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Abstract
Rice is the principal staple food for more than half population of earth which is infested by many pathogens including Fusarium.
Numbers of Fusarium species are responsible for causing pathogenic implications in rice like bakanae, rot, blight, etc. Majority
of them produce mycotoxins which are responsible for human and animal toxicity and the cause of cancer disease. Adoption of
biological control methods utilizing microbial antagonists might be an eco-friendly option. Bacterial species including Bacillus
species have been isolated from various sources for utilisation as biocontrol agents to combat crop pathogens. Cow dung and
the cow shed air have been a good source of such antagonistic bacteria. Hence, in the current study eighteen bacteria (BC1 to
BC18) including Bacillus species have been isolated from cow shed air and paddy seeds stored in cowshed of Odisha, India.
Bacteria isolated from domestic cowshed showed excellent inhibitory capacity than those of commercial cowshed against
pathogenic Fusarium F90 and pathogenic as well as fumonisin producing Fusarium F55. Non-fumonisin producer Fusarium
F90 was inhibited relatively with higher degree by all the antagonistic bacteria even it was completely suppressed by BC6
after three days of interaction. Paddy seeds stored in cowshed were found to be saturated with cowshed antagonistic bacteria.
These bacterial antagonists hold potential to be utilized as Biological Control Agents (BCA) for safeguarding rice production.
Investigation on more number of bacterial species from more cowsheds will definitely give more insights in the pattern and
mode of inhibition.
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Abbreviations: BCA: Biological Control Agents; PDNA:

Potato Dextrose Nutrient Agar Media; ISR: Induced Systemic
Resistance; IARC: International Agency for Research on
Cancer.

Introduction

A number of pathogenic fungi infect rice before harvest

and during storage conditions. Majority of these storage
fungi belong to Aspergillus and Fusarium species in addition
to number of other species like Alternaria, Bipolaris,
Chaetomium, Cladosporium, Curvularia, Microdochium,
Monilia, Mucor, Nakataea, Nigrospora, Penicillium, Pestalotia,
Poma, Rhozoctonia, Rhizopus, etc. Numerous studies have
indicated the presence of genetically diverse pathogenic
and mycotoxigenic Fusarium species in stored rice grains
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of Europe, America, Africa, Asia and India [1-7]. Various
species of Fusarium produce number of mycotoxins, most
prevalent among them are fumonisins, moniliformin,
zearalenone and trichothecenes (deoxynivalenol, nivalenol,
T-2/HT-2 toxin, diacetoxyscirpenol) [8]. The International
Agency for Research on Cancer (IARC) evaluated ‘Fumonisin
B1’ as Group 2B possible carcinogen to humans causing in
vivo nephrotoxicity and hepatotoxicity [9]. In addition to
that, Fusarium infection may lead to various pathogenic
implications in rice like bakanae disease, seed discoloration,
rice spikelet rot disease, head blight, sheath rot complex,
etc [10-13]. Application of synthetic fungicides to control
the Fusarium infestation may lead to environmental and as
well as human and animal health issues. Biological control
methods utilizing microbial antagonists might be an effective
and sustainable approach.

Various native bacterial species especially belonging to
Bacillus species have been found be very effective against
both pathogenic and toxigenic Fusarium species [14-18].
These Bacillus species have been isolated from soil and other
agro-ecosystems which is a very common source. Many such
Bacillus bacteria have been isolated from cowshed air and
from rice seeds stored in cowshed environment which could
control the vegetative growth of aflatoxigenic Aspergillus
flavus and other pathogenic fungi [18,19]. However, no
study has evaluated the antagonistic potential of Bacillus
species and other bacteria from cowshed environment for
the biological control of toxigenic and pathogenic Fusarium
species in rice. Hence, the current investigation was carried
out to isolate and evaluate 18 bacterial species from various
cowsheds of Odisha, India for their effectiveness to control
the growth of pathogenic and fumonisin producing Fusarium
fungi.

Materials and methods

Isolation of Antagonistic Bacterial Strains
Bacterial antagonists were isolated from the cowshed
environment from Bhadrak, Balasore and Cuttack districts
of Odisha India. Both domestic cowshed and Commercial
Goshala were explored. Sampling was carried out from two
sources: from the cowshed air and from rice/paddy stored
inside cowshed. Bacteria from cowshed air were isolated
following passive air sampling method by exposing Potato
Dextrose Nutrient Agar media (PDNA) plates to cattle shed
air for one minute and then incubating at 30°C for 24 hours
[18,19]. The bacteria associated with seeds or grains were
isolated by blotter method [20]. After surface sterilization
by 1% NaOCl (Sodium hypochlorite) samples were plated
on sterilised blotting paper. The bacterial colony appeared
in the culture plate and blotter plate were then isolated

and maintained as pure culture at Crop Protection Division
of ICAR- National (Central) Rice Research Institute, India.
Efficient Bacterial strains were identified by molecular
method with sequence match of 16S RNA in the NCBIBLAST and the 16s RNA sequences were submitted to NCBI
GenBank.

Fusarium Isolates

The two pathogenic Fusarium isolates F55 and F90 used
in the current study were obtained from Crop Protection
Division of ICAR-National (Central) Rice Research Institute,
India. Both the pathogen strains have been isolated from
infected discoloured rice seeds/grains where F55 was
fumonisin producer F90 did not have the genes for fumonisin
production [9]. Total 18 bacterial isolates named as BC1 to
BC18 have been investigated for their antagonistic potential
in the current study.

Evaluation of Antagonistic Activity

Eighteen bacterial isolates viz. BC1 to BC18were
cultivated in 50ml LB Broth (DIFCO) for six hours in a shaker
at 250 rpm at 37°C; The cultural broth was mixed properly
with luke worm PDNA@ 100µl / 15ml media. Later on this
media was inoculated with test fungal isolate (s) F55 and
F90. Untreated control and four replicates of each treatment
were maintained in this study. The plates were incubated at
30°C and periodic colony growth was recorded.
The inhibition percentage in terms of inhibition of colony
area was determined as follows:
[(A of untreated control – A of treatment) / A of control]×
100
Colony area A=πr2
All statistical analysis was carried out by MS Excel application
of MS Office.

Results

Total 18 bacterial isolates BC1 to BC18 were evaluated
for their antagonistic activity against Fusarium pathogens
F55 and F90. The passport data of bacterial antagonists is
presented in Table 1. BC1 to BC4 were isolated from cowshed
air of Bhadrak district by passive air sampling method, BC4
to BC8 were isolated from paddy seeds stored in cowshed
of Balasore district and BC 9 to BC18 were isolated from
cowshed air of Commercial cowshed (Gopal Krushna Gosala)
of Cuttack district of Odisha. Figure 1 shows the various
cowshed sampling sites and appearance of bacterial colonies
on PDNA culture plates after passive air sampling and
incubation. Sequence alignment of 16s RNA in earlier studies
by Nayak, et al. [19] has identified BC1 and BC2 as Bacillus
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amyloliquefaciens, BC3 and BC6 as Bacillus subtilis, BC5 as
Bacillus vallismortis and BC7 as Bacillus amyloliquefaciens
Isolate
ID

NCBI GenBank
Accession no.

BC1

JF304104

BC2

Identified organism

Source of isolation

Bacillus amyloliquefaciens

Indoor air of Cow shed located in Bhadrak district of Odisha, India

JF304105

Bacillus amyloliquefaciens

_

Not identified

BC3

JF304106

Bacillus subtilis

BC5

JQ753710

Bacillus vallismortis

BC7

JQ753711

BC9 BC18

_

BC4

BC6

BC8

JF304107

_

sub sp.planta.

Bacillus subtilis
Bacillus amyloliquefaciens
sub sp.Planta.
Not identified

Not identified

Indoor air of Cow shed located in Bhadrak district of Odisha, India

Indoor air of Cow shed located in Bhadrak district of Odisha, India

Indoor air of Cow shed located in Bhadrak district of Odisha, India
Dehusked paddy samples stored in cowshed, collected from
Balasore district of Odisha, India

Dehusked paddy samples stored in cowshed, collected from
Balasore district of Odisha, India

Dehusked paddy samples stored in cowshed, collected from
Balasore district of Odisha, India

Dehusked paddy samples stored in cowshed, collected from
Balasore district of Odisha, India

Indoor air of Cow shed in a dairy farm (Goshala) located in Cuttack
district of Odisha, India

Table 1: Passport data of bacteria isolated from cowshed environments.

Figure 1: A-Paddy stored in cowshed, B-Commercial cowshed (Goshala), C & D-Appearance of bacterial colonies on PDNA
plates after exposure in cowshed environment.
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All the Cow shed bacteria (BC1 to BC18) tested here
were found to be effective to control the vegetative growth of
pathogenic and fumonisin producing Fusarium F55 and F90
(Table 2 & Figure 2). Isolate BC1, BC2, BC3, BC4, BC5, BC6,
BC7 and BC 8 could consistently inhibit the growth of F55
& F90 in vitro where more than 90% reduction in ‘area of
Bacterial isolates

colony’ of test fungus F55 was observed. The impact of BC9,
BC12, BC13, BC17 and BC18 on F55 was not significantly
different. About 39.8% to 60.6% inhibition in colony area
of Fusarium isolate F55 by eight cow shed bacteria BC 11 to
BC18 was observed (Table 2).

Inhibition of F55

Day-1

Day-2

Inhibition of F90
Day-3

Day-1

Day-2

Day-3

BC-1

96.4±0.7

96.0±0.3

96.7±0.2

95.4±0.0

96.8±0.2

98.9±0.1

BC-3

97.9±0.3

96.9±0.3

98.1±0.0

97.2±0.4

98.7±0.2

99.6±0.0

BC-2
BC-4
BC-5
BC-6
BC-7
BC-8
BC-9

BC-10
BC-11
BC-12
BC-13
BC-14
BC-15
BC-16
BC-17
BC-18

98.4±0.5
97.9±0.3
94.7±0.5
94.2±0.5
96.1±0.4
96.8±0.4
47.5±0.9
82.6±0.9
61.5±0.6
60.5±0.4
44.3±0.5
60.5±0.4
77.9±0.1
60.3±0.7
49.1±0.8
34.6±0.7

96.9±0.3
97.2±0.4
91.7±0.7
92.6±0.7
97.4±0.2
97.4±0.2
38.5±0.3
81.6±0.7
61.7±0.6
58.0±0.7
53.7±1.0
59.3±0.7
49.4±0.5
43.4±0.5
41.0±1.0
31.7±0.9

LSD at p<0.05 is 1.49

98.1±0.0
97.5±0.3
94.9±0.4

96.3±0.5
94.3±0.6
93.1±0.6

95.9±0.2

98.9±0.1

95.2±0.5

98.4±0.2

95.9±0.2

98.3±0.1

95.6±0.1

100.0±0.0

100.0±0.0

100.0±0.0

98.2±0.1

97.6±0.4

98.9±0.1

99.7±0.0

98.6±0.1
42.0±0.5
87.8±0.5
60.6±0.7
42.5±0.3
44.6±0.4
59.8±0.5
66.2±0.7
53.8±0.8
40.1±0.3
39.8±0.3

96.3±0.9
26.1±0.4
83.6±1.0
32.8±0.2
39.1±0.8
43.7±0.8
38.0±0.2
70.9±0.4
70.6±0.7
20.7±0.4
13.9±0.2

LSD at p<0.01 is 1.973

97.9±0.1

99.4±0.0

32.5±1.0

69.3±0.7

90.4±0.8

95.5±0.0

48.8±0.7

77.4±0.0

47.6±0.7

67.4±0.5

50.0±0.6

82.3±0.7

54.5±0.6

85.6±0.3

38.7±0.9

65.0±1.0

43.4±0.7

79.0±0.8

41.6±0.9

80.1±0.4

27.8±0.4

LSD at p<0.05 is 1.477

68.3±0.8

LSD at p<0.01 is 1.952

Table 2: Inhibition of fumonisin producing and pathogenic Fusarium by cowshed associated bacteria. Inhibtion shown in terms
of colony area.
Similar trends were observed in antagonistic activity
of cowshed bacteria against Fusarium isolate F90. However,
degree of growth inhibition by all bacterial antagonists was
more in case of F90 than F55 (Figure 3). BC6 was found to
be the most effective against F90 amongst all the bacterial
antagonists as the culture broth of BC6 could completely
suppress the mycelia growth of F90 consistently for three

days of interaction. Under same circumstances, about 95.6%
inhibition of ‘colony area’ was achieved by BC6 against F55
(Table 2). Cow shed bacteria BC7 was almost evenly effective
against both of the Fusarium isolates where 98.6% and
99.4% inhibition in colony area was observed against F55
and F90 respectively till third day of interaction.
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Figure 2: Inhibition of mycelia growth of Fusarium isolates F55 and F90 by the culture broth of bacterial antagonists isolated
from cow shed.

Figure 3: Growth inhibition of Fusarium isolates F55 and F90 by culture broth of Cow shed bacteria.

Nayak S, et al. Potential Bacterial Antagonists from Cowshed Air for the Management of Fusarium
Pathogens in Stored Rice. J Microbiol Biotechnol 2020, 5(5): 000178.

Copyright© Nayak S, et al.

6

Open Access Journal of Microbiology & Biotechnology

Inhibition in terms of colony area is shown
The inhibition percentage was determined as follows:
[(A of untreated control – A of treatment)/ A of control]× 100
Colony area A= πr2

Discussion

Eighteen bacterial antagonists isolated from cowshed
environment have been evaluated against pathogenic and
fumonisin producing Fusarium species F55 and F90 in the
current investigation. All the strains showed their antagonistic
effect with varied degree of efficiency. Bacillus species, as
a group, offer several advantages over other bacteria for
protection against pathogens because of their ability to
form endospores and the broad-spectrum activity of their
antibiotics [14]. There are numerous reports of Bacillus spp.
which repressed Fusarium pathogens causing yield loss and
grain deterioration by production of fuminisin mycotoxins in
rice and other crops. A B. subtilis strain SG6 exhibited a high
antifungal effect on the mycelium growth, sporulation and
mycotoxin production of F. graminearum with the inhibition
rate of 87.9%, 95.6% and 100%, respectively. The antifungal
activity of SG6 could be associated with the coproduction
of chitinase, fengycins and surfactins. Surfactins could
synergistically impact the anti-fungal activity of other
lipopeptides [15]. Ajilogba, et al. [16] evaluated Four Bacillus
spp. B. amyloliquefaciens, B. cereus, B. pumilus and B. subtilis
for biocontrol activities against Fusarium solani in vitro where
inhibition percentage as high as 95% could be achieved.
These antagonistic Bacillus species have often been isolated
from similar niches as of their host plant. Even species like
Bacillus halotolerans isolated from contrasting niches have
been found as ‘Plant Warden’ against wide range of Fusarium
phytopathogens [17]. Inhibition percentage shown by most
of the bacteria included in this study was at par with all these
observations where inhibition as high as 100% has been
achieved by BC6. Cow dung has served as a source for the
presence of antifungal biocontrol agents including Bacillus
species. Many Bacillus species isolated from cow dung have
also been reported to possess antagonistic activity against
many plant pathogens including Fusarium. Subsequently, the
cow shed air which is saturated with these useful Bacillus
bacteria might also be a selective source for exploration
of antagonistic bacteria [18]. However, no study has been
conducted elsewhere to explore this possible source for the
isolation of antagonistic bacteria against Fusarium pathogens
infecting rice and producing fumonisin mycotoxin.

In the current investigation high degree of inhibition
(100% in some cases) was shown by all the bacteria isolated
from cowshed environment. Even, the paddy seeds stored
in the cow shed also found to be enriched with Bacillus
bacteria which became seed borne. BC5 to BC8 isolated from
paddy seeds could restrict the mycelia growth of both of the

Fusarium sp. where BC6 showed 100% inhibition percentage
towards F90. Other bacterial species isolated from the
commercial cow shed Gopal Krishna Goshala, also exhibited
reasonable antagonism to Fusarium but the inhibition was
significantly less than that of bacteria (BC1 to BC8) isolated
from domestic cow sheds. People in the rural area of Odisha,
India generally keep indigenous breeds of cows in domestic
cow sheds where as hybrid cow varieties are kept in the
commercial cow sheds (Goshala). In the current investigation,
higher antagonism to pathogenic and fumonisin producing
Fusarium was obtained by the bacterial species isolated
from domestic cow sheds than that of commercial cow shed.
This observation indicated the presence of bacterial species
having higher bioactivity in the cow dung of indigenous
breeds and subsequently in the cow shed environment of
domestic cow sheds. This observation holds a scope for the
investigation of microflora in more number of domestic and
commercial cows sheds to get in to conclusive evidence.

The current state of crop losses due to pathogenic
diseases is alarming, with an estimated 8-40% of crop yield
losses caused by plant pathogens worldwide. The impact
of losses ranges from a modest reduction of plant-growth
measurements to more serious damage leading to plant
death and reduced yield. Fusarium species are globally
important pathogens of agricultural plants, livestock and also
humans and also produce a range of mycotoxins. Numerous
mycotoxins produced by Fusarium species with the ability to
cause diseases in plants and animals have been described in
literatures [21]. In the past three decades, control strategies
against this devastating plant pathogen have been based
solely on fungicide application, which has resulted in longterm undesirable environmental pollution [22]. With the
increase in awareness of the danger of chemical control
applications, fungicides are beginning to take a back foot,
with the use of biocontrol products being exploited. Among a
variety of bacterial genera, species of Bacillus, Pseudomonas
and Streptomyces have been widely used as BCA. Bacteria
from cowshed in general and Bacillus species in particular
have always held the potential to be ideal organism for
biological control of plant pathogens. Bacillus species play
a great role as bacterial antagonists to pathogens due to
their ability to reproduce actively and their resistance
to unfavorable environmental conditions. The species’
antagonistic activities are associated with the production of
metabolites with antibiotic properties. Particularly, volatile
metabolites produced by these microorganisms also play an
important role in the activation of plant defense mechanisms
by triggering induced systemic resistance (ISR) in plants. In
addition, plant host defense responses can also be activated
during the production of metabolites by Bacillus species.
As documented in the literature, Bacillus spp. also directly
antagonize fungal pathogens by competing and depriving
them of essential nutrients, by producing fungitoxic
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compounds [23,24].

8.

Eighteen bacteria isolated from the cow shed
environment exhibited antagonistic activity towards
pathogenic and fumonisin mycotoxins producing Fusarium.
Bacillus species bacteria isolated from domestic cow shed air
and paddy seeds kept in cow shed showed higher inhibitory
capacity than bacteria isolated from commercial cow sheds.
Various Fusarium species are responsible for causing diseases
and mycotoxins production in rice and other crops. Hence,
biocontrol strategies employing cowshed bacteria might be a
potential option for safe guarding rice which is the principal
food for more than half of world’s population. Investigation of
more numbers of cowshed bacteria might give more insights
in to the distribution and pattern of biocontrol efficacy of the
resident bacteria.

9.

Conclusion
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