. Preparation of eggs

For the assay, approximately 100 egg masses were handpicked
from two month-old galled tomato roots in a growing chamber,
pooled, and shaken in 4-5 ml of 1.05% NaOCl for 5 min by vigo-
rously drawing the egg suspension in and out of a Pasteur pipette.
Debris was allowed to settle from the egg suspension for 30 s.
Eggs still in suspension were pipetted onto an autoclaved 500-
mesh sieve (pore size 25 pum) and washed four times with sterile
distilled water over a 5 min period. Before use, an aliquot of the
suspension was removed to estimate the number of eggs per ml.

2. Fungus preparation

Three Fusarium isolates (HR4, HR23 and HR57) were kept in test
tubes containing 2% PDA, in the dark, at 4°C for 10 days. Culture
disks (diameter 4 mm) were extracted from fungi isolates kept in
the test tubes and plated into 9-cm diameter Petri dishes containing
20 ml of 2% PDA, and then incubated in the dark, at 25°C for 10
days. After growth of the isolates, new culture disks, 4 mm in dia-
meter, were transferred to 9 cm diameter Petri dishes containing
20 ml of 2% water agar (WA) for 10 days. One hundred eggs of M.
incognita previously surface sterilized were placed at the edge of
the colonies. Observations were made every 24 h under a stereo-
scopic microscope. In order to estimate fungal ovicidal activity,
percentage of egg mortality was calculated by dividing the number
of infected eggs to the total eggs multiplied by 100 (Wang et al.
2005).

Biocontrol potential of Fusarium isolates against
M. incognita: pot experiment

The antagonistic effects of Fusarium spp. against the root-knot
nematode were studied in tomato plants. Seeds of tomato cv. ‘Rio
Grande’ susceptible to root-knot nematode, M. incognita, were
sown in seedbeds filled with an autoclaved mixture (1:1) of sandy
loam soil and culture substrate (mixture of black and white peat,
clay, 0.5% mineral nitrogen, 90% organic matter and water reten-
tion capacity of 60 to 70%). Tomato seedlings of 21 days-old were
transplanted in 250 ml plastic pots filled with steam sterilized soil
and planted with one tomato seedling/pot. Eggs of M. incognita
were harvested from infected roots using sodium hypochlorite
(Hussey and Barker 1973), suspended in sterilized distilled water
and the inoculum was standardized to 1000 eggs/pot. The micro-
conidia of the isolated fungus growing on PDA plates at 25°C for
14 days were harvested by flooding the plates with sterilized dis-
tilled water. The resulted suspension was filtered through cheese-
cloth and then the antagonistic inoculum was adjusted to 1x10°
spores/ml using a haemocytometer (Bio Kobe). Each pot was
watered with 10 ml of the spore suspension. Treatments were
arranged as follows: (1) soil infested with Fusarium isolates + M.
incognita; (2) soil infested with each F. oxysporum isolate (3) con-
trol with M. incognita (1000 eggs/pot); (4) untreated control. Each
treatment was replicated 7 times (i.e. 7 pots per elementary treat-
ment). The effects of Fusarium isolates on M. incognita in tomato
plants were assessed via several parameters such as plant height,
fresh root and shoot weights, egg masses and galls per root system.

Statistical analyses

The data were subjected to analyses of variance (ANOVA) using
SPSS 11.0 for Windows. The treatment means were compared by
Duncan’s multiple range test when F-tests were statistically sig-
nificant at P < 0.05.

RESULTS
Identification

Using the universal fungal primers (ITS1/ITS4), PCR prod-
ucts were generated from all of the Fusarium species.
Sequences of amplified fragments showed 99% identity
with F. oxysporum ribosomal RNA gene, accession number
EU839403.1 and U34571.1 for HR4 and HR57 respectively
and 98% identity with F. chlamydosporum accession num-
ber EU556725.1 for HR23 strain.

Pathogenicity test on M. incognita eggs in vitro

The ovicidal activity of F. oxysporum and F. chlamydospo-
rum against M. incognita eggs are shown in Table 1. Data
analysis showed significant difference (P < 0.05) for ovici-
dal activity among the studied isolates. F. oxysporum isolate
HR57 showed an important parasitic effect of 60, 63 and
70% corresponding to 3, 4, and 7 days post-treatment, res-
pectively. This antagonist had the highest degree of patho-
genicity whereas F. chlamudosporum (HR23) and F. oxy-
sporum (HR4) were less effective. In all the treatments, the
percentage of infected eggs gradually increased from the 3"

Table 1 Means and standard deviation for the ovicidal activity of the
Fusarium oxysporum isolates (HR4 and HR57) and F chlamydosporum
(HR23) and the control group without fungi on eggs of M. incognita at 3,

5 and 7 days.
Treatments Egg mortality (%)

3 days 5 days 7 days
F. oxysporum (HR4) 55+£73¢ S9+12¢ 61£102b
F. oxysporum (HR57) 60+ 10.7 ¢ 63+9c 70+ 19¢
E chlamydosporum 46+ 10.1b 50x+11b 59+11.2b
Control 7f£7a 17+7.7a 17+8a

The values indicate means + standard deviation of 5 replicates. Means followed
by the same letter within the same column are not significantly different
according to Duncan's multiple range test (P < 0.05)
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Table 2 Effect of different Fusarium isolates on the root-knot nematode, M. incognita, infection and on tomato growth parameters.

Treatments Plant length (cm) Fresh root weight Fresh shoot weight Egg masses /root Galls / root system
() () system

E oxysporum (HR4) + M. incognita 35.7+9bc 887+ 1ab 10.86 £ 1 ab 95.2£47 ab 126 +87b

F. oxysporum (HR57) + M. incognita  39.7+7 ¢ 928+1.2b 1242+19b 82+34a 95+54a

FE chlamydosporum + M. incognita 44.71£5¢ 9.15£0.8b 1452£15b 112 £ 54 ab 133+54b

F. oxysporum (HR4) 2937+11b 671+15a 857+24a - -

F. oxysporum (HR57) 4128+ 13 ¢ 898 +2ab 11.74£15b - -

F. chlamydosporum 30.98£7b 6£05a 12.15+£1.7b - -

Control with M. incognita 2185+5a 10.63+1.7b 7.66+12a 1412+97b 286 £ 101 ¢

Control without M. incognita 3042£6Db 7.45+0.7 ab 13.7£15b - -

The values indicate means + standard deviation of 7 replicates. Means followed by the same letter within the same column are not significantly different according to Duncan's

multiple range tests (P < 0.05)

Fig. 1 Meloidogyne incognita eggs parasitised by Fusarium oxysporum
Strain HRS7 after 7 days. Condensation of micro- and macroconidia
around the M. incognita egg (A) and morphological degradation of the
embryo (B). Perforation of the egg shell (arrow heads) and penetration of
macroconidia inside the eggs and complete degradation (C, D). Scale bars:
20 pm.6.

to the 7™ day.

The fungi were also observed as developing in the eggs.
The mycelium was proliferating within eggs 72 h after first
contact digesting the embryos within eggs, during the early
stages of infection. Morphological alteration of embryo and
eggshell was observed without hyphal penetration (Fig. 1A,
1B), or with internal colonization by micro- and macroconi-
dia (Fig. 1C, 1D).

Greenhouse evaluation of biological control
activity of Fusarium isolates

The results of the pot experiment indicated that application
of Fusarium isolates to soil had significantly reduced the
number of egg masses of M. incognita and the root galling
on tomato plants. All the antagonistic treatments tested
significantly (P < 0.05) reduced the number of egg masses
and root galls compared with the untreated plants 45 days
after inoculation (Table 2). The highest reduction in gall
formation and egg masses production was obtained with the
isolate HR57 of Fusarium. Moreover, with F. chlamydospo-
rum (HR23) and F. oxysporum (HR4), galls and egg masses
number decreased moderately but significantly.

The effect of all treatments on the fresh weight of
tomato roots and shoots was determined at the 45 days after
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inoculation. The results showed that these growth para-
meters noted on untreated control tomato plants were sig-
nificantly (P < 0.05) lower than those treated with Fusa-
rium spp. isolates.

Table 2 clearly shows that the application of Fusarium
isolates singly to the soil did not affect plant height and
shoots and roots fresh weights compared to the non infected
control, indicating that these isolates have no effect on plant
growth. The maximum increase in plant height was recor-
ded in infested plants treated with F oxysporum (HRS57)
which in addition to its nematicidal effect, this strain had
enhanced the plant growth.

The most important root weight for this treatment resul-
ted from a better developed root system rather than from an
increased weight of galls on roots (Table 2).

DISCUSSION

The genus Fusarium includes many species with great tro-
phic adaptation. Fusarium spp. strains are frequently iso-
lated from nematodes or egg masses (Chen et al. 1996;
Viaene and Abawi 1998; Verdejo-Lucas et al. 2002; Trifo-
nova et al. 2009).

Local isolates of F. oxysporum were found to reduce
root-knot nematode infection of tomato. Gall formation was
reduced by 50 and 67% with F. oxysporum HR57 and HR4
strains applied to the culture substrate. The reduction in
root-knot galling observed in this study is consistent with
previously published results obtained with fungal endo-
phytes based on greenhouse experiments on tomato (Hall-
mann and Sikora 1994; Dababat and Sikora 2007) and other
crops (Vu et al. 2006; Huang et al. 2009; Yan et al. 2011).
In addition to reducing nematode galling severity, Fusarium
isolates tested in the present experiment increased the tomato
shoot fresh weight compared with non-treated tomato plants
except for one Fusarium isolate (HR4). This increase may
indicate the growth promoting effect of these local strains
on tomato.

There are few studies on the mode of action of these
fungal species towards plant parasitic nematodes and the
mechanisms involved in antagonism are still unclear. How-
ever, Sikora (1992) suggested that Fusarium strains might
produce toxins or compete for space with endoparasitic
nematodes and thereby significantly reduce nematode infes-
tation. Secondary metabolites from F oxysporum, were
shown to be toxic to M. incognita (Hallmann and Sikora
1996), and toxins from various Fusarium spp. may affect
nematode viability (Ciancio 1995; Anke and Sterner 1997;
Nitao et al. 2001). However, the mechanism deployed by
Fusarium in nematode development inhibition appears to be
more complex than a toxin-operating system. In fact, based
on a split root system experiment, tomato plants were found
to be resistant to M. incognita infection in the root system
half which was not inoculated with F. oxysporum showing
the involvement of systemic resistance induced by the
fungi for the inhibition of nematode infection (Dababat and
Sikora 2007).

None of the Fusarium isolates tested in this study
showed pathogenic symptoms on tomato cv. ‘Rio Grande’
plants. These results are similar to those of the studies car-
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ried by Hallman and Sikora (1994) who demonstrated that
F oxysporum 1isolates which were tested in subsequent
greenhouse experiments reduced M. incognita populations
without adversely affecting plant health, thus indicating that
these isolates are promising candidates for the biological
control of the tomato root-knot nematode.

In this study, the results demonstrated a correlation
between pathogenicity assays conducted in vitro and bio-
control efficacy observed in culture substrate. Indeed, F
oxysporum HR57 strain which showed an important effici-
ency in culture substrate showed high percentage of para-
sitism of M. incognita eggs in vitro reaching 70%. The abil-
ity of Fusarium strains to parasitize root-knot nematode
eggs in vitro has been recorded in previous studies (dos
Santos ef al. 1992; Sun et al. 2006). Observation of para-
sitized eggs on agar showed a morphological alteration of
embryo which were digested within eggs, the fungus
mechanically penetrated the egg shell through micro- and
macrospores, the activity of lytic enzymes appeared in-
volved. In fact, it was reported that eggs disintegration may
be solely caused by an enzymatic action (Gortari and Hours
2008) and enzymes secreted by parasitic fungi are known to
help colonization of nematode eggs by penetrating the egg
shell (Yang et al. 2007). However, the contribution of non
enzymatic toxins to the success of parasitism has not been
studied. As Fusarium species are common soil inhabitants,
they may interact with root-feeding nematodes either di-
rectly or via their secondary metabolites (Nitao et al. 2001).
Although isolates HR57 and HR23 are promising antago-
nistic fungi for the control of the root-knot nematodes, but
before developing the selected isolates as commercial biolo-
gical control agents, more extensive tests are necessary to
determine their effectiveness on other horticultural crops
and under different conditions.
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