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Trichoderma viride and Pseudomonas fluorescens CHAO against
Meloidogyne javanica in the rhizosphere of tomato plants

A. Saeedizadeh

Summary Root-knot nematodes are among the most important pests that reduce tomato yield in
greenhouses and fields in Iran. The scope of this research was to evaluate the antagonistic effect of
Trichoderma viride and Pseudomonas fluorescens CHAO on the reproduction and galling rate of Mel-
oidogyne javanica in tomato roots. A pot experiment was conducted on seedlings of tomato culti-
vars Bony best, Falat, Mobile and Walter grown in sterilized sandy loam soil. Inocula used for artifi-
cial inoculation were 3 J,/g of soil for the nematode, 1x10° spores/ml for the fungus and 1x10° cfu/ml
for the bacterium. The nematicide RUGBY" 10 G (cadusafos) was used as a reference product at 2g per
each pot. Two months after inoculation, the number of knots and egg masses per root in the treat-
ments were (with descending order): control (nematode), nematode+bacterium, nematode+fungus,
nematode+fungus+bacterium and nematode+nematicide. The combination fungus+bacterium en-
hanced the biocontrol effect against M. javanica activity as compared to the fungus and bacterium
stand-alone treatments except for the cases of the cultivars Mobile and Bonny best in which the effect
was similar to the one by the fungus alone. The fungus + bacterium combined treatment was equally
effective to the nematicide treatment for all cultivars. The highest and lowest rate of nematode activi-

ty was observed in Walter and Mobile cultivars, respectively.
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Introduction

Root-knot nematodes are the most impor-
tant plant parasitic nematodes in the world,
due to the wide host range, worldwide dis-
tribution and interactions with phytopatho-
genic fungiand bacteria (Sasser, 1979). Toma-
to (Solanum lycopersicum L.) is a suitable host
for most Meloidogyne species. The most im-
portant Root-knot nematode species in Iran
are M. incognita and M. javanica with a broad
host range and great dispersal, making plant
roots more vulnerable to soil pathogens
(Hosseini-Nejad and Khan, 2001).

Today, numerous microorganisms have
been introduced as antagonists of plant par-
asitic nematodes (Akhtar and Malik, 2000).
Some species of Trichoderma have been
widely applied as biological control agents
against various soil-borne plant pathogens
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(Whipps, 2001), and several isolates have
been successful as biocontrol agents of root-
knot nematodes (Sharon et al., 2001). On the
other hand, bacteria are the most abundant
microorganisms in the soil, and some gen-
era such as Pasteuria, Pseudomonas and Ba-
cillus have also considerable potential as bi-
ological control agents against nematodes
(Meyer, 2003).

The scope of the study was to evaluate
T. viride and P. fluorescens CHAO as biocon-
trol agents against M. javanica in four toma-
to cultivars.

Materials and Methods

Preparation of M. javanica inoculum
Plants infected with M. javanica were ob-
tained from a population maintained in the
glasshouse on tomato plants (cv. Walter) in
Varamin, southern Tehran, Iran. Extraction
and preparation of the nematode inoculum
were applied according to the Hussey and
Barker (1973) method using the single egg
mass method. According to the morpholog-
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ical and morphometrical characteristics of
body and perineal pattern, the nematodes
were initially identified (Hunt, 1993; Jepson,
1987; Siddiqi, 2000). Then, nematodes were
multiplied on the rhizosphere of local toma-
to cultivars and second stage juveniles (J.)
were finally obtained in the glasshouse. In-
fected tomato roots bearing large egg mass-
es were incubated in water for three days at
28+2°C and hatched J, were collected and
counted. Nematode inoculum level for each
of the treatments was determined as 3 J./g
of soil (McClure et al., 1973).

Biocontrol of nematode using T. viride
Trichoderma viride was obtained from
the culture collection of the Department of
Plant Pathology, Shahed University, Tehran,
Iran. It was cultured on potato dextrose agar
(PDA) for 14 days at 25°C. To prepare the in-
oculum suspension of T. viride, about 15ml
distilled water were added to the growing
colony on PDA medium in a Petri dish. The
spores were suspended in distilled water us-
ing a sterile glass rod and applied gently on
the surface of the colonies. After that, the
suspension passed through two layers of
sterile net fiber. The number of spores per ml
was estimated by a hemocytometer. A spore
concentration basis of 1x10° spores/ml was
adjusted by adding distilled water and sus-
pending (Sahebani and Hadavi, 2008).

Biocontrol of nematode using P. fluore-
scens

Pseudomonas fluorescens CHAO was ob-
tained from the culture collection of the
Department of Plant Pathology, Shahed
University, Tehran, Iran. The bacterial inoc-
ulum suspension was prepared according
to Weller and Cook (1983). A full loop of 48-
hour culture of the bacterium on King’s me-
dium B (King B) was transferred to a flask
containing 100ml King B liquid medium and
incubated for 48 hours on shaker (120 RPM)
at 27°C. Bacterial suspension was centri-
fuged for 10 min at 6000 x g, and washed for
2-3 times with a natural salt solution (NaCl
0.14M) to remove residual nutrient medi-
um. Bacterial cells were extracted by recen-
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trifuging and suspending to a solution of
1%x10° cfu/ml, which was prepared using the
standard curve spectrophotometrically in
a carboxymethyl cellulose solution (Weller
and Cook, 1983).

Plant material and inoculation

Tomato seedlings of four cultivars including
Bonny best, Falat, Mobile and Walter were
cultivated in sterilized sandy loam soil in the
greenhouse. Seedlings were inoculated at
the six-leaf stage (aerial parts were intact,
and about 20 cm long). Each pot containing
one plant, represented one replication and
was kept under natural light and 25-27°C.
In this experiment, the nematode inoculum
was set at 3 J,/g of soil, the fungus at 1x10°
spores/ml, the bacterium at 1x10° cfu/ml,
while 2g of nematicide were added at the
appropriate pots. Each pot was filled with
20009 plant substrate. The nematicide and
each inoculum were individually applied to
each pot in a volume of 5ml suspension in
three separate holes around the plants to a
depth of 3cm.

Evaluation of M. javanica activity on to-
mato plants

According to the proposed method of
Hussey and Johnson (2002) activity of M. ja-
vanica was evaluated as the number of egg
masses and knots per root. The roots of
each plant were washed with tap water and
drained on blotting paper. To determine
the number of egg masses, the roots were
divided into 3-4cm parts, then egg masses
stained with Floxin solution B (0.15g/I of wa-
ter), bleached with lactophenole and count-
ed under a dissecting microscope (Hussey
and Janssen, 2002; Taylor and Sasser, 1978).

Experimental design and statistical ana-
lysis

This experiment was based on a com-
pletely randomized design with four to-
mato cultivars, six treatments for the
control of M. javanica and five repli-
cates, including: nematode+fungus
(NF), nematode+bacterium (NB), nema-
tode+nematicide (NN), nematode+fun-
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gus+bacterium (NFB) and control (Cntr).
The nematicide RUGBY® 10 G (cadusafos) was
used as reference product. Two months after
inoculation, the plants were taken from the
soil and the number of knots and egg mass-
es per root were counted. The data were then
subjected to one way analysis of variance
(ANOVA). The means of the treatments were
compared using Duncan multiple range test
(Steel and Torrie, 1980). All analyses were
done by using SAS software version 9.1.

Results

The mean number of knots and egg mass-
es produced by the nematode was signifi-
cantly different among the studied cultivars
(P<0.0001). The highest number of knots and
egg masses belonged to the cultivar Walter
while Mobile showed the lowest numbers.
In this regard, the cultivars were ranked as
Walter> Falat> Bony best> Mobile (Figure
1). Also, the treatments for the control of
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the nematode had significant effect on the
knots and egg masses (P<0.0001). The high-
est nematode control based on number of
knots was observed when the nematicide
was added to the soil (NN) (Figure 2). No sta-
tistically significant difference was observed
between the NFB and the NN treatments re-
garding the number of nematode egg mass-
es (Figure 2). In the treatment NFB, the num-
ber of nematode knots and egg masses on
the roots of different cultivars was lower
than in the treatments NF and NB.

The interactive effect of cultivar and
treatment was significant (P<0.0001) sug-
gesting that the cultivars responded differ-
ently to the various treatments of nematode
control. The lowest number of knots and
egg masses (namely the highest nematode
control effect) was found at all cultivars un-
der the effect of the nematicide and the NFB
treatment (Figure 3). The number of knots
and egg masses did not differ between the
NFB treatment and the NF treatment for the
cultivars Mobile and Bonny best (Figure 3).

egg mass J

Mobile

Bonny best

Falat Walter

Cultivar of tomato

Figure 1. Mean number of nematode knots and egg masses of Meloidogyne javanica on the roots of four tomato cultivars
(Mobile, Bonny best, Falat, and Walter) treated with Trichoderma viride and Pseudomonas fluorescens (pooled data of Con-
trol, nematode-+fungus, nematode-+bacterium, nematode+nematicide, nematode-+fungus-+bacterium). Means with dif-
ferent capital and small letters on the columns (knot and egg mass, respectively) are significantly different (Duncan Test,

P <0.05n=5).
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Figure 2. Mean number of nematode knots and egg masses of Meloidogyne javanica on roots of four tomato cultivars
(pooled data) treated with Trichoderma viride and Pseudomonas fluorescens (Cntr: Control, NF: nematode-+fungus, NB:
nematode+bacterium, NN: nematode-+nematicide, NFB: nematode-+fungus-+bacterium). Means with different capital and
small letters on the columns (knot and eqq mass, respectively) are significantly different (Duncan Test, P < 0.05; n =5).
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Figure 3. Mean number of nematode knots and egg masses of Meloidogyne javanica on roots of four tomato cultivars treat-
ed with Trichoderma viride and Pseudomonas fluorescens (Cntr: Control, NF: nematode-+fungus, NB: nematode+bacterium,
NN: nematode+nematicide, NFB: nematode-+fungus+bacterium). Means with different letters at each of the knot and egg
mass lines are significantly different (Duncan Test, P < 0.05;n =5).
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Discussion

Many studies (Ashoub and Amara, 2010; Da-
babat and Sikora, 2007; Golzari et al., 2011;
Sahebani and Hadavi, 2008; Sharon et al.,
2001; Siddiqui and Shaukat, 2003; Siddiqui
et al., 2005; Siddiqui et al., 2004; Zaki et al.,
2009) have been reported in the field of bi-
ological control of plant parasitic nema-
todes, especially against Meloidogyne spp.,
through the application of several microor-
ganisms, including bacteria and fungi. Natu-
ral enemies of nematodes are successful in
reducing plant parasitic nematode activity
through parasitism, toxins, antibiotics pro-
duction, enzyme production and competi-
tion, inducing systemic resistance in plants
and stimulation of plant growth (Tian et al.,
2007).

In the present study, combination of T.
viride and P. fluorescens CHAO enhanced the
biocontrol effect against M. javanica activ-
ity as compared to the fungus and bacteri-
um stand alone treatments except for the
cases of the cultivars Mobile and Bonny best
in which the effect was similar to the one by
the fungus alone. Our results also indicat-
ed that the T. viride and P. fluorescens CHAO
combined treatment was equally effective
to the nematicide treatment for all cultivars.
The combined effect of P. fluorescens CHAQ
and other fungi species has been evaluated
on Meloidogyne species control. For exam-
ple, Siddiqui et al. (2004) studied the interac-
tion of six species of Aspergillus and bacterial
strains P. fluorescens CHAO and P. fluorescens
CHAO/pME3424 on the control of M. javani-
ca, showing that compounds such as meth-
anol and ethyl acetate secreted by A. niger
enhanced the nematicidal effect of bacterial
strains. Zaki et al. (2009) investigated the ef-
fect of antagonistic fungi and plant growth
promoting rhizobacteria (PGPRs) on M. in-
cognita in the rhizosphere of tomato. Asper-
gillus niger, Paecilomyces lilacinus and Peni-
cillium chrysogenum fungi and Azetobacter
chroococcum, Bacillus subtilis and Pseudomo-
nas putida bacteria were shown to be effi-
cient in diminuting the number of nematode
knots and female counts. It was also shown

that soil incorporation of P. lilacinus had the
highest impact on nematode control.

Several studies have indicated that the
bacteria have antagonistic effects on the
plant parasitic nematodes e.g. Pseudomonas
on Meloidogyne spp. (Kerry, 2000; Jayaku-
mar et al., 2002; Siddiqui and Shaukat, 2002,
2003; Andreogloua et al., 2003; Siddiqui et
al., 2005). In recent years, Ashoub and Am-
ara (2010) found that B. thuringiensis, P. flu-
orescens RR and Rhizobium leguminosarum
have been fatal for M. incognita juveniles.
The latter two species of bacteria also have
been efficient in increasing plant growth.
Meyer et al. (2001) used inoculums of Burk-
holderia cepacia and T. virens to manage the
activity of M. incognita in the rhizosphere of
pepper.

Golzari et al. (2011) studied the effect of
bacterial metabolites of Pseudomonas aerug-
inosa in the control of M. javanica on tomato,
showing that the 7NSk2, UTPF92 and UTPF86
strains of P. aeruginosa produced hydrogen
cyanide, protease and salicylic acid, which
caused mortality and prevention of nema-
tode egg hatching. In these greenhouse tri-
als, roots of Early Bana tomato cultivar inoc-
ulated with the UTPF86 and 7NSK2 strains
exhibited the highest plant growth activi-
ty and lowest nematode penetration rate,
respectively. Sahebani and Hadavi (2008)
were able to control M. javanica using T. har-
zianum in the greenhouse. This antagonist
of the nematode has also been used for the
control of M. incognita in the rhizosphere of
tomato (Al-Fattah et al., 2007).

In conclusion, according to our results,
the use of a combination of Trichoderma
spp. and P. fluorescens can be more effective
against M. javanica and will reduce the lev-
el of its pathogenic activity. Biocontrol with
these two nematode antagonists in a joint
application could provide similar results to
the use of commercial pesticides at con-
trolled greenhouse conditions.

I wish to acknowledge and appreciate Shahed
University, Tehran, Iran for the financial sup-
port of this research.
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Trichoderma viride kan Pseudomonas fluorescens CHAO kata tou
Kopfovnuatwdn Meloidogyne javanica otn pl{ocpaipa QUTWV
TopaTag

A. Saeedizadeh

NepiAnPn Ot kouBovnuatidelc cuykataléyovtal PETAEY TWV TTIO0 GNUAVTIKWY £XOPWY TTOU TIPOKA-
Aouv peiwaon TN mapaywyng otnv kKaAAiépyela Beppoknaknc Kal unaifplac Topdtag oto lpdv. XKo-
moC AUTAG TNG MEAETNG Tav N aloAdynon Tne avtaywvioTikng dpdong tou Trichoderma viride kot Tou
Pseudomonas fluorescens CHAQO otnv avanapaywyr Tou Meloidogyne javanica kat To oXnUOTIOUS KO-
Bwv amd Tov kopPovnuatwdn ot pileg Topdtac. MpayuatomoiBnKe meipapa e 6TTOPOPUTA TWV TIOLKI-
Mwv Topdtag Bonny best, Falat, Mobile kat Walter grown o€ amootelpwpévo appomnAwdeg édagog oe
yhaotpec. Eywve Texvnt poluvon pe 3 J,/g edagouc yia tov vnuatwdn, 1x10° omépia/ml yia to poknta
kat 1x10° cfu/ml yia o Baktripto. To okevaopa RUGBY® 10 G (cadusafos) xpnotpomnoiBnke o€ moodTn-
Ta 2g avd yAAoTtpa. AUO HAVEC PETA TNV LOAUVON, 0 APIBROC TWV KOUPWVY Kal Twv wdCAKKWY avd pila
oTI¢ S1apopec enepPdoelc tav (katd ebBivouoa oelpa): papTupag (Vvuatwdng), vnuatwdnc+Baktnplo,
VNHATWONGHUUKNTAG, VNHOTWONCHUUKNTAc+HBAKTAPIO Kal vnpatwdnc+vnpatwdoktévo. O ocuvou-
00O MUKNTAGHBOKTAPLO  alénoe TV amoTEAECUATIKOTNTA TNG BIOAOYIKNAE QVTIUETWIONS Tou M.
javanica o€ oUykplon He TIC anmhéC EmePBATELC e TO MUKNTA Kal TO PAKTAPLO, e €aipean TIC TOIKIAL-
€¢ Mobile and Bonny best, otig omoigg n emiépaon ftav avahoyn pe autr tou puknta. H ouvduaopévn
eméuBacn POKNTAC + BAKTAPLO ATAV EQAMIAANG AMTOTEAECUATIKOTNTAG UE TNV EMEUACN TOU VNUATW-
SOKTOVOU yla OAEC TIC TTOIKINEC. H PeyaAUTePN Kal N JIKPOTEPN SpacTneIdTNTA TOU VUATWEoUE mapa-
TnPENONKe oTi¢ motkihieg Walter kai Mobile, avtioTtotya.
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