ISSN: 1314-6246

Ramkumar et al. J. BioSci. Biotechnol. 2015, 4(2): 207-218.
RESEARCH ARTICLE

B.N. Ramkumar 1
K.M. Nampoothiri 1
U. Sheeba 2
P. Jayachandran 1
N.S. Sreeshma 1
S.M. Sneha 1
K.S. Meenakumari 2
P. Sivaprasad 2

Exploring Western Ghats microbial diversity
for antagonistic microorganisms against fungal
phytopathogens of pepper and chickpea

Authors’ addresses:
1
Biotechnology Division, CSIR National Institute for Interdisciplinary
Science and Technology (NIIST),
Trivandrum-695 019, Kerala, India.
2
Kerala Agricultural University,
Trivandrum-695 019, Kerala, India.

ABSTRACT

Correspondence:
K.M. Nampoothiri
Biotechnology Division, CSIR National Institute for Interdisciplinary
Science and Technology (NIIST),
Trivandrum-695 019, Kerala, India.
Tel.: +91-471-2515366
e-mail: madhavan85@hotmail.com
Article info:
Received: 2 January 2015
Accepted: 6 July 2015

Newly isolated microbial cultures from Western Ghat soil samples of Kerala
region in India were screened for antagonistic activity by well diffusion and dual
culture plating against Phytophthora capsici and Rhizoctonia solani, infecting
pepper and chickpea, respectively. Bioactive samples were made by varying
solvent extraction of the culture broths of the potent isolates belongs to
Actinomycetes, Pseudomonas, Bacillus and Trichoderma. The efficacy of the
isolates to produce other potent antifungal metabolites such as cell wall degrading
enzymes, HCN and volatile compounds were also checked. Treatment with
antagonistic isolates in vivo under greenhouse conditions revealed significant
reduction of the disease intensity of foot rot disease of black pepper and collar rot
of chick pea.
Key words: Western Ghats, Phytophthora capsici, Rhizoctonia solani,
antagonism, microbial bioactive, foot rot, collar rot

Introduction
Biocontrol agents such as soil borne microbes showing
antagonism towards disease-causing plant pathogens that
cause severe economic losses in commercial crop production
were getting more attention. Antifungal metabolites isolated
from them appears to be promising as viable supplements or
alternatives to plant disease control, compared to synthetic
chemicals (Bloemberg & Lugtenberg, 2001; Vessey, 2003).
Biological control of plant diseases would help in preventing
increase of pathogen population and also to check health
hazards caused due to excessive use of chemicals (Kennedy,
2005; Shashidhara et al., 2008).
Recently, various microorganisms have been using
against a vast array of disease-causing plant pathogens. Rootcolonizing fluorescent pseudomonads suppress many plant
diseases caused by soil borne pathogens in greenhouse

experiments and in field trials by niche exclusion, by
production of antibiotics and siderophores, or inducing
systemic resistance (Haas & De´fago, 2005; Lemanceau et
al., 2006; Amkraz et al., 2010). They also stimulate plant
growth by facilitating either uptake of nutrients from soil (De
Weger et al., 1986) or by producing plant growth promoting
substances (Ryu et al., 2005; Spaepen et al., 2007). Similarly,
Bacillus species were reported to be effective biocontrol
agents (Kloepper et al., 2004; Von-Der-Weid et al., 2005)
and are reported as producers of antibiotics inhibiting various
phytopathogens (Jacobsen et al., 2004). Various
actinomycetes species also possess antibacterial or antifungal
activity and suppress the growth of phytopathogens (Hamby
& Crawford, 2000; El-Tarabily & Sivasithamparam, 2006;
De-Vasconcellos & Cardoso, 2009). Examples of commercial
biocontrol products are Mycostop (Streptomyces griseoviridis
K61), Actinovate (Streptomyces lydicus), and Nogall
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(Agrobacterium radiobacter Strain K1026) (Crawford et al.,
2005).
The disease suppressing capability of these microbes
depends on their ability to secrete several growth inhibiting
bioactives against pathogenic fungi, such as antibiotics and
small peptides (Andersen et al., 2003; Bolwerk et al., 2003;
Zhang & Fernando, 2004; Velusamy et al., 2006) and
secretion of cell wall degrading enzymes such as chitinase
(El-Tarabily et al., 2000; Jung et al., 2003; Kamensky et al.,
2003; Kishore et al., 2005), glucanase (Palumbo et al., 2005;
El-Tarabily, 2006), cellulolytic enzymes (Schmidt et al.,
2001) and protease (Dunne et al., 1998), which differ in their
specificities based on the macroscopic features of the
substrates.
The two dreadful pathogens addressed in this work are
Phytophthora capsici, the causative agent of foot rot in
pepper and Rhizoctonia solani, causing collar rot in chickpea.
Foot rot of black pepper is a devastating disease in the
nursery and in field, causing serious economic loss in the
pepper growing countries such as India, Indonesia, Malaysia
and Brazil (Jiang et al., 2006; Truong et al., 2010; RoblesYerena et al., 2010). Similarly, collar rot caused by
Rhizoctonia solani is the most destructive disease of
chickpea and accounts to 5-60 % of crop loss. The
basidiospores produced by R. solani in soil are an important
means of its survival and makes it very difficult to control
(Huang et al., 2012; Plodpai et al., 2013). These species
evolve a strong association with other soil microorganisms
in its ability to survive and grow through the soil effectively
under a wide range of conditions. Phytophthora belongs to
oomycetes fungi with cellulose as major cell wall constituent
while for Rhizoctonia the cell wall is made mainly of chitin
(Huang et al., 2012) making them a potential plant pathogen
that are difficult to control. Various studies have been carried
out to develop potent bio-control agents that are screened
from various sites.
The Western Ghats of India, covering an area of 180,000
km2, or 6% of the land area of India, is rich in its
biodiversity. Being the “gene pool”, harbouring millions of
species of animals, plants and microbes, the heritage unit of
UNESCO granted a section of Western Ghats lying in the
states of Kerala, Karnataka, Maharashtra and Gujarat with a
“heritage tag”. There is a vast array of novel and unidentified
microbes in this area which could be explored for potential
applications (Jalaja et al., 2011; Balachandran et al., 2012;
Mohandas et al., 2012; Nampoothiri et al., 2013). Hence, in
the present study, attempts were made to screen for novel
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antagonistic
microorganisms
against
the
selected
phytopthogens from this unique and rich biodiversity of
Western Ghats of Kerala region.

Materials and Methods
Phytopathogens
microorganisms

and

isolation

of

antagonistic

The test fungi, Phytophthora capsici and Rhizoctonia
solani are from Kerala Agriculture University and were
maintained on Potato Dextrose Agar (PDA) slants for
routine use. They were isolated from infected plants showing
the typical symptoms of the corresponding diseases such as
foot rot of black pepper and collar rot of chick pea and were
grown as pure cultures. It is further verified that the cultured
pathogens caused the disease when inoculated in to a healthy
plant. Thus, pathogenicity of both the test fungi was proved
through Koch postulates. Microbes of different groups were
isolated from varying rhizosphere soil samples collected from
Western Ghat by serial dilution and spread plate method
(Johnson & Curl, 1972) using specific culture media such as
Nutrient Agar for bacteria (g-l; beef extract 3.0, peptone 5.0,
agar 15.0 pH 6.8 + 0.2), Potato Dextrose Agar for fungi (g-l;
potato infusion 4.0 (from 200 g), dextrose 20, agar 15.0 pH
5.6+0.2), Kings B for Pseudomonas (g-l; Proteose peptone
20.0, K2HPO4 1.5, MgSO4.7H20 1.5, glycerol, 10 ml, agar 15,
7.2±0.2) and ISP2 (g-l; yeast extract 4.0, malt extract 10.0,
dextrose 4.0, agar 20.0. pH 7.2 ± 0.2) for actinomycetes and a
code number was provided to all pure isolates.
Extraction of bioactive
Individual cultures were inoculated into 50 ml respective
media in 250 ml Erlen Meyer flaks and were incubated at
30°C at 180 rpm in an orbital shaker for 3-4 days. The cell
free supernatant was collected by centrifugation and
transferred to conical flask with 4 g of Diaion HP 20
(Sigma, USA), an adsorbent resin and kept for incubation in
rotary shaker at 30°C at 200 rpm for 45 min. The bioactive
bounded resin was packed into a 20 ml syringe column,
washed with one column distilled water and finally eluted
slowly with 20 ml methanol. The f iltrate was dried in
evaporator at 60°C, dissolved in 2 ml of dimethyl
sulphoxide (DMSO) and subsequently stored at -20°C and
was later used for agar well diffusion assay against the
test pathogens. In an alternate approach, different organic
solvent extracts were also made from individual cell free
supernatant of the culture filtrate. Different solvents such as
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chloroform, acetonitrile and hexane were used for this
purpose and the extracts were subsequently tested for its
antifungal activity against the test pathogen.
In vitro evaluation of antagonistic microorganisms
Antagonistic property of the morphologically distinct
isolates was further evaluated by dual culture assay using the
isolate and test pathogen and agar well diffusion assay with
bioactive fraction of the isolates on test pathogens using
standard protocols (Zivkovic et al., 2010). In well diffusion
assay, the crude culture supernatant, the resin absorbed fraction
and the varying solvent extracted fractions were subjected for
the antifungal assay. 100 µl of the above samples were added
to the wells (5 mm diameter) made on PDA which was
previously spread plated with 1×104 spores of test pathogens
and kept at 30°C for four days. An inhibition of fungal
growth more than 5 mm diameter was looked further for
detailed studies. In dual culture assay, pathogen and isolate
were streaked on opposite sides of the plate and the measure
of inhibition of fungal growth was recorded every 24 h. The
percentage of inhibition of positive cultures against test
fungi after six days of incubation was calculated according to
the equation (Rc-Ri)/Rc x 100 where, Rc - radial mycelial
growth of test fungi in control plate and Ri is the radial
mycelial growth of test fungi towards antagonistic organism.
Characterization of antifungal metabolite
Stability of the antifungal metabolite was tested by
subjecting the purified bioactive fraction to different physicochemical conditions viz., varying temperatures (37°C, 50°C,
70°C, and 90°C for 1 h and 121°C for 15 min) and pH 4-13.
Tolerance to enzymatic actions was also tested by adding 50
µg ml-1 final concentration of lysozyme, proteinase K and
pepsin to the reaction mixture containing the bioactive and
incubating for 2 h at room temperature. Various detergents
viz., SDS, urea, EDTA, Triton X-100 and Tween 80 at a final
concentration of 0.01 g ml-1 were also used to determine their
effect on the stability of the bioactive.
Enzyme profile of the selected isolates
The selected antagonist strains, which showed growth
inhibition of both the pathogens were tested for their efficacy
to produce cell wall degrading enzyme such as chitinase and
cellulase. The cellulase activity was checked in carboxy
methyl cellulose (CMC) agar plates (Gupta et al., 2012) and
diameter of clearance zone obtained around the colonies after
staining the plates with Congo red solution was measured.

Chitinolytic activity was tested in plates with colloidal chitin
(Haggag & Abdallh, 2012).
In vitro assay for volatile metabolites and HCN production
Selected antagonist isolates were also checked for the
production of volatile metabolites and HCN production by
Dual bottom plates experiment. PDA plate with the mycelial
plug of test pathogen, P. capsici was placed upside down on
the plate containing the selected microbial isolate. The plates
were sealed with parafilm and kept for incubation at 28oC for
72 h. Radial growth of the pathogen was compared with that
of control (Kloepper et al., 1991). Filter paper soaked in 2.5 g
picric acid and 12.5 g Na2CO3 (gL-1) was placed on the lid of
the Petri dish, sealed with parafilm and kept for 72 h
incubation. Change in colour of the filter paper from yellow
to brown indicates the production of HCN.
In vivo evaluation of selected isolates and extracted
bioactive for disease suppression
The effect of selected isolates on disease suppression was
studied under greenhouse conditions with black pepper and
chickpea plants, raised after exposure with the test pathogenic
fungi. The plants were drenched and sprayed with selected
antagonistic isolates prior to inoculation with pathogen and
subsequent drenching and spraying of selected isolates was
repeated in a thirty days interval time. The initial viable count
of the antagonistic inoculum used for spraying vary from
species to species and is of approximately 18×109 cfu/ml for
pseudomonas, 25x106 cfu/ml for trichoderma and 15x109 for
actinomycetes . In the case of Trichoderma, organic manure
enriched with the respective culture was used for raising the
plants. The disease intensity was measured and scored
periodically. The disease score chart for Rhizoctonia solani
(Mayolo et al., 1993) and Phytophthora capsici was prepared
based on 0-9 scale and it helped to grade the disease by
manual morphological observation.
Similarly, ten days before inoculating with the pathogens,
the plants were drenched and sprayed with 5% concentration
of metabolites of selected antagonist isolates. Fifteen days
after pathogen inoculation, drenching and spraying of
metabolites was repeated. Observations on growth
characteristics (height and number of leaves) and disease
intensity were recorded for a period of two months. A score
chart for disease suppression was prepared for monitoring the
disease intensity.
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Results
Isolation of antagonistic cultures
Soil samples were collected from 72 locations of Western
Ghats’s forest tract covering 720 sampling spots. About 147
pure cultures were isolated, purified and made glycerol stock
for further study. Based on inhibition zone diameter against
test pathogens, three bacilli (B4, B5, B12), two Pseudomonas
(P1 and P66) and three Streptomyces (98(1), E7 and N4)
cultures were shortlisted for detailed studies (Table 1).
The Streptomyces culture coded as 98.1 showed the
maximum inhibition of 89 % against R. solani and 63 %

against P. capsici (Table 1). Figure 1 shows the dual culture
assay with growth inhibition of test pathogens by
Streptomyces and Pseudomonas isolates. Selected
Trichoderma cultures always showed over growth and
covered the pathogen fully (Figure 2). The growth of the
pathogen is slow compared to the spreading Trichoderma
cultures.
Antifungal metabolite
Well diffusion assay with the extracted metabolites
revealed that ethyl acetate extract of the Streptomyces sp.
coded as 98(1) and E7 showed maximum zone of inhibition
against the test pathogens (Figure 3).

Table 1. Antagonistic activity of selected isolates.

Isolates
Streptomyces sp. 98(1)
Streptomyces sp. E7
Streptomyces sp. N4
Bacillus sp. B4
Bacillus sp. B5
Bacillus sp. B12
Pseudomonas fluorescence P66
Pseudomonas fluorescence P1
Trichoderma sp.*

Zone of inhibition in diameter (mm)
P. capsici
30.4 +2.1
22.0+1.1
22.2+1.1
17+1.4
21.2+0.9
11.4+1.4
18.6+1.3
24.4+2.1
ND

Figure 1. Antagonistic isolates against plant pathogens. aPhytophthora capscisi (Control); a1- Streptomyces 98(1);
a2- Streptomyces (E7); a3- Pseudomonas (P66); bRhizoctonia solani (Control); b1- Streptomyces 98(1); b2Streptomyces (E7); b3- Pseudomonas (P66).

210

R. solani
24.4 + 1.9
12.8+0.9
14.6+1.2
13.8+1.2
19.4+0.8
8+1.3
9+1.2
13.4+1.7
ND

Effect value (%)
P. capsici
63
53
54
52
58
39
52
58

R. solani
89
74
55
42
56
34
38
42

Figure 2. Antagonistic Trichoderma isolates against plant
pathogens. Isolate T 66 against P. capsici and T30 against R.
solani. The isolates showed over growth on the test
pathogens.
Figure 4 shows production of the antifungal metabolite by
Streptomyces sp. 98(1) culture. ISP2 medium was inoculated
with the culture and incubated over a period of nine days to
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get the maximum antifungal activity of the cell free
supernatant against P. capsici and R. solani. Figure 5 shows
the effect of metabolites on the morphology of fungal
mycelia of the test pathogens, showing the cell wall
degradation and condensation of cytoplasm.

non-cyanogenic strains. Similarly, as shown in Figure 6B, the
mycelial growth of P. capsici was completely inhibited by
certain volatile metabolite as well produced by P.
fluorescens.

Figure 3. Well Diffusion assay using the extract of
antagonistic cultures showing the growth inhibition of
Phytopathogens. a1 and a2 - clearing zone against
Phytophthora capscisi by 100 µl extract of Streptomyces
(98(1) and E (7) respectively. (Other wells are with varying
volumes and mild zones are visible around them as well); b –
Clearing zone Against Rhizoctonia solani by 100 µl extract of
1- Streptomyces 98(1), 2- Streptomyces (E7) and 3Pseudomonas (P66).

Figure 5. Antagonism and microscopic view showing the
fungal hyphae damage casused by the action of Streptomyces
isolate (98(1)). (a) Against P.capsici: 1-2 hyphae of
P.capsici; (b) Against R.solani: 3-4 hyphae of R. solni.

Figure 4. Production of antifungal metabolite by Strptomyces
isolates 98(1).
Apart from the well-known siderphore production
capability (data not included), Pseudomonas fluorescens was
found to produce HCN which could be also responsible for
its antifungal activity (Figure 6A). The colour of the filter
paper was changed from yellow to yellowish red after 6 days
of incubation, which indicated the production of HCN.
Cyanide producing P. fluorescens strain is superior with
respect to disease suppression in plants when compared with

None of the enzyme treatments showed any significant
reduction in antifungal activity of the metabolite from P.
fluorescens. In the case of Streptomyces sp. 98(1), the
antifungal activity was reduced on addition of the enzyme
lysozyme, but remains unaffected in presence of proteinase K
and pepsin. The antifungal metabolites from Pseudomonas
and Streptomyces sp. 98(1) were heat stable at different
temperatures from 37-90°C when treated for 1 h and it loses
its antifungal activity upon autoclaving at 121°C for 15 min.
Both the cultures of Pseudomonas showed no cellulase or
chitinase activity while the two bacilli isolate showed
cellulase activity. Interestingly, Streptomyces sp. 98(1) and
Bacillus (B4) showed both the activity (Table 2, Figure 7).
In vivo evaluation of selected isolates and metabolites for
disease suppression under greenhouse study
There was a significant reduction of the disease intensity
of foot rot disease of black pepper and collar rot of chick pea
due to the treatment with antagonistic isolates, although
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disease was incited by artificial inoculation. All the potential
antagonists treated pepper plants invariably showed better
growth in terms of height and number of leaves than control
plants (Figure 8).

Table 2. Enzyme profile of the isolates.
Isolates
Bacillus sp. (B4)
Bacillus sp. (B5)
Bacillus sp. (B12)
Pseudomonas fluorescence (P66)
Pseudomonas fluorescence (P1)
Streptomyces sp. (98.1)
Streptomyces sp. (E7)
Streptomyces sp. (N4)

Cellulase
activity
+
+
+
+
+
+

Chitinase
activity
+
+
-

Figure 6. HCN and Volatile compound production by
Pseudomonas isolate. a- HCN Production. C-control; T-test;
b- Volatile compound formation and growth inhibition of P.
capsici; C-control; T-test.
Figure 8. Reduction in foot rot disease intensity in black
pepper as influenced by selected isolates. Pepper plants
infected with P. capsici. The control plants shows the
symptoms of foot rot and the one treated with the
antagonistic isolates shows better growth and less disease
symptoms.

Figure 7. Plate assay for cellulase and chitinase activity. aCellulase assay. S-Streptomyces isolate (98(1)); B4 and B5 –
Bacillus cultures; b- Chitinase assay. S-Streptomyces isolate
(98(1)).
The maximum average height of the antagonist treated
plant was recorded to be 125.80 cm after 60 days with
Pseudomonas followed by Bacillus (108.50 cm), compared
to control which recorded only 70.20 cm (Table 3).

212

The number of leaves was also maximum with
Pseudomonas (45.75) followed by Actinomycetes which
recorded 29.80 compared to control which is recorded 21.80
(Table 3).
Similarly, the results obtained from growth of chickpea
plants also showed interesting degree of disease suppression
(Figure 9) with the maximum height of pathogen infected
plant after 60 days was recorded to be 49.98 cm upon
treatment with the antagonist pseudomonas followed by
actinomycetes which recorded 43.80 cm, compared to control
which recorded 35.50 cm (Table 4). The number of leaves
was maximum with Actinomycetes, which recorded 27
followed by Pseudomonas (25) compared to control
treatment which recorded 20.50 (Table 4).
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The trials with spraying the metabolites also showed
potential reduction in the disease intensity of both pepper and
chickpea plants (Tables 5 and 6). The disease score was
considerably reduced in both the cases and was zero with the
metabolites of pseudomonas after 90 days of growth. Tables
7 and 8 show the criterion of disease score for pepper and
chickpea, respectively.

Discussion

Figure 9. Reduction in collar rots disease intensity in
chickpea as influenced by selected isolates. Chickpea infected
with R. solani. The control plants shows the symptoms of foot
rot and the one treated with the antagonistic isolates shows
better growth and less disease symptoms.

Foot rot disease caused by P. capsici initiates on leaves as
water soaked lesions and expands into large dark brown
spots. It becomes uniformly dark with grayish centre. In
stems, certain blackish brown marks are observed at ground
level or slightly above, later they cause rot and stem
disintegrates (Dastur, 1935).The cultured test pathogen also
caused the infection in the same manner.

Table 3. Effect of selected isolates of antagonists on growth characteristics of pepper plants under greenhouse condition
(Values are the average of two independent trails).

Isolates
Pseudomonas
Bacillus
Actinomycetes
Trichoderma
Control

Growth characteristics at different intervals
10 days
30 days
60 days
Height (cm)
Number
Height (cm)
Number
Height (cm)
Number
of leaves
of leaves
of leaves
16.00
8.44
38.50
18.25
49.98
25.00
19.78
9.67
28.00
15.25
39.80
23.00
16.50
7.80
32.40
14.00
43.80
27.00
19.0
8.53
34.20
16.30
40.00
24.50
15.77
10.22
28.80
12.25
35.50
20.50

Table 4. Effect of selected isolates of antagonists on growth characteristics of chick pea plants under greenhouse condition
(Values are the average of two independent trails).

Isolates
Pseudomonas
Bacillus
Actinomycetes
Trichoderma
Control (infected ones
without any treatment)

Height
(cm)
16.00
19.78
16.50
19.0
15.77

10 days
Number
of leaves
8.44
9.67
7.80
8.53
10.22

Growth characteristics at different intervals
30 days
60 days
Height
Number
Height
Number
(cm)
of leaves
(cm)
of leaves
38.50
18.25
49.98
25.00
28.00
15.25
39.80
23.00
32.40
14.00
43.80
27.00
34.20
16.30
40.00
24.50
28.80
12.25
35.50
20.50
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Table 5. Effect of metabolites of selected isolates on foot rot disease of black pepper under greenhouse conditions.

Type of antagonistic
culture

3
0.50
1.00
0.76
0.65
2.58

Pseudomonas
Bacillus
Actinomycetes
Trichoderma
Control
(without metabolite)

10
1.00
1.95
1.82
1.73
3.30

Disease score
Days after inoculation with pathogen
20
30
1.58
2.10
2.50
2.70
2.35
2.65
2.85
2.61
4.65
5.65

60
1.85
2.00
1.95
1.90
5.90

90
0.00
1.33
0.66
0.66
6.00

Table 6. Effect of metabolites of selected isolates on collar rot disease of chickpea plants under greenhouse conditions.

Isolates
pseudomonas
Bacillus
Actinomycetes
Trichoderma
Control
(without
metabolite)

3
1.10
1.20
1.20
1.33
3.00

10
1.43
1.50
1.65
1.75
4.33

Disease score
Days after inoculation with pathogen
20
30
2.30
2.00
2.85
3.90
2.80
3.65
2.90
3.95
5.67
5.80

60
1.00
2.85
2.60
2.95
5.92

90
0.00
2.00
1.90
2.00
6.00

Table 7. Disease scoring chart for Foot rot of pepper caused by Phytophthora capsici.
Disease scale
0
1
2
3

% of infection
0
1-10%
11-25%
26-50%

4
5
6

51-75%
76-90%
91-100%

Description of the disease development
No infection
Water soaked lesion at pinprick along with initiation of blackening
Water soaked lesion size increase along with blackening
Spreading of water soaked lesion along with covering of major portion of leaf
lamina
Defoliation of leaves
Black coloured lesions spreading to the stem
Stem darkening. Wilting and death of the plant

Table 8. Disease scoring chart for collar rot of chick pea caused by Rhizoctonia solani.
Disease scale
0
1
2
3
4
5
6

214

% of infection
0
1-10%
11-25%
26-50%
51-75%
76-90%
91-100%

Description of the disease development
No infection
Lesion at pinprick
Lesion at pinprick along with initiation of browning
Lesion size increases along with browning
Drying of lesions, development of ash colour, further spread
Yellowing, lesion progress defoliation
Yellowing, lesions spreading to all leaves, death of the plant
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Rhizoctonia solani considered as a basidiomycete and the
pathogen had light brown to brownish mycelium which
produced a few, light brown, small round sclerotia of size
0.3-1.5 mm, which never showed conglomeration. Hyphal
thickness ranged from 6.8-8 µm with 4-6 numbers of nuclei
per vegetative hyphal compartment. Based on these
microscopic examinations of the morphological characters
the pathogen was identified as R. solani.
The forest soils of Western Ghats are proved to be a rich
source of potential antagonists against the selected
phytopathogens. The study could effectively identify few
Streptomyces, Pseudomonas, Bacillus and Trichoderma
strains that are capable of producing anti- phytopathogenic
metabolites. Nguyen et al. (2012) isolated an actinomycete
strain H7602 from rhizosphere soil, identified it as
Streptomyces griseus and demonstrated its antifungal activity
against various plant pathogens including P. capsici with
47.35% of root mortality and enhanced also growth of pepper
plants for 56.37% in fresh root and 17.56% g in fresh shoot
as compared to control, resulting in greater protection to
pepper plants against P. capsici infestation. The Streptomyces
sp. (98.1) isolated in the present study showed a better
inhibition of P. capsici and it is active against R. solani as
well. The treatment of fungal pathogens with antifungal
metabolite of the isolated Streptomyces sp. showed
significant change in the morphology of fungal mycelia of the
test pathogens, that includes the cell wall degradation and
condensation of cytoplasm. Antifungal activity of
Antifungalmycin 702 isolated by Xiong et al. (2012) made
similar observations with Streptomyces padanus against R.
solani. Similarly, thirty-four endophytic actinomycetes were
isolated by Goudjal et al. (2014) from the roots of native
plants of the Algerian Sahara which were identified to be
Streptomyces genus and showed in vitro antifungal activity
against Rhizoctonia solani and some of the positive
antagonist strains were identified to be related to
Streptomyces mutabilis and Streptomyces cyaneofuscatus. In
a research program carried out by Lee et al. (2005),
Paromomycin, one of the antibiotic depsipetides isolated
from Streptomyces sp. AMG-P1, was found to be used as one
of the biocontrol agents to suppress the soil borne diseases
caused by two important pathogens, Phytophthora and
Pythium species and also to evaluate the potential of the
antibiotics against Phytophthora late blight on plants under
greenhouse conditions. During the screening program for
fungicides conducted by Yang et al. (2010), actinomycete
strain, identified as Streptomyces diastaticus was isolated

with the potential activity against the fungal pathogen and the
macrolide antibiotics, similar to oligomycins A and C, (the
macrolide antibiotics
produced by Streptomyces
diastatochromogenes) exhibited a strong activity against
Aspergillus niger, Alternaria alternata, Botrytis cinerea and
Phytophthora capsici.
The results from the present study suggest that many of
the antagonistic cultures possess enzymes like cellulase or
chitinase. Sopheareth et al. (2013) had isolated similar
chitinolytic bacterial strains having strong antifungal activity
against Phytophthora capsici. The isolate was identified as
Burkholderia cepacia MPC-7 and produced benzoic acid
(BA) and phenylacetic acid (PA) which is responsible for its
antifungal activity. Ghasemi et al. (2010) isolated a Bacillus
pumilus strain from high salinity ecosystem in Iran that
produced a bifunctional lysozyme and chitinase enzyme that
made the strain potentially active against the fungal
pathogens such as Fusarium graminearum, Rhizoctonia
solani, Magnaporthe grisea, Sclerotinia sclerotiorum,
Botrytis cinerea and Bipolaris sp. Chitinolytic strain
Streptomyces albidoflavus was isolated from soil of the
central region of Poland by Brzezinska et al. (2013) and it
inhibited the growth of the fungal pathogens, Alternaria
alternata, Fusarium culmorum, F. oxysporum and B. cinerea.
Mei et al. (2010) isolated a total of 98 isolates from the
rhizosphere soil of healthy pepper plants in the fields
seriously infected by P. capsici. The isolates Paenibacillus
polymyxa and Bacillus pumilus showed maximum
antagonistic activity against Phytophthora capsici,
Verticillium dahliae, Fusarium oxysporum, Rhizoctonia
solani, Phtophthora parasitica, and Ralstonia solanacearum.
In a similar study made by Lee et al. (2013) an antifungal
compound Fusaricidin, a cyclic depsipeptide isolated from
Paenibacillus polymyxa E681 (E681), was demonstrated to
control Phytophthora blight infection caused by
Phytophthora capsici in red-pepper. Application of different
concentrations of the fungus Trichoderma asperellum strain
T34 isolated by Segarra et al. (2013) was found to suppress
the incidence of disease caused by P. capsici in pepper and
hence revealed the potential use of trichoderma strains as a
useful biological alternative to chemicals for the control of P.
capsici in pepper. A bioformulation using Trichoderma
harzianum, Trichoderma asperellum, and Talaromyces flavus
and some organic and inorganic carriers that showed
potential antagonism against Rhizoctonia solani, causing
sugar beet seedling damping-off disease, was developed by
Kakvan et al. (2013). Thus, these studies showed that
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Trichoderma sp. can be potential biocontrol agents for R.
solani and P. capsici.
The Pseudomonas sp. isolated in the present study is a
potential producer of HCN and volatile metabolites and
showed potential inhibition of the test pathogens.
Pseudomonas strains of bacterium are found to generally
possess antifungal activity and are considered as the bio
control agents against a wide range of fungal phytopathogens.
Similar observations to what made in the present study were
published from the work by Zhou et al. (2012) with the
isolation of a bacterial strain, Pseudomonas brassicacearum
that produce 2,4-diacetylphloroglucinol (2,4-DAPG),
hydrogen cyanide (HCN), siderophore (s) and protease and
strongly inhibit the growth of phytopathogenic bacteria
Ralstonia solanacearum. Cordero et al. (2012) reported that
Pseudomonas strains producing antimicrobial secondary
metabolites play an important role in the biocontrol of
phytopathogenic fungi and several new strains of
Pseudomonas spp. were isolated from agricultural soils, river
silt, sea mud and from rhizosphere soils and herbarium
specimens (Kim et al., 2012; Mavrodi et al., 2012; Hammami
et al., 2013).
Successful management of P. capsici by P. fluorescence
has been reported earlier as well (Anadaraj, 1997; Sivaprasad
et al., 2003). Similar studies by Pande & Choube (2003) also
indicated the enhanced plant growth in terms of leaf number,
length and weight of shoot and root of cow pea by P.
fluorescens. The success of any microbial inoculants used as
biocontrol agent depends upon its inherent antagonistic
property and ability for multiplication, persistence and
activity in the given ecosystem. Such efficient organisms are
to be identified from the unexplored diversity available in
nature through extensive isolation and testing.

Conclusion
The study revealed the presence of potential microbial
biodiversity in the Western Ghats forest soil which can act as
a rich resource for isolating antagonistic microbial cultures
against phytopathogens. However, the success will greatly
depended on developing a biocontrol agent (single or
consortium) which can withstand real field conditions over a
period of time. Metabolite focused studies such as
purification and structure elucidation aspects were also
equally important in developing natural antifungal agents
which can later acts as back bones for several derived
antifungal compounds as well.
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