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Abstract

Rice (Oryza sativa L.) is one of the staple food crop of Pakistan as well as in the whole world. A number of phyto-
pathogens including bacteria, fungi, nematodes and viruses along with environment associated stresses such as nutrient
deficiency, drought, salinity and etc. have a detrimental effect on rice yield. In order to overcome the attack of
pathogenic microbes, use of rhizosphere associated bacteria as bio-control agent is an attractive way to minimize the
use of toxic agrochemicals. In this study, we screened seven strains of bacterial endophytes from the rhizosphere of
rice plants. A colony PCR was performed using universal primers to characterize the isolated bacterial cultures
followed by sequence analysis. On the basis of molecular characterization, bacterial isolates were identified as Pantoea
sp., Pseudomonas sp., Bacillus megaterium, Pseudomonas flourescens, Lysinibacillus fusiformis, Delftia sp., and
Acinetobacter baumnii. Additionally, bacterial isolates were assayed for In vitro effects against Fusarium moniliforme
and Rhizoctonia solani causing bakanae and sheath blight disease of rice, respectively. Pantoea sp., Burkholderia sp.,
Bacillus megaterium and Delftia sp. moderately suppressed Fusarium moniliforme but Pseudomonas flourescens,
Lysinibacillus fusiformis both showcased a strong inhibiting activity against Fusarium moniliforme. On the other hand,
Pantoea sp., Pseudomonas sp., Bacillus megaterium, Pseudomonas flourescens and Lysinibacillus fusiformis had a
strong inhibitory effect against Rhizoctonia solani. The isolated endophytic bacteria were also found to be good
producers of phyto-hormones such as hydrogen cyanide (HCN) and catalase. On the basis of our results, we conclude
that the endophytic bacteria from rice rhizosphere possess antifungal activity against economic important pathogenic
fungi.
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1 INTRODUCTION Fusarium moniliforme causing bakanae
Rice (Oryza sativa L.) is among the world's disease of rice was first reported in 1990 in
most important cereal crops, feeding 60% of Pakistan by Khokhar (Khokhar, 1990). Due
the world's population (Nawaz et al., 2022). to the bakanae disease, about 70% loses were
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estimated in last few years, thus evolving as
a major risk factor to food security (Bashyal
et al, 2022). While, sheath blight
(Rhizoctonia solani) of rice, was first
recorded from Japan in 1910 by Miyaki
(Singh et al., 2015). Several million
kilograms per year of fungicides being used
by Korea on Rice crop to control sheath
blight-disease (Mew and Rosales, 1992;
Bhalli et al., 2001).

Microbes have long been recognized to
coexist with plants. In certain circumstances,
this partnership is beneficial to both parties.
Among them, endophytes or rhizosphere
inhabiting microbes live in mutualistic
interactions inside their hosts without
harming them, sharing and trading the
advantages of metabolic and physiological
processes' products (Reinhold-Hurek and
Hurek, 2011; Kraiser et al., 2015). About
30,000 plant species growing on unknown
places globally are inhabitant of microbes
(Strobel et al., 2004). According to
characterization, the organisms which live in
a close association on the plants or colonize
the internal tissue of plant in some part of
their entire life cycle no matter whether it is
beneficial, harmful or neutral, are named as
Endophytes. The term was coined by De bary
(1866) and first reported in plant tissues in
1926, is a large group of ubiquitous micro-
organisms that have a close association with
their host in their life cycle (Kusari and
Spiteller, 2012; Hallmann et al., 2012).
Microbes make integral part of plant-micro
ecology and are not specific to single plant
species (Li and Hu, 2005; Rosenblueth and
Martinez-Romero, 2007).

Plant associated microbes provide protection
to plant and improves plant health and growth
(Malhadas et al., 2017). Direct plant growth
activation by plant associated bacteria is
mostly due to production of hormones and
increasing nutrients availability (Mercado-
Blanco and Lugtenberg, 2014). Rhizo-
remediation prevents the seed germination by

reducing the pollutant effects as 1-
aminocyclopropsne-1-carboxylate ~ (ACC)
deaminase a bacterial enzyme reported to
make plants tolerant to biotic and abiotic
stress (Glick et al., 2016; Santoyo et al.,
2016).

The thin layer of soil beneath the power of
plant roots is known as rhizosphere which is
known as hotspot of microbial activities
(Hiltner, 1904). Plants roots show more
effect on the on soil microbes communities
by altering root morphology and root
exudation (Berg and Smalla, 2009). These
can effect microbial diversity, their
population and biological activity around the
roots, the so-called rhizosphere effect
(Hartmann et al., 2008; Mendes et al., 2013).
In root, the amount of microbes is higher than
any other part of the plant organ. Average
density is 10° cfu per g of fresh weight. The
average amount of 10* and 10° are reported
for the stem and leaf portions, respectively
(Hallmann and Berg, 2006; Compant et al.,
2021). As, various previous studies has
reported the inhibitory effect of endophytes
against bacterial and fungal phyto-pathogens
(Ramesh et al., 2012; Mingma et al., 2014).
Therefore, the present work was planned to
isolate, characterize the bacterial
communities  associated  with rice
rhizosphere. Determination of In vitro
antifungal potential of isolated bacteria
against Rhizoctonia solani and Fusarium
moniliforme causing sheath blight and
bakanae diseases of rice, respectively. The
extracted bacterial isolates from the
rhizosphere of rice has the potential to serve
as a biocontrol agents against economic
important patho-syestems of rice, while
reducing the reliance of farmers on synthetic
toxic pesticides.

2 MATERIALS AND METHODS

2.1 Sampling and Experimental Site

The rhizospheric soil [5.61% clay (<2 mm),
41.73% silt (>2mm), 50.88% sand
(>63 mm)] samples from rice (vegetative
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growth stage) were collected from
Agriculture Farm (31°29'43.0"N
74°17'49.2"E) of University of the Punjab,
Lahore, Pakistan (Rasool et al., 2021).
Samples were collected in define patterns W,
M, X and Z patterns. These samples were
collected in plastic sampling bags and stores
at 4°C for further use. Plot number was also
mentioned on the plastic sampling bags and
sealed with rubber band (Forster et al., 1995).

2.2 Culture Media

In order to isolate bacteria, Bertani (1951)
Luria Bertani Agar (LBA) bacterial media
preparation technique was followed. While,
two types of general fungal culture media
potato dextrose agar (PDA) were prepared to
culture  Fusarium  moniliforme  and
Rhizoctonia solani by methods previously
reported (Aryal, 2018). For fungal pathogens
propagation, PDA was autoclaved at 121°C
for 15-20 min at 15 psi on liquid cycle
(Mazhar et al., 2021). Pouring of both the
media were done in sterilized laminar flow.
About 20 mL of media was poured into pre-
sterilized disposable plastic plates. All the
plates were labeled and stored upside down
in refrigerator.

2.3 Isolation of Bacteria

Serial dilution method was used to isolate the
rhizospheric microbes associated with the
rice roots. The rhizospheric soil samples were
diluted upto 10 folds as described by Ben-
David et al. (2014). The diluted samples
were inoculated with the help of dropper on
the LB agar plates and spread uniformly with
the help of drigalski spatula. Afterwards, the
parafilm was used to seal the plates and
incubated at 25°C for 24 hrs (Wafula et al.,
2015). Streaking method was used to purify
the bacterial colonies. Pure bacterial isolates
were obtained (Jagessar et al., 2008). Seven
pure cultures with different morphological
characters were selected for further analysis.
2.4 Fungal Pathogens

Rhizoctonia  solani and Fusarium
moniliforme culture was taken from FCBP

(First Fungal Culture Bank of Pakistan)
University of the Punjab Lahore, Pakistan.

2.5 Bio-chemical characterization of
bacterial isolates
2.5.1 Gram staining
Gram staining was performed to differentiate
between two major groups of bacteria namely
Gram positive and/or gram negative. All the
seven fresh cultured strains of bacteria were
tested. Results were assessed on the base of
colony color after staining. Bacterial colony
which shows purple color after staining
belongs to gram positive group and colony
gives pink color after staining belongs to
gram negative group of bacteria (Coico,
2006).
2.5.2 Catalase test
To check the availability of catalase enzyme
in the interested strains of bacteria according
to Coico (2006) catalase test was performed.
Formation of O indicates that bacterial
isolates produces catalase enzyme and lack of
O: indicates no catalase production.
2.5.3 Hydrogen cyanide test
Hydrogen cyanide test was performed to
check the potential of bacterial isolates to
synthesize the hydrogen cyanide. Bakker and
Schipper (1987) method was adopted to
perform the hydrogen cyanide test.
2.6 Morphological Characterization of
Bacterial isolates
Macro-character such as colony color, colony
appearance, colony texture were observed
with naked eye as well as with the help of
compound microscope micro-characters such
as bacterial cell size and shape were observed
(Holt et al., 1994).
2.7 Molecular characterization
Colony PCR method was used to amplify the
bacterial colonies. Fresh colony of bacteria
was added into PCR reaction mixture tube.
For the amplification of bacterial gene coding

universal primers 63F (5-
CAGGGCCTAACACATGCAAGTC-3))
and 1387R (5-

CGGCGGWGTGTACAAGGC-3") for 16s
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RNA were used (Marchesi et al., 1998) for
the sequencing of amplified bacterial DNA in
PCR tubes was sent to Advance bio-
informatics lab located in Lahore. The
sequenced DNA was then used to identify the
Unknown bacterial isolates. The DNA was
analyzed by blasting the sequence on NCBI
(https://blast.ncbi.nlm.nih.gov/Blast.cgi?PR

OGRAM=blastn&PAGE_TYPE=BlastSearc
h&LINK LOC=blasthome). With most
similar strains in data bank were analyzed,
selected and studied with their accession
numbers.

2.8 In-vitro anti-fungal assays

An in-vitro antagonistic effect was observed
between all the seven bacterial isolates and
pathogenic fungus Rhizoctonia solani and
Fusarium moniliforme causing sheath blight
and bakanae diseases, respectively. To study
the antagonistic activity isolates were
subjected to dual culture technique
(Francisco et al., 2011). Three replicates of
each reaction were prepared (Kumar et al.,

2002). A negative control was also placed for
both of the pathogenic fungi, which includes
only fungal plug in the center of PDA plate
with no bacterial treatment (Shobha and
Kumudini, 2012). All the plates were made
air tight by wrapping with parafilm.
Experimental plates were incubated at 30°C
for 5 days. After 5 days reading and pictures
were taken and percentage inhibition was
calculated.

% inhibition = Control - growth of fungi with bacteria x 100
Control

2.9 Statistical Analysis

Data were analyzed at P < 0.05 by Statistix
8.1 software. Percentage data were
transformed and then analyzed.

3 RESULTS

Morphological Characterization of
Bacterial Isolates

Isolated bacterial isolates were
morphologically characterized on the basis of
their colony appearance or texture, shape,
growth pattern and color as shown in table 1.

Table 1: Morphological characters of isolated bacteria.

Isolates | Colony Color | Colony Shape | Colony Appearance | Bacteria Shape
Isolate 1 | Whitish yellow | Muciod Irregular Spherical

Isolate 2 | White Circular Opaque Small rod shape
Isolate 3 | Off white Irregular Crystalline Rod shaped

Isolate 4 | Pale yellow Spherical Opaque Rod shaped

Isolate 5 | Off white Round Wrinkled Slender rod shaped
Isolate 6 | Creamy Circular Smooth Rod shaped

Isolate 7 | Off white Round Transparent Rod shaped

3.1 Molecular Characterization of
Bacterial isolates
3.1.1 Colony PCR amplification of

3.1.2 Sequence Analysis

According  to

NCBI  Dblast

results

(https://blast.ncbi.nlm.nih.gov/Blast.cgi), an

isolates
Amplification of size (1-1.3 kb) was obtained
from isolated colonies. The PCR results were
confirmed in 1% agarose gel using standard
1 kb DNA marker. The PCR product analyses
are shown in Figure 1.

isolate 1 has a maximum homology (100%)
with the Pantoea sp. (Genbank accession id:
MF52168.1). lIsolate 2 has a maximum
homology (100%) with the Pseudomonas sp.
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(Genbank accession id: ON624237.1),
Isolate 3 has a maximum homology (100%)

-

1.5kb

Figure 1:

8 9

1

0 11 12 13 14 1S 16 17 18 M

1.3 kb

PCR amplification of isolated endophytic bacterial isolates using universal primers.

Lane M: marker ladder. Lane 5, 8, 9, 10, 11, 12, and 15 no product. Lane 1 and 18:
negative control. Lane 3, 4, 6, 7, 13, 14 and 17 amplified PCR product of desired

size (1.3kb).

Table 2: NCBI Blast results of bacterial isolates with homology to the strain, and the
record of GenBank accession humbers of the sequences deposited at NCBI

databank.
Isolates | Isolate Source | Homology | Strain Genbank
accession
Nos.
1 Rice rhizosphere | 100% Pantoea sp. (MF52618.1) OP686478
2 Rice field Soil 100% Pseudomonas sp. (ON624237.1) OP686479
3 Rice rhizosphere | 100% Bacillus megaterium (CP035098.1) | OP686484
4 Rice Field Soil | 97% Acinetobacter baumani OP686483
(HQ645939.1)
5 Rice rhizosphere | 100% Pseudomonas flourescens 0OP686482
(MN099290.1)
6 Rice rhizosphere | 99% Lysinibacillus fusiformis (KP13773) | OP686481
7 Rice 100% Delftia sp. (LC474083) OP686480
rhizospheric Soil
with the Bacillus megaterium (Genbank Delftia sp. (Genbank accession

accession id: CP035098.1). Isolate 4 has a
maximum homology (97%) with the
Acinetobacter baumanni (Genbank accession
id: MF52168.1). Isolate 5 has a maximum
homology (100%) with the Pseudomonas
flourescens  (Genbank  accession id:
MN099290.1). Isolate 6 has a maximum
homology (99%) with the Lysinibacillus
(Genbank accession id: KP813773). Isolate 7
has a maximum homology (100%) with the

id: LC474083). NCBI results and GenBank
accession numbers are summarized in Table
2.

3.2 Biochemical assays of Bacterial
Isolates

3.2.1 Gram staining

Gram staining of isolated bacterial isolates

revealed that all of the bacterial isolates

(Pantoea sp, Pesudomonas sp, Bacillus
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megnaterium,  Acinetobacter  baumani,
Pesudomonas flourescens, Delftia sp.)
belong to the gram negative group of bacteria
except Lysinibacillus fusiformis (a gram
positive bacteria). Occurrence of pink colony
color under the microscope identified the
grame negative bacteria and purple colony
color indicated the gram positive bacteria
(Table 3).

3.2.2 Hydrogen cyanide test

Hydrogen cyanide (HCN) production test of
bacterial isolates proves that all seven
bacterial isolates produce a significant
amount of HCN (Table 3). Hydrogen cyanide
was determined by observing the yellow to
reddish color of filter paper placed on the lid
of petri plate. All the bacterial isolates
including Pantoea sp, Pesudomonas sp,
Bacillus  megnaterium,  Acinetobacter
baumani, Pesudomonas flourescens,
Lysinibacillus fusiformis and Delftia sp. were
capable of producing phyto-hormone HCN
which is major consistuent in plant protection
and growth .

3.2.3 Catalase test

Catalase enzyme was produced by all
rhizospheric bacterial strains. When a
bacterial colony was inoculated into the
hydrogen per-oxide solution, bacteria
produced oxygen (bubble formation) in the
precense of substrate. The formation of
bubbles indicated that the isolated bacterial
strains, in the absence oxygen, converted
hydrogen per-oxide into oxygen gas. All of
the bacterial isolates had shown a positive
catalase test result (Table 3) .

3.2.4 In-vitro anti-fungal assay
Results of bio control ability of bacterial
isolates were evaluated on the basis of a scale

ranging from 1 to 3, where 1= highly
suppressed, 2= moderately suppressed and
3= little or no effect as shown in Table 4, as
well as by using percentage inhibition
formula: percentage inhibition = obtained
growth of fungi/ total growth of fungi
(control) x 100 as shown in Table 5. All the
data was calculated after 5 days of
inoculation. Pantoea sp. has shown moderate
effect against Fusarium moniliforme and
Rhizoctonia solani with 51% and 57 %
suppression, respectively. Pseudomonas sp.
has also produced moderate results against
Fusarium moniliforme and Rhizoctonia
solani with 57% and 62 % of suppression.
Bacillus megaterium has shown 43 %
inhibition of Fusarium moniliforme but
strong suppressing ability of 74% against
Rhizoctonia solani. Acinetobacter baumnii
has very little effect on Fusarium
moniliforme, while moderate effect against
Rhizoctonia solani with 26% and 57%
inhibition,  respectively.  Pseudomonas
flourescens was very suppressive against
both Fusarium moniliforme and Rhizoctonia
solani having 62% and 65% inhibition
ability, respectively. Lysinibacillus
fusiformis also has shown 63% and 64% of
suppressing  effect against  Fusarium
moniliforme and Rhizoctonia solani. Delftia
sp. shows a moderate 54% and 58%,
respectively  antifungal effect against
Fusarium moniliforme and Rhizoctonia
solani.
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Table 3: The biochemical assays of isolated bacterial endophytes.

Bio-Chemical Assays
Bacterial Endophytes | Gram staining Catalase test HCN
Positive | Negative | Positive | Negative | Positive | Negative
Pantoea sp. v 4 v
Pseudomonas sp. v v v
Bacillus megnaterium v 4 v
Acinetobacter baumani v 4 v
Pesudomonas v v v
flourescens
Lysinibacillus v 4 v
fusiformis
Delftia sp. v v v

Table 4: Interaction effect of bacterial isolates against Rhizoctonia solani and Fusarium

moniliforme.

Suppressed, 2=moderately suppressed and 3=little or no effect.

Results were evaluated according to the scale standardized as, 1=

Treatments Interaction Effect

Fusarium moniliforme | Rhizoctonia solani

1 2 3 1 2 3

Pantoea sp. 4 4
Pesudomonas sp. v v
Bacillus megnaterium v v
Acinetobacter baumanii v v
Pesudomonas flourescens v v v
Lysinibacillus fusiformis v 4
Delftia sp. v v
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Table 5: Percentage inhibition of bacterial isolates against Rhizoctonia solani and Fusarium

solani.
Percentage Inhibition
Treatments i _ i i i
Fusarium moniliforme | Rhizoctonia solani
Pantoea sp. 51% S57%
Bukholderia sp. 57% 62%
Bacillus megnaterium 43% 74%
Acinetobacter baumani 26% 57%
Pesudomonas flourescens | 62% 65%
Lysinibacillus fusiformis | 63% 64%
Delftia sp. 54% 58%
4 DISCUSSION etal., 2011), structure (Sessitsch et al., 2001),

Rice associated bacterial strains were
isolated, from University of the Punjab,
Lahore, Pakistan and characterized for their
antifungal potential against the plant
pathogenic fungi causing bakanae and Sheath
Blight of rice to encourage the bio-pesticide
development and use. Pant or rhizosphere
associate bacteria are known to not only
increase the resistance against pathogenic
microbes but also provides better growth and
maximize the yield. Beneficial microflora
has the potential in managing the abiotic and
biotic stress inducing factors through growth
promotion and instigating defense response
by producing specific metabolites (Majeed et
al., 2018; Berendsen et al., 2018; Atiq, 2022).
Soil associated microbiomes are involved in
number of important ecosystem functions
including nutrient cycling, soil organic
matter decomposition, soil formation and
thereby indirectly affecting plant growth.
Among the soil micro biota, bacteria are
abundant in number and diverse as one gram
of soil contains up to 109 bacteria consisting
of 10,000 to 50,000 bacterial taxa (Bulgarelli
et al.,, 2013). The bacterial communities
composition in the soil was known to greatly
affected by biotic and abiotic factors mainly
soil pH (Lauber et al.,, 2009), salinity
(Rajaniemi and Allison 2009), type (Griffiths

moisture (Cruz-Martinez et al., 2009) and
soil organic matter (Blaud et al., 2015).

Bacterial isolates (Pantoea sp.) inhibit
pathogenic influence of Rhizoctonia solani,
Phythium mytrotyl and Fusarium
moniliforme (Hallmann et al., 1997). Four
types of phyto-hormones (IAA, abscisic acid,
gibberelic acid, and cytokinin) along with
phyto-stimulants, and fix atmospheric N2 in
rice (Mano and Morisaki, 2008). According
to Verma et al. (2001) Pantoea sp. had shown
highly aggressive endophytic antagonistic
influence through colonization in deep water
rice. While, Bacillus megaterium depicted a
strong inhibitions against  Fusarium
moniliforme and Rhizoctonia solani. As
reported to produce extracellular metabolites
that  suppresses  fungal  sporulation,
elongation and mycelial growth. Bacillus
megaterium  has  effectively  reduced
Ralstonia solanacearum induced bacterial
wilt disease (Nguyen et al., 2011). Rghunath
et al. (2012) identified the antibacterial as
well as antifungal potential of Bacillus
megaterium (Rao et al., 2011). The bacterial
population found especially in the roots of
Putterlickia verrucosa and Putterlickia
retrospinosa plants is responsible for the
manufacture of the significant anticancer and
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cytotoxic chemical maytansine (Kusari et al.,
2014).

According to our findings Psudomonas sp.
have shown strong bio-control ability against
the Fusarium moniliforme and Rhizoctonia
solani causing bakanae and Sheath blight
disease on rice plants by producing phyto-
hormons and biostimulants.

Burkholderia sp. take over the pathogen by
secreting specific enzymes and hormones to
control disease. For example, Burkholderia
gulmae a pathogen causing root rot and grain
rot in rice is inhibited by the Burkholderia sp.
Most species of Burkholderia shows
antagonistic ~ activity and  producing
siderophores against the pathogens to reduce
disease in rice crop (Loaces et al., 2011).
Pseudomonas flouorescens has been widely
used for controlling sheath blight of rice
(Vidhyasekaran and Muthamilan, 1999). The
bacterium has the ability to produce certain
antifungal compounds such as cell lytic and
degrading enzymes (3-glucanase and
chitanses) (Lim et al., 1991; Velazhahan et
al., 1999). Through siderophore production it
suppresses the chlamydospores growth
(Bakker et al.,, 1986) and Wheat foliar
pathogens  (Septoria tritici,  Puccinia
recondita) tobacco black root by HCN
production (Voisard et al., 1989; Flaishman,
1996). Pseudomonas flouorescens has been
involved in the ISR induction of host plants
(Maurhofer et al., 1998). Pseudomonas
flouorescens proves to be best biological
control agent which successfully decreases
the disease incidence and increases the plant
weight (Srivastava et al., 1999).
Acinetobacter baumanii produce metabolites
that inhibit fungal growth and can serve as
efficient bio-control agent (cook, 1993;
Raaijmakers et al., 2002; Ranjbariyan et al.,
2011). Delftia sp were first reported as PGPR
of rhizosphere of rice (Han et al., 2005).
These endophytic bacteria contributed
towards the biological control of fungal

pathogens (Mukhopadhyay et al., 1996) and
plant parasitc nematodes (Hallmann et al.,
1995). In our study Delftia sp. had shown
strong antifungal potential against the R.
solani and F. moniliforme. Delftia sp. was
also reported as antagonistic to Phytopathora
nicotianae ( kummar et al., 2002).
Lysinibacillus fusiformis has nitrogenase
activity and shown radial growth inhibition
against F. oxysporum, F. moniliforme, F.
solani and M. phaselonia (Singh et al.,
2015). Lysinibacillus fusiformis produces
numerous hormones (Kumar et al., 2002);
that promote plant growth, chitinase which
make it efficient biocontrol of fungal
pathogens (Hoster et al., 2005). In our study,
we also found a significant antifungal activity
of L. fusiformis against R. solani and F.
moniliforme.

The plant host and bacterial endophytes
interaction plausibly resulted into the raise of
plant growth and health. Endophytic bacteria
can play an important role in the regions wish
to practice low input sustainable agriculture
(Robert et al., 2008). The most useful way for
the application of bacterial endophytes in
agriculture is still unknown. The method of
inoculating bacteria was mostly un-
successful on large fields due to their
association with other biological agents
(O'Callaghan, 2016). Application of
beneficial microbes to minimize the threats to
agriculture is not possible as most of the
conventional agriculture relying on use of
pesticides,  fungicides and inorganic
fertilizers because these factor reduces the
plant dependency on bacterial and fungal
endophytes (Hardoim et al., 2015). Till now
there is no commercial product of available
in market but in the coming years the
bacterial isolates can be used as plant growth
promoters and bio fertilizers to increase the
yield of various crops.
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5 Conclusion and Future Perspectives
Plant associated bacterial communities are
poorly studied group of microorganisms that
represent an abundant and significance
source of phyto-hormones, bioactive
compounds, metabolites and their resistance
against the pathogenic microbes with a
potential to serve in wide range of
agriculture, medical and industrial areas.
Bacterial isolates have the potential to control
the present and emerging pathogens, also the
biotic stresses like climate change. In our
study, seven selected strains of isolated
bacterial had shown a strong antifungal
potential against two main fungal pathogen
causing bakanae disease and sheath blight of
rice.
Isolated bacteria can serve as potential bio-
control agents against fungal pathogens of
economic important cash crops. They will
certainly help in protecting the environment
from toxic chemicals and providing a healthy
living environment. Future work is required
to understand the mechanism of action and
how they interact with surrounding microbial
diversity in order to be more efficient and
productive in their use. Thus, bacterial
isolates obtained have shown the potential to
be developed as commercial bio-control
products with the cooperation of indigenous
agri-based industry.
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