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In view of control of phytopathogens by soil bacteria an attempt was taken in
the present investigation to screen and isolate antifungal bacteria from lateritic soil zone
(20.11 to 20.85 latitude and 85.01 to 85.54 longitude) acid soil (pH 4.9-5.6) region of
Odisha covering four districts. About 6 bacterial species isolated from two districts were
found to be promising antimycotic in vitro. The organisms were subjected to various
biochemical tests and were identified as Bacillus subtilis and Bacillus azotoformans
from Dhenkanal district and Bacillus farraginis and Bacillus amyloliquefaciens from
Nayagarh district as per ABIS online software. B. amyloliquefaciens showed significant
inhibition zone (18mm) against the pathogen P. notatum.
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Control of plant disease is a pressing need
for agriculture in the 21st century. The increasing
demand for a steady, healthy food supply by a
burgeoning human population requires controlling
crop diseases that reduce crop yield1. Biological
control, using microorganisms to suppress plant
disease offers a powerful alternative to the use of
synthetic chemicals. The rich diversity of the
microbes provides a seemingly endless resource
for this purpose. Increasing the abundance of a
particular strain in the vicinity of a plant can
suppress disease without producing lasting effects
on the rest of the microbial community or other
organisms in the ecosystem2,3.

Most bacteria produce antimicrobial
compounds, such as broad spectrum classical
antibiotics, posses biologically active fungicidal
properties. Although many Bacillus species
synthesize relatively abundant antimicrobial
compounds4, the possibility for screening of a new

species of Bacillus being antimycotic producer is
considered to be one of the major interests in
bacteriocins research5. A strain of Bacillus subtilis
is highly effective for crop protection from the
pathogens Fusarium sp. and Rhizoctonia sp., as
well as in stimulating plant growth6,7.

Mycotoxins are toxic secondary
metabolites produced under appropriate
environmental conditions by filamentous fungi,
mainly by species of Aspergillus, Penicillium and
Fusarium8. The discovery and characterization of
antimycotic compounds produced by organisms
isolated from extreme environments are not only
of interest of the day, but also potentially important
to industry. Such organisms, may provide a new
and more efficient means for the inhibition of target
microorganisms, with production of unique
compounds.

One of the modern approaches is
screening of bacteria for antimicrobial activities
from varied environments. In this regard acid soil
(lateritic soil) of Odisha carries a significant
importance as little or no microbiological study
has been done in past with a view to their biotic
potential. On account of that an attempt was made
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in the present study for the isolation, screening
and identification of antifungal bacteria from
lateritic soil region of Odisha.

MATERIALS AND METHODS

Soil sampling and isolation of bacteria
Experimental soil samples were collected

from rice ploughed field of Acid soil regions (pH
4.9-5.6) of Odisha during early spring season. Top
0–15 cm of soil was collected aseptically, covered
with plastic bags, air dried for 48hrs powdered and
used for the study. 10gms soil sample was mixed
with double distilled water (soil: water = 1:2 w/v)
for soil pH measurement. Standard isolation
method was followed taking specimens randomly,
without any prior knowledge of the microbial
composition of the source under investigation.
Traditional in vitro cultivation method was
followed for heterotrophic bacterial isolation on
Nutrient Agar (NA) media (Himedia, India) plates
in triplicate with pH 5.4, 5.0, 4.9 and 5.6 for
Dhenkanal, Cuttack, Jajpur and Nayagarh samples
respectively. A total of thirty six (serial 1-36)
bacteria were isolated from Acid soils (Dhenkanal,
Cuttack, Jajpur and Nayagarh) in Odisha.
Microscopic identification

Identification of bacterial isolates was
carried out by colony characteristics on NA plate
and Gram’s reaction.
Revival of fungal pathogens

The phytopathogens (Aspergillus
fumigatus, Penicillium notatum and Fusarium sp.)
were grown in different medium. A. fumigatus and
P. notatum were grown aerobically for 48hr at 25°C
in PDA (Potato Dextrose Agar)9. Fusarium sp. was
grown on RBCA (Rose Bengal Chloramphenicol
agar) (Himedia, India) and successfully revived
prior to experimental use.
Bacterial inocula preparation

Bacterial crude cultures used for bioassay
were prepared in NB (Nutrient Broth) with
appropriate acidic condition. Cultures were
incubated at 37°C for 24hr on a shaker incubator.
For testing antimicrobial activity, PDA (Potato
dextrose agar) medium was used.
In vitro Antimycotic assays

Antimycotic activity of the bacterial
isolates was determined by agar diffusion
technique. Antimycotic assays were performed on

9cm Petri plates containing 25ml of PDA medium.
A well was made by sterile Cork Borer (diameter,
6mm) in the centre of the Petri plate. 100-µl aliquot
of 24hr old culture was pipetted into the well. Plates
were incubated at 30°C for 24-48hr. Effectivity of
the isolates was assessed by growth inhibition of
pathogenic fungi. The results were reported by
measuring the diameter of inhibition zone. Three
plates with equal measurement were used for each
sample and the experiment was repeated thrice.
The data was computed and statistically analysed.
Antimycotic activities of the isolates were
measured in terms of percent inhibition (P.I.) of
fungal growth.

Where ‘C’ is the diameter of fungal
growth in control plate and ‘T’ is diameter of fungal
growth in test plate10,11. The total P.I. (TPI) can be
calculated from the below formula.
[TPI=100-P.I.]
Biochemical Characterization

After the microscopic examination the
Gram negative and Gram Positive bacteria were
subjected to biochemical test for identification.
Enzymatic and tests for sugar utilization were
conducted as per the requirement of the bacterial
identification software ABIS (Advanced Bacterial
Identification Software) online12. Gram +ve and -
ve (rods & cocci) bacteria were identified from the
Gram’s reaction, morphology and colony
characteristics on basal media up to generic level.
For all biochemical tests 24hr old cultures were
used. A control was run separately for comparison.

RESULTS

Experimental soil samples collected from
lateritic soil regions of Odisha (Dhenkanal, Cuttack,
Jajpur and Nayagarh) were tested acidic in nature
with pH ranging from 4.8-6.2. The area ranges to a
lowest of 19m to highest of 90m altitude (Table-1).
Ten samples were collected from each of 4 places
adapting standard sampling technique weighing
150gm each.

A total of 36 bacteria were isolated from
acid soil viz. 8 independent colonies from
Dhenkanal coded as DOD-1 to DOD-8, 5 bacteria
from Cuttack district starting from COD-1 to COD-
5, 8nos. bacterial colonies from Jajpur district coded
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as JOD-1 to JOD-8 and 15nos. of bacterial colonies
were isolated from acid soil of Nayagarh district
coded as NOD-1 to NOD-15. On evaluation of
antifungal activity of the bacterial isolates out of
36 isolates in total, 5 isolates inhibited growth of
Aspergillus fumigatus in vitro. Rest of the bacteria
failed to produce any inhibition zone against the
pathogen. Bacteria isolated from Cuttack and Jajpur
were proved to be impotent for antifungal
properties. Among the isolates NOD-14 was the
most significant inhibitor (Fig. 1) as compared to
the control (C.D. at p<0.05=0.91) (Table 2). Amongst
the isolates from the acid soil region, five isolates
registered zone of inhibition against Penicillium
notatum; 2 from Dhenkanal and 3 from Nayagarh
district. From plate assay it is confirmed that the
bacteria from Jajpur and Cuttack district were
unable to inhibit the growth of the fungus.
Maximum inhibition was reported in NOD-14
followed by NOD-10 and NOD-5. Other organisms
didn’t produce any insignificant difference
between the control and the treatment and found
at par with control 89.9±0.6 (C.D. at p<0.05=0.62)
(Table 2). The inhibitory strength of the bacteria
from the lateritic soil region was tested against

Fusarium sp., the producers of fumonisins. Only
4nos were able to exhibit antifungal activity in plate
assay by agar diffusion method. NOD-10 produced
16mm zone of inhibition followed by NOD-14 (Fig.-
2). Only a single bacterium (DOD-4) from Dhenkanal
district produced inhibition zone against Fusarium
sp. There was no significant difference between
the control and the treatment as regards inhibition
by other bacteria 89.9±0.6 (C.D. at p<0.05=1.003)
(Table 2).

The Total percentage of inhibition was
determined. The whole spent broth (WSB) of NOD-
14 inhibited 22.50% growth of P. notatum in
comparison to 17.50% by NOD-10 followed by
15.00% by DOD-2. The highest percentage of
inhibition against A. fumigatus was shown by WSB
of NOD-14 up to 21.25% followed by 17.50% and
15.00% by NOD-10 and DOD-4 respectively.
Fusarium sp. inhibited the least amongst the
pathogens up to 15.00% by DOD-4, 17.50% by
NOD-14 and maximum up to 20.00% by WSB of
NOD-10(Table 3).

The colony characteristics ranged from
circular medium to large size and irregular spreading
configuration with colour ranged between off white

Table 1. Geographical distribution of different acid soil sampling region of Odisha

Sampling site Geographical Indications  Samples
Latitude Longitude Altitude pH collected

MSL in m in g

Mahishapat, Dhenkanal 20.67 85.54 76 5.3-6.2 150
Barang, Cuttack 20.27 85.52 23.5 5.0-5.1 150
Chandikhol, Jajpur 20.85 86.33 19 4.8-5.5 150
Ranpur, Nayagarh 20.11 85.01 90 5.3-5.9 150

MSL- Mean Sea Level

Fig. 1.  In vitro antimycotic assay of whole spent broth antifungal bacterial isolates (i), (ii), (iii) & (iv) shows
DOD-2, NOD-14, DOD-4 & NOD-10 against Aspergillus fumigatus
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Table 2. Inhibitory zone of the bacterial isolates from varying sampling sites of different
agro eco regions (sub-regions) against A. fumigatus, P. notatum and Fusarium sp.

Soil Sampling (Sl. No.)            Bacteria Isolated Zone of Inhibition(mm)
A.  fumigatus P. notatum Fusarium sp.

Sampling site-1‘a’ 1 DOD-1 - 12 -
2 DOD-2 <10 12 -
3 DOD-3 - - -
4 DOD-4 12 - 12
5 DOD-5 - - -
6 DOD-6 - - -
7 DOD-7 - - -
8 DOD-8 - - -

Sampling site-1‘b’ 9 COD-1 - - -
10 COD-2 - - -
11 COD-3 - - -
12 COD-4 - - -
13 COD-5 - - -

Sampling site-1‘c’ 14 JOD-1 - - -
15 JOD-2 - - -
16 JOD-3 - - -
17 JOD-4 - - -
18 JOD-5 - - -
19 JOD-6 - - -
20 JOD-7 - - -
21 JOD-8 - - -

Sampling site-1‘d’ 22 NOD-1 - - -
23 NOD-2 - - -
24 NOD-3 - - -
25 NOD-4 - - -
26 NOD-5 12 14 16
27 NOD-6 - - -
28 NOD-7 - - -
29 NOD-8 - - -
30 NOD-9 - - -
31 NOD-10 14 14 16
32 NOD-11 - - -
33 NOD-12 - - -
34 NOD-13 - - -
35 NOD-14 17 18 14
36 NOD-15 - - -

C.D. at p<0.05 0.91 0.81 1.003

‘a’- sub humid to humid eastern & south eastern upland; ‘b’- Eastern Ghats hot moist sub-humid eco-sub-region;
‘c’- Eastern plateau (chhotanagpur) and Eastern Zone; ‘d’- Eastern Ghats, hot moist sub humid eco sub region;
Unidentified bacteria are numbered where alphabet represents their respective places of sample collected; “D”-
Dhenkanal, “N”- Nayagarh, “J”-Jajpur, “C”- Cuttack, “OD”-Odisha.

Table 3. Percentage of Inhibition by whole spent broth of antifungal bacterial isolates

Phytopathogens                                 Bacterial Inhibition (%)

DOD-2 DOD-4 NOD-10 NOD-14

A.  fumigatus - 15.00 17.50 21.25
P. notatum 15.00 - 17.50 22.50
Fusarium sp. - 15.00 20.00 17.50
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Table 4. Morphological characteristic of bacterial isolates from lateritic acid soil of Odisha

Sl. No. Colony Characteristic Gram’s Variable

DOD-2 Circular, Medium size, Fade yellow colour, Entire margin, Positive, Rods
 Lustreless surface, Flat colonies, Opaque

DOD-4 Circular, Medium size, Off white colour, Erose margin, Positive, Rods
Lustreless surface, Convex colonies, Opaque

NOD-5 Circular, Large size, Fade Yellow Colour, Entire margin, Negative, Rods
Convex colonies, Opaque

NOD-10 Circular, Large size, White Colour, Entire margin, Flat Positive, Rods
appearance, Opaque

NOD-14 Off white Colour, Irregular and spreading configuration, Positive, Rods
Lobate margin, Flat, Opaque

“D” denotes Dhenkanal District; “N” denotes Nayagarh District and Odisha abbreviated as “OD”

and fade yellow. Colonies were with entire, erose
or lobate margin. All 5 colonies were opaque with 1
negative and rest positive to Gram’s reaction and
all are rod shaped in micrograph (Table-4).

There are two bacteria from Dhenkanal
district which were active against almost all
pathogens and these were biochemically
characterized. Following the biochemical result in
Advanced bacterial identification software (ABIS)
online the bacterium coded DOD-1 was found to

Fig. 2. In vitro antimycotic assay of whole spent broth of acidophilic antifungal bacteria against Fusarium sp.

be Bacillus subtilis and DOD-2 was Bacillus
azotoformans (Table-5). The bacteria isolated from
Cuttack and Jajpur failed to prove their activity
against the fungal pathogens. The isolates from
acid soil of Nayagarh were also identified by ABIS
online. Out of 15 bacteria only 3 were antifungal
bacteria and amongst them 2 were most potent
and it is found that the bacterium NOD-10 was
Bacillus farraginis and NOD-14 was Bacillus
amyloliquefaciens (Table-6).
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DISCUSSION

Microbial diversity of extreme
environment is of significant importance to soil
microbiologist as they play an important role being
acclimatized to the environment. Soil is considered
one of the most suitable environments for microbial
growth13. The acid soil (pH 4.8-6.2±0.10) favours
growth and sustenance of variety of microbes
especially bacteria having adaptability to acidic
environment9.

Application of this screening procedure
gives useful information for the identification of
possible potent organisms. These methods suffer
from the limitation of not specifically demonstrating
bactericidal activity. The antifungal activities of
bacteria were evaluated by agar diffusion method
as it is simple and cost effective14. The present
study emphasizes on screening of bacterial isolates
from Acid soil region of Odisha and biochemical
characterization of most potent isolates against
some plant pathogens.

A no. of soil bacteria isolated from
rhizospheric region were able to inhibit the
Fusarium sp. in dual culture method up to 60.00%15.
However, the bacteria isolated from Jajpur and
Cuttack districts were unable to inhibit the
phytopathogen A. fumigatus, P. notatum and
Fusarium sp. a serious rice pathogen. Out of five
bacteria 3 bacteria from Nayagarh and 2 from
Dhenkanal districts were inhibiting the fungus in
the range of 12 to 18mm. NOD-14 produces the
maximum of 18mm inhibition zone against P.
notatum followed by 17mm against A. fumigatus.
The maximum zone of inhibition with 16mm was
registered by NOD-5 while DOD-4 comes with the
lowest inhibition of 12mm against Fusarium sp.
which is the first report from the acid soil region of
Odisha. However, the biocontrol potential of B.
subtilis, have been reported as effective against a
broad spectrum of plant diseases caused by soil
borne16 and foliar fungal pathogens17.

Amongst the 36 isolates obtained in
primary screening, four potent antifungal isolates
were gone through biochemical characterizations.
2 isolates form Dhenkanal district (DOD-2 and
DOD-4) and 2 isolates from Nayagarh districts were
inhibiting almost all pathogens. Biochemical
characters of 2 Dhenkanal isolates revealed that
they belongs to Bacillus sp. were identified as

Bacillus subtilis (probability 94%) and Bacillus
azotoformans (probability 92%). The biochemical
characteristics of Nayagarh isolates showed that
NOD-10 as Bacillus farraginis (probability 80%)
and NOD-14 as Bacillus amyloliquefaciens
(probability 82%) by ABIS ONLINE software18.

Antifungal activity of Bacillus sp. isolates
against A. fumigatus, P. notatum and Fusarium
sp. was related to its ability to produce antifungal
compounds similar as previously reported by other
Bacillus sp. The growth of Penicillium was
inhibited by >50% by 14 strains of Bacillus sp. in
vitro19. B. subtilis strain GA1 has potential to
control disease of apple caused by fungus20.

Most of the Bacillus are non-pathogenic,
with high secretion capacity and are competent in
producing various biological substances such as
secretory proteins, enzymes, biofilms,
biosurfactants and antibiotics. Screening of
different antibiotics from natural sources is
increasingly essential to agricultural realm as
pathogenic bacteria develop resistance against
commonly used therapeutic agents.  On
comparison, the zone of inhibition against P.
notatum by B. amyloliquefaciens was more and
superior amongst 5 isolates. The zone of inhibition
of other isolates didn’t produce insignificant
difference between control and treatment and found
at par with control 89.9±0.6 (C.D. at p=0.05=0.81)
(Table-2).
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