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ABSTRACT

In the present study, we aimed to screen indigenous rhizospheric Bacillus strains,
capable of producing antiphytopathogenic and plant growth promoting traits. Isolate
CTS-B19 and CTS-G24 exhibited quite noticeable antagonistic activity initially against
Fusarium oxysporum f. sp. ciceri and Rhizoctonia bataticola, and, later, against a panel of
phytopathogens. Partial 16S rRNA sequence analysis showed that the isolate CTS-B19
and CTS-G24 exhibited 99 % homology with Paenibacillus polymyxa and Bacillus subtilis
and the sequences were deposited in GenBank with accession numbers KF322038 and
KF322037, respectively. In vitro detection for fungal wall degrading enzymes revealed
that both isolates produced chitinases, #-1,3-glucanases, proteases and cellulases. While
siderophores and catalase activities were observed only in Bacillus subtilis (CTS-G24),
both strains exhibited a positive result for in vifro ammonia production. Besides, the
strain CTS-B19 could also solubilize phosphate. Lytic enzymes and siderophore produced
by Bacillus subtilis can be considered as potential antiphytopathogenic traits involved in
the inhibition of fungal growth. Both strains exhibited either no or negligible antagonistic
activity against other plant growth promoting bacteria. Additional to antagonism, plant
growth promoting traits exhibited by these natural biocontrol agents may suppress plant
diseases and might be applied in agriculture as an alternative to chemical pesticides and
fertilizers.
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INTRODUCTION

In most agricultural ecosystems, soil-
borne plant pathogens can be a major
limitation to the production of marketable
yields. They are also more recalcitrant to
management and control compared to
pathogens that attack the above-ground
portions of the plant (Bruehl, 1987).
Microorganisms that adversely affect plant
growth and health are the pathogenic fungi,
bacteria, and nematodes. Most of the soil
borne pathogens are adapted to grow and
survive in the bulk soil, but the rhizosphere
is the playground and infection court where
the pathogen establishes a parasitic
relationship with the plant (Raaijmakers et
al., 2009). Biocontrol methods utilizing

antagonistic microorganisms associated with
the plant rhizosphere have great potential for
control of soil borne plant pathogens
(Prashar et al., 2013).

The rapidly multiplying population is
exerting immense pressure on agricultural
lands for more crop yields, which results in
more and more extensive use of chemical
fertilizers and pesticides (Karlidag et al,
2007). The long residual action and toxicity
of chemical pesticides have brought about
serious environmental problems such as
mammalian toxicity, and accumulation of
pesticide residues in the food chain (El-
Bendary, 2006). Non-pathogenic soil
bacteria, having the ability to antagonize
fungal phytopathogens, have emerged as an
important alternative in managing soil-borne
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plant diseases. Several rhizobacteria, also
recognized as Plant Growth-Promoting
Rhizobacteria (PGPR), exert their beneficial
effect on plants by various mechanisms viz.
siderophore production, Hydrogen Cyanide
(HCN),  antibiotics, lytic = enzymes,
competing for colonization sites, nutrients,
and by inducing systemic resistance
(Lugtenberg  and  Kamilova,  2009;
Raaijmakers er al., 2009, Jordan et al.,
2013). PGPRs may, in addition, stimulate
host-plant growth directly by increasing
nutrient and water uptake through the
production of phytohormones e.g., Indole-3-
Acetic Acid (IAA), organic acids involved
in phosphorus solubilization, or the fixation
of atmospheric N, (Pattern and Glick, 1996;
Lugtenberg and Kamilova, 2009).

Among the first successful biocontrol
agents used against insects and pathogens
were members of the genus Bacillus (Powell
and Jutsum, 1993). Bacillus strains are
considered as safe biological control agents
(El-Bendary, 2006). Intrinsic properties of
Bacillus  such as formation of oval
endospores that remain dormant for a long
period under unfavourable environmental
conditions make them potential colonizers
(Fritze, 2004).

The chances for selecting effective strains
from the rhizosphere area as biocontrol
agents are likely to improve when the
microorganisms are isolated from the same
geographical area where they would
ultimately be required to act (Whipps,
1997). The inoculated bacteria cannot,
sometimes, survive in the soil because they
must compete with the better-adapted
indigenous microflora (Bashan, 1998).
Efficiency of the biocontrol agents against
soil-borne pathogens to suppress plant
diseases is important to achieve successful
control activity due to the complex and
dynamic environmental conditions in the
rhizosphere (Jo and Stabb, 1996). Isolation
of indigenous strains adapted to the
environment and characterization of PGP
traits may contribute in formulating potential
inoculants that can be used for better
promotion of the region crops. Therefore,
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this study was aimed to isolate indigenous
strains from rhizospheric soils of chickpea
(cultivated in north Karnataka region)
capable of producing antiphytopathogenic
and PGP traits.

MATERIALS AND METHODS
Test Microorganisms

The following microorganism, i.e.
Alternaria alternata-7202, A. solani-2101,
Aspergillus  flavus-277, A. niger-282,
Bacillus subtilus-441, Botrytis cinerea-2350,
Collectotrichum acutatum-1037, C. capsici-
3414, Erwinia sp.-6720, Fusarium
graminearum-2089, F. oxysporum-2480,
Pseudomonas syringae-1604, Rhizoctonia
solani-4634, Verticillum dahliae-6954 and
Xanthomonas compestris-2286 were
procured from Microbial Type Culture
Collection (MTCC), Chandigarh, India.

Agricultural Research Station (ARS) at
Gulbarga, Karnataka, India, generously
provided Rhizobium sp. (ARS), Bacillus
thuringiensis (ARS), Azotobacter sp. (ARS)
(which  were used as  approved
bioinoculants) and pathogenic strains of F.
oxysporum f. sp. ciceri and Rhizoctonia
bataticola previously isolated from infected
chickpea plants showing the symptoms of
wilt and dry root rot, respectively. After
retrieving fungal and bacterial strains, they
were maintained on Potato Dextrose Agar
(PDA) and Nutrient Agar (NA) medium for
further studies.

Isolation of Rhizobacteria

Rhizospheric soil samples were collected
from healthy chickpea and pigeon pea plants
cultivated in various agricultural fields of
North Karnataka regions, India. Obtained
samples were serially diluted in 0.9% NaCl
solution and 0.1 mL of different dilutions
were spread inoculated on NA and
Trypticase Soya Agar supplemented with
0.05% Cyclohexamide. After incubating for
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three days at 28°C, diverse bacterial colonies
were selected, checked for their purity by
quadrant streaking on fresh NA plates, and
maintained on NA slants for further studies.
Morphological characterization was
performed as per the standard methods
described by Cappuccino and Sherman
(2010). An Eclipse E200 (NIKON
Corporation, Tokyo, Japan) microscope was
used for recording the observations of
Grams staining, endospore staining, and
motility tests (Cappuccino and Sherman,
2010).

In vitro Assay for Antagonism

Only Gram-positive, spore forming,
rhizobacterial strains were subjected for
screening of antagonistic activity initially
against phytopathogenic strains of F.
oxysporum f. sp. ciceri (ARS) and
Rhizoctonia bataticola (ARS) using dual
culturing technique as described by Foldes
et al. (2000) with some modification. The
isolated strains of rhizobacteria were depth
cultivated in nutrient broth for antagonistic
test. The fungus was point inoculated at the
centre of Petri-dishes with PDA (pH
adjusted to 6 to facilitate the growth of both
Pathogen and test strains) and cultivated at
28°C for three days. Approximately, 4 cm
from the actively growing mycelium of
mould, test strains were inoculated with a
single streak. Petri dishes were incubated at
28°C for seven days and checked
periodically for inhibition of pathogenic
growth. Formation of a clear zone indicated
a positive result. The Bacillus strains which
most vigorously inhibited the growth of the
phytopathogenetic fungi were subjected to
further studies.

Assay of Supernatant Filtrates of
Cultures

The antibacterial activity was determined
by agar well method (Perez et al., 1990). At
first, Xanthomonas compestris MTCC-2286
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was cultivated in nutrient broth to obtain 0.5
McFarland standard turbidity and swab
inoculated on Muller Hinton agar plates to
produce lawn of pathogens. Wells were
bored with sterile cork borer and 100 uL of
culture free filtrates (obtained after filter
sterilizing using 0.22 u Axiva Sichem
Biotech syringe filters) of each rhizobacteria
was filled up to the rim. The plates were
incubated at 28°C for 18-24 hours and
examined. The diameter of the zones of
complete inhibition was measured to the
nearest whole millimeter and recorded.
Based on the pronounced activity of
antagonism with F. oxysporum f. sp. ciceri
(ARS) Rhizoctonia bataticola (ARS) and X.
compestris-2286, two strains of Bacillus,
designated as CTS-B19 and CTS-G24 were
selected for testing antagonistic activity
against all other phytopathogens and PGPRs
indicated above. Qualitative screening for
direct and indirect PGP traits of selected
antagonistic Bacillus strains was checked.

16S rDNA Sequencing and Phylogenetic
Analysis of Prominent Antagonistic
Strains

Two potential isolates were selected and
preliminarily characterized based on their
morphological and biochemical properties
(Holt et al., 2004). Furthermore, various sugar
utilization tests were also performed using
HiCarbo kit (Hi-Media, India).

Molecular identification of isolates CTS-
G24 and CTS-B19 was carried out as per the
standard procedures followed at Scigenom
Pvt. Ltd, Kochi. Universal primers 16S-F
Bacterial 5'CGC CGT TIT ATC AAA AAC
AT3' 16S-R Bacterial 5'CCG GTC TGA ACT
CAG ATC ACG T3' was applied for both
strains. Sequenced products were resolved on
an Applied BioSystems model 3730XL
automated DNA sequencing system (Applied
BioSystems, USA). The sequences obtained
were analyzed using online databases NCBI
BLAST (www.ncbi.nlm.nih.gov/blast) to find
the closest match of the contig sequence.
Phylogenetic and molecular evolutionary


https://dorl.net/dor/20.1001.1.16807073.2015.17.5.22.1
https://jast.modares.ac.ir/article-23-10637-en.html

[ Downloaded from jast.modares.ac.ir on 2025-07-14 ]

[ DOR: 20.1001.1.16807073.2015.17.5.22.1 ]

Patil et al.

analyses were conducted using software
included in MEGA version 5.0 (Tamura et al.,
2011) package. The 16S rDNA sequence of
strains CTS-B19 and CTS-G24 were aligned
using the CLUSTAL W program (Thompson
et al., 1994) against corresponding nucleotide
sequences of representatives of the genus
Bacillus sp. and Paenibacillus sp. retrieved
from GenBank. Based on maximum identity
score, the first few sequences were selected
and aligned using multiple sequence alignment
software CLUSTALW. Evolutionary distance
matrices were generated as described by Jukes
and Cantor (1969) and a phylogenetic tree was
inferred by the neighbor-joining method
(Saitou and Nei, 1987). Tree topologies were
evaluated by bootstrap analysis (Felsenstein,
1985) based on 1,000 resampling of the
neighbor-joining dataset.

Detection of Cell Wall Degrading
Enzymes

Production of chitinase and f-1,3-glucanase
were determined by following the methods of
Cattelan et al., (1990). Proteolytic activity was
detected by inoculating test isolates on Skim
Milk Agar (SMA) prepared as reported by
Smibert and Krieg (1994). Detection of
cellulase activity was performed by streaking
the test strains and incubating overnight on
Carboxy Methyl Cellulose (CMC) agar
prepared as per Teather and Wood (1982).

Detection of Siderophore

Siderophore production was observed by
the formation of orange halos surrounding
bacterial colonies on blue agar plates of
Chrome Azurol S agar (CAS) medium after
48 hours of incubation at 30°C (Schwyn and
Neilands, 1987).

HCN and Catalase Production

Cyanide  production was detected
qualitatively as described by Lorck (1948).
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Briefly, the test strains were streaked on
nutrient broth supplemented with 4.4 g
glycine L. A Whatman filter paper no.l
soaked in 2% sodium carbonate solution and
0.5% picric acid solution was placed on the
top of the plates. Plates were sealed with
parafilm and incubated at 30°C for four
days. Development of orange to red color
indicated HCN production. The catalase
production was detected by mixing cultures
with an appropriate amount of H,O, on a
glass slide to observe the evolution of
oxygen (Cappuccino and Sherman, 2010).

Detection of IAA Production

Bacteria were cultured overnight in Luria-
Bertani broth in the dark at 30°C for 72
hours. Bacterial biomass was removed by
centrifugation at 4,000 rpm for 15 minutes
and the supernatant was used for detection
of IAA according to the method of Brick et
al. (1991). Briefly, Supernatant (1mL) was
vigorously mixed with two drops of
orthophosphoric acid and 2 mL of
Salkowski’s reagent. After 30 minutes of
incubation, development of pink color
indicated IAA production (Brick et al.,
1991).

Detection of Phosphate Solubilization

To detect the phosphate solubilizing
ability, the strains were streaked on
Pikovaskya’s agar medium (Pikovaskya,
1948). The formation of transparent halos
surrounding the bacterial colony was
considered as positive.

Detection of Ammonia Production

Bacterial isolates were grown in 10 mL
peptone water into each tube and incubated
for 48-72 hours at 30°C. Nessler’s reagent
(0.5 mL) was added into each tube.
Development of brown to yellow color
indicates a positive result for ammonia
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production (Cappuccino and Sherman,
2010).

RESULTS

In vitro Evaluation of the Antagonistic
Activity of Bacterial Strains

A total of 75 bacterial strains were
isolated from rhizospheric soil samples of
healthy chickpea plants and cultivated in
the fields of North Karnataka region. The
selective isolated rhizobacteria were
checked for their  purity, and
morphologically characterized as Gram-—
positive rods and spore—forming bacteria.

In a dual culture assay for fungicidal
activity against F. oxysporum f. sp. ciceri
and Rhizoctonia bataticola, four Gram-
positive isolates viz. CTS-B19, CTS-G24,
CTS-C44 and CTS-R21 exhibited
fungicidal activity against Rhizoctonia
bataticola, amongst which only two strains
(CTS-B19 and CTS-G24) exhibited
extended antagonism against F. oxysporum
f. sp. ciceri (Figures la and 1c). After the
additional incubation period of 10 days,
the pathogenic mycelia did not cover the
surface of the inhibition ring, which
indicated strong antagonism (Lee et al,
2008). The results of further antagonistic
tests showed that strains CTS-B19 and
CTS—-G24 had the sterilizing or inhibitory
effect on a panel of phytopathogens. Thus,
selection was made from the antagonism
test, where the confluent growth of
bacteria inhibited the development of a
panel of  fungal and  bacterial
phytopathogens (Figure 1 and Table 1).

Identification and Characterization of
Antagonistic Bacteria

The selected bacterial antagonists were
identified to species level based on
morphological, biochemical, and molecular
characterization. The 16S rRNA gene
sequences of isolate CTS-B19 and CTS-
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G24 were found closely affiliated to
Paenibacillus  polymyxa and  Bacillus
subtilis, respectively. Their phylogenetic
allocation and 16S rRNA gene sequence
identities are presented in Figure 2. The
sequence of strain CTS-B19 and CTS-G24
indicated that these isolates showed high
identity (99 and 99%) and were in clustering
with Paenibacillus sp. and Bacillus sp.,
respectively.

In vitro Detection of Antagonistic Traits

Proteolytic and chitinolytic activities
were detected in both of the bacterial
strains exhibiting in vitro antagonism
against plant pathogens. This was
indicated by the appearance of clear halo
around the colonies contrasting with
opaque appearance of medium unaffected
(Figure 3-a). Detection of f—1,3—glucanase
and cellulase activity was confirmed after
the translucent zones were observed in
contrast with the surrounding dark brown
and pink medium, respectively, suggesting
the positivity of results (Figures 3-b and -
).

B. subtilis CTS-G24 formed an orange
halo surrounding bacterial colonies on
CAS agar. This change occurred due to
removal of iron from the blue CAS-Fe
(II) complex by siderophore (Figure 3-d).
Test strains were negative for cynogenic
activity.

In vitro Detection of Plant Growth
Promoting Traits

The selected strains, B. subtilis CTS-G24
and P. polymyxa CTS-B19 were screened
for their ability to produce ammonia, IAA—
like substances, and to solubilize phosphate.
Both of the indigenous antagonistic strains
produced ammonia in the medium, but only
P. polymyxa CTS-B19 could solubilize
phosphate. PGPR activities and antagonistic
traits produced by both potential strains are
summarized in Table 2.
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Figure 1. Antagonist activity of strain CTS-B19 (Right) and CTS-G24 (Left) against phytopathogens: (a)
Fusarium oxysporum f. sp. ciceri; (b) Xanthomonas compestris; (c) Alternaria alternate; (d) Botrytis
cinerea; (e) Colletotrichum acutatum; (f) Fusarium oxysporum f. sp. Pisi; (g) Verticillium dahlia; (h)
Aspergillus flavus, (1) Fusarium graminearum. Arrows indicate the zones of inhibition.

DISCUSSION

The rhizosphere is a hot spot of microbial
interactions, as exudates released by plant
roots are a main food source for
microorganisms. Many amongst
rhizospheric microorganisms have a neutral
effect on the plant, but also attract organisms
that exert deleterious or beneficial effects on
the plant (Raaijmakers et al, 2009). An
effective biological control strain isolated
from one region may not perform in the
same way in other soil and climatic
conditions (Capper and Higgins, 1993;
Dufty et al., 1997). Therefore, considering
this factor, screening for indigenous strains
with various PGP traits was conducted by
sampling rhizospheric soils of chickpea
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which is one of the major pulse grown in
north Karnataka region.

Production of chickpea in India and other
countries in Asia is severely affected by
many plant pathogenic fungi, bacteria, virus,
and nematodes which cause diseases such as
Fusarium wilt, dry root rot, ascochyta blight,
collar rot, bacterial blight, filiform virus and
dirty root nematode (Www.icrisat.org). A
survey was conducted during 2010-2011
rabi cropping season to obtain information
on the distribution and incidence of chickpea
diseases in respect to soil type, cultivar used,
and seed treatment in central and southern
parts of India. Incidence of wilt and black
root rot disease ranged from 9.7-13.8 and
6.6-7.4%, respectively. Among the several
constraints affecting the productivity of
chickpea, 8-14% loss in the yields are due to
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Table 1. In-vitro antagonistic activity of strains CTS-B19 and CTS-G24 against phytopathogens

and Plant Growth Promoting Rhizobacteria.

Test microorganism Microbicidal Microbicidal effect
(MTCC: Microbial Type Culture Collection) effect of CTS_G24¢
(ARS: Agriculture Research Station) of CTS-B19

Fungi

Alternaria alternate MTCC No-7202 +++ +++
Alternaria solani MTCC No-2101 +++ +++
Aspergillus flavus MTCC No-277 +++ +++
Aspergillus niger MTCC No-282 + +
Botrytis cinerea MTCC No-2350 +++ +++
Collectotrichum acutatum MTCC No-1037 +++ +++
Collectotrichum capsici MTCC No-3414 +++ +++
Fusarium graminearum MTCC No-2089 +++ +++
Fusarium oxysporum f. sp ciceri (ARS) +++ +++
Fusarium oxysporum MTCC No-2480 +++ +++
Macrophomina phaseolina (ARS) ++ ++
Rhizoctonia solani MTCC No-4634 +++ ++
Verticillum dahliae MTCC No-6954 +++ +++
Bacteria

Azotobacter sp. (ARS) <5 mm NZI
Bacillus subtilus MTCC No-441 NZI NZI
Bacillus thurengenesis (ARS) NZI NZI
Erwinia sp. MTCC No-6720 20 mm 18 mm
Pseudomonas syringae MTCC No-1604 18 mm 11 mm
Rhizobium sp. (ARS) <5 mm NZI
Xanthomonas compestris MTCC No-2286 19 mm 11 mm

¢ +++: Strongly antagonistic; ++: Moderately antagonistic; +: Weakly antagonistic, NZI: No Zone of
Inhibition. The number with millimeter (mm) as units indicates the zone of inhibition in diameter.

Table 2. Plant growth promoting characteristics of the two potential strains, CTS-B19. and CTS-

G24.

PGP characteristics

P. polymyxa (CTS-B19)“

B. subtilis (CTS-G24)"

Proteolytic activity
Chitinolytic activity
f—1,3—glucanase activity
Cellulase activity
Siderophore production
HCN production
Catalase production
IAA production
Phosphate solubilization
Ammonia production

++
++
++
++

+
++
++
++

“ +: Positive; — Negative; ++: Good zone of hydrolysis, +: Moderate zone of hydrolysis.

wilt and dry root rot diseases caused by F.
oxysporum f. sp. ciceri and Rhizoctonia
bataticola even after the seed was treated with
fungicide (Raju et al.,2013). Wilt and dry root rot
are currently highly distributed in all surveyed
chickpea growing areas of central and southern
parts of India (Raju et al., 2013).

1371

Amongst isolated rhizobacterial strains, only
two isolates, namely, CTS-B19 and CTS-G24
(Identified as Paenibacillus polymyxa and
Bacillus subtilis, respectively) exhibited clear
antagonistic activity when initially checked
against wilt and dry root rot caused by two fungi.
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Paenbiaclls sp. 51 (GUI24650)

z

— Paenbacilus polymyxa srain SAZ2-6 {HO236025)

Paeribacillus polymyia siraim JK-23 (J0283973)
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Paenibacillus potymyxa sirain 1178 (EVSE250M)
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Bacillus sublilis strain K1-24 (HQ534544)
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b
002

CTS-G24(KF322037)

Figure 2. 16 S rDNA-based phylogenetic tree of antagonistic bacteria constructed by MEGA version 5:
(a) Paenibacillus polymyxa CTS-B19 and, (b) Bacillus subtilis CTS—G24.
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Figure 3- Detection of antagonistic traits (a) Proteolytic activity on SM agar, b) p-—1,3—glucanase
activity on MM9 agar supplemented with Laminarin, ¢) Cellulase activity on CMC agar and., d)
Siderophore production on CAS agar; Arrows indicate the zones of hydrolysis (a-c¢) and formation of
orange halo around blue CAS-Fe (IIT) complex (d).

Later, these two isolates showed potential
inhibitory effects against other fungal
pathogens tested on PDA medium (Figure 1
and Table 1). Similarly, Dijksterhuis et al.
(1999) reported clear antagonistic activity of
Paenibacillus polymyxa, against Fusarium
oxysporum in in vitro experiments. Bacillus
subtilis, which is ubiquitous in soil, are
amongst beneficial rhizobacterium that can
promote plant growth and protect against
fungal pathogen attack (Emmert and
Handelsman, 1999).

So far, reports on natural biological agents
against phytopathogens have revealed that
Bacillus spp. have emerged as potential
antiphytopathogenic and PGP agent. From
this study, it could be concluded that, both
the Bacillus strains CTS-B19 and CTS-G24
are positive for chitinase, f-1,3-glucanase,
protease and cellulase activities. Singh et al.
(2013) reported that chitinase producing
strain Lysinibacillus fusiformis B-CM18,
isolated  from  chickpea rhizosphere,
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exhibited in vitro antifungal activity against
a wide range of fungal plant pathogens.
Strain B-CM18 was also found to produce
several PGP activities (Singh et al., 2013).
Another enzyme, i.e. f-1,3-glucanase,
significantly contributed to biocontrol
activities of Lysobacter enzymogenes C3
(Palumbo et al., 2005). The fungal wall
components such as chitin, £-1,3-glucan,
mannan, cellulose, and proteins (Adams,
2004), may induce the lytic enzymes, thus
showing antagonistic activities. The lysis of
cell walls leads to leakage of cell contents
and collapse. Dijksterhuis er al. (1999)
showed that P. polymyxa antagonized the
plant pathogenic fungus F. oxysporum in
liquid medium by means of an interaction
process in which the presence of living
bacteria is a prerequisite for continuous
suppression of fungal growth. Interaction of
F. oxysporum and P. polymyxa starts with
polar attachment of bacteria to the fungal
hyphae followed by the formation of a large
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cluster of non-motile cells embedded in an
extracellular matrix in which the bacteria
develop endospores. Chitinases may act
synergistically with enzymes such as
proteinases and f-1,3-glucanases, Both
isolates, CTS-B19 and CTS-G24 produced
chitinase and -1, 3- glucanase (Enzymes
strictly involved in fungal cell wall lysis)
which may act synergistically in degrading
fungal cell wall thus achieving biocontrol of
pathogenic fungi. In vivo, chitinases and f-
1,3-glucanases degrade fungal cell wall and
insect peritrophic membranes, leading to cell
fluid loss following osmotic unbalance and
killing by dehydration (Bishop et al., 2000).
This mode of action reveals the enormous
biotechnological potential of these enzymes
in agribusiness.

In this study, antibiotic production was
not evaluated, however, the cell free filters,
when examined initially against
Xanthomonas compestris, indicated the
possibility of an antibiotic mechanism of
action (Figure 1). P. polymyxa CTS-B19 and
B.  subtilis CTS-G24 showed higher
inhibitory activity against phytopathogenic
Gram-negative bacteria than non-pathogenic
Gram-positive and N, fixing bacteria (Table
1). Especially B. subtilis CTS-G24 was not
antagonistic against N, fixing bacteria. This
character of rhizobacterial strains, in future,
may help in formulating the strains along
other PGPRs. Siddiqui et al. (2007) found
that the inoculation of P. polymyxa alone or
together with Rhizobium increased lentil
plant growth both in Meloidogyne javanica-
inoculated and uninoculated plants.

Bacillus subtilis CTS-G24 was
siderophorogenic bacteria isolated from
rhizospheric soil sampled from Gulbarga
region. Siderophores absorb and accumulate
the soluble iron available in the rhizosphere
which creates depletion in micronutrients for
the pathogenic microorganisms. PGPRs
produce siderophores with stronger Fe'
affinity  uptake  systems than the
siderophores  produced by deleterious
rhizosphere microorganisms, which in turn
leads to iron unavailability for the latter
microorganisms (Schwyn and Neilands,
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1987). It has earlier been observed that slow
growing cultures make smaller haloes on
siderophore agar plates than fast growing
cultures (Schwyn and Neilands, 1987).

The strain P. polymyxa CTS-B19 showed
positive for the solubilization of tri-calcium
phosphate (Ca; (PO,);) by formation of
visible dissolution halo on Pikovaskya’s
agar. Phosphorous deficiency, a major
constraint to crop production, is present in
the soil as insoluble forms that cannot be
absorbed readily by plants. Microorganisms
have the ability to solubilize the insoluble
phosphates and maintain the soil health and
quality (Richardson et al, 2001). The
production of ammonia by both tested
strains was another important PGP trait. The
molecular nitrogen (N,) is transformed to
ammonium by bacteria in some plant cells
and transfer ammonium from the bacteria to
the plant cytoplasm (Lugtenberg and
Kamilova, 2009).

Only Bacillus subtilis CTS-G24 can
produce catalase, which is considered as
very important enzyme in protecting the cell
from oxidative damage by reactive oxygen
species. Bacterial strains showing catalase
activity must be highly resistant to
environmental, mechanical, and chemical
stress, thus, enabling the organism to survive
and adapt even under stress conditions. Our
findings, based on survey of literatures,
reveal that the multiple PGP activities by
native strains of India are less commonly
explored.

CONCLUSIONS

Effective biocontrol of plant disease
requires an intricate array of interactions.
Present study revealed that the antagonistic
action exerted due to Iytic enzymes,
siderophores ~ and  certain  secondary
metabolites produced by Bacillus subtilis
CTS-G24 seem to have a good cumulative
effect. However, Paenibacillus polymyxa
CTS-B19 showed  antiphytopathogenic
characteristics and additional PGP traits such
as phosphate solubilization. Further research
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by using consortia of both antagonistic
rhizobacterial isolates as biocontrol agents
instead of a single one, may lead to
development of a rational biocontrol agent for
sustainable agriculture.
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