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Introduction

Tomato ( Mill.) is the
second most important vegetable crop next to potato, known
for its special nutritive value and multiple uses. It is estimated
that around 4.6 million ha of tomatoes are grown annually
worldwide producing more than 126 million tonnes (Panthee
and Chen, 2010). In India, nearly 7.1 million tonnes of tomato
is produced annually from an area of 5.4 lakh ha, placing the
country at the second position globally in terms of cultivated

Lycopersicon esculentum

area (Arora , 2012). The early blight disease and
infestation of fruit borer, (Hübner) are
serious biological constraints in tomato production, causing
mild to complete loss of productivity (Panthee and Chen,
2010; Singh, 2012).

Various synthetic chemical control measures for
disease and fruit borer management have been used in plant
protection programmes to limit crop damage (Hussain and
Bilal, 2007; Ilhe ., 2008; Sharma and Bhardwaj, 2008;
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Abstract

Key words

Early blight disease and fruit damage by are serious problems of tomato
causing heavy losses in the yield. An experiment was conducted to evaluate the efficacy of talc
based formulation of antagonist ( ) delivered through two different
forms of substrate, farmyard manure (FYM) and vermicompost, for the management of tomato
early blight disease. Two treatments of , were selected Solarization of nursery soil + seeds and
seedlings root dip treatment with formulation + Use of FYM colonized with formulation;
Solarization of nursery soil + seed and seedlings root dip treatment with formulation + Use of
vermicompost colonized with formulation. These were compared with farmer's practice and
untreated control. The impact of all these treatments on tomato fruit borer was also
studied. There was not much variation in plant growth parameters (plant height and canopy width)
between all the treatments. Both biocontrol treatments (17.69% and 141.3 q acre ; 15.70% and
139.4 q acre , respectively), as well as farmer's practice (10.25% and 208.5 q acre ) were found to
be better than untreated control (29.21% and 94.6 q acre ) in reducing the incidence of early blight
disease in tomato and increasing the marketable yield of tomato fruits. However, the farmer's
practice was found to be significantly better than both biocontrol treatments of in controlling
fruit damage due to disease, as well as fruit borer. The effect of both bioagents enriched
formulations FYM+ and vermicompost+ with respect to disease was significantly at par
with each other, whereas they had no impact on the fruit borer incidence. The results indicated that
either of biocontrol treatments of using farmyard manure and vermicompost, as
delivery substrates, can be considered as one of the component along with chemical control in
developing IPM programme for the management of early blight disease in tomato.
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Dabbas ., 2013 and Saha ., 2013). However,
continuous use of synthetic agrochemicals for controlling
disease and fruit borer damage may cause several problems
like toxicity to non-target organisms, development of
resistance in the population of pathogens/pests and
environmental pollution (López-Pérez ., 2006). The use
of environmentally safer microbial bioagents (antagonists) is
considered as an effective alternative tool which can be
exploited for the management of crop diseases (Varma .,
2008, Singh ., 2015). The use of plant growth promoting
rhizobacteria, (Migula) is one of
the promising candidates in biological control module, and
its commercial formulations have been tested against several
crop diseases caused by pathogens
Schlecht., (Berk. & Mont.) Arx,

Went, Kuhn,
(Ellis & G. Martin) L. R. Jones & Grout

(Vivekananthan , 2004; Kavino , 2007 and
Thilagavathi , 2007).

Certain strains of , when applied to seed
or soil or aerial spray, provide biological control of soil borne
pathogens in tomato (Siddiqui and Shaukat, 2003, Vanitha

, 2009 and Ngoc ., 2013). The delivery system of
antagonists is also very critical for effective implementation
of biocontrol of various crop diseases (Usharani , 2009).
Farm yard manure (FYM) has been reported as the best
substrate for multiplication and an ideal delivery source for

(Nazam and Singh, 2004; Jayaraj ., 2007).
Ramamoorthy . (2001) reviewed some reports of
influence of fluorescent pseudomonads on the growth and
development of insects at all the stages of growth.

The present study was conducted to evaluate the
efficacy of talc based formulation of delivered
through two different forms of substrate (farm yard manure
and vermicompost) against early blight in tomato and its
impact on incidence of .

Field experiments were conducted to evaluate two
biocontrol treatments against foliar disease and fruit borer,

on tomato (variety ) at
Entomological Research Farm, PAU, Ludhiana during
November to April for two years 2008-09 and 2009-10.
There were two treatments of biocontrol, T : Solarization of
nursery soil + seeds and seedlings root dip treatment with talc
based formulation of ( ) + soil application of

colonized in farm yard manure (FYM); T : Solarization
of nursery soil + seeds and seedlings root dip treatment with
talc based formulation of + soil application of
colonized in vermicompost
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Materials and Methods

1

2

Colonization of in FYM/vermicompost :

Soil solarization :

Soil application of colonized FYM/vermicompost :

Seeds and seedlings root dip treatmen :

Psf

Psf

Colonization
of (talc based formulation) in FYM/vermicompost was
done by adding @ 1 kg/500 kg FYM/ vermicompost in
pits, where was allowed to multiply for three months.
enhanced FYM/vermicompost to act both as biofertiliser and
biopesticide against plant disease and fruit borer. The talc
powder based formulation of was procured from National
Bureau of Agricultural Insect Resources, Bengaluru, India.

Solarization of soil was done by preparing
nursery beds 45 days in advance of seed sowing to make soil
free of pathogens and to give green house effect. The beds
were irrigated and covered with a transparent polythene sheet
(50-100 μ thick) and the sheet was removed 3-4 days ahead of
seed sowing time.

At
the time of preparation of nursery beds, talc based mixed
FYM/vermicompost was mixed in the nursery soil @ 5 q
acre 10 days before sowing of seeds.

t Seeds of tomato
were treated with (talc based formulation) by dipping
them in formulation @ 0.6g powder/100 ml water/ 10g
seeds, at the time of nursery sowing. Seedlings root dip
treatment was done by dipping roots of one-month-old
seedlings of tomato in solution (8g powder l of water) for
5 min at the time of transplantation.

Both biocontrol treatments were compared with
farmer's practices (T 3 sprays each of Indofil M-45
(Mancozeb 75 WP @ 600 g/acre at 7 days interval against
disease and deltamethrin 2.8 EC (Decis) @ 160 ml/ acre at
two weeks interval against fruit borer ) and
untreated control (T ). The study was conducted in exploded
randomized block design with plot size of 1000 m for each
treatment Each plot was divided into five equal segments and
considered as five replications for each treatment. The
observations on plant growth parameter (plant height and
canopy width), early blight disease, incidence of fruit borer
and yield were recorded. Growth parameters, disease and
fruit borer incidence were recorded from 20 plants per
replication per treatment. The data were subjected to two way
analysis of variance (ANOVA) using randomized block
design. The treatment means were compared at p=0.05 %
significant level.

The data on plant growth parameter (plant height and
canopy width) recorded during two years revealed non-
significant differences between the treatments (Table 1).
There was no incidence of early blight disease in first year
(2008-09). In second year (2009-10), it was significantly
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lower in plots of both biocontrol treatments (FYM + and
vermicompost + ), as well as farmer's practices as
compared to untreated control where it was highest (29.2%).
The per cent incidence of disease in vermicompost +
treated plots was minimum (15.7%) and it was at par with that
in FYM + treated plots (17.7%). However, the mean per
cent incidence was significantly lowest in farmer's practices
(10.3%) as compared to biocontrol treatments. The pooled
data of yield of tomato fruits for two years revealed
significant higher yield (208.5 q acre ) from the plot treated
with farmers' practice followed by both bioagents treatments
(141.3 and 139.4 q acre ). Both biocontrol treatments of

were found at par with each other in increasing
the yield. Fruit damage due to was also reported
in the field while conducting the present study. The mean
percent fruit damage due to fruit borer and number of larvae
were significantly highest in untreated control plot (51.69%,
3.89 larvae/10 plants), whereas these were lowest in plot of
farmer's practice (22.57%, 1.10 larvae/10 plants). However,
there was no effect of treatments of FYM + and
vermicompost + on fruit borer and fruit damage in
biocontrol plots, and these were at par with that of untreated
control. In the present study use of chemical insecticide was
found superior to both biocontrol treatments and control with
respect to tomato early blight disease and fruit borer which is
in accordance with the previous report of Prasad and Naik
(2003), Ilhe . (2008) Saha . (2013) recommended
mancozeb for the management of early blight disease and
better yield of tomato fruits. Further, Sharma and Bhardwaj
(2008) and Tyagi . (2010) found deltamethrin to be
effective against .

Though both biocontrol treatments of
( colonized in FYM and colonized in vermicompost)
were found inferior to chemical treatment, but superior to
untreated control with respect to disease as observed in the
present study. The use of chemical pesticides cannot be long
term solution for the management of disease due to concerns
of expenditure, health and environmental hazards etc.
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Therefore, biocontrol treatments of could be
considered for long term solution for the management of
plant diseases, as they have proved to be eco-friendly and
effective against many plant pathogens by many workers. As
seen in the present case, the talc based formulation of

reduced the early blight disease by 39-46 % as
compared to control, which might be due to the antagonistic
effect of rhizobacteria which could induce systemic
resistance against early blight disease in tomato. Many
strains of have been exploited in seed
treatment or foliar application to induce systemic resistance
in tomato against early blight , leaf blight, root knot disease
and bacterial wilt (Babu . 2000, Siddiqui and Shaukat
2003; ., 2009; Vanitha ., 2009 and Singh .,
2015). The performance of rhizobacterial formulation has
also been successful in other crops such as rice and groundnut
for controlling sheath blight and late leaf spot diseases
(Meena ., 2000; Nandakumar ., 2001; Singh and
Sinha 2004). Further, FYM and vermicompost in both
biocontrol treatments of have been found
equally effective as delivery substrate for its multiplication
and management of early blight disease in the present
findings. The result is in accordance with the findings of
Nazam and Singh (2004) and Jayaraj . (2007) who
reported FYM as the best delivery substrate for

in the management of early blight disease.
Therefore, farmyard manure as well as vermicompost can be
considered for effective delivery of rhizobacteria to induce
systemic resistance in tomato against early blight disease.

In the present study, both biocontrol treatment of
antagonist using farmyard manure and
vermicompost, as delivery substrate was found equally
effective other than chemical control in early blight disease in
tomato. Therefore, either treatments can be
considered along with chemical control for developing
environmentally safe, long lasting and effective IPM
programme for the management of tomato foliar diseases in
future.
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Table 1:

Treatments Plant height* Canopy width* Mean percent Mean percent fruit Yield*

(Mean ± S.E)(cm) (Mean ± S.E) (cm) disease incidence* damage due to Borer* (q acre )

Evaluation of against plant growth parameters and fruit damage in tomato

FYM+ 51.9 ± 3.0 44.5 ± 2.3 17.69 42.89 141.3
VC+ 51.7 ± 3.4 46.9 ± 2.6 15.70 44.59 139.4
Farmer’s Practice# 56.1 ± 4.3 43.8 ± 2.6 10.25 22.57 208.5
Untreated Control 44.8 ± 5.2 37.8 ± 3.0 29.21 51.69 94.6
F value - - 59.72 17.26 5.82
df - - 3,12 3,27 3,12
P value - - ‹ 0.0001 ‹ 0.0001 0.0108

* The values are mean of two years; # 3 sprays each of Indofil M-45 (Mancozeb 75 WP @ 600g/acre at 7 days interval and deltamethrin 2.8 EC (Decis) @
160 ml/ acre at two weeks interval)
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