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In vitro biocontrol scenarios of Bacillus amyloliquefaciens
subsp. amyloliquefaciens strain RLS19 in response to Alternaria
macrospora, an Alternaria leal spot phytopathogen of Bt cotton
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Aiseghed on: At [;!I, 00 baving regioml, rational, and istemationn| significance. In the presem resganch work, Baeilin anipeliuifacin
AviciTabls saking Jul'l'-li-r;r 17w sk, awpalqaniciens sirain KLE L prevaously isodaied from shizosphesic niches of bealthy of B collos plant wa

' Fereeiil fgaine A masvugpon by dual celter technigm, Bacilu sp. sigrmificanily killed the tadiel myeelisl grovwd]

Wi il of A. masrugeony, thal &, 9804%  On finding the meckanism, il was reveised that & aennpdolagfas ey sulep
ﬂwmm ampiofigng e doam RLEL9 produeed difizble noo-volams snoomdary eerinbolises, sideropbors, e chitinas
Bit. oo, 4 enzyrne: which make contrifwrions be inhibin the myolisl growts of 4, ey deing el culiure serceaing [r
Haeiiher fiers suhap addition, the g chrormingmpiy-mass spactrometry valuabion of crade extmct disaavered the presence of thi

avrinliguerrions strain RLS 10,
Hem valkanle diffimible seiabolivas,
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biimactive componds gpacifically aectamide, T eyl - K- [4-{3- by ol iy - 2-buzyrw |-, el 1,20
Pyiszine-1 d-dinne, - hesalipdro-, and  2,5-Piperszinedione, Ab-bigl-methylpeoml- - with the  cutsteding
artimicsobinl antibecieriel and antifingal activiny wivich cuniribeed in @ nhibition of 4 MR
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Econumically cotton i3 most crucial cash erop cultivated in &l of
the cottom growing wreas of Indin and differemt countries of the
world, Aligrnarir leaf spod Giseuse is workiwide in dBtibution and
mentzned [1] @ majer constreint in conon producian. The bended
uclivity of Alermarie mcrosporn ond Alteraaria altersale results
i the developanent of Alfermarks loaf spot disease of cottan [2], The
imnsgenlc 2 no-trapspenl colton hybrid svaretios are equilly
susceptible. b0 folar disenses such os bucterial blight, dlermorio
loal’ spat, and gray mildew, Now & days in Indig, megjority of the
larmers cultivate Bi cotton instesd of non=Br conoe. This has
ercated tremendous competitivencss in hybrid seed prisduction ns the
praduction area for hiybrid cobton bes remuised stagnant. |n Indin,
lsermario |eof spot disease of cotton & comman and reported vasiohle
percest disease incidence from South 2enes {1-35%), Morih zane
(2.33-30.83%), and Comtral zone (9.66-31.30%), However, -some
ervirciimental Fctors such o abiotic asd biotic Buctars il fene the
ariginal productivity of coop, Ansorg the biatie facors, soveral Fungad
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paylopathogene are nesporsible 10 couse different types of folin
disoeses and serve 45 mujor constrabig in erap production. The yield
foss wpin 33.07% wos recordad du 164 lermaria ksl spataf cotton [3],
LCenventionally, the farmers usz agrochemicals 1o protect the crap anil
increase the crop yield. The remendous use of agrochensheals feads 5o

develop post resistanee, kills beneflchal microflom of soll & well o
poliutkon ol aodl.

Cansidering s nlanming siouaton ol Alermari leal spot discase, 1o
avoid vield loseus and hazordous offect of nprochemicals, the plant
pulbalegist divened their research to find oul the naturally oocurring
rhizuspheric mierofom os bolagial control agents, The biomintral
ix u bivshesed, eeo-friendly oppeoach which offers a realistic wnd
codl-eflective shemative 1o chemical control for the hanagemem
of plant pothogens [4]. There me some evidences in which
nntggandstic bacierla and fingi used 8z Bocontrd agents, such as
Trichodernts wp. [5,6] Peendomongs sp, [7.5L and Baeilfi . [9-11]
isatated from rhizosphere niches of different trop and fownd effective
in eontrolling plant pathapens.
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To Fnd the: solugion 5 congral A mocrsspoerd, 8 lesf spol paihogen
of Bi cofion Killowing abjectives was set: i) To screen Secilius sp.
gzninst A, macrospora by doal cuthore echaigue end (i) o find the
imenchapdd of Bloeowtral agent invalved i controlling A. macrospons
gk b6 production ol non-volmike diffusible secondary. metsbalites,
sideraphare. production, chitinese activity, and evaluntion of cnsde
extract By pas cheomatography—mass speccrometry. (GC-MS) far
volatile prembodites.

T MATERIALS AND METHODS

2.1 Chomienls, Alermaria beal Spot Pathoges of Bt Cotton, and
Hcilfis sp

The chernicnls wsed in this sudy were procured from bUE Hikledia,
Mugbai, and CDH anabytxalguaranieed grade chemicals and glass-
distilled waier wiere wsed, A, miecrasparg, Alfternaris beal spot pribogen
of Bt caiton, and Facillis spp. numely, Saeillue amploliquefacians
suhsp, amploliguefciens simin RLS19 (Accession Mo, MNT49533)
[solnted from infocted B coton lenves ond chizospheris sl somiples
of healthy B goton, respectively, daring the previous research work
in the Department of Microbiokogy, Sant Tukaram Callege of Aris and
Selence, Porbhuni, wers used [ e present resennch work,

2.2, Antifungal Action by Deal Culture Technigue

8, amploligwafaciens - subsp, ampoliguefecins sirain BLI19 wug
ested using meodifed dinl caltere technxpuc of Skidmore and
Drickinson [13] for anzifungel activity agalnst A steerospana, 1o his
modified methad, the TDA plae was inoeslped with 5 mm fungil
dllzg ( A-day-old culture) 10 num asay from the center of e ager plate.
Similorly, 24 bold Bacits oeplaligefbeiens sehep canlolimegiociens
simain RLS 19 calture was siweaked in opposite direction, ) mm away
from the conder of the mgar plase to mnintin the equidistamee of
proyipathoges und artagosis from the oenter of the agar plate. This
dunl culture experiment was performed i triplicutes. A control plate
was maistnined withou! streaking bacserial cubure, Both the ksl and
oartend plates were |scabated al room eoperature for 6 deys

Tha artifungal neivity was calculated by meansofmensuring the inhibition

of rdinl myeehial gerath of fagal pathagen in test s campaned to controd

in fems af percentuge inhibition of mdial grovdh (TR

RlI-R2
Bl

Y PIRG=

= 100 (1}

Whers,

R — radiis of the fungnl phylogathagen coloty i the cantral plate

B2 — raediss o the Tongal plotepathopen salony in the direction of the
antagomist calany.

2.3, in Firo Meclanism of Micrabial Control Agent

Ta search the hiovaitral mechanism of microbiol controd sgenl,
K. ampdeliguefacian: subsp, aoyioligeefocien: simin RLS1Y was
fesied to prodece non-volntile diffusible metnbelies, sidermphon
production, cell wall degrading enzymes, as well s volatile organic
blpactive compounds with the help of GO-MS analysis,

14, Determination of Anfifusgal Diffusible  Nos-volatile
Metaholibes

The difftasible antifurgol
ngar well diffusian

newmlntile metabedile was esied by
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Kings B brath mocitimed with _

. emploliquefociens subsp. awilotigusficiang strain RLS19 and
fncubated on o rotiry shaker 28 |30 mpmeoat noom Eepenmbere for 48 b

io pet cell-free calbure filtmie. On sterile potwio destrose ager platus,
2 wiell waa pusched 1 cm apart from the center om 90 mm dismeder
Pretri plate using stesile cork bocor (10 mim}. Five il fimesters iy clzal
diac of 4. mocrespors Trom leading edge of & 3-day-old caltnre wis
pemched snd Kept 1 om apart from the center and oppasite o woll in
tho PDA plase.

Cell-Fron cubtuse sapernotest was prepared from previously incculaled
King's B broth cubure by centrifugation ot 10,000 rpm using cooling
cepdrifuge m 4°C for 10 min, Cell=frep cubture flrane was abtnived
hy filtermg celi-free cubtun: supernatant using Millipone Syringe Fillee
032 b (HiMedie) In aseplic cosdifion, the eger weall wis logded
with 100 jl eell-free culfure flimie. The control was maintamed
wilbout oading of cell-firee culturs Gltrsse, The inoculubed plate was
immnedistely kept in refrigeruos o ollow diffision for 2-3 min, Boih
the plates conirel &3 well test were incubated &1 ronm iemperature
For 5-5 duys, Afier the inoubation, ke plates were obsarved for the
imhibitsn of radisl growsh of fiungnl culturs and fie % inkibdion was
calcubased [14]

El-E2
Rl

Pl=

= (K Xy

W here,
[21 Is redind growth of Ues patksopen: in control plale (o cotrol value}
127 s rliz] groavil of the patkogen with astagonist (o st vk,

1.5, Siderophore Production

The siderophnre production was sudied wsing modified succieats
madium [15] consisting (/1) duceinic acid (4), K,HPO, (6}, KH PO,
3y, (NH_), 50, (1}, MS0, (2], and pH (7.0L l] | -1[ ol mocidhum
of & m-&ubnqﬁmm subsp. amploliquefaciens strin RLE1S wns
inoculsted in 250 ml conienl flesk combsining suctinabe broth and then
incubased at reom termperatun: for 72 h oo 6 ey shuking incobsion,

2.5 1. Dualiistive ownd quandtofive sximation of sdeeaphore i)
Hjguled CAS aysay

Diuging incubmtion, 2 mi of inosilated suceinate beoth was asepdical Ty
remeoved in 2.5 ml sterile microcentrifuge tube ol repular ingerval o
time. The harvesed broth samples were cemrifisged o 10000 mpiv
for 10 mim 2t 4°C to oblain eell-free culhens filtrule, The siderapher
production was quantltmively determined using Payne [16] method it
which 0.5 ml of CAS solution added with .3 mi of cefl-free culiun
filrsie, A reference was prepared using the un-moculsted  sesili
psccinnie mediiem, The eptical density of both ihe st and referenc
wits read @ G630 m, The %% siderophore enits in the culbfure Gl
sre calcigrisd using the Setlowlig formula.

Y Siderophore Units = A

« |00 3

Where,
Ar= Absorbanee of reference ot 630 nm,
As = Abarbance of best sample at 630 6,

1.6, Detection of Chitinase Enzyme Activity

The ehitinase setivity of B ampluligudfaciens sdhep. emplaliguefacien
strabn RLS1S was bested using solboidal chitin sger [17]. The collaid
chifin ager comiits of & g HaHPD, 3 g KH.PO, 0.5 g Mgs0
t gHHCI 0.3 g Mull, (U5 g yeast extract, and 4 g calloidal chiti
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dsmalved in 1000 mi desilled waler. The pH ol the mediam was
adjusied 10 7.0 end 20 g ager s addded 23 @ solidifying agcnt, Tha
arndim was Berifred 5 121°C for 20 min and plates wers propard,
Chitin sz plase wee spor Inocalaied with tacteriol eulere and
iiscdhated at rooms temperasues for 1 days. The plate was shscrved for
e clear pome af chitin hydrotysis around The spos imoeubated culwre,

1.7, GO-%5 Analysis of Crode Exteact

The GC-45% gvalmion of vell-fee sulpme filiale wis carried ot 38
per Raut and Humde |14], The sterile King's B broth was iyt
with B orrlolignefockar subsp. amplollquesfoiens ol incubased
on rotary shaking ineshoter a1 mam mmperature for T2 b, Adfter
incubation. bt culture wis cestrifuged of 10,000 rpm &1 4°C for
14 miin to obtuin e crude extract, The GO-ME evaluation of crude
exfmct was performed in (1T Bombay, Powed, Mumbal, The systei
used with specification GO make. version Agikent-TE90, with FID
detector, Head Space injector, CombiPAL sulosrmpler. i M5 make
wversion Jeol Accu TOF-GCY with mass range 102000 amm s mase
resolisins G000 squipped with VE-5MS (5% pheeyl medy|} capillay
columin of dimereions 300 m « 250 mm = (K25 jn snd used helium
ns carrler gis 86 | plmdn. The columm emperaiur wis preggramacd
mmitially at 60°C fodlowed by an increase of 5 Kmin to 2HHC wnd
was kept isothermally for 38 min, The constiteents were ddentified
using comparison of their s specimal dots with e anes fram MIET
Librasy.

A BESULTS AND DISCUSSION

3.1 Antifungsl Action by Dual Culture Technique

8. amplaliguefociens subgp, owplolipesfciens smin RLS1Y was
effigient in inhibiting 4 mocrospors fn dunl colture fochnique
swhase % midhitios of mdial growth wis mensared and cabiuloted us
9E.08 % [Figare 1 ond Tuble 1], The Chi-squan: teat I8 applied b dats

i Tuble 1, The Chi-squsre sinfistic & 27,249, £ < 000001 dnd the
rosull ie sigificant o P < 0,05,

Esrlicr respanciers hod also exploibed wefitivess of Bocifler st
s bigugent was evalunted againgt A. macrmapena of eotion asting dual
culture Sechmique end subsatially mhibised the myoelinl growih
(T166%} of the test fusggus In wiero [19), B subfilic stfam | wus
pvabiiated b it zainst 4leraarks Yeaf spot pahogen af olion wsing
dual eulture technlgne significantly inhibited the mycelinl growth
151 6% of the st fungos aver anbeafed costral [6]. Biowifimcy of
it bhangents Trichodernn harzion, B sbnilis, wed Prtadamonas
Muowrescens wwstod agalnst A. macrogpana by dual culiure techmigues und
reslts reveated that B subiilis inhiblied T1.06% mycellal growth of
Alternaein macrsparg & phytopathogen of cottan [20]. Similarly, 8.
subriliz subsp, insquosarum RLSS2 effectively ishibited the radisl
proowih (94.30%) of Alterneriz el spat patkozen ol B4 costom in dual
cisture techmigue [21].

Our  rhisobacierial  lsolaie 8 anpdoliguefeciens  subsp.
amylofiguefocieny steain RLSID inhibited 4. nmocrospord in dlunl
cubfure up bo SE08%, which was far beiter thon the warlier result
ohitained by Dalpatl of al. [19] and Raut & ol [21].

32, Determination of Antifungal Diffusible Now-yolatile
Mietabolites

The DA plases moculuted with 5 mim myceliad diso and egar well
inocutsted with cell-free culture filtrate of thizospheric isolete inlibised
the mycufinl groweh of fungal phyopatboger afier § days olincsbuion,
The results speeify that the rhizespheric isalate, 8. ampfafiguefacksy
suhsp el lgaeinoms @rain RLS 19 was able 1o seerete some noo-
valutile diifusibée antifungal secondary melibalies which inhihibes]
the myoelial growth of A. mecrospone up o G1-29% Alrermaria Lzad
spot phytopathbagen of Bl cofton [Taale I

Figure 1z Antifungal setion of Bacifur anglofiqraiacim subap, mpsngaecEny Hrain RLE 1S against Altesmaeiz necrsgend by ] quliure Kechisique.

Table 1 Antifungal scties of thizospheric felate Socifins amplalguaihcies sbsp syt v steains RILS 19 aggninen Afarnarin sarmapon by deal
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The species of Bactifur Produces. lipopepeides oz surlaclie, furin,
anil fergyvein bad Fappressive mechanisms  for fhe phytapathogens
which include parasitism, eompetition, and amiibinsls {12]. Similnrly,
8. amevialiguaficiens CA | peoduced andibintles end different secordary
metabolites inclading  sarfierin, fengyeln, ftarin A, nmEcmiactin,
diffickdin, bacllsene, nng chlarateting which Coiribete in binlogica)

The celi-fres extract of 5 ammpinliqusfaciens CMUT 14001
Mgonil agains phylopathegens which inchuis %
Codlemfrictmmi ardviredlare,

e cauealve sgent of dlrermai
Bight 0f lomatn whe hivcontrl agent fofenges diffisible non-vibiie
fetabolites [26], The culumi e of B11-144 (. ol fireiony)
und B E-128 ¢ =uliiiiny posessed ke s poivertisl sedifingg| kv
in PP i theee bessbed Aleernewiosn [277,

All these nepars were indicutive (hat our rhismspheric [solaie,
B, amyoligusiaciens subsp. amidollguefiing srain RL3 19 produged
diffsible munevalutily =toadory metabaliics which contribyiag in
inhibitios of the rmycelial Erath of 4. macraspang, These diffisiile
nen-vadatite secondiry metabafiss feededl ta be Turihor identified,

L Crualicative snd Quantitative Estimatisn of Siderophare by
Liguid CAS Assay

Similarky fir Auandititive eEsEmation, fe aptical densicy of the Best
and reference was remd st 630 am using UV spectrophatometer i
recarded. The % siderophore und nroducedd [Talsle 3| by thizespluric
hacterinl isolste in the cef-froe calture filtmie was calebaad [1s6).
& el e e i bR aoreoliomeicioms RLS1% prodiced
highest siderophone ynis (FL28E) afler &0 |, The aushsequent
Incubation ofter &0 b thep Wil il 5lighl decresse I % sldernphore unips
and it was due depradation af produced slidemphore.

letric jon cheluting comgoumd cilled Eideérophore, Members of penes
Hacilur ean Focnite & catechal-hased sideroplwone called hogillibactin,
The blocontral sgeni B, sy kol iqueficiens A | having o pens shiwn
to direet the synehesis the ingy siderophive. bacillibaegn [23]. The

T‘hcphmm—prmﬂru rhizobacterial isolse 7 anroligueiciony
stmineks_binj | produced B35%: siderophore units [29]. Furthermare,
the sideraphare produgton of & subtilis CTR-024 fn different modis

-~ Co-ordinatar

Guiry Pudthmornmi Wakmriforingg
&[] Diat F;ql..-:;*'--.'.._.. =)

i [ e M o
T, g R g - T = .
Figure 11 Qraiaivg estimation of sidernphore produstion by Sociivys

awerdalguacenes sitbep, w-e.n'nﬁwwm.,mm.mmquidm iy,

sihas seccinaie Broth ind tatrient broth was gdied il vems revenls chat
strain was ahle 1 produsss 4% and 5994 siderophiore, resectivedy, and
participases in inkibiling (he Fingal plat pathogens of ehickpen [30].
Sittaifariy, the bivagents and Pop alrnins of 8 swbiifie-] aed Bieris

TeEnEively UL B swbsisis suhsp, o
LREEL sideraphore unjt whije the time of harvesting of highes
sidesophone from fermentatio bl ws 72 b and with sl quent
incubatiin, fese was o decrease i %6 sidevuphore anies [21]

Iri the proseng Bludy, &. awndodigustnciens subap, asiwaligne iy
rain BLEDY produced 93.20% siderophane undig afler 60 h, it way
then the previous researchers Slanmmg of o 124] mnd
Rautes af {21] in terme of siderophone production unis Sldermhione
production sbility af [salite biso condribuied & mycefinl growih
inhibition of Alrermaris bead s podt phytpathngen of Bt coson,

3.4, Detection of Chitingse Enzyme Activigy
The  chitinase  production nhility of dhizpbacieris) isnlales
A, milisp. Stenim RLS19 tpsa
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erryme. The chitinase sciivity wah mewsured ad recoaded Inmm
[Tabik: 4],

Ar insolabie srociel poly saccharide. st (5, chitin Found 'within the
cell walls of imsects wed fhmpi. Cliftinases mne hydrolythe emey mes which
will comver polvssccharde into ke wolecular miss, snluble, and
insnlhle oligresccharides [32] In gerenl, gnzyme chitinese Torursd im
orpatisms el 1o reshape their own chitin or dagrade and digest the
chigim af fungi by breaking the glyeosidic bonds in chitin, Chitinalytic
gnavmes are anpomant due s thelr biocontml applications, ssipecially
she Chithesses useful in agrivuiuee m manage fungul phylopathogens.
The chitinese productive ability of B. ampioliguafociens 1% time
reconded by resenrcher Sabry [33].

Some researchers reported that 8, aorvlofiguafociens YE36 strin
grawn in a medium amended wilh marine waste crab and shrimp
shell powder produces the extrocellular antifangal enayines [34].
B suehiilis isalated fram soil sanple having antifungal activity agains
plant pathogen was evaluated for chilinass activity and ghoweil (LA
mn zome of clearnce sarrounding the coloay on colloidal chitin
ugar plate [¥5] Sociliwr Meheriformis and 8, subilis produged
prominent and meaxbmem chear zone of chitin hydrolysis as 14 mm
pd 11 mim, respectively, on cofloidal chithn agar medium [36].
Furthermare, the hizospheric isotaie B subillis suhsp, imgianaram
21552 having nntifungal activity againe 4. mecmspone, o leal spol

Figmre 3 Datection of chetrmse cneyme slonly of Focallus
murfaliguefioima subsp. apbidgegiacions s RS9 by colloids chitin
s ks Ay

Table 3 e hative astimation of siderophore prodused by thizosphares ifolae using higuid A% assa.

o

Hiologleal control of shernaria keaf spot diseases of Bt cotton 21011552 |

phytopathegen of Bi cotion produced 7,3 mm vleas Bullo around the
calany [21],

1 the present research, . amlofiguefacio subsp, awplodlguefoions
sirgin RLS19 preduced the ¥ mm cles zome of chilin hydrolysis
which wes betier ihan the mesalts obinimed by HRout & al [21]
pnd  Korunvs [35] but less chitinase enzyme sctivity than
Alsirami et al [36]. These results indicase that the chitiasse esyme
procluced by pur mizospheric isalate confirmed the imposan role iz
controlling Alfernavia teaf spot phytopatbogen of Bt cotton,

3.5, GC-M5 Analysis of Crade Extract

T crode wxtract of 8. ampleligiagBoiens aship. ampkiligeficien
strpin RLS51% wos ovalukicd o detecl the biologically active nove
valatile compounds having accountability s suppress the funge
phytopethogens uring GC-MS smalysis. The sovel valatile commpaiidl
were bdentified based on e comparson of the pasks of chepmalogran
with maga spectral data Trom NIST (200T) Bbrary.

B anpploliguefociens sihsn. amylodigegfctens strain RESIS showe
six peaks in the GC-MS chromibogram, Bised om penk ahanduic
three peaks of chromatogram companed fo mess spacire| dai
from MIST (2007} Liheary, The GC-MS spectral resulls compire
with Fibrury search swocessfully identified three composnds. Th
hinkygically notive cmiipsinds with thes retention time, mohesils
weipht, molecular formule, strucbane, s percentage of similarity, an
haalegical aeivity recorded in Table 5. The GU-MS evaluation of ozl
free culture filtrate fhizospheric mobue 5. amplaligurfaciens sabs
amplodique/ocims groin BLS19 detected three compounds, nuez|
2.5-Piperazinedicns, 3,6-bis{2-methylpropyl}; acetmide, N-othy
W-[4<{ Shydraxypymolidingly-2-butyayll:, and  pyreololl.2-
pymzine-1 4-ghone, hexahydro-, Some mesearchers . reported
antifungal ectivity of 2.5-piperazinodione 3, 6-his(2-methy|propyd
produced by Lactoboeillur plantarem  AFL - against Aspergili
favus ATCC 22546 [37). The orude exiract of Septampo
indigansiz wher QC—MS onolysis rovealed major canstitugnts

3-Pyrmlidin-2-yl-proplonic  peid; pyrmalo | 1,2-a} pyrezine-1,
dine hexabydro-; benzamide, M-propyl pyreobo {1 2-appyrazine- I,
dicewe, hixahydro3={ 2-methylpropyTi- Tearadecane, 6, 11-trimut
5 10-Diethoxy-2.3,7, 8-tetrahydro. THGH-dipyrrolo [ 1,2-a;1. 2+
pyruzime; and chioroxylenol which showsd  mmtifongal activi
apnimst F oxeporas (18], To. dissover the wolstike metabollic
piechmmism of antifunga] pobeatial, the crude extract of endophy
B amplofiguefaciens BmB | having antagonistic notivity agad
Ridznctomta sp. and Pythium sp, [39] was malyzed o detect |
volmtile compounds by GU-MS mnalysis end confinmed the preses
of benzene acetic acid; diisooctyl phihalate; octndecemaic &
pyrralof1, 2-nlpyrazine- 1, 4-dione hexahydro-; 15-Plperazinedinae
ey |- G- Loqrapmayl: pyrrolo[1,2-a]pyraeing-1,4-dicoe hexahyd

5 S TE o ik i o =
1 Baae it averinlyuafiriany sutop, anpofgeefcine siain KLS 19 1434 T 28 .14 #1.20 LR
‘Tabbe 4 Deteetion of chitinase exowse aotivity of thizosphenie solmes by 2oiloidel chitin agar PEe assey
SN Whiepkwceebi 1 Tesloneelgieiah 0 Domeerol o Diamcterapneof shi
' T L 'Hmi'i-tiwﬁ;rﬁ cabemy (man} R R
1 Baciliug skl fociens subeg. 18 ¥ b
onsenligwefaciens sinin RLS19
o 3 FRINCIPAL
ﬂn-?l.‘. . . Shei Gury !L:dé‘!'liiv.ranﬁ J[I'il'-“?d'qlu}t
ot Puma {Jn.) Dist.Parbtien)




Shel Cory Budithinam Mrkaridvalave
Pima L) Dist. Pl - 431511 (ML)
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Tahle 5 Biachemical sarnpourds ideneified n cnade axtract of Saeili ampinbipue icidns shep avplaligusfriens stiin RLS19 by GO-M3
e T TR O P T ":._ T % - D e o T T

Reltontne Nameof the compoind  Formala Surm

6.7 Pyrrolof 1. 2-a]pymmine- 1 &-dione, CH MO,
hexswin
i
507 I A-Pipormzinedione, 3, 5-fis2. g Hy MG 1k 623 Antifungal
methylpropyli- TJ\T
;L\f‘\]}.-"\.rf
2543 Auétamide, Memedyf-h 4.5 C, H 0 ,.I.__ i k] 134 Astimicrobial
hydrainy perendiding-2-hagymyl |- &,--n.i Ant-infiammatory
|

el pleny Imethyli: and pyrraio] 1 I-alpvracing- | 4-diome hexnhydro=3-
{2-muthy lpropyd)

Slenitarly, GC-MS asalysis of crude extrmot of Hacilfus gp. WG4
reveals the presepce of pyreolof [ 2-8] pyrazine- | 4-deane, hexabyden
derivative such = preeedofi,2-a] pyrazioe | d-dione, hexalpi-
Sephenylmeshyly a5 basis of antifimpnl setivity agaisst Pasfium
rapricfiilim [40], T Barillvr strains isolited from Forubera-Viornajn
Cave, the strain [I1IOWFI-TSA3D-2 is 12-beraunedicarboxy i cid,
bis(2-methyipropyl) ester and the strain 13HEIR2-TSAMLG shawn
o produgs volotilk chemicn| vompounds such nz pyrrodof1,2-4)
pyouzings | 4-dione, hamabyy droe S<{phenylmetyl}-, ind primalal],2-a]
pryrane- | d-dione, hexahydrs 3 2-methy Ipropy D-wilth antibacterial
activity [41] Furtbermore, the characierization of the crade extract
of Siaciflus prwitue MMM by GC-MS nnd confinms the availahifity
of bivlogically nefive componnds e bof L.2-alpyrazine-1,4-diane
derivatves having inhibinary effect gama Fiwis morabaemedpsices,
Paehdomanss péruginoss, and Saphivcoceus aurews [42], Crude
extract of sponge endusymbiotic Focifur ap. analyzed by GO-MS and
reveals the presence of preroln 1,2-ajpyrzing-1,4-dinae. hienaknedim-,
havisg antihactitiol activity [43],

Al these reports  indicaie  thet 3 wpnligasloclers pubsp
orpioligmefaciens strain RLS19 produced  voluile compisinds
2, F-Piperazinedivne, 3,6-bis(2-methy | propy Ij-; Acetmuide, N-methyl-
H-[-!-{J--‘rq-qu_-.rp:.-m:li:lin}-l'l-?-l:mynﬂ]-. md  pyrodafl 2-a]
pyridnes] d-cone, hexabvdro. mé the inkilsiiory notiviey ageinst
A. maeregpora, an Alteraceks loat spod phytapathoges of Bt coitan

4 COMCLUSION

Ulmﬂmuhmwmmﬁmwﬁsm&hsmbmumﬁmfwhekm
strain RLS18 inhdhited the mycekisl growih of 4 FaIFosTAE, Aliarraria
teaf spol phyinpathagen of B eatten, All thaugh searching biagonimd
mechanizm, the simin was bl o prsdueg fceevalaiile sscondsy
metabolites, sideraphore, chilingse ooy, and volatlle organic
binactive compoamds which  includes Pyl | 2-n]pyenzing-1,0-
diang, hexahydro-; 25-Piperuzimediane, 3,5-bist Z-mthylpropy()-, and
noetamide, H-mﬂyl-ﬂ{l-[]-}&chxypymlidinﬂhﬂ-hﬁql]- which
waniribeed in inhibition of myceltl growth of limgnl plyviopathogen,
Due o the peesEnce uliple pofcnlinflies, £ aleliueiiarieny

Co-ordinater
IQAC

sibep. amylofiruegfciens stmin RLS19 can serve 58 an excollent
bincontrol candidate for the mamgement of Alernaris beat spal
patbagen of Bt cotion snd altersative i sgrochemicals, Furthermpee,
his strmin meeds fo fest for mhiliory activity In cpposition & varing
phytepathogens of different crops.
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