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Introduction

Use of biocontrol agents has been shown to be eco-friendly and 
effective against many plant pathogens and pest. Accumulating 
evidences suggest that the organisms under most scrutiny for potential 
use in biological control of pest and diseases are bacteria belonging 
to the genera Pseudomonas and Bacillus [6]. Further, Plant Growth 
Promoting Endophytic bacteria (PGPE), especially Bacillus subtilis 
(EPCO16 and EPC5) and Plant Growth Promoting Rhizobacteria 
(PGPR), especially Pseudomonas fluorescens (Pf1, Py15 and Fp7) strains 
have been developed commercially as a talc based formulation and 
tested against several crop diseases [7-10]. Recently, Sundaramoorthy 
et al. [5] reported that combination of P. fluorescens strain (Pf1) and B. 
subtilis strain (EPCO16) effectively inhibited the growth of the F. solani 
in chilli plants. Several approaches have been tried for the sustainable 
management of early blight in tomato. However, no attempts have 
been made for the management of early blight disease with mixtures 
of both PGPR and PGPE strains. Therefore, the present study was 

designed to evaluate protective effect of endophytic bacterial strains, 
B. subtilis (EPCO16 and EPC5) and rhizobacterial strains P. fluorescens
(Pf1, Py15 and Fp7) against tomato early blight disease caused by A.
solani.

Materials and Methods
Isolation of pathogen and maintenance of biocontrol agents

A. solani taken from infected tissue of diseased fruits of tomato
were inoculated on water agar medium (2%; 2 g agar/100ml of sterile 
distillate water) and incubated at 25°C for 3 days. After incubation, 
single spore colony was transferred to the Petri dishes containing 
Potato Dextrose Agar (PDA) to obtain pure culture of the pathogen. 
The commercially released endophytic bacterial strains B. Subtilis 
(EPCO16 and EPC 5) isolated from coconut and cotton respectively 
and the rhizobacterial strains of P. fluorescens (Pf1, Py15 and Fp7) were 
obtained from the culture collection of Department of Plant Pathology, 
Tamil Nadu Agricultural University (TNAU), Coimbatore, India. The 
strains of B. Subtilis were maintained on Nutrient Agar (NA) slants and 
P. fluorescens strains were maintained on King’s B (KB) slants at 4°C.

Compatibility among bacterial strains 

The isolates of Pseudomonas and Bacillus were tested for their 
compatibility among each other following the method of Fukui et 
al. [11]. The compatibility was determined for P. fluorescens and B. 
subtilis strains using NA medium. The bacterial strains were streaked 
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Abstract
 Tomato, early blight caused by Alternaria solani has been known to cause severe yield losses. Hence, attempts 

were made to develop an effective ecofriendly strategy to manage the disease using endophytic and plant growth 
promoting rhizobacteria. Accordingly, the strains of Bacillus subtilis (EPCO16 and EPC5) and Pseudomonas 
fluorescens (Pf, Py15 and Fp7) were tested individually and in combination for their effectiveness against early blight 
of tomato incited by A. solani under in vitro and pot culture conditions. The results revealed that the strains of Bacillus 
subtilis and Pseudomonas fluorescens were compatible. Under in vitro conditions the combined application of 
EPCO16+Pf1 was found to effectively inhibit the mycelial growth of the pathogen and promote the growth of tomato 
seedlings when compared to application of individual strains of the antagonists. Further, a significant reduction in 
early blight incidence of tomato under greenhouse conditions was observed due to the combined application of 
EPCO16+Pf1. These findings suggest that synergistic consortia of biocontrol agents may be successfully employed 
as an eco-friendly strategy for the management of early blight of tomato.
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The area under Tomato (Lycopersicon esculentum Mill.) cultivation 
is on the increase due to its fleshy fruits with high nutritive value. It 
occupies number one position in its nutrient contribution to human 
diet. In Tamil Nadu, tomato is grown in an area of 22,433 ha, with a 
production of 2,82,912 tonnes and a productivity of 12,611 kg/ha [1]. 
The crop is known to be affected by a number of diseases among which, 
early blight caused by Alternaria solani (Ellis and Martin) causes yield 
losses up to 80% [2,3]. The disease manifests as leaf spots with dark 
brown to black concentric rings which later coalesce and results in 
blighting of leaves; defoliation and shedding of immature fruits. Also, 
dark spots and sunken lesions appear near the base of stem resulting 
in stunting and girdling of stem. Presently, the management of tomato 
early blight disease has been done with the application of chemical 
fungicides. However, it may not be sustainable in the longer run as 
chemical fungicides are known to cause residual toxicity, toxicity to 
non-target organisms and other environmental hazards. Therefore, 
recent efforts have been focused on developing eco-friendly, safe, long 
lasting and effective management strategy for the management of plant 
diseases [4,5].
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horizontally and vertically to each other. The plates were incubated at 
room temperature (28 ± 2°C) for 72 h and observed for the inhibition 
zone. Absence of inhibition zone indicates the compatibility with 
respective bacterial strains and the presence of inhibition zone 
indicated the incompatibility. 

In vitro evaluation of individual and combined biocontrol 
agents against A. solani

The mycelial disc (9 mm) of the tomato early blight pathogen 
Alternaria solani was placed in the centre of the petri plate. Sterile 
filter paper discs (6 mm) were placed one cm away from the edge at 
four sides centring the fungal disc. Twenty five micro litres of bacterial 
broth culture (9×108 cfu ml-1) of each strain were dropped over the filter 
paper discs. Observation was taken after seven days for the presence 
of inhibition zone. Control was maintained with sterile distilled water 
instead of bacterial inoculum. The radial growth of the pathogen and 
per cent reduction over control was calculated by using the formula,

Where C–Mycelial growth of the pathogen in control (mm) and 
T–Mycelial growth of the pathogen in dual plate (mm).

In vitro efficacy of biocontrol agents on growth parameters of 
tomato seed bacterization

Seeds (One gram) of tomato cv. PKM1 surface-sterilized with 2% 
sodium hypochlorite for 20 seconds; rinsed in sterile distilled water 
and dried overnight were treated with Ten ml of biocontrol inoculums 
containing not less than 3×108 cfu ml-1. One hundred mg of Carboxy 
Methyl Cellulose (CMC) was added as an adhesive material. The treated 
seeds were kept for two hours and air-dried overnight in a sterile Petri 
dish and used for sowing.

Plant growth-promotion

The plant growth-promoting activity of the biocontrol agents was 
assessed based on the seedling vigour index by the standard roll towel 
method [12]. Seed bacterization was done as described above. Twenty-
five treated seeds were placed on a pre-soaked germination paper. The 
seeds were held in position with another germination paper strip and 
gently pressed. The polythene sheet along with the seeds was then rolled 
up and incubated in a growth chamber for 10 days. Three replications 
for each treatment and a suitable control were also maintained. After 
incubation, the root length and shoot length of individual seedlings 
were measured and the per cent germination was calculated. The 
seedling vigour index was calculated using the formula, Vigour Index= 
(mean root length+mean shoot length) ×% germination [13].

Preparation of individual and mixture of PGPE and PGPR 
bioformulations

A loopful of P. fluorescens and B. subtilis were inoculated into 
the sterilized KB and Nutrient broth, respectively and incubated in a 
rotary shaker at 150 rpm for 48 h at room temperature (28 ± 2°C). 
After 48 h of incubation, the broth containing 9×108 cfu/ml was used 
for the preparation of talc-based formulation. To 400 ml of bacterial 
suspension, 1 kg of talc powder (sterilized at 105°C for 12 h), calcium 
carbonate 15 g (to adjust the pH to neutral) and Carboxy Methyl 
Cellulose (CMC) 10g (adhesive) were mixed under sterile conditions, 
following the method described by [14]. After shade drying overnight, it 

was packed in polypropylene bag and sealed. At the time of application 
the population of bacteria in talc formulation was not less than 2.5-
3×108 cfu/g. For bacterial strain mixture, the bacterial strains were 
grown separately and the strains that are going to make up the mixture 
were added equally (v/v) and finally mixed with talc powder, CaCO3 
and CMC [14].

Efficacy of bio-formulation mixture on the incidence of A. 
solani disease under greenhouse conditions

A pot culture experiment was conducted with individual and 
combination of rhizosphere and endophytic bacteria treatments. Seeds 
of tomato cv. PKM1 were sown in earthen pots (Size-0.35m diameter, 
0.50m height, volume of soil: 0.04 m3) filled with sterilized potting soil 
@ five seeds per pot. The talc-based product was dissolved in water (20 
g/l) and allowed to settle for 1 h, filtered through muslin cloth and the 
filtrate was used for spray. The fungicide mancozeb 0.2% spray was 
used as a positive control. The talc-based bioformulation mixtures were 
sprayed at 45 days after sowing and one day after spray, the plants were 
inoculated with the spore suspension (5×106 spores/ml) of A. solani. 
The plants inoculated with the pathogen alone served as inoculated 
control. Ten days after inoculation, observations on development of 
early blight symptoms were made. Three replications were maintained 
for each treatment; each replication consisted of five pots and in each 
pot four plants were maintained in completely a randomized design 
under glasshouse conditions. The trial was repeated once and the data 
presented were the pooling of two glasshouse trials. The intensity of 
the disease was recorded in each treatment following the 0–9 scale 
score chart (0- Healthy; 1-1 to 5%; 3-6 to 10%; 5-11 to 25%; 7-26 to 
50% and 9-51% leaf area infected) proposed by Ramakrishnan et al. 
[15]. The Percent Disease Index (PDI) was estimated using the formula 
suggested by Mckinney [16]. 

Statistical analysis

The data were analyzed by analysis of variance (ANOVA), and 
treatment means were compared by Duncan’s Multiple Range 
Test (DMRT) at 5% level. The data on disease severity were arcsine 
transformed before undergoing statistical analysis [17]. 

Results
Compatibility among bacterial strains

PGPR strains of P. fluorescens (Pf1, Py15 and Fp7) and PGPE strains 
of B. subtilis (EPCO16 and EPC 5) were tested for their compatibility in 
vitro. None of the antagonistic bacteria inhibited each other, suggesting 
that these bacterial biocontrol agents were compatible with each other.

Effect of biocontrol agents on radial mycelial growth of A. 
solani

PGPR and PGPE strains were tested individually and in 
combination to assess the radial growth of A. solani. All the treatments 
were effective in reducing the mycelia growth of the pathogen. However, 
the combined application of EPCO16+Pf1 resulted in the least mycelial 
growth with 58.5 mm. The control plates recorded the highest mycelial 
growth of 85.5 mm (Table 1).

Values are mean of three replications; Data in parentheses are 
arcsine transformed values. In column, means followed by a common 
letter are not significantly different at 5% level by DMRT.

CTPercentreductionover control= ×100
T
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Effectiveness of PGPR and PGPE strains in plant growth 
promotion

The treatment with biocontrol combination of Pf1+EPCO16 
produced significantly higher vigour index (3840.70) of tomato 
seedlings than did the individual biocontrol strains Pf1, Py15, Fp7, 
EPC5 and EPCO16, whose vigour index recorded were 3143.40, 
2947.05, 2989.30, 2814.30 and 3225.75 respectively. The untreated 
control seedlings had the lowest vigour index (2456.0) (Table 2). 

Effectiveness of PGPR and PGPE strains on early blight 
incidence under greenhouse conditions 

All of the treatments with biocontrol strains significantly reduced 
the PDI (by 35- 61%) compared to untreated control, and increased the 
seed germination (by 88-96%) (Table 3). Conspicuously, the treatment 
with a combination of Pf1+EPCO16 resulted in a significantly lower 
early blight disease severity than any of the strains treated individually.

Values are mean of three replications. Data in parentheses are 
arcsine transformed values. In column, means followed by a common 
letter are not significantly different at 5% level by DMRT.

Discussion
Accumulating evidence from literature has shown that compatible 

multiple strains appear to be an important pre-requisite for the desired 

effectiveness of strains and more consistent disease suppression 
[4,5,18]. The results of the present study provide evidence that the P. 
fluorescens strains (Pf1, Py15 and Fp7) and B. Subtilis strains (EPCO 16 
and EPC5) were compatible and effectively inhibited the growth of A. 
solani. Earlier it has been reported that the bio control agents such as 
Trichoderma viride and P. fluorescens significantly reduced the mycelial 
growth, spore germination, spore production and germ tube formation 
of A. solani and A. alternata [19]. Several strains of Pseudomonas and 
Bacillus spp. have been reported to produce wide array of antibiotics 
viz., 2,4, diacetylphloroglucinol, oligomycin, phenazine, pyoluteorin, 
pyrolnitrin, pyocyanin, iturin, bacillomycin, zwittermycin A and 
surfactin which are responsible for their antifungal action [20]. 
Results from the present study clearly indicated maximum reduction 
in mycelia growth due to the combination of biocontrol strains than 
individual strains suggesting the synergism among biocontrol agents 
in reducing the mycelia growth of the pathogen. 

Similarly, the treatment with combination of Pf1+EPCO16 
increased the plant growth of tomato more than did individual 
biocontrol strains. Similar results on increased root and shoot length 
due to combined application of Pf1+Py15+Bs16+Zimmu in tomato 
[4] and chilli [5] were also reported. In the pot culture studies also 
the treatment with combination of Pf1+EPCO16 resulted in a 
significantly lower early blight disease severity than any of the strains 
treated individually. Earlier mixtures of PGPR strains were reported to 
suppress sheath blight in rice more than the individual PGPR strains 
[14]. Although the chemical treatment with Mancozeb (0.2%) recorded 
the least disease severity it is noteworthy to observe that the treatment 
with combination with Pf1+EPCO16 also produced almost comparable 
results in reducing the disease severity. Thus the eco-friendly nature 
of antagonistic bacterial formulations is advantageous over the use of 
chemical fungicides. 

Conclusion
The results of the present study demonstrated that combined 

application of Pf1+EPCO16 (endophytic and rhizosphere bacterial 
strains) is a promising approach for the eco friendly management of 
early blight disease caused by A. solani and enhancing the growth of 
the tomato plants.
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Treatment No. Biocontrol strains Linear growth (cm) Reduction (%)
T1 Pf1 74.5 (59.7) 12.5
T2 Py15 78.5 (62.8) 7.5
T3 Fp7 76.5 (61.8) 7.7
T4 EPC5 78.7 (62.8) 8.3
T5 EPCO16 68.5 (55.9) 19.5
T6 EPCO16+Pf1 58.5 (49.9) 31.5
T7 Mancozeb (0.2%) 54.5 (46.6) 36.5
T8 Control 85.5 (68.4) 0.0

Table 1: Effect of biocontrol agents on the mycelial growth of A. solani.

Treatment 
No.

Biocontrol 
strains

Germination 
(%)

Shoot length 
(cm)

Root length 
(cm)

Vigour index 
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T4 EPC5 88.5 (71.1) 14.9 16.9 2814.30
T5 EPCO16 93.5 (76.5) 16.1 18.4 3225.75
T6 EPCO16+Pf1 96.5 (80.3) 18.6 21.2 3840.70
T7 Mancozeb 

(0.2%)
90.5 (70.2) 16.2 19.5 3230.85

T8 Control 80.0 (62.8) 14.3 16.4 2456.0

Table 2: Efficacy of seed treatment with PGPR and PGPE strains on plant growth 
promotion under in vitro conditions.

Treatment No. Bio control strains Disease severity (%) Reduction (%)
T1 Pf1 32.1 45.3
T2 Py15 32.8 44.1
T3 Fp7 34.8 40.2
T4 EPC5 39.4 36.5
T5 EPCO16 30.4 48.2
T6 EPCO16+Pf1 22.6 61.5
T7 Mancozeb (0.2%) 18.1 69.2
T8 Control 54.1 0.0

Table 3: Efficacy of PGPR and PGPE strains on early blight incidence of tomato 
under greenhouse conditions.
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