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Early blight caused by Alternaria solani (Ellis and Martin) Jones and Grout is an important fungal
disease of tomato. The pathogen affects all parts of plants and causes severe damage at all stages of
plant growth. The use of chemical fungicides is the principal method used to control this disease.
However, as an alternative to chemical fungicides, biological management is one of the most promising
methods for managing plant diseases. In the present study, two field experiments were conducted in
2016-17 and 2017-18 at Regional Research Station farm, Tamil Nadu Agricultural University (TNAU),
Paiyur, Tamil Nadu, India to evaluate the effectiveness of biocontrol agents and bioproduct (chitosan)
against early blight disease. The findings showed that plots treated with Pseudomonas -TNAU-Pf1
(0.5%) had a minimum early blight incidence of 5.56 PDI, followed by chitosan at 0.3% (5.93 PDI) which
were statistically on  par with each other. The treatments also recorded a higher tomato fruit yield of
32.90 and 32.84 t/ha, respectively compared to the other treatments.
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INTRODUCTION

Tomato (Solanum lycopersicum L.) is one of the
most important vegetable crops grown in India. The
crop is affected by various diseases caused by
fungi, bacteria and viruses. Among the fungal
diseases, early blight caused by Alternaria solani
(Ellis and Martin) Jones and Grout is the most
threatening (Abdel-Sayed, 2006; Abada et al.
2008; Anand et al. 2010), causing a great
reduction in the quantity and quality of fruit yield.
The pathogen causes diseases on the leaves (leaf
blight), stem (collar rot) and fruits (fruit rot) and
can cause severe damage at all stages of plant
development (Foolad et al. 2000). It is increasingly
becoming a limiting factor for successful tomato
production, causing yield losses of 15-100% (Babu
et al. 2000; Pandey et al. 2003).

Regarding tomato early blight control, many
workers have done a lot of work based on chemical
control. Although chemical control with fungicides
is the most common control method, it is still too
expensive for most smallholder farmers. In the long
term, chemical spraying will also have adverse
effects on the environment. Use of bioproducts
(chitosan) and antagonistic microbes can be an
efficient way to control plant diseases (Algam et
al. 2010). The interaction between biocontrol
agents/ bioproducts and plant pathogens has been
widely studied and the use of biocontrol agents to
protect some commercially significant crops
appears promising.  Fungal and bacterial
antagonists have been effective in controlling a
vast number of plant diseases (Ramamoorthy et
al. 2001; Latha et al. 2008; Anand, 2021). Due to
its excellent antagonistic action against many plant
pathogens, Pseudomonas is one of the most
effective biocontrol agents currently on the market
and is predominantly utilized for seed, soil, and
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foliar treatment (Latha et al. 2009; Anand et al.
2010; Manikandan et al. 2013). Chitosan is a
natural and non-toxic biopolymer obtained from the
deacetylation of chitin, an important component of
the shell of crustaceans such as crab, shrimp, and
crawfish. Applications of chitosan in agriculture
have received much attention in recent years (El
Hadrami et al. 2010). Use of chitosan as a
biocontrol agent for plant disease management is
one of the uses for the substance in environmental
protection and agriculture (Khan et al. 2006).

The main objectives of this study were to evaluate
the effect of different Pseudomonas isolates and
chitosan at different concentrations on the mycelial
growth of Alternaria solani in vitro and to investigate
the efficacy of the talc-based formulation of
Pseudomonas isolates and chitosan against the
development of early blight and plant growth
promotion in tomato under field conditions.

MATERIALS AND METHODS

Source of early blight pathogen and biocontrol
agents

Using potato dextrose agar (PDA) medium, the
virulent early blight pathogen was isolated from
tomato leaves exhibiting typical early blight
symptoms and identified as Alternaria solani based
on the various cultural and morphological
characters. Different Pseudomonas strains
isolated from tomato rhizosphere soils using King’s
B (KB) medium. Bacterial  isolates were
characterized based on standard biochemical tests
(Hildebrand et al. 1992). Pseudomonas (TNAU-
Pf1) and Trichoderma asperellum (Ta1) isolate
were obtained from the Department of Plant
Pathology, Tamil Nadu Agricultural University,
Coimbatore, Tamil Nadu, India and was maintained
on KB and PDA media, respectively.

In vitro screening of fungal antagonists against
A. solani

Antagonism of Trichoderma spp. against A. solani
was tested by using dual-culture method. Mycelial
discs (8-mm dia.) of the test pathogen and the
antagonist were placed on the opposite side of Petri
dishes containing PDA, 1 cm away from the edge.
Petri dishes were incubated at 28 ± 2°C for 7 days
and the mycelial growth of A. solani was measured.

In vitro screening of fluorescent pseudomonads
against the mycelial growth of A. solani

 For in vitro screening of Pseudomonas isolates
against A. solani, the isolates were streaked on
one side of a Petri dish (1 cm from the edge of the
dish) with PDA medium and a mycelial disc (8-mm
in diameter) of 7-day-old culture of A. solani was
placed on the opposite side of the Petri dish
perpendicular to the bacterial streak. The plates
were incubated at room temperature (28±2°C) for
7 days and the mycelial growth of the pathogen
was measured. The per cent inhibition (PI) of
mycelial growth was calculated by using the
following formula

I= C-T/T x 100

Where,
I = Percent reduction in growth of test pathogen;
C = Radial growth (cm) in control
T = Radial growth (cm) in treatment

Preparation of chitosan

Chitosan extracted from crab shells, degree of N-
deacetylation (75%, Sigma Aldrich USA) was
dissolved in an aqueous solution of acetic acid at
1% to obtain a concentration of 10 mg/ml (stock
solution). The solution was washed with 1N NaOH,
which had been made alkaline to pH 5.6, and
autoclaved at 121°C for 15 min (Algam et al. 2010).

Antifungal effect of chitosan

Using the agar dilution method (Hanlon et al. 2007),
a sterilized stock solution of chitosan was
incorporated into sterilized cool melted PDA at
50°C (Muñoz et al. 2009) to obtain concentrations
of 0.05, 0.1, 0.3, 0.5 and 1.0% of chitosan-
amended media; then poured into sterilized Petri
dishes (9 cm diameter). PDA medium without
chitosan served as a control. The plates were then
inoculated with an 8-mm diameter fungal-disc from
7-day-old colony and then incubated at 28 ± 2°C
for 7 days. The diameter of the mycelial growth
and the percentage inhibit ion at various
concentrations were calculated.

Preparation of talc-based formulation of
Pseudomonas isolates

A loopful of Pseudomonas isolate was inoculated
into sterilized KB broth and incubated on a rotary
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shaker at 150 rpm for 48 h at room temperature
(28±2°C). After 48 h of incubation, the broth
containing 9 x 108 cfu/ml was used for the
preparation of talc-based formulation. A bacterial
suspension of 400 ml, 1 kg of talc-powder (sterilized
at 105°C for 12 h), 15 g of calcium carbonate (to
adjust the pH to neutral) and 10 g of
carboxymethylcellulose (CMC) (glue) were mixed
under sterile conditions, following the method
described by Nandakumar et al. (2001). After drying
in the shade overnight, it was wrapped and sealed
in a polypropylene bag. At the time of application,
the bacterial population in the talc formulation was
2.5 to 3 x108 cfu/g.

Efficacy of fluorescent pseudomonads and
chitosan against early blight disease

Fungicides and bacterial bioagents effective under
in vitro conditions have been selected for field
experiments only. A field experiment to test the
efficacy of fluorescent pseudomonads and chitosan
against tomato early blight was conducted at
Regional Research Station farm, TNAU, Paiyur,
Tamil Nadu, India during September 2016 to
January 2017 and November 2017 to March 2018.
The experiment was conducted in a Randomized
Block Design (RBD) with three replications. The
tomato hybrid, Shivam which is popular and highly
susceptible to early b light was used in all
experiments. The treatments of the experiment
were T1- Pseudomonas (TNAU-Pf1) (0.5%), T2-
Pseudomonas isolate 1 (0.5%), T3- Chitosan
(0.1%), T4-Chitosan (0.2%), T5-Chitosan (0.3%),
T6-Chitomax (0.1%) and T7-Untreated control. The
talc-based formulation of Pseudomonas and
chitosan were sprayed at 30 and 50 days after
planting (DAP). Data on the disease severity (PDI)
was recorded 10 days after second spray. Disease
incidence was recorded by randomly selecting 5
plants from each plot. Four leaves were selected
from each plant and the area covered by the
disease was measured on a scale of 0-9 and
expressed as Percent Disease Index. The fruit yield
per plot yield was also recorded from which the
yield per hectare was calculated.

Statistical analysis

The data were subjected to analysis of variance
(ANOVA) using the IRRISTAT version 92-1
programme developed by the Biometrics Unit,
International Rice Research Insti tute, The

Philippines. Disease incidence data were arc-sine
transformed before analysis.

RESULTS AND DISCUSSION

Effect of bioagents and chitosan on the mycelial
growth of A. solani

Among the biocontrol agents, Trichoderma
harzianum registered a maximum inhibition
(79.55%) of A. solani followed by TNAU-Pf1 and T.
asperellum (73.86%) which were statistically at par
with each other (Table 1). Mycelial growth of A.
solani was not significantly affected at all chitosan
concentrations tested. However, chitosan at
concentrations of 0.3, 0.5 and 1.0 per cent

Table1: Effect of different bioagents on the mycelial growth of
Alternaria solani

Biocontrol agent  
Diameter of the 

mycelial growth (cm) 
Per cent inhibition 

over control 

Trichoderma asperellum 2.30b 73.86 

Trichoderma harzianum 1.80a 79.55 

Pseudomonas (TNAU-Pf1) 2.30b 73.86 

Pseudomonas isolate 1 4.73c 46.25 

Pseudomonas isolate 2 7.33d 16.70 

Untreated control 8.80e - 

 

Table 2:Effect of chitosan on the mycelial growth and sporulation
of Alternaria solani

Values are means of four replications. In a column, means followed
by a common letter are not significantly different at 5% level by
DMRTs

Chitosan 
at different concentrations 

Diameter of the 
mycelial growth (cm)

 
Type of sporulation

 
0.05% 

9.00ab Abundant 
0.1% 

8.88ab Sparse 
0.3% 

8.55ab No sporulation 
0.5% 

8.40a No sporulation 
1.0% 

8.32a No sporulation 
Untreated control 

9.00b Abundant 

Values are means of four replications. In a column, means followed
by a common letter are not significantly different at 5% level by
DMRTs

recorded no sporulation in the culture medium, while
chitosan at 0.05 and 0.1 per cent recorded
abundant and sparse sporulation of A. solani,
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Table. 3:Efficacy of different bioagents/chitosan against early blight disease and yield of tomato ((Pooled mean of two seasons)

Treatments  PDI % reduction over 
control Fruit yield (t/ha) 

% increase over 
control  

 

CBR 

TNAU-Pf1(0.5%) 5.56 80.63 32.90 32.55 1:4.83 

Pseudomonas  isolate 1 (0.5%) 7.94 72.33 31.54 29.64 1:4.22 

Chitosan (0.1%) 9.44 67.96 31.05 28.53 1:3.98 

Chitosan (0.2%) 7.53 67.11 31.96 30.57 1:4.19 

Chitosan (0.3%) 5.93 79.34 32.84 32.47 1:4.40 

Chitomax (0.1%) 10.37 63.87 30.10 26.28 1:3.74 

Untreated control 28.70 - 22.19 - - 

CD (p=0.05) 1.35 - 0.51 - - 

S.Ed 0.62 - 0.24 - - 

 Values are mean of three replications

respectively (Table 2). The inhibitory effect of
Trichoderma and Pseudomonas strains against A.
solani may be due to competition, antibiosis and
lysis. Several strains of Pseudomonas and
Trichoderma spp. have been reported to produce
a w ide variety of antibiotics, namely 2,4,
diacetylphloroglucinol, oligomycin, phenazine,
pyoluteorin, pyrolnitrin, pyocyanin and gliotoxin are
responsible for their antifungal activity.   The TNAU-
Pf1 strain was reported to produce siderophore,
HCN and antibiotics such as DAPG and pyoluteorin
(Ramamoorthy et al. 2001). The antifungal activity
of chitosan against plant pathogens has also been
reported by several workers. Chitosan has been
shown to have strong antifungal activity against A.
alternata under in vitro conditions (Algam and
Elwagia, 2015).

Efficacy of fluorescent pseudomonads and
chitosan against early blight disease under field
conditions

The results of the f ield tr ial showed that
Pseudomonas and chitosan significantly reduced
the severity of early blight at all concentrations
tested (Table 3). Minimum Alternaria incidence was
recorded in plots treated with TNAU-Pf1 (0.5%)
(5.56 PDI) followed by chitosan (0.3%) (5.93 PDI),
while untreated control plot had a maximum
incidence of 28.70 PDI. Fruit yield results showed
that plots treated with TNAU-Pf1 had the highest
fruit yield of 32.90 t/ha with a BC ratio of 1:4.22
followed by chitosan (0.3%) which gave a tomato
yield of 32.84 t/ha with a BC ratio of 1:4.0 and the

treatments were at par with each other. The
untreated control plots recorded only 22.19 t/ha
of fruit yield (Table 3). Similar reports of the use of
Pseudomonas and chitosan for better disease
control have been reported by several workers.
Management of plant diseases using Pseudomonas
isolate TNAU –Pf1 has been demonstrated by
several reserachers in many crops (Saravanan et
al. 2004; Anand et al. 2010; Manikandan et al.
2013). Algam and Elwagia (2015) reported that
chitosan successfully controls early blight of
tomatoes and promotes tomato growth. Application
of chitosan to tomato plants increases growth
parameters and reduces disease severity (EL-
Tantawy, 2009).

In conclusion, Pseudomonas-TNAU-Pf1 (0.5%) or
0.3% chitosan sprayed at 30 and 50 days after
planting had minimum incidence of early blight with
the highest fruit yield. The biocontrol agent or
chitosan could be recommended for early blight
management in tomato especially in organic
farming, as an alternative to the chemical
fungicides.
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