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ABSTRACT

Nine Bacillus strains were isolated from straw used in composting for
mushroom cultivation and studied for their antifungal potential. Theisolate
37-IM07 showed growth inhibition of all five phytopathogenic fungi used
in spot inoculation method and it was identified as Bacillus subtilis. In
vitro antagonism assay using single streak and double streak methods of
dual culture technique has reveal ed the immense potential of the B. subtilis
37-JM07 with broad spectrum antifungal activity against 12
phytopathogenic fungi. In addition, theisolate 37-JIM07 also could inhibit
two gram positive bacteria in some extent. Cell free culture supernatant
without concentration failed to suppress the growth of any fungi tested.
Invivo field experiment resulted in 100% elimination of incidence of green
mold disease in mushroom cultivation caused by Trichoderma harzianum
dueto treatment with B. subtilis 37-JM07. M oreover, about a30% increase
of mushroom yield over uninoculated control was also contributed by this
potential Bacillus biocontrol agent.
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INTRODUCTION susceptibility. Plant disease control, therefore, hasnow

become heavily dependent on fungicidesto combat the

Despite the many achievements of modern
agriculture, certain cultura practices have actually
enhanced the destructive potential of diseases. These
practicesinclude use of genetically smilar crop plants
in continuous monoculture, use of plant cultivars
susceptible to pathogens, and use of nitrogenous
fertilizers at concentrations that enhance disease

widevariety of funga diseasesthat threaten agricultural
crops. Alternativesto many of the synthetic pesticides
currently in useare needed, becausethey may losetheir
usefulness; dueto revised safety regulations; concern
over non-target effects; or dueto the devel opment of
resistancein pathogen populations?”. Thus, thereisa
need for new solutionsto plant disease problemsthat
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provideeffectivecontrol, whileminimizing the negetive
consequences for human health and upon the
environment*7,

Biological control based on microorganisms to
suppress plant diseases offersapowerful dternativeto
synthetic chemicals. Theabuse of chemical pesticides
or fungicides to care or prevent plant diseases has
caused soil pollution and detrimentd effectsin humans.
It is desirable to replace chemical pesticides with
materials that posses the criteria of high specificity
against thetargeted plant pathogen, easy degradability
after effective usage, and low mass production cost.
Biologicd control includestheuseof natura or modified
organisms, genes, gene products etc., to reduce the
effectsof undesirableorganisms(pests, pathogensetc.),
so astofavor desirable organismssuch ascrops, trees,
animds, beneficid insectsand micro organismsby their
action of parasitoids, competition, induction of host
resistance, predation, pathogenesisor antagonism.

Because of theincreasing restriction in the use of
chemical fungicidesdueto concernfor theenvironment
and human health, microbia inoculants have been
experimented extensively during the last decade to
control plant diseases*®. Asmost of the soil and seed
borne plant pathogensare fungi, biocontrol bacteria
havebeenintensvey investigated™. Theuseof bacteria
has also been investigated mainly becausethe genetic
and biochemical analysis of bacteria and the mass
production of bacterial products are more
strai ghtforward than those of fungi, and thustheissue
of bacteria control isexpected to havegreat potential.
Agrobacterium, Pseudomonas, Bacillus,
Alcaligenes, Sreptomyces, and others have been
reported to be bacterial biocontrol agentg*%1652),

Bacillussubtilisisantagonistic bacterid biologica
agent which control many arborne, seed borne and soil
borne diseases of rice, wheat, sugarcane, jute,
groundnut, cotton, rubber, soybean, tobacco, and
vegetables etc. These bacteriacan colonizeintheroot
and leaf system of plants and compete and thereby
suppressthegrowth of plant diseasecausngorganisms.
Antibiotics produced by antagoni stic microorganisms
have played animportant rolein biological control of
plant diseased?. Members of the B. subtilisfamily
produceawidevariety of antimicrobia substanceslike
subtilosnA, subtilin, sublancin, Chitinase, and TasA are

ribosomal antibioticg”8650%1: byt others, such as
chlorotetain, bacilysin, mycobacillin, difficidin,
rhizocticinsbecillaene, andlipopeptidesindudingiturins,
surfactins, and fengycinsfamiliesare produced under
the facilitation of ribosomal peptide synthetases of
polyketide synthesed 3283235373855 |nthelipopeptide
family, iturinsand fengycinsdisplay strong antifunga
activity against awiderangeof plant pathogensand are
considered asthekey factorsfor antagonismi442,

Bacillusspp. havethecharacteristicsof beingwiddy
distributed in soils, having high thermal tolerance,
showing rgpidgrowthinliquid culture, and readily form
resistant spores. Moreover, they are considered safe
biologica agentsasthey are non pathogenic, and their
potentia asbiocontrol agentsisconsidered to behigh.
However, the evaluation of bacteria has focused
primarily on growth suppression“d, but the population
dynamics and mechanisms of suppressing plant
pathogensin soil by Bacillus subtilis have not been
extensvely investigated?”,

The present investigation hereby reports the
isolation, identification and eval uation of astrain of
Bacillus subtilisfor its potential asbiocontrol agent
against green mold disease of mushroom, Pleurotus
ostreatus caused by Trichoderma harzianum.

MATERIALSAND METHODS

Isolation and purification of bacterial strains
antagonisticto other microbes

Straw used in compost preparation for commercid
mushroom cultivation wascollected from the National
Mushroom Devel opment and Extension Center, Savar,
Dhaka. One gram straw was taken in a test tube
containing 10 ml of steriledidtilled water and mixed well
by vortexing. Thissuspensonwasdiluted by usng serid
dilutiontechnique. Thedilutionsfrom 10¢, 10° and 10°
were given apretreatment with heat at 80 °C for 10
mintoensurethat only heet resistant strainsremained®.
Thenandiquot of 0.1t0 0.2 ml from these pre-treated
suspens ons of isolation source was spread on to petri
plates containing Nutrient Agar (NA) medium and the
plates were incubated at 30 °C for 48 hrs. Bacillus
colonieswerepicked from themedium based on colony
morphology and sub cultured for severd timesto obtain
pureculture.
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Collection of phytopathogenicfungi and bacterial
strainsfor antagonism assay

Twelve plant pathogenicfungi and twelvebacteria
strains(TABLE 1 and 2) werecollected from Culture
Collection of Lab of Microbiology and Lab of Plant
Pathol ogy, Department of Botany; and Department of
Microbiology, Jahangirnagar University; Plant Pethology
Lab, University of Dhaka, Bangladesh; and from the
National Mushroom Development and Extension
Center, Savar, Dhaka, Bangladesh.

Preliminary screening of bacterial isolates for
antifungal activity

Sdlection of antagonistic bacterid isolateswasdone
by employing spot inocul ation method wherea PDA

= OCrlticel Review

(potato dextrose agar) plate (90 mmin diameter) was
inoculated with pathogenicfungi at the center and 3to
4 bacterial isolatesat the periphery of sameplateat a
distance of about 15-20 mm from the center. Plates
wereincubated at 28 °C and observed for any clear
zonearound the bacteria isolateasinhibition of funga
growthtill 10 daysof inoculation. Thefunga pathogens
used inthisprimary screening of antifungal activity of
bacterial isolates were Alternaria alternata,
Colletotrichum gloeospiroides, Drechslera oryzae,
Fusariumoxysporum, and Trichoderma harzianum.

Characterization of antifungal bacterial isolate

Selected antifungal bacterial isolates were
characterized by morphological, physiologica and

TABLE 1: Theligt of plant pathogenic fungi used in antagonism study

Pathogen’s Name Disease Name Occurrence Origin
1. Alternariadternata Leaf spot Seed borne Dhaka University
2. A. solani Early blight Seed borne Jahangirnagar University
3. Botryodiplodiatheobromae Black Band Seed borne Dhaka University
4. Calletotrichum musae Mango anthacnose Soil borne Dhaka University
5. Colletotrichum gloeosporioides  Die back/ Anthacnose Soil borne Dhaka University
6. Curvularialunata Grain mold, leaf spot Seed & Soil borne  Dhaka University
7. Drechderaoryzae Brown Rot Seed borne Jahangirnagar University
8. Fusarium moniliforme Bakane or Fruit Rot Seed borne Dhaka University
9.  Fusarium oxysporum Fusarium wilt/Panama of Banana  Soil borne Y amaguchi University, Japan
10. Sclerotiumrolfsii Root rot of ground nut Soil borne
11. Trichodermaharzianum Green Mold Soil borne NMDEC, Savar
12. Trichoderma viridae Green Mold Soil borne NMDEC, Savar

NMDEC= National Mushroom Development and Extension Center

TABLE 2: List of bacteriaused for in vitro antagonism assay

Name of the Bacteria

Sour ce of collection

1. Staphylococcus aureus

2. Samonella typhi

3. Shigella flexneri

4. Vibrio cholerae

5. Escherichia coli

6. Bacillus subtilis

7. Bacillus mycoides

8. Pseudomonas sp.

9. Vibrio parahaemolyticus

10. Escherichia coli ATCC 25922
11. Staphylococcus aureus ATCC 25923
12. Proteus mirabilis

Department of Microbiology, JU
Department of Botany, JU
Department of Microbiology, JU
Department of Botany, JU
Department of Microbiology, JU
Department of Microbiology, JU
Department of Botany, JU
Department of Microbiology, JU
Department of Botany, JU
Department of Botany, JU
Department of Botany, JU
Department of Botany, JU

JU= Jahangirnagar University; DU= University of Dhaka
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biochemical tests. Colony morphology of selected
isolateswas examined by grown on nutrient agar for 2-
4 days. Cdl’s morphology including cell shape, size and
width; motility of cells; presence, shapeand position of
endospores; cell dilation dueto the spore and Gram-
ganreactionwasstudied microscopicaly. Thetolerance
rangeof temperature, pH and salinity for the growth of
sdlected antifungal bacterial isolateswas determined.
Nutrient agar was used asthe basal medium. Growth
at 25°C, 30°C, 35°C, 40°C, 45°C, 50 °C, 55°C and
60 °C was recorded after 2 to 7 days of incubation.
Growthat pH 5.0, 5.5, 6.0, 6.5, 7.0, 8.0 and 9.0 was
determined in mediaadjusted to the appropriate pH
with HCl or NaOH after incubation of 3 daysat 35°C.
Growthinthe presence of NaCl (3%, 5% and 7% w/
V) wasrecorded after 2-7 daysincubation at 35 °C.

Metabolic characteristics of the growing cells of
isolates such as Voges-Proskauer test; oxidase
production, catal ase production and urease production;
utilization of citrate assole carbon source; hydrolysisof
caseln, starch and gelatin; indole production; nitrate
reduction; phenylaaninedeamination/hydrolysis, H,S
production; and utilization of different carbohydrate
sourcessuch asglucoseand lactose, and acid formation
from glucosewere carried out.

| dentification

Sd ected bacterid isolatesshowing growthinhibitory
activity tothetest fungi in preliminary antagonism assay
wereidentified according to the Bergey’s Manual of
Determinative Bacteriol ogy'?® and Bergey’s Manual of
Systematic Bacteriol ogy™ based on morphologica and
biochemica characteristicsdetermined. |dentification of
these unknown antifungal bacterid isolatesfrom genus
to specieswas carried out by matching experimental
resultswith theidentification key for srainidentification
asdescribed by Priest*d and Slepecky and Hemphil 7,

I n vitro antagonism assay against plant pathogenic
fungi and bacteria

Thedua culturetechniquefollowing both single
streak and double streak methods was used to
determinethegrowthinhibition potentia of thesdected
bacterial isolate against 12 plant pathogenic fungi
(TABLE1). Purecultures of thesefungi wereinitialy
grown in Petri dishes containing PDA medium and
incubated at 28+2 °C for 5 days. Then about a 4x4

mm agar block was cut from the edge of actively
growing colonies of each fungus and placed on the
center of another PDA plate (90mm). Antagonistic
bacterial isolate was streaked toward the periphery at
adistance of about 20-25 mm from the center of the
same PDA plate. Thenincubation wasmadeat 28°C
for upto 7 daysand thegrowth inhibition of test fungal
pathogens by bacterial BCA wasrecorded.

The percent inhibition of radial growth of thetest
funga pathogen by bacterid isolateswascal cul ated by
thefollowingformuladescribed by Sariah*¥ and Idam
etal.?,

RC-RT

RC
Where, RC = Radiusof test fungal growthin control
plate without inoculation of any antagonistic bacteria
(inmm).
RT =Radiusof test funga growth toward the streak of
antagonigtic bacterid isolate (inmm).

Overall growth inhibition efficiency of the
antagonistic bacterial isolates was recorded by
observation of radia growth of fungal mycelium, total
massof funga mycelium, amount of sporeformeation by
test fungi and col oni zation of isolatein the treatment
plates compared with control plates.

Theantibacterial activity of the selected potential
bacteria biocontrol agent was a so determined using
cross-streak method. Singlestreak of selected bacterid
biocontrol agent was made on surface of the nutrient
agar. After that 12 bacterial strains (TABLE 2) were
streaked at right anglestotheorigind stresk of bacteria
biocontrol agent and incubated at 37 °C. Theinhibition
distance was observed and measured after 24-48h. A
control platewasa so maintained without inocul ating
the isolated bacterial biocontrol strain to assess the
normal growth of the bacteria.

In vitro antifungal assay with cell free culture
super natant of selected inhibitory bacterial isolate

Invitro antifungal assay with 48 h old cell free
culture supernatant of the selected bacteria strain
against al 12 phytopathogenic fungi wasperformedto
check theaction mechanism using agar well diffusion
method. A loopful of 24 h old seed culture on nutrient
agar dant wasinoculated in 1200 ml nutrient broth and
incubated for 48 h at a temperature of 37 °C with

Radial growth inhibition % = x 100
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agitation of 140 rpm in a shaker bath. The culture
supernatant was harvested by centrifugation at 8000
rpm for 5 minutes and filtered through 0.22 pm
nitrocellulose membranes (Milliporelnc., USA). This
filter sterilized culture supernatant of isolated bacteria
biocontrol agent was used for applicationto thewells
of potato dextrose agar plates. Twowellsof 7.0 mmin
diameter were made by using sterile agar borer and
then 50 pland 100 pl of the sterile supernatant prepared
asper method described abovewas appliedto thewells
using micropi pette. At the center of eech treatment PDA
plate the pathogen myceliawasinocul ated separately
for each pathogen. Theplateswereincubated at 25°C
and visua observation wasmadefor growth inhibition
of test fungal pathogensfor three consecutive days of

incubation. Control plate contained similar volume of
filter serilized culturemediumwithout inoculationwith
BCA.

InVivofield experiment to deter minebiocontrol
potential

A fidd experiment wascarried outinthe Nationa
Mushroom Devel opment and Extension Center, Savar,
Dhaekatodetermineisolate’s efficacy in controlling green
mold disease of mushroom. Small substrate packets
containing 500g of compost materiad sfor spawningwere
used. 10 ml of Bacillus subtilis 37-JM07 and
Trichoderma harzianum spore in sterile water was
applied to spawn packet. Four different treetmentswith
20replicationsused wereasfollows.

Treatment Composition

T- . .

0 Uninoculated control (nothing was added to the spawn packets of mushroom).

T 10 ml of spore suspension of Trichoderma harzianum at a concentration of 10°/ml wasinjected into a

1 pasteurized spawn packet after successful mushroom mycelium run through the opening cut for pin head
emergence.

T- 10 ml of Bacillus subtilis 37-JIMQ7 suspension at a concentration of 10° cfu/ml wasinjected into a pasteurized

2 spawn packet after successful mushroom mycelium run through the opening cut for pin head emergence.

T 5 ml of Bacillus subtilis 37-IM07 suspension of 10™ cfu/ml + 5 ml of spore suspension of Trichoderma

3 harzianum at a concentration of 10"%ml was injected into a pasteurized spawn packet after successful

mushroom mycelium run through the opening cut for pin head emergence.

Bacillusinoculum preparation

Theinoculum of isolated Bacilluswas prepared
according to a modified method of Ajilogba et al.
(2013). Two or three loopfuls of selected bacterial
isolate (BCA) from a2-day old cultureon nutrient agar
(NA) weretransferred to a50 ml nutrient broth (NB)
medium in 250 ml Erlenmeyer conical flask and
incubated overnight at 30+1°C in a shaker bath with
120 strokes/min. Cdlswereharvested by centrifugation
at 5000 rpm for 10 min which werethen suspendedin
sterile water and adjusted to a concentration of 10%°
and 10° cfu/ml.

Prepar ation of phytopathogenicfungi

Spore suspension of Trichoderma harzanumwas
used for artificial induction of green mold diseasein
spawn packets. The pathogen was grown on PDA for

21 days. Themicroconidia suspension of Trichoderma
harzianumwas prepared by pouring required amount
of sterilewater in each petri dish in order to separate
the sporesfrom the mycelium mass on agar medium
and thus washed out and taken into a sterile beaker.
The spore concentration was adjusted to therequired
concentration of 10'° and 10° spores/ml using
heamocytometer. Thissuspensonwastheninjectedinto
gpawn packetsfollowingamodified method of Adebayo
and Ekpo™.

Prepar ation of spawn packets

Substrate was prepared by mixing sawdust and
wheat bran at theratio of 2:1. Calcium carbonatewas
used at the rate of 0.2%. The moisture level of the
substrate mixture was adjusted gpproximately 65% by
adding water. Polypropylene bags of 22.5x30 cm size
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werefilled with 500 g of prepared mixture and packed
tightly. Theneck of thebagwasprepared by usingplagtic
heat resistant neck. A hole of about 2/3 of thevolume
of thebag was madewith asharp end stick at the center
for spaceto put inoculums. The neck was plugged with
cotton and covered with brown paper by placing a
rubber band to hold it in place. The spawn packets
werethen pasteuri zed through vapour. Inocul aionwith
Pleurotus ostreatus was done by the mother spawn at
the rate of two tea spoonfuls per packet. Then the
inocul ated packetswere placed onracksof incubation
room at alower room temperaturefor mycelium run of
mushroom. The spawn packets were cut open at
opposite sides when the substrate was completely
colonized with mycelium and transferred to culture
room. Then the experimentswere maintained a higher
humidity of 80 — 85 % in culture room by regular
watering till harvestment was compl eted.

Disease scoring and mushroom yield measur ement

Observation was made for time of pin head
emergence; colour, Sizeand gppearanceof fruit bodies;
disease incidence in all packets of al treatments.
Harvestment was made from threeflashesof fruiting.
Harvestment from all spawn packets for individual
treatment was scored by weighing fresh mushroom
yidds.

Diseaseincidencewasrecorded by counting the
number of infected spawn packetsand dividing it with
thetotal number of packetsusedin each treatment. The
result obtained was converted to percentage using the
formulaof Harunaet a 9.

Diseaseincidence= (Number of diseased spawn packets+
number of spawn packets assessed) x 100

Percent increaseinyieldintreated bags over control
(un-treated) was cal culated using theformula:

Yield in treated packets—

% Yield Yield in control spawn packets

. %100
increase =

Yield in control spawn packets

RESULT AND DISCUSSION

I solation and purification of antagonistic bacterial
strains

A total of ninebacterial isolateswererecovered
from straw samples. All nine bacterial isolateswere
denoted as 37-JIM01, 37-IM02, 37-IM03, 37-IM 04,
37-IM07, 37-IM06, 37-IM07, 37-IM08 and 37-
JMO9.

Preliminary screening of bacterial isolates for
antifungal activity

Ninepurified bacteria isolateswere screened for
ther efficacy ingrowthinhibition of fivephytopathogenic
fungi such as Alternaria alternata, Colletotrichum
gloeosporioides, Drechslera oryzae, Fusarium
oxysporum, and Trichoder ma har zzanumusing spot
inoculation method in adual culture potato dextrose
agar plate(Figurel). Sevenisolatesshowed ther ability
toinhibit thegrowth of oneor moreof 5Stest pathogenic
fungi. Isolates 37-IM 01 and 37-JM04 did not show
any activity against any of 5test fungi in preliminary
screening. However, theisolate 37-JM07 wasfound

TABLE 3: Primary screening of possible Bacillusbiocontrol agent based on growth inhibition in spot inoculation assay

Designated Antagonistic response of nine bacterial isolates against test fungal pathogen % Pathogen
name of Alternaria  Colletotrichum  Drechdera  Fusarium  Trichoderma  antagonized by
37-JM01 - - 0
37-IM02 + - + 40
37-IM03 - + 20
37-IM04 - 0
37-IM05 + 60
37-IM06 - 40
37-IM07 + + 100
37-JM08 20
37-IM09 + - 20

+ indicates inhibition; - indicates no inhibition
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antagonisticto dl 5 pathogens(TABLE 3).

| dentification of theantifungal bacterial isolate 37-
JMO07

Because of broad spectrum antagonism exhibited
againg al 5fungd pathogensin preliminary screening
the isolate 37-IM 07 was characterized thoroughly
(TABLEA4, Figurel). Thesdected antagonistic bacterid
isolate 37-JM07 was identified as Bacillus subtilis
followingthe DichotomousKey for Gram positiverods
described in the Bergey’s Manual of Determinative
Bacteriol ogy. Speci esidentification wasdone based on
spore shape and location, cell width, O, requirement,
production of urease, production of H,S, Voges-

= Oritical Review

Proskaur Test, Citrate utilization, deamination of
phenylalanine, and temperature and pH
tolerancg?040475U, Theisolate 37-JM07 was motileand
strictly aerobicwith both catal ase and oxidase activity.
Thusit had been differentiated from strict anaerobes,
such as Clostridium, Desulfotomaculum,
Soorohalobacter, and Syntrophospora. Isolate 37-
JMO7 differed from Sporolactobacillus, which are
facultative anaerobeswithout catal ase but show scanty
growthinair. It also did not bel ong to Amphibacillus,
acatd ase-negative and oxidase-negative genus. Isolate
grew well in the fermentation broth and having pH
tolerancerangeof 5.5-8.0. Therefore, it did not belong
to members of the genus Sulfidobacillus, which is

TABLE 4: Characteristicfeaturesof theantifungal bacterial isolate 37-JM 07

Morphological characters

Biochemical characters

O, requirement OA  Citate Utilization +
Cell shape Rod Oxidasetest Growth at 6.5% NaCl +
Gram positive cell + Catalase test Growth at 40 °C +
Spore formation + Gelatinase test Growth at 45 °C +
Central Spore + Urease test - Growth at 50 °C +
Subterminal Spore + Nitrate Reduction + Growth at 55 °C -
Ellipsoidal Spore + Phenylalanine hydrolysis - Growth at pH 5.0 -
Cylindrical Spore + V oges Proskaur test + Growth at pH 5.5 +
Spherical Spore - Indole test - Growth at pH 6.0 +
Cell dilation by spore - H,S production test - Growth at pH 6.5 +
Cell width (> 1p) - Starch hydrolysis + Growth at pH 7.0 +
Motility + Lactose Utilization - Growth at pH 8.0 +

‘+’ indicates positive response; ‘-’ indicates negative response; OA= QObligately aerobic

TABLE 5: Radial growth inhibition of 12 plant pathogenic fungi by Bacillussubtilis37-JM 07

Test fungal pathogens

Radial growth inhibition

Diameter (mm)

% Inhibition over control

Alternaria alternata 19.0+ 1.0 42.22
Alternaria solani 2233+1.15 49.63
Botryodiplodia theobromae 16.67+1.53 37.04
Colletotrichum gloeosporioides 350+ 1.0 77.78
Colletotrichum musae 36.67 £ 0.58 81.48
Curvularialunata 30.5+0.50 67.78
Drechdlera oryzae 35.33+£0.58 78.52
Fusarium moniliforme 30.0+1.0 66.67
Fusarium oxysporum 31.0+1.0 68.89
Sclerotium rolfsii 28.68+0.58 63.70
Trichoderma harzianum 39.33+0.58 87.41
T. viridae 37.33£0.58 82.96

Values are average of 3 replications; + stands for SD values
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TABLE 6: Efficacy of broad-spectrum antifungal Bacillussubtilisisolate 37-JM 07 against 12 phytopathogenic fungi

Test fungal pathogens

Overall growth inhibition by Bacillus subtilis 37-JM 07

Alternaria alternata
Alternaria solani
Botryodiplodia theobromae
Colletotrichum gloeosporioides
Colletotrichum musae
Curvularialunata
Drechdlera oryzae
Fusarium moniliforme
Fusarium oxysporum
Sclerotium rolfsii
Trichoderma harzianum
T. viridae

+++++
+++++
++++
+++++
+++++
+++
++++
++++
++++
++++
++++
+++++

‘+* indicates inhibition; 5+ stands for >90% inhibition; 4+ for >80%; 3+ for <80% inhibition

nonmotileand growsoptimally at apH range of 1.9-
2.4.All resultssummarizedin TABLE 4 indicated that
the unknownisolate 37-JM07 bel onged to the genus
Bacillug'®4751 and wasidentified as Bacillus subtilis
because of itscapacity for growth at pH ranging from
5.5t08.0; at 7.0% sdlinity; at temperature up to 50°C
but not at 55 °C; formation of single cylindrical and
ellipsoidal spores but not spherical. Central or sub-
central sporulation was spontaneously, not repressed
by exposureto air and did not distend the cells.

I n vitro antagonism assay of the selected Bacillus
subtilis strain 37-JM 07

Both single streak and doubl e streak methods of
dud culturewereemployed to assessgrowth inhibitory
efficiency of Bacillussubtilis37-JM07. Theisolate B.
subtilis37-JM 07 could inhibit theradial growth of all
12 funga pathogensranging from thelowest of 37%
over control in Botryodiplodia theobromae to the
highest of 87% over control in caseof T. harzianum
(TABLEDS5, Figure2.b). Theisolatecontributed agrowth
inhibition of 60% over control incaseof 75% of 12 test

fungal pathogensand it was above 80% inhibitionin
case of 25% pathogens tested viz., Colletotrichum
musae, trichoderma harzianum, and T. viridae.
Among the 12 bacteriaassayed for growth inhibition
by the selected B. subtilis strain 37-JIM07 only gram
+ve Saphylococcus aureus and Bacillus mycoides
wereinhibited with clear zone of respectively 8.6 mm
and5.0mm (Figure2.c). Rest 10 bacteriadid not show
any response against the antagonistic isolate of B.
subtilis37-IM Q7. Growthinhibition of gram positive
bacteria Saphyl ococcusaureusand Bacillusmycoides
istheindication of antibiotic production by theBacillus
subtilis strain 37-JIM07 which is also supported by
many studiesworldwideg®,

Sahaet a . reported two Bacillussubtilisstrains
with broad-spectrum activity against Alternaria
alternata, Colletotrichum gloeosporioides,
Curvularia eragrostidis and Fusarium oxysporum
with percent growth inhibition ranging from 58 to 81.
However, Ashwini and Srividya®sreported only 40to
57% inhibitiontothese samefungi intheir study from

Figurel: Screening of antagonistic Bacillusisolates by spot inoculation method
[From left: A, Single colony of isolate 37-JM07; B-D, Selection of antifungal isolate by spot inoculation]
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Treatment

Control Treatment

Trichoderma harzianum
i S— .

Sclerotium rolfsii Curvularia lunata Botriodiplodia theobromae
Figure2a: Growthinhibition of 12 plant pathogenic fungi by thetr eatment with Bacillussubtilis 37-JM 07

Figure2b : Antibacterial activity of theisolated Bacillussubtilisstrain 37-JM 07
[The arrow indicates inhibition zone against Bacillus mycoides (left) and Staphylococcus aureus (ATCC- 25923) and S. aureus

(local strain) (right)]
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India. Similar findingswered so reported by Furuyaet
al.® Karimi et a4, Ajilogbaet al.[? and Zhang et
a ™, Bacillussubtilisa so wasreported to successfully
inhibit upto 93% radial growth of F. oxysporumand
only 44% of C. gloeosporioides. In another study
Rahmanet d .Y reported 100%radid growthinhibition
of Colletotrichumgloeosporioides. 17to 74% radial
growth of Trichoderma by BacillusisolatesinMaaysa
and Thailand have al so been reported®+,

The overall antagonism efficacy of the isolate
Bacillussubtilis37-IM 07 hasreveaed that only radial
growthinhibition can’t always reflect the efficiency of a
biocontrol agent. Overall performance of theisolate’s
antagonism cons dering factorssuch asinhibition zone,
mycelium massand sporul ation by thefunga pathogen
bothin singleand doublestresk method and colonization
of B. subtilis 37-JM07 has resulted to a redlistic
conclusion. Inhibition potential based on overall
performance has been groupedinto 3 categoriesviz.,
above 90% inhibition, over 80% inhibition and bel ow
80%inhibition (TABLE 6). Theantifungal B. subtilis
37-IM Q7 scored best performer against T. harzianum,
T. viridae and Colletotrichummusae for above 80%
radid growthinhibitionfollowed by Drechderaoryzae,
C. gloeosporioides and Fusarium spp. for growth
inhibition of 66-77% whilelowest inhibitionexerted on
Botryodiplodia and Alternaria spp. with 37-49%
inhibition over control. However, based on estimation
of overdl performancetheisolae 37-JM 07 has shown
itshighest effect on Alternaria, Colletotrichum, and
Trichodermaviridaefor above 90% growth inhibition.
It was followed by above 80% inhibition in
Botryodiplodia, Drechdera and Fusariumand below
80% in Curvularialunata.

Khan?® stated that dual culture method may not
bethebest choicefor initia antagonist screening because
it eliminateshogt plant and environment factorsanditis
most likely to detect only direct antagonism by antibioss

It isalso much lesstime and resource demanding in
comparison to screening strategies involving more
components, and when conducting atrial withlarge
collectionsof bacteriaand fungal pathogensof multiple
host plant species, thismethod becomesareasonable
approach.

None of the pathogenswereinhibited by culture
supernatant of B. subtilisstrain 37-JIM07 (Figure2.c).
Thisresult might betheindication either of insufficient
concentration of antifungal compound secreted inthe
culturemedium or absenceof antifungal substancesin
the culture medium which are assumed to beinduced
only by pathogen attack.

Potential of Bacillus isolate 37-JM 07 to combat
green mold disease of mushroom

TABLE 7 represent the effect of selected isolate
Bacillus subtilis 37-IM 07 on theincidence of green
mold and mushroom yield. 100% suppression of disease
incidence was resulted by the treatment of Bacillus
isolate 37-JM 07 in the spawn packets amended with
isolate and also in the packets amended with both
pathogen and isolate. Highest yield wasrecorded in
packetstreated with isolate and lowest in the packets
treated with both pathogen and isolate with average
yield of 949 per spawn packet. |solate 37-JIM 07 also
increased mushroom yield up to 30% over untreated
control. Nagy et al.’* reported 15-21% yield increase
of oyster mushroom by the treatment of B.
amyloliquefacienswhich also overcome problem of
green moldinfection. Chittihunsareportedin 2007 that
Bacillusisolates can significantly suppressthegreen
mold infection by their treetment at arate of 10°cellg/ml
along with Trichoder ma spores of 10%/ml per spawn
packet. Another study in Malaysiareported 6% to 25%
yield increase over control caused by treatments of
severa Bacillusisolates™®!.

Thewidely recognized mechanismsof biocontrol
actionarecompetitionfor anecologicd nicheor subdrate,

TABLE 7: Roleof Bacillussubtilis 37-JM 07 on the mushroom yield and green mold diseaseincidence

Treatment Mushroomyield  Yield increase over control  Green mold diseaseincidence
T-0: Non inoculated Control 72.7+25.12 - 10
T-1: Trichoderma spore 0 - 100
T-2: Bacillus subtilis 94.25+3.8 29.64 0
T-3: Trichoderma spore + B. 92.8+4.5 27.64 0

Data are average of 20 replications
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aswdl asthe production of inhibitory compoundsand
hydrolytic enzymesthat are often activeagainst abroad

gpectrum of fungd pathogens. Many microorganismsare
known to produce multipleantibioticswhich cansuppress
oneor more pathogens'’#9. Bacillusspp. in particular
are gaining recognition as safe biocontrol agentsina
variety of crops, specifically as seed protectants and
antifunga agentd**9. Moreover, they arepore-formers,
whichimpartsanaurd formulation advantageover other
microorganismg’1743, Resultsof present investigation
have been evident for the potentid of Bacillussubtilis
37-IM07 srainto beusedincommercia formulationfor
biologicd contral of green mold of mushroom caused by
Trichoderma spp. and other fungal diseases of crop
plantg®y,

REFERENCE

[1] O.SAdebayo, E.J.A.Ekpo; Efficiency of fungal and
bacterial biocontrol organisms for the control of
fusarium wilt of tomato. Nigerian Journal of
Horticultural Science, 9, 63-68 (2005).

[2] C.FAjilogba, O.0.Babaola F.Ahmad; Antagonistic
Effectsof Bacillus Speciesin Biocontrol of Tomato
FusariumWilt. Ethno Med., 7(3), 205-216 (2013).

[3] B.B.Arun, S.K.Bosg; Biosynthesisof mycobacillin,
anew antifungal peptide. Journal of Bacteriology,
87, 1402-1405 (1964).

[4] O.Asaka, M.Shoda; Biocontrol of Rhizoctonia
solani damping-off of tomato with Bacillussubtilis
RB14. Applied and Environmental Microbiology, 62,
4081-4085 (1996).

[5] N.Ashwini, S.Srivdya; Potentiality of Bacillus
subtilis as biocontrol agent for management of
anthracnose disease of chilli caused by
Colletotrichum gloeosporioides OGC1. 3
Biotechnology., 4, 127-136 (2014).

[6] M.Awais, A.Pervez, A.Yaqub, M.M.Shah;
Production of Antimicrobia Metabolitesby Bacillus
subtilis Immobilized in Polyacrylamide Gel.
Pakistan J. Zoal., 42(3), 267- 275 (2010).

[7] K.Babasaki, T.Takao, Y.Shimonishi, K.Kurahashi;
Subtilosin A, anew antibiotic peptide produced by
Bacillussubtilis 168: isolation, structural analysis,
and biogenesis. Journal of Biological Chemistry.,
98, 585- 603 (1985).

[8] W.T.Chang, M.L.Chen, S.L.Wang; An antifungal
chitinase produced by Bacillus subtilisusing chitin

waste as a carbon source. World Journal of
Microbiology and Biotechnology, 26, 945-950
(2010).

[9] T.Chittihunsa, E.Bangeekhan, N.Wongsamitkul,
T.Subsomboon; Screening of Bacillus spp.
suppresing the infection of Trichoderma sp. in
mushroom cultivation. KMITL Sci.Tech.J., 7(1),
19-27 (2007).

[10] R.J.Cook, W.L .Bruckart, J.R.Coulson, M.S.Goettel,
R.A.Humber, R.D.Lumsden, J.V. Maddox,
M.L.McManus, L.Moore, S.F.Meyer,
P.C.Jr.Quimby, J.PStack, J.L.Vaughn; Safety of
microorganismsintended for pest and plant disease
control: a framework for scientific evaluation.
Biological Contral., 7, 333-351 (1996).

[11] D.N.Dowling, F.OGara; Metabolites of
Pseudomonas involved in the biocontrol of plant
disease. Trends Biotechnal., 12, 133-141 (1994).

[12] E.A.B.Emmert, J.Handelsman; Biocontrol of plant
disease: a Gram-positive perspective. FEMS
Microbiology Letters., 171, 1-9 (1999).

[13] J.D.Epperson, L.J.Ming; Proton NMR studies of
Co (1) complexes of Bacitracin analogs — Insight
into structure activity relationship. Biochemistry.,
39, 4037-4045 (2000).

[14] S.M .Eshita, N.H.Roberto, J.M.Beale,
B.M.Mamiya, R.F.Workman; Bacillomycin Lc, a
new antibiotic of the iturin group: isolations,
structures, and antifungal activities of the
congeners. Journal of Antibiotics(Tokyo), 48, 1240-
1247 (1995).

[15] S.Furuya, M.Mochizuki, Y.Aoki, H.Kobayashi,
T.Takayanagi, M.Shimizu, S.Suzuki; | solation and
characterization of Bacillus subtilis KS1 for the
biocontrol of grapevine fungal diseases. Biocontrol
Science and Technology., 21(6), 705-720 (2011).

[16] N.Gutterson; Microbial fungicides: recent
approaches to elucidating mechanisms. Crit.Rev.
Biotechnal., 10, 69-91 (1990).

[17] D.Haas, GDéfago; Biological control of soil-borne
pathogens by fluorescent Pseudomonas. Nature
Reviews of Microbiology., 3(4), 307-319 (2005).

[18] Han, Xiao-Qing, S.Damodaran; Isolation,
Identification, and Fermentation of a Bacillus
Species Producing a Detergent-Stable
Endopeptidase. J.Agric.Food Chem., 45(11), 4191-
4195 (1997).

[19] S.GHaruna, S.A.Adebitan, A.U.Gurama; Field
evaluation of compost extracts for suppression of
Fusarium wilt of tomato caused by Fusarium

e Snoivonmental Science
A ndian ﬂowumé



102

Orielcal Review

Isolation of a potential antifungal Bacillus subtilis 37-JM07 strain from straw

ESAIJ, 12(3) 2016

oxysporum f.sp. lycopersici. Int J. Agronomy and
Agricultural Research, 2(4), 7-17 (2012).

[20] J.G.Holt; Bergey’s Manual of Determinative
Bacteriology, 9th (Ed), Williams & Wilkins,
Baltimore. ISBN 0-683-00603-7 (1994).

[21] R.Idlam, Y.T.Jeong, Y.J.Ryu, C.H.Song, Y.S.Leg;
Isolation, Identification and Optimal Culture
Conditions of Streptomyces albidoflavus C247
Producing Antifungal Agents against Rhizoctonia
solani AG2-2. Mycobiology, 37(2), 114-120 (2009).

[22] B.Jamil, F.Hasan, A.Hameed, S.Ahmed; Isolation
of bacillussubtilismh-4 from soil andits potential
of polypeptidic antibiotic production. Pakistan J.
Pharm.Sci., 20(1), 26-31 (2007).

[23] M.J.Jensen, D.N.Wright; Chemotherapeutic agents.
In: Microbiology for the Health Sciences. Prentice
Hall, NY., 132-145 (1997).

[24] K.Karimi, JAminil, B.Harighil, B.Bahramnejad;
Evaluation of biocontrol potential of Pseudomonas
and Bacillus spp. against Fusariumwilt of chickpea.
Australian J. Crop Science., 6(4), 695-703 (2012).

[25] E.Katz, A.L.Demain; The peptide antibiotics of
Bacillus: Chemistry, biogenesis and possible
function. Bacteriol. Rev., 41, 449-474 (1977).

[26] R.M.Khan; Beneficia bacteriafor biological control
of fungal pathogens of cereals. In: D.K.
Maheshwari (Ed.). Bacteriain agriculture: disease
management, 153-165 (2013).

[27] Kim, Han-Soo, J.Park, S.W.Choi, K.H.Choi,
GPLee, FJ.Ban,C.H.Lee, C.SKim; Isolationand
characterization of Bacillus strain for biological
control. The J. Microbioal., 41(3), 196-201 (2003).

[28] M.Kugler, W.Loeffler, C.Rapp, A.Kern, GJung;
RhizocticinA, anantifungal phosphono-oligopeptide
of Bacillus subtilis ATCC 6633: biological
properties. Archives of Microbiology., 153, 276-
281 (1990).

[29] V.Leclere, M.Bechet, A.Adam, J.S.Guez,
B.Wathelet, M.Ongena, P.Thonart, F.Gancel,
C.I.Marlene, P.Jacques; Mycosubtilin
overproduction by Bacillus subtilis BBG100
enhancesthe organism’s antagonistic and biocontrol
activities. Applied and Environment Microbiol ogy.,
71, 4577-4584 (2005).

[30] JA.Lewis, G.C.Papaizas; An approach to stimulate
population proliferation Trichoderma species and
other potential biocontrol fungi introduced into
natural soil. Phytopathologyi, 74, 1240-1244 (1984).

[31] H.F.Lin, T.H.Chen, S.D.Liu; The antifungal
mechanism of Bacillus subtilis against

Pestalotiopsis eugeniae and its development for
commercid applicationsagainst wax appleinfection.
African Journal of Microbiol. Res., 5(14), 1723-
1728 (2011).

[32] R.Marget-Dana, F.Peypoux; lturins, aspecia class
of pore-forming lipopeptides: biological and
physicochemical properties. Toxicology., 87, 151-
174 (1994).

[33] L.J.Ming, J.D.Epperson; Metal binding and
structure-activity relationship of the metalloantibiotic
peptide bacitracin. Journal of Inorganic
Biochemistry., 91, 46-58 (2002).

[34] A.Nagy, L.Manczinger, D.Tombacz, L.Hatvani,
J.Gy_rfi, Z.Antal, E.Sajben, C.Vagvoélgyi,
L.Kredics; Biological control of oyster mushroom
green mould disease by antagonistic Bacillus
species. In: Biological Control of Fungal and
Bacterial Plant Pathogens. |OBC-WPRS Bulletin,
78, 289-293 (2012).

[35] M.Ongena, P.Jacques, Y.Touré, J.Destain,
A .Jabrane, PThonart; Involvement of fengycin-type
lipopeptidesin the multifaceted biocontrol potential
of Bacillus subtilis. Applied Microbiology and
Biotechnology., 69, 29-38 (2005).

[36] S.H.Paik, A.Chakicherla, J.N.Hansen;
Identification and characterization of the structural
and transporter genes for, and the chemical and
biological properties of, sublancin 168, a novel
antibiotic produce by Bacillus subtilis 168. Journal
of Biological Chemistry., 273, 23134-23142 (1998).

[37] PS.Patel, S.Huang, S.Fisher, D.Pirnik, C.Aklonis,
L.Dean, E.Meyers, P.Fernandes, F.Mayerl;
Bacillaene, anovel inhibitor of procaryotic protein
synthesisproduced by Bacillussubtilis: production,
taxonomy, isolation, physico-chemical
characterization and biological activity. Journa of
Antibiotics (Tokyo), 48, 997-1003 (1995).

[38] F.Peypoux, J.M.Bonmati, J.Wallach; Recent trends
in the biochemistry of surfactin. Applied
Microbiology and Biotechnology., 51, 553-563
(1999).

[39] I.V.Pinchuk, P.Bressollier, |.B.Sorokulova,
B.Verneul, M.C.Urdaci; Amicoumacin antibiotic
production and genetic diversity of Bacillussubtilis
strains isolated from different habitats. Res.
Microbiol., 153, 269-276 (2002).

[40] F.GPriest; Systematics and ecology of Bacillus.
In: Bacillus and Other Gram-Positive Bacteria:
Biochemistry, Physiology, and Molecular
Genetics, Sonenshein, A. L., Hoch, J. A., Losick,

Snvivonmental Science
b Dndian ﬂo«/md



ESAIJ, 12(3) 2016

Muhammad Ali Akond et al.

103

= OCrlticel Review

R, (Eds),; American Society of Microbiology,
Washington, DC, 3-16 (1993).

[41] M.A.Rahman, J.Kadir, T.M.M.Mahmud, R.Abdul
Rahman, M.M.Begum; Screening of antagonistic
bacteriafor biocontrol activitieson Colletotrichum
gloeosporioides in papaya. Asian Journal of Plant
Sciences., 6, 12-20 (2007).

[42] D.Romero, A .Vicente, R.H.Rakaotoaly, S.E.Dufour,
J.W.Veening, E.Arrebola, F.M.Cazorla,
O.PKuipers, M.Paguot, PG Algjandro; Theiturin
and fengycin familiesof lipopeptidesare key factors
in antagonism of Bacillus subtilis toward
Podosphaera fusca. American Phytopathol ogical
Society., 20, 430-440 (2007).

[43] D.Saha, G.D.Purkayastha, A.Ghosh, M.Isha,
A.Saha; Isolation and characteri zation of two new
Bacillus subtilis strains from the rhizosphere of
eggplant as potential biocontrol agents. J.Plant
Pathology., 94(1), 109-118 (2012).

[44] M .Sariah; Potential of Bacillus spp. as a biocontrol
agent for anthracnose fruit rot of chilli. Malays.
Applied Biol., 23, 53-60 (1994).

[45] S.Shah, S.Nasreen; Evaluation of bioagentsagainst
the infection of green mold (Trichoderma spp.) in
Pleurotus sajor-caju cultivation. International J.
Plant Pathology., 2(2), 81-88 (2011).

[46] L.A.Silo-suh, B.J.Lethbridge, S.J.Raffel, H.He,
J.Clardy, J.Handesman; Biological activitiesof two
fungistatic antibiotics produced by Bacilluscereus
UW85. Appl. Environ. Microbiol., 60, 2023-2030
(1994).

[47] R.A.Sepecky, H.E.Hemphill; The Genus Bacillus
—Nonmedical (Chapter: 1.2.16). In: M.Dworkin et
al (Eds), Prokaryotes (2006), 3 (Ed.), (Bacteria:
Firmicutes, Cyanobacteria); Springer, Singapore, 4,
530-562 (2006).

[48] A.L.Sonenshein, J.A.Hoch, R.Losick; Bacillus
subtilisand itsclosest relatives. From genesto cells.
American Society for Microbiology, Washington,
(2001).

[49] T.Stein; Bacillus subtilis antibiotics: structures,
syntheses and specific functions. Mol.Microbial.,
56, 845-851 (2005).

[50] A.GStover, A.Driks; Secretion, localization, and
antibacterial activity of Tas A, a Bacillus subtilis
poreassociated protein. Journal of Bacteriology, 181,
1664- 1672 (1999).

[51] PVos, G.Garrity, D.Jones, N.R. Krieg, W.Ludwig,
F.A.Rainey, Karl-Heinz Schleifer,
W.Whitman (Eds)., Bergey’s Manual of Systematic
Bacteriology, 2" (Ed.), The Firmicutes, Springer-
Verlag, 3, (2009).

[52] D.M.Weller; Biological control of soilborne plant
pathogens in the rhizosphere with bacteria. Annu.
Rev. Phytopathal., 26, 379-407 (1988).

[53] H.Yoshiko, S.Okamoto, H.Muramatsu, K.Ochi;
Acquisition of certain Streptomycin resistant
M utations Enhances antibiotic productionin bacteria.
AntimicAgents& Chemotherapy, 42(8), 2041-2047
(1998).

[54] Y.Zhang, F.Tengfei, W.Jia, W.Zhang, Q.Liu, B.Li.
L.Zhang; Identification and characterization of a
Bacillus subtilis strain TS06 as biocontrol agent
of strawberry replant disease (Fusarium and
\erticiliumwilts). African J. Biotechnology., 11(3),
570-580 (2012).

[55] S.B.Zimmerman, C.D.Schwartz, R.L.Monaghan,
B.A.Pdak, E.C.Gilfillan, SMochales, S.Hernandez,
S.A.Currie, E.Tejera; Difficidin and oxydifficidin:
novel broad spectrum antibacterial antibiotics
produced by Bacillus subtilis. I. Production,
taxonomy and antibacterial activity. Journal of
Antibiotics (Tokyo)., 40, 1677-1681 (1987).

[56] P.Zuber, M.M.Nakano, M.A.Marahiel; Peptide
antibiotics. In: A.L.Sonenshein, J.A.Hoch,
R.Losick, (Eds.), Bacillus subtilis and Other
Gram-Positive Bacteria. American Society for
Microbiol ogy, Washington D.C., 897-916 (1993).

[57] M.M.Zukowski; Production of commercially
valuable products. In: Biology of Bacilli; application
to industry, (Eds.) R.E.Doi and M.McGloughlin,
Butterworth-Hoffman Press, Boston, U.S.A., 311-
371 (1992).

e Snoivonmental Science
A ndian ﬂowumé



