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In Vitro Microbiological Control of Alternaria macrospora, a Leaf Spot
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ABSTRACT
Alternaria leaf spot disease rausad by Alternarla macrosporag (Zimm.) Is one of the maost pregdominant disease of Bt
cotton having national and reglonal significance. In present work a Bacillus species, namely Bocillus subtiiis subsp,
inaquaserum ALSS2 isolated from rhizospheric niches of healthy Bt cotton plant, was screened against Altermorio

Key words: Bt cotton, Alfermaria macrospors, Bacilius subtilis subsp, inaquosoram RL552, Non volatile diffusible
metabolites, Siderophore, Chitinase

Aﬁemaﬁa teal spot disease of cotton is worldwide in Alternariu leaf spot of Bl cotton, There are some phecas of
distribution and reported from gl collon growing  evidence, that Preudomonas sp, (Gholve of af. 2014, Maurya
countries of the world (Hillocks 1991}, In India, the aral 2014, Kapadiya ef af. 2015) Baciliu s (Abbo ef ol
Alternaria leaf spot dissase of cofton is common and 2014, Abdalla er al, 2014), Trichoderma s (Clveroska and
reperted  variable percent disease incidence from South  Zibernski 2012, Muthukumar and Venkatesh 2013, Rajput er
Lones {10-35%), Morth Fane (7.33 to 31.83%) and Central  of 2013) were isolated from thizosphere niches and found
Zone (966 to 31.30%). This disepse was reported for the  effoctive in comtrolling A lternaria leaf spot disease of cotton,
first time from Dharwad district of Kamnataka and in Pune To find out the solution for the control of Alternaria
and Alinednagar distriet of Maharashtra, India (Rane and macrospang, a leal” spot pathogen of By cotton, following
Patel 1958), The Alternaria feaf blight of cotton essentially,  objectives were sor, i} To sereen the Bacillur subsilis subsp,
a disease complex caused by two pathogens Aftermaria maguatorim RLSS2 against Altermarig macrospara by i
MacroEpord and Alternarle altermata (Bashan e of 194, witre  dual culiyre technique i) To find ous the mechanism
Bashan and Hemandez-Spavedra 1992). Considering the  involved in tnhibiting the Alternaria IRELCFEDOR,
seriousness of the Alternaria feaf spot disease and to avoid
vield losses ps well as hazardous effect of fungicides, plant MH,TERIﬂLE AND METHUDE
pethologist diverted their research 1o find out the bio-bagad, Chemicals
ecoftiendly management system by using rhizospheric The chemicals used in this Sudy were procured from
aniagonistic microbes. Microbial control of plant disesses MIS Hi-media, Mumbai and CDH Analytical / Guarantesd
using thizospheric antagonistic microorganisms could be a (AR/GR) grade chemicals and double glass-distilled water
potential alterative approsch for the management of  wag ugad,
*Correspording author: D1 Laxman Raut Cepanment of Microbiology,
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Alternaria leaf spot pathogen af B cotfon;

Alternaria mocraspora, the phytopathogen of Bt cotton
isolated during previous ressarch work in the department of
Microblology Sant Tukeram College of Arts and science
Parbhani was used in present research wark.

Isolation of Bacillug sp.

The Bacillus spp. was isolated during previous work
and identified sz Bacillus subiilis subsp.  imagreserym
RLES2 used in present research work,

Antifungal activity by dual culiwe method

Bacillus subrilis subsp. inaquosorum BLSS2 was tested
@y using modified dual culture technique of Skidmore and
Dickinson (1976) for antifungal activity against Altermaria
macrospera In this modified method, the PDA plates was
ingculated with § mm fungal dise (5 day old culture) | em
awiy from the centre of the agar plate. Similarly 24 h old
Bacillvs swbillis subsp. fmaquosorum RLSS2 culture was
inoculated in opposite direction, | cm away from the centre
of the agar plate © maintin  the equidistapce of
phytopathogen and antagonist from the centre of the ggar
plate. A control plate was kept without inoculation of
Bacilhe subtifis subsp, inaguoserum RLSSZ and all the
plates were incubated at room temperature for 6 days, The
antifungal pctivity was determined by measuring the percent
inhibition of radial growth (PIRG) (Skidmore and Dickinson
1976,

Y PIRG = —-&E—Ri—- = 100
]
Where,
R radius of the fungal phviopathogen colony in the control plabe
Wy: mdiis of the fungal phytopathagen colony in the direction of
ihe antagonist colony

In vitro mecharism af microbial conrof Pl

To reveal the biocontrol mechanism of microbial
comtrel agent, the Bocilus subolis subsp. inaguosarm
RLS52 was tested for ihe production  of  diffusibie
mietabolites, siderophore production and cell wall degrading

BTEYVITIES.

Detection of antifingal diffuwible non-volatile metabalites

The diffusible antifungal non-volatile metubolite was
detectad by well diffusion assay (Schlumbaum ef al. 1985),
During screening Sacilfus  subilis subsp.  imagrosorum
RL552 was grown in Kings B broth at room temperture on
& rodary shaker at 130 rpm for 3648 h to obtain cell fres
culture filirate. Potato dextrose agar plates were
and after solidification with the help of sterile cork barer {1
mm}, & well wag punched | om apart from the centre on 990
mm diarmeder Petri plate. 5 mm plugs from leading edge of a
3-tay ol eultwre of Alrernaric macraiporg wag punched
and kept lem apart from the center and opposite fo well in
the PI}A plage,

After incubistion breth was centrifuged at 3000 rpm and
filtered by using Millipore syringe filter 0.22 p (Hi-media)
and well wes loaded with 100 ul cell free culture filtruie
aseptically. The ¢ kept withowt Inoculation of

[a2s)

“"
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rhizobacterial cell free culture filtrate. Both the plm.?u,‘1
comtrol and fest were incubated af room temperature for § to
6 days, After the incubation, the plates were ohserved for the
zone of inhibiticn of radial growth and the % Inhibition was
calculated (Whipps 1987,
Ry= R
= PN L Mol L Eol
Pl R, = 10
Whers,
Ry s radial geowth of the pathogen In conrol plate {a contrl
vizlise)
By: Is redial growth of the pathogen with antagonist (8 best value)

Seaming eleciron micrascapy study of co=culture

Similarly, both the Bacifius subfili Fubsp. iEHOsorum
RLS52 and the phytopathopen, Aiernaria RICrUSPOrG were
grown together in King's B broth as co = culture for 6 days
to study the effect of secondary metabolites on the fiangal
cufture. The effect of secondary mewmbolites on the
phyiopathogen was observed under the Scanning Electron
Microscope st Sophisticated Instrumentation Center, Dr.
Hartsingh Gour Vishwavidyalaya, Sagar (M.F).

dideraphare proviuction

The siderophore production was studjed using modified
succinate medium a8 per Meyer and Abdallsh {1978),
consisting (gmvl) Suceinic acid (4), K;HPO, (6), KJ LB,
(3, (NHyJ; S0 (1), MgSQ, (0.2), and pH (7.0). 0.1 m| of
inoculum of Bacillus subrilis subsp. imagueserwm RLSS2
was noculated in 250 mi Erlenmeyer flack eontaining
Succinate medium and then incubated on a rotary shaker
incubator &t room temperature for 48 b,

Deteciion of siderophore by liguid CAS azsay

Alter incubation in Succinate broth, the SUPETTIENL was
harvestad by centrifoging the culture 10,000 mpm in
cooling centrifuge at 4°C for 10 min. The siderophore
production was quantiiatively detected as per Payne (1994)
whese 0.5 ml of cell free cubture fiftrate was mixed with (.5
ml of CAS solution, A reference was prepared using the un-
inoculated Succinate medivm, The opfical density of both
the test and reference was measured at 630 nm and %
siderophore units in the culture filtrate were caloulated by
uwsing the following formula.

% Siderophore Unitg =

Where,
At = Absorbance of reference at 630 nm
As = Absorbance of test sample at 630 nm

Ar— Ay

Ar i

Detecrion of chitinase ensyme Produciion

The chitinase productions ability of rhizospheric isolate
Hacillis sublilis subsp. imaguosoran RLSS? was determined
by using Colloidal Chitin Agar (Hsu end Lockwood 1975)
amended with 0.4% colloidal chitin. The Calloidal Chitin
Agar consists of 6 g NagHPO,, 3 g KHPOy, 0.5 g MgSD,,
1g NH,Cl, 0.3 g MaCl, 0.05 g veast extract, 4 g colloidal
chitin dissolved in 1000 ml distilled water. The pH of the
medium wes adjusted 7.0 and 20 g agar was added as g
solidifying agent, The medium wes sterilized at 171 %C for
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Control of Alternaria macrospora, a Leaf Spot Pathagen of Bt Cotton

20 min and plates were peepared. Chitin agar plate was spot
inoculited with bacterinl suspension and incubated at room
tempeestore for 4 days. The plates were observed for the
zone of ehitin hydrolvsis around the spot inoculated culture,

RESULTS AND DISCUSSION
Amtifungal aciivity by dual culffure merfod

Rhizobacterlal  isolste  Bacillus  subtilis Suibap,
Imaguascrmn RLSS2 found efficient in inhibiting Alternaria
miderusporg in dual culture method whose pereent inhibitisn
of radial growth was recorded as 94.30% (Plate 1, Table 1),

Table | Antifungal activity of thizospheric isolate,
Bacillus subtiliz subsp., inaguosoriom RLS32 against
Aliervaria macrospora by dual eulture techinigue

____ Rhizospheric isolate % of inhibition
Berciilues subilis subsp. P HOEOFIR

RLESS B4.30

Plate L Antifungel activity of Saciius subtiis Subisp, Maguesorum
RLSS2 agalnst Alternesis maraspany by dusl culture technlgue

Ewrlier researchers had  alag exploited  var|mes
microorganism such as Trichoderma viride, Trichodermmg
Prarzigmm, Psendomanas Hucrescens and Baciilus subitlis
{Baig et ol 2002), T- harzianum, T, viride, T virens and
Aspergilius niger (Reshu and Khan 2012}, Mrickodermea LTEA
and P. fMuewescens (Muthukumar and Venkatesh 2015), T,
viride, T viride and T, harzigmm (Rajput &f al. 20133, in
order 1o find control measuse apainst Alteraria sp, in dual
culture technique. Likewise, Abdalla er af. (2014) screened
the v vito amifungal potential of %7 antaponistic

rhizospheric isolates belonging to Eemus Bailfus sp, against
the phytopathogen Adiernaria alternoto causing early blight
dizease of Tomalo plant, Four isolates were showed the
inhibitory effect an the phytopathogen and the maximum
antifungal potential exhibited by isolate B35 was {75.600%)
aginst the phytopathogen.,

The nine Baciiluy isolates were isolated from mushroom
composting straw and . screened for anfagonistic activity
against plant pathogenic fungi Alternaria alternara, Among
these nine Bsolates, one Isolate Bacilfur subrilic CAT-INGT
showed 44,27 % srowth inhibition of fungal phytopathogen
i vitro antagonism (Akond ef ol 2016}, Tosly  ef al
(2018) studied the antifungsl sctivities of total 13
candidate bicagent bacterial isolates of Fociljus subtilis
(TVEF, TV-12H, TV-17C ind TV 125 A). Buaciflus
megatzrium (TY 87 A and TV 91 C), Bocilius il (TV
67 C) Poenibacillus polymyxa [TV 12E), Pentoe:
agglomerany (RK 92 and BRT-B), Freudomonay
Huorescens Biotip F (FDG 37, Bacilfus fhringiensic subsp,
kurstakii (BAB-410) and Bacillus sphaericus GC subgroup
D (FI¥ 49) and bioagent fungal isolates of Trichoderma
ferzigmm (ET 4 and ET 14} agadnst two isolates of A
alternaa isolated from strawberry and oucumber on patri
plate assays. This study reveals that B, pumilus TV 67C
{3?.63%45.39%}, B. snbuilis TV 6F (77.61%-63.1 1%} and
B. megaiertum TV 87A (T2.93%-68.87%) bacterial isolates
were the most effective isolutes againse pathogenie fungi i
e vierg, Our rhizobucterial fsolate Baciflus subrilly subsp.
Inaguararum BLSS2 inhiblied the Alternaria maeroagpary in
dual culture up to 04,30% (Plate 1) which wag grester than
Abdalla ef il (2014), Tozlu et al. (2018
Dgtection of ansifungal diffisible non-volatile metabalifes

The diffusivle antifungal non-volatile meieholies
production was  tested by agar well diffusion By
{Schlumbaum e al. 1986). The Potato Dextrose Agar Plates
inoculated with 5 mm myeelial dise at centre and agar well
inoculated with cell free culiure filtrate of rhizaspheric
isolates showed Inhibition of fungal phytopathogen after 6
days of incubation. A fer six days incubation, the filtrate of
Bacillus subtilis subsp. moguoscrim R1.S52 coptaing some
nos-volatile  diffusible  antifungal  metabolites  which
mhibited the mycelial growth of Alfermaria (0 T S
63.14% {Plate 2, Table 2}

Tabke 2 Per cent inhibition radial growth of Aliervaria macrospora by diffisible non-valatile anii fis metabolies
Rhizospheric jsolae  T2dial growth of the pathogen i Radial growth of the pathogen % of inhibition
2ospheric isn control plate (2 contral value) with antagomist {a test vilue} Alternaria macrospora
Gacilivg sebtiliy subsp.
inagussorum RLS52 35 mm 12.2 mm 65.14

Earlier, Arguelles-Arias er af (2009} reported that
Baciilus amyioliguefaciens GAl produged antibiotics and
other secondary metabolites such s surfactin, fengyein,
mrin - A, macrolactin, difficidin, PBacillbene. and
Chlosotetnine for the bislogical contra] of phytopathogens,
The species of Barilfus prodises lipopeptides like the
surfactin, iturin, and fengyoin had suppressive mechaniamns

competition, and antibiosis (Bonmatin er af 2003). Also Ji
@ al. (2013) reporied that cell free extract of Baciliey
amyisiiquefociens CNU| 14001 shown antagonism against
phytopathogens,  Afternaria panax,  Botrwis  cinera,
Colletotrichum  ovbiculare,  Penicillim digritatem,
Fyricularia grisea and 8. sclerotiorum, Pane and Eaceardelli
{20135) applied Baciifus sp. to contral 4fernari alternats,

for the phytopgthegens  which include  parasitism,  the causative agent of Alternariz blight of Tomato where
L S
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Laciliug sp. releases diffusible non-volatile metaboliies, Al
ef al. (2016) showed that cultural filtrate of B11-128 (B
subtilish and Bl 1-144 (8 amwoligrefociens), pocsassed the
strongest i nhibkitory aetivity against all three A/tevmarias &p.

Plate 2 Effact of diffusible non-volaiie antifungal matabalives
produced by Secils subtils sub spo mogurosorwm BLSS2 apainst
Alfernaniy mocrosgara In agar well diffusion methsd

Res. Jr, of Agril. 5ci. 1

All these reports were indicative in that the Hacillis
had ability to secret diffusible non volatile metaholites to
inhibit the growth of phytopathogens. Sacillus  subsilis
subsp. imaguosorsm RLSS2 too produced diffusible non.
volatile secondary metabolites which effectively inhibited
the mycelia growth of Alfermaria migcrospora 65, 14 peroent.

Scanning eleciran microscopy study of eo-culfure

The co-culture study between, Baciflus subtilis subsp.
fnaguosorum RLS52 and the phytopathogen Alternaria
macrospora in Kings B broth, revealed the Iysis of
mycelium and also suppression of spore  formation of
Alterncria macrospory due 10 the secondary metabolites
produced by Bacillus sp, While in the control, the mycelium
of the phytopathogen was in intact form and sparulation was
5 usual (Plate 35,

Plate 3 Scanaing Electron Micrascopy of effect of secondary metaboftes on the growth of Aderngrip mecrospong in co-culture with
Baciiius swheils subsp. ingquosorum 81552, VA Lysis of myceffum and suppression af sporulation of Afternorin moCrEpan ey
secondary metabolites produced by Baoius subris subsp. inoquosorim RLSS 2 (Test), [B) Intact mycelum and normal sgorulatian af
Alternaria mocrespora {Control)

Plate 4 Detection of siderophore production quantitatively by
rhitospheric Bolate Socils i

A
Shri Gy py |"‘.;.—"1‘ N hmrlehen
Purma (J} Dlit, Farshang - S35 .o |

= By

Detection of Siderophare by liguid CAS azsay gquaniiiarively

The siderophore analysis of Bociillus nbeilis subsp,
fraguosorum RLS52 was sudied by quantitative method.
The 0.5 ml gell free culture fittrate mixed with 0.5 il of
CAS solution showed the change in calour from Blue to
orange (Plate 4) which is indicative of siderophore
production. The % siderophore units produced by efficient
thizospheric bacterial isolate in the cell free culture filirate
were calculated as per Payne, (1994), Baciflus subiis
subsp, fmaquosorum RLS32 produced £5.04 % sederophore
(Table 3). The time of harvesting of highest siderophore
from fermentation broth was 72 h and with subsegquent
incubation, there was a decrease in % siderophore units and
it was due to degradation of produced siderophore.

Sharma et ol  (20013) revealed that the a
awriyloliquefaciens strain sks bnj 1 strain produced §2.35%
siderophore units. Patil et al (2014) found thas B, subrifis
CTS-G24 produced 64% and 59% siderophore units in
Succinate and Nutrient media respectively. In our study,
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Bacillus subdilis subsp. inagquosorum RLS52 strain produced

Contral of Alternorio macrospora, @ Leaf Spot Pathogen of Bt Catton r
accordance o Shama ¢ &, (2013) and found better in ferms
of sidevophore production units,

B3.0:% siderophore units after 72 hours, These results were

Table 3 Detection of siderophore production quantitativaly by rizosphesic isolates by using liguid CAS assay

, el Siderophons units (%) '
Aiiomibericioning. . 3h ik 48 h 60 b Th____#h
Baciilus subsills subsp. fmagquasorum RLSST 19.28 42.51 6906 TR.02 BE04 B1.56

Detection off Chitinase enzjwes

The chitinnse production ability of Bacilfur subeiis
suban imdgiosorum RLS32 was tested by colloidal chitin
ager plate assay, The rhizobacterial isolate had shown the

e of clearance around the colony indicative of chitinnse
prodection, The zone of cleamnee around the colony
indicates the production of chitingse enzyme and the
chitinase activity measured in mm (Flate 5, Tahble 43,

Table 4 Detection of Chitinase enzyme production of rhizospheric isolates by colloidal chitin plate assay

i Total zone of hydrolysis Diametar of Diwmeter Fone of chitin
Rhizoapher i ;
i i ingluding colony (mm) colony {mm} hydrolysis {mm)
Bocillus subtiliy subsp. imegquosorum RLS52 ~ 14.7 mm 7.4 mm 7.3 mm

Piate 5 Chitinase entyma activity of Secils swbdills subsp.
inaquazarum BL55S2 by colloidal chitin place assay

The chitinase production ability of B. amyicliguefaciens
first time recorded by rescarcher Sabry (1992). Wang e al
(2002) reported B amloliguefociens V636 produced
antifungal enzymes when [ was grown in a medium
containing shrimp and crab shell powder (SCSP) of marine

waste. Karunya ef af (2001} reported that the Bocilius
subilis produce the enzyme chitinase and showed 0,6 mm
eome of clearance atound the spot inoculated cultuse in
Colloidal Chitin agar, Thaksew and Ninmsup, (2013)
showed that the antagonist Bacillfvs subplis BOC 6327
secrets protease, chifinase and fi-1, 3-glucanase enzymes,
which was shown to inhibit the growth and spore
germination of the isolpted aflatoxigenic fungus. Abiram| o
al (2016} reported thal Bocilley Nokeniformiy and Bacillus
subtilis produced prominent and maximum clear zone of 14
mm and 11 mm respectively in Colloidal Chitin Agar
mediam.

In the present research, Bocilfur swbeilis subsp.
fmaguosormm RLS52 produced the clear zone of 7.3 mm
which was beffer than results obiained by Karunva e ol
(2011), Thakasw and Wiamsup (013}, Abirami & ol
(20181, As chitin is the major constituent of cell wall of
phytopathogen, the  chitinase enzyme produced by
rhizospheric Balate Bacillus subiiliy subsp. inaguosorum
RLE5Z confirmed the important role played in controlling of
the phytopathogens of cotton, Alrernaris mocrospora.
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