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UNANED: ‘Uauams%manﬂuwmwmm’mmiﬂi muiﬂwual,wﬂmiaﬁﬂa Bacillus aunsaldaivayuuuiniadisnisld
f\]aumsﬁmmﬂﬁﬂW% mm%ﬂm‘na B. subtilis VLEJIS&JLaVl BO1 ‘Vl’lﬂ’l'ﬁ'ﬁwU‘U‘UﬂWJE’JﬂmaiJ‘UGWI’NGUULmﬂ,‘uiu‘U‘U VITEK-2 923AU
BCL card wurd utd o B. subtilis i a11u14 937 u 91% 13suvuai s varu1sadud an15195 WVOILE Yuleiie
Colletotrichum truncatum Wag C. gloeosporioides aivinlsauauunsaluandn 16 69.17% uaz 60.00% lennaousieis
dual culture Namﬂmué‘mw%ﬂﬁwﬁa B. subtilis WU ﬁwaﬁﬁamm%mLauimaqmﬁmwéﬂﬁ'LLsziéﬁ’asJL%ya B. subtilis lols
Lan BO1 sonld 90% YAAIUANIDN 84% LJJEJmunmwmﬂu%aﬂaﬂumamEJ 16 1 NUANNGIFEINY WAZAILEIITIN
INNINYAAIUA ﬂﬂmﬁiﬁﬂ’]ﬂ‘dUﬂ’lﬁmLL‘UﬂLLiﬂLmaﬂ‘v\ﬁﬂ“ﬁ‘uL‘U’eJLLUﬂV]LiEJﬂJﬂﬂmﬂ’JWJﬂﬂ’JU (690.58 Way 514.42 #1ud19U) NS
mmamﬂimaumamamimmaﬂﬂumuﬂaWWiﬂVlem‘UL%a B. subtilis 18166@‘1/1 BO1 818 16 T4 698 Gas chromatography
mass spectrometry LV]EJU‘UaiJaﬂ'mmﬂmmadmiﬂumu%ua National Institute of Standards and Technology LLaz"Uaua
Uszlesuivosasa1n PubChem wuwuwimmwmmmwmmwmemmwaaqmeﬂsmmumm Lﬂuaﬂﬂuﬂauwuﬁmm
qwﬂumia‘ua IN19495 YUeNYad kardunid lawn 1H-Imidazole, 4-methyls; 6- Ethoxy-1,2,3,4-tetrahydro-2,2,4-
trimethylquinoline; Cyclodecanamine; Heneicosane Wag Eicosane, 1-iodo- ﬂqmm'ﬁﬁqmqmmﬂEJ’mumiﬂiwlumiLﬁ]iiy
LALNISAT19E15IUNS A 1A wA Hexadecane; Piperidine, 2-propyl-; Undecane 3,8-dimethyl-; 2-Bromo dodecane gy
Nonane, 2,2,4,4,6,8,8-heptamethyl- LLa8ﬂﬁjmmi‘ﬁﬁ‘ﬂ'ﬁsﬁwgmwiul,%ﬂqmawmim #® Iron pentacarbonyl

ANEATY: UTada Funiae; wIn; a1susEnaunRunil; N1SnIERUANNAIUNI

ABSTRACT: Secondary metabolites data of genus Bacillus induced plant can support the evidence of plant response
to the biological control agent for plant disease management. In this study, Bacillus subtilis isolates BO1 were
identified by VITEK-2 system with BCL card and a good identity level at 91% probability. The causal of anthracnose
fungi, Colletotrichum truncatum and C. gloeosporioides were tested by dual culture method. The result showed
fungal inhibition at 69.71% and 60%. B. subtilis gave the higher seed germination rate with 90%, while 84% in
nontreated chilli seeds. During the stage of true leaves at 16 days-old chilli seedlings, height and root length were
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longer than the control. Consequently, the result leads to the seed vigor index of bacterial treated was higher than
the control (690.58 and 514.42 respectively). The induction result of secondary metabolite chilli after seed soaking
with B. subtilis isolate B0l at 16 days-old was analyzed by Gas chromatography-mass spectrometry (GC-MS). The
compound fragment and mass were compared with data from the National Institute of Standards and Technology
database. The compound information was referred from PubChem database. The induced secondary metabolites
from chilli seedlings were compared to the control. The result showed that the cell and microorganism growth
inhibited  substances were 1H-Imidazole, 4-methyls; 6-Ethoxy-1,2,3,4-tetrahydro-2,2,4- trimethylquinoline;
Cyclodecanamine; Heneicosane and Eicosane, 1-iodo-. Furthermore, the secondary metabolites related to growth-
promoting and volatile oil-forming groups were Hexadecane; Piperidine, 2-propyl-; Undecane 3,8-dimethyl-; 2-Bromo
dodecane and Nonane, 2,2,4,4,6,8,8-heptamethyl-. Lastly, we can observe an essentially industrial bioactive
compound as Iron pentacarbonyl.

Keywords: Bacillus subtilis; chilli; secondary metabolites; induced resistance
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W3n (Capsicum annuum L.) finnuddglunslduilnaniunssuiun1sniegaannssuaueInis aundsnssy
wazaunsLg Winflduasisddunazsarflunisuseneuluems vlianudesnisvesmandandndifiudu Tud
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A, 2564 Uizmﬂiwaﬁﬁuﬁmsﬂqﬂw%ﬂ 133,847 15 dnegdunuil 3 vedlan lunsdseenninuisiinandnsin 307,593 fu
Finnuasegnanisinens, 2565) 5@LLﬂdﬁW%ﬂLﬁuﬁmﬁﬂqﬂlﬁmaamﬂ wazidufideanisvesmanaslulssmALazAnsUsEme
witlymuasdesialumstgndnlstaunmilguassaddndosanlsaiio Insamslsawouumsaludluusamalnenude
51 4 vila laun Colletotrichum truncatum, C. gloeosporioides, C. acutatum Wag C. siamense ﬁLﬂuaﬁLwﬁIiﬂﬁﬂﬂén
($Ren wazAmy, 2553) muuziiuaziuamislunisdanisisaiivanusaltiswanssuaudanisldansiail 9nuwAnn1sdInnig
Tsafignuuumanunsdsdu Wdnshdasusisulunismdn Ineaneqdun siiaansonseunsosiiufiviiomgmn vie
plant growth promoting rhizobacteria (PGPR) 3sfinalnlunisduaiunisiasaiulnveiie LLﬁ%ﬂ’]iEj’U‘c’j’;ﬂL%@ﬁ’lLﬂﬁiiﬂﬁ%
ﬂEiML%@LLUﬂﬁL%EJ PGPR Midlewld loun WWeuuai3e Bacillus spp. Ls?iyaﬁaﬂa'nﬁ@mamﬁ’aL@iﬂum”mmw%’uﬁﬂﬁmuaﬂng
wien Wi nsaamulumuiou AnuAy an nuiends (eyeyaly uazaame, 2565; Mahapatra et al., 2022) YenaniLie
wuaiiSe Bacillus spp. fnnuanunsalunisduaiuninadyvesiivsuideinanuauisalunisazaslnunadeslufiu
n1sn3alulasion nagaduarsormislufia (Radhakrishan et al, 2017) AuantAlun1sdududemanunlsadivlanide
wuafii3e Bacillus spp. fia1usavd woulesii onsdunisead uagviraremiamad lnenisudueuluilunguues
chitosanase, protease, cellulase, glucanase Way siderophores liiAnn1s§3lwaves protoplast Wae vacuole Fo5
(Heshem et al., 2019) \euuniliSe Bacillus spp. mwﬁmmmmé’qmi’wﬁmsﬂiznauﬁ§U§Qﬂ13La?mmaQLsﬁyaiwié’ Ly
iturin, fengycin, mixirin, pumilacidin wag surfactin (Han et al.,, 2015; Yamamoto et al., 2015) ﬂmamﬂ’ﬁiﬂmm%u%@
wWuRL3e Bacillus spp. Anason1slasgLAulave N M%awaﬁim%amm@iﬂﬁ‘u (Yu et al,, 2002; Rahman et al,, 2016) way
finsfnwfemnuanunsalunisnssiuanudumuluiiele (Zhou et al, 2016; Zhao et al,, 2016; Massave et al., 2018;
Riu et al,, 2022) WonunfliSe 8. subtilis BO1 Hudefiuansdnenwlunisnaneulesd wazanunsadudsnisedyvente
C. truncatum Iédewiisuiu Bacillus lolaandu 9 (el wazame, 2565) nuATeElevihnsAnwdneamlunis
ﬂ’JUQJJL%@i’] C. sloeosporioides kazn1snoUaLBBIMInendIMslasuauuaiiSe 8. subtilis lolsan BOL faens

afeasuseneuniegiiieliusglevilumsfinnuvsensiaeuniniilisunisnseduanusiiuniu
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AN15AnE
mswﬂaa‘uQmauﬁ'ﬁma%amﬁLLazﬁ'ﬂamwmaaL%mwﬂﬁl,%a Bacillus subtilis Ium'smuqm%am Colletotrichum spp.
\Worimalsauauunsaluawsn

mswissadenuniite Bacillus sp. lelwan BO1
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Wouunilise Bacillus subtilis telgian BO1laK1un1ssEyvinvaskuailisanleiSomdluanaludiuves 165
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v

ribosomal RNA ¢aglnsiues 27F/1492R snreuntiil (foyayaly wazame, 2565) Tunwddelilavinsdudunaaudanig
Fueflvondouuailiiodemaia VITEK2 system isnfiuiitof uduriinvosuuafise Taevinnng streak i suuniise
B. subtilis lelgian BO1 a3uue1ms nutrient glucose agar (NGA) Uuﬁqmmgﬁ 37°C Wunan 48 H3lus 19 loop @ single
colony lUidasielue1ms nutrient broth (NB) wg U rotary shaker A11$3 150 sou/wnil Wuiaan 24 dalus avraseu
AUt UlAE TAAIAIN1TAANAULAIA Y spectrophotometer (GENESYS 30, Thermo science) 7l mue19AE U 600
uluiuas (0D600) Wity 0.2 fewthlulimaaey dwussyslisveadovhmsnsiateyafanssumsdauni 46 siavende
yadoy f1eyn BCL card iisuiugiuteyalusyuu VITEK-2 system (bioMeérieux, Inc., NC, USA) ftonisseyaiinvaade
wumt3e Bacillus sp.

UssBvSnnvaadiawunaiile Bacillus subtilis Telwan Bo1 lunstududuledes Colletotrichum spp. 970
dn1wnagau dual culture

FouuaiiSe 8. subtilis BOL fivesuieUszansamlunstiudsnsiasyueatdon C truncatum (oyeyedy uazAnIe
, 2565) Lﬁ'aﬁwmﬁﬂwnﬁluLﬁmimﬂiﬁ’ﬁ%@ﬂmLm‘[iﬂﬁﬁ’]ﬁmluw?ﬂ Ao C. gloeosporioides Tl#§un1souLATIZHNIAIN
Mol UAN9a3TIMeLsANY AUZINYAT MWIILEY UNTINEISNYATAENT thiduleiiasyuuomsidsaie PDA Wunm
72 §3lus wmndeusa833 dual culture (Morton and Stroube, 1955) Mad o5 fiveuauidsudedunils uazdade
waiennaeuiennveunuisadedunsediuvinedu 3 e iin1maaestaimun 6 51 naravwalelafidesiign
Fudsanidle 8. subtitis lelean Bo1 Wisuifieufuruelalailugnaiuay fmunumdesidudnmssudansaiydulanes
Talaildos1 (%) muaunisves Kabir et al. (2012)

Wesiduinsduds (%) = (R1 - R2/RL) x 100
dle R1 = mmemsailalailveades C truncatum (syn. capsici) vi3e C. gloeosporioides lunuemsaIuay
R2 = auenaseillaladven®os C truncatum (syn. capsich) wSe C. gloeosporioides auamsnagaey

nsdaERNN1sRIeLAULA (plant growth promoting) Yadwawuaiitse Bacillus subtilis lalwian BO1 Tudunén

Ynudan3nduan unsuay nqudidouasiaufivdniansou unineidoinuasmans Inenunfiunauay
Jrfaunsugy wudluasazaeidouunaiide 8. subtilis lelaav BOL 7 OD600 Wity 0.2 usweziian 3 dalus Huwdn
il mnauuiuug 30 wit dewhlunsuunseaunsesiies blotter $1um 6 81 dax 25 wia UnliTlgamad
25°C Tunasiliauazaing 12 $lus lensuimua 16 Sunsesundmdnilusisasslu vhnsmsreasudundminiiiensiata
Wasidudnisaen (%) mmqaé{u ANUHNITIN BASATUIUNMISVRANULT 39 (seed vigor index) (Abdul-Baki et al., 1973)

WiguiugemuaNfiiunsudmeinduileinessegiian 3 $alus

WosHuAN1599NUBUER (%) = (FNIUIUVBIUAATIDN/ ITUIUNAATIINUA) x 100

FUTANULTIRTIVBIPUNET = [ARBEVBIANINENITIN (FU.)+ARABVDIANULIEPU (3. xUasiFusinsienvasudn (%)
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n3ATIRERUEINRBRNgNnsEduRiY Bacillus subtilis Teluian BO1 Tudundnsn
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nsafag1snAgiandungnan

Unudan3niugiun AMunawan futdedeuuafide 8. subtilis Telwan BO1 sveziaan 3 Falu WAEYAAIUAN (WY
feinduilsinite) muisnives Naziya et al. (2019) ndsarnnsinguuiinaed vnisdudiegnsfundmindiuau 20
du edluaisandludieny 16 Yu dulasiBen duimidndedieiia 0.5 0. fvamasauia adadeionsaozdion (RC
Labscan; pesticide grade) 3,000 wa. Ual3luiiiin 5 5u Qmmsasmaﬁaﬁ’mié’ﬂ%mm 2,500 1a. Y1 lUseinenie Reacti-
Vap™ evaporators wazaralendunly @13azaekas acetonitrile : ethyl acetate : chloroform (AEC; 1:1:1 InaU3unnsg)

U3N1ns 1,000 ua. dreasiunasn vial neudrlunsianae gas chromatography-mass spectrometry (GC-MS) 1111530 3

v
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LAl PLERN

NIATAAIATIZNETUTENBUAIBLAZDY Gas chromatography-mass spectrometry (GC-MS)

mMsinsgiarsusznevlufiegadiund nin auifues Madla et al. (2012) Ingldin3os GC-MS Ju GC 78908
fvuslidnansiiadinuiunns 1 lulasans seszuunisia splitless TusunsumuaNgumaiia 260°C 1dnedunialin HP 5 MS
30 1. x 0.25 w1, AeBidenlnaiiineding 1.0 wa/ i gumgiaeduidulusunsududuil 45°C adld 1 117 RuTudhe
10°C/undi aufsgamgdl 280°C Atk 5 undi Tudauwes MS 1 7000D Triple Quad detector 1u MS Quadrupole fisiey
GC lnansa uazaamnil ion source 1u 230°C Tuszuu electron ionization (El) #aen electron energy 70 eV AsIaHANTS
uonosrUsenauldu total ion chromatogram (TIC) Tusguu scan mode 14929999 Mass 10 fia 600 AMU (Atomic Mass
Unit) Usguianan 18 Agilent Mass Hunter Unknows Analysis Lﬁ*&mﬂ”ugwﬁz’faga The NIST Mass Spectrometry Data
Center thfoyasndnidentlinansusznauiinulusogsyanuauuazsanaaoy Tngldinasiauildnsmainnd 150,000
thenituilénsmanduaue fold change isufugaaauau dndandn fold change fiunnnii 2 AnLiandeyaansusenau
nmEniifinsmevaueaiutudoldiudewuaiise B subtilis lolsian Bo1 iluamasutoyasiavesmsuazeaziden

UseanSnmueeasnilsieanu

Nan1sAnEILazIaNTl
N13ATIVEBUAINTIUNITNALVDIUUATILTIAE VITEK-2 system

Wewuadide Bacillus subtilis lelwan Bo1 Aldidudeuuaitizounsuuan lunsnaassndsilavinnstususinves
wuafiselagldn1snsianans Uiy VITEK-2 system (bioMérieux, Inc., NC, USA) saufu BCL card é?fﬂsi’fsswuﬁm
suaqufumﬁL?ﬂﬁﬁ%’mauhaﬁa%mzqa Bacillaceae #18nInAaaUNISTNATTIvLA 46 518013 TudIvDIUnaIAISUBY

Aanssuvenoules HaN1SNAABUINNTLUU VITEK-2 system aaiandly Table 1
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Table 1 Biochemical properties data of Bacillus subtilis isolate BO1 with BCL card by VITEK-2 system
Biochemical test details Result”  Biochemical test details  Result” Biochemical test Result"
details
Beta-xylosidase + Myo-inositol + Pyruvate +
L-lysine-Arylamidase - Methyl-A-D- + Alpha-glucosidase -
glucopyranoside-
acidification

L-Aspartate- - Ellman + D-Tagatose -

arylamidase

Leucine- arylamidase + Methyl-D-xyloside - D-Trehalose +

Phenylalanine + Alpha-mannosidase - Inulin +

arylamidase

L-proline arylamidase - Maltotriose + D-Glucose +

beta-galactosidase + Glycine arylamidase - D-Ribose -

L-pyrrolydonyl- + D-Mannitol + putrescine -

arylamidase assimilation

alpha-galactodidase + D-Mannose + growth in 6.5% NaCl +

Alanine arylamidase - D-Melezitose - Kanamycin -
resistance

Tyrosine arylamidase + N-acetyl-D-glucosamine - Oleandomycin -
resistance

Beta-N-acetyl- - Palatinose + Esculin hydrolysis +

glucosaminidase

Ala-Phe-Pro- + L-Rhamnose - Tetrazolium red +

arylamidase

Cyclodextrin + Beta-glucosidase + Polymycin B +
resistance

D-Galactose - Beta-mannosidase -

Glycogen + Phosyl choline -

Y Presence of Biochemical test; represent (+) and absence of biochemical test; represent (-)

T3 av0958UU VITEK-2 S 21y BCL card 387 118 auuadiii e Bacillus subtilis Bo1 Snag luna uvas
B. subtilis/famyloliquefaciens/atrophaeus fisvummuidotiu 91% (probability) ﬁqmmwmiiwﬂjﬁmL%Iaiuixﬁua (good
identification) Ineszuy VITEK-2 1duszuuilldduduviinvesuunaiiselaglidesondoniseudiduiva 1unisihdeya
Ranssuwoulest uagnislihaandionne 4 veadouuafiFefingiadey Wisuisutugudeyaveaderuuuy Jaduiug

PSIUNITNTIVABULT DR UATILS NN TWINNE NI BLTIIU ANUVBY Halket et al. (2009) Ak VITEK-2 s7uiu BCL card wile
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$1uun Bacillus sp. annsaduuniuaienguitairseulaaUed @erobic endospore former) w1a & wiln lun 8. cereus,
B. licheniformis, B. pumilus Waz B. subtilis VLé'{asJNQﬂﬁmﬁy'mm wiflosnidutediinvesyn BCL card Alsianansouen
AULANK19Y0Y B. subtilis way B. amyloliquefaciens b N3 378 laldtoyad1duiuau3ians 16S ribosomal RNA
(feyeynaly wazAaue, 2565) diodunstusuriaveuaiiFeildlunismaaesindu 8. subtilis
UssAvdnmvaadauunfiiy Bacillus subtilis lalsian B0l lun1saauauidasn Colletotrichum truncatum uag
Colletotrichum gloeosporioides

\WauuAiiLse B. subtilis lolgian BO1 au130AIUANNITHASYTERTT C. truncatum 1991 69.17% (Figure 1A uaz

v v
1y

1B) (Aeyaynaly wazag, 2565) waznisdnwiiufnlunuideilfe 1wWes C gloeosporioides finalminlsAuouwnsalua

W3IN VUAIUDIMITIA B 062835 dual culture WU B. subtilis tolaian BO1 @nunsaduginisiaigeslaladiiesle

v
o

60.00% gy (Figure 1C, 1D uaz Table 2) lnednwaznstiudilalaiidoslnefeuvaiidoduuumsadisansiud
w39 antibiotic InsdanaLfiut 097195817198 amn@euRaanuiln (Elshakh et al, 2016) AN8A MY B UATLSE
Bacillus sp. Tunsmavaulsaniy wulusieauvaieadu 1wy NsAnyi1ues Prapagdee et al. (2012) Aldansatnneuide
wuAii3e B subtitis lolewan SSEA i enruaulsaLouunsaluaiiiinanies) C gloeosporioides lundaslsiananing

Ashwini and Srividya (2014) na1271 B. subtilis @111506U89N15193 00988831 C. gloeosporioides 1AANAITNAGOULUY

a v o

dual culture wazdudulainfanssudananiianuietdesiuieules beta 1,3-glucanase wag chitinase @ aduteulesian
aunsagesaaunLanliosngy ascomycota fifinadu beta glucan uaz chitin 1WussdUszneu WwRsiunuYes
Kumar et al. (2021) 9114 B. subtilis aneiug AKP iadugan1siaseyueadesi C. truncatum (syn. capsici) wagiinaaudily

msdaasunisiasyaulavosielan

Table 2 Plant pathogenic Colletotrichum sp. mycelium inhibition by Bacillus subtilis isolate BO1

Isolates Plant pathogenic mycelium inhibition (%)

C. truncatum® C. gloeosporioides
Control 0.00 + 0.00 0.00 + 0.00
Bacillus subtilis isolate BO1 69.17 + 0.09 60.00 + 1.00
Sig. (between treatment)” * *

Y Plant pathogenic mycelium inhibition of C. truncatum was published by fitysy19ig wagAng (2565)

? * Significant difference between treatment at p<0.05 using t-test (n = 6)
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Figure 1 Efficacy of Bacillus subtilis isolate BO1 to inhibit Colletotrichum mycelium after 7 days treated A) Nontreated
of Colletotrichum truncatum B) C. truncatum and B. subtilis BO1 C) Nontreated of C. gloeosporioides D)

C. gloeosporioides and B. subtilis BO1. (Figure A and B were published by fityayalg uaganiy, 2565)

navaanuAtiselunIsaLESUNSRIYRUTAYaIdUNAINSN

a a

n1svegauLleuuaiise B. subtilis lolgian BO1 lnen1syuludansn wWiensivaaudszdnsninnisduasiunis

ada @ v

Wwigulavesrundminfssuzian 16 Ju nud dundmindanusanlugnniuauuwasnssuIsiuwyiudnnie B. subtilis
lolotan BO1 8¢l 84.00% way 90.00% iFAugadduaiy 3.92 9a. ANNE1TINLREY 3.64 ¥4, Teilnnuwandneiueg
HdgddynsadifdlefieuiuynaIuANTEANEIEAULALAINENITINWEY 3.01 kag 3.11 9. auddy Wethunmudn
v oA < < a0 v = ' Ao o« < & aa o
ARYALLTITIvBINEANUINEAWINTY 690.58 FegeninganruAufifvlauLlsveaNdanda iy 514.42
(Table 3) Wawuailise B. subtilis BO1 o luldlun1sudiudn (bio-priming) YansnIuAT MUNILEY @1N1TAAUESNANT
Wi Aulaaeiiy 3o plant growth promoting ffudunawsneny 16 Juld waganauvesiyayIaly wazaue (2565) wu

£% 1% a

fundwineny 28 Julnsiqiulaldd dnvardmauandiiiuiifundminery 16 JUSULAANANIINOUAUDINITUY

a
¥

#e B. subtilis BO1 fiflarmunnssangaaauaulumefifau nsfigatdnenimvesdouuniiSe Bacillus sp. Idfigailiity
Fnonmlunisduaiunisasydulavesiiv Jardin (2015) nanis wunAnnsligaunidnfvssloniludnvazvesninsedu
flan9danw (plant biostimulant) wletaiumslivstlovivesiivainsigerns lifvamudeanmundoudlsimanza
Kasues L et al. (2019) AliTauuaiiFe B megaterium HX-2 sumdatniluareutgn dswasenisiadyisnugedisy
ATINENITIN UAZERIINSIBNTBRLAR TAuuanAINYRAIUANDETited AyvieEdn 5140 Bacillus sp. luanwaz
bio-priming fiutandniluanawtirludan (Li et al, 2021) ansanssiunisasyiulavesdininaluanigiudy dudiung

Tun1sensesun1ssenveaudn Wvitings wazuivinuievesdlnalaluau

v
a v A

AuautRnsdudadunidlag plant growth promoting rhizobacteria {uanaudAnilsiitnaula nsdudaudioans

q

v
v A

Isafivvaadouuniiise Bacillus sp. Wunaan msunaugeemsluiiuiiudelsaiiy n1svanldesansiiedudielsaiiy
WAZN1INTLAUNINBUANDIVRINY VailYayaanTUTenaureIninfineuauednINnITNIedualelieuLuafiise Bacillus sp.

awnsathanfarsandieldfinaunisnszduanudumuluninle
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Table 3 Chilli seedling growth after 16 days of stimulation by Bacillus subtilis isolate BO1
Treatment Shoot length (cm)  Root length (cm) Seed germination (%) Seed vigor index
Control 3.01+1.12 3.11+1.12 84.00 514.42
Treated by Bacillus 392 + 093 364+ 1.13 90.00 680.58

subtilis isolate BO1

Sig. (between treatment)” * *

Y * Significant difference between treatment at p<0.05, using t-test (n = 150).

dayaasusznauaNMIATIEdleiaIas GC-MS Tudundwiniiiunisldsuldauuniiise B. subtilis lalaian Bl
NSATIVAOUMEY GC-MS Y0eaTUTENaUYRENTINAIUAFUVBIAUNAMINTUTIUAT AUNILEY A189TINIINTEU
medenundiisy B. Subtilis lelwian BO1 1Wunan 16 Ju wudnway GC-MS profile finsnszatedmnulasunlaunsudiwans

u Figure 2 Jayansunndiwazanavesansusenaudlefisuiugiudeya NIST vilinsiursiinvesans Andeniiuiilansiu
Ya3asUsENauEnsLTUlBisuAuYgaAIUAL Wua1sUsENaudIwIL 25 815 dauandly Table 4
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Figure 2 GC-MS chromatogram of bioactive compounds from the Bacillus subtilis isolate BO1 treated chilli.
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Table 4 List of GC-MS analysis identified bioactive compounds from chilli seedlings extracted after Bacillus subtilis

isolate BO1 treated for 16 days

RT (min) Compound name Formular Molecular Average peak area
weight control treated
4.8883 Cyclohexanol C6H120 100.16 32,594,065 33,991,288
5.0186 1H-Pyrrole-2,5-dione CAH3NO2 97.07 18,988,287 22,414,479
5.0187 Cyclohexanone C6H100 98.14 18,837,192 22,084,508
6.5823 Undecane, 4,6-dimethyl- C13H28 184.36 1,004,168 1,191,074
6.5825 Vigabatrin C6H11INO2 129.16 1,054,147 1,109,712
7.3278 1H-Imidazole, 4-methyl- CAH6N2 82.1 4,031,962 8,285,965
7.3280 Sulfurous acid, dicyclohexyl ester C12H2203S 246.37 6,258,743 8,542,935
8.3741 p-Cresidine C8H11INO 137.18 447,297 461,889
9.6023 Boraneamine, N-ethyl-1,1-dipropyl- C8H20BN 141.06 875,937 894,525
9.6044 Hexadecane C16H34 226.44 851,350 1,823,722
9.6046 Octahydropyrrolo[1,2-alpyrazine C7TH14N2 126.2 652,104 1,154,752
9.6048 Piperidine, 2-propyl-, (S)- C8H17N 127.23 7,418,350 14,992,026
13.8662 6-Ethoxy-1,2,3,4-tetrahydro-2,2,4- C14H21INO 219.32 137,295 696,177
trimethylquinoline
15.5700 5-Aminosalicylic acid, N,0,0’- C16H31NO3Si3 369.68 319,664 587,640
tris(trimethylsilyl)-
17.0182 Undecane, 3,8-dimethyl- C13H28 184.36 176,181 998,934
18.7150 2-Bromo dodecane C12H25Br 249.23 161,660 630,793
19.0159 2-Ethylpiperidine C7TH15N 113.2 771,670 1,191,269
22.9987 Cyclodecanamine, N-methyl- C11H23N 169.31 631,121 1370406
24.8508 Iron pentacarbonyl C5Fe05 195.9 1,112,510 21,881,515
24.8512 Heptacosane C27H56 380.73 29,737,137 30,854,530
25.6859 Nonane, 2,2,4,4,6,8,8-heptamethyl- Cl16H34 226.44 1,270,496 3,082,363
25.6860 Hentriacontane C31H64 436.84 2,206,043 3,672,762
26.6628 Heneicosane C21H44 296.57 1,465,838 18,197,325
27.8159 Eicosane, 1-iodo- C20H41I 408.44 384,356 1,432,163
29.4937 4-Methy!l-2,4-bis(p- C24H3602Si2 412.71 201,649 253,941

hydroxyphenyl)pent-1-ene, 2TMS

derivative
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\isufuyanuAx 3eAN fold change AnLdaNAN fold change fixnnin 2 nadsasulu Table 5 wuansuszneuniogs
MUY 11 @13 ﬁgﬂﬂizﬁuﬁﬁuﬁumﬂﬂdwsqmmuau asaananlein 1H-Imidazole, 4-methyl-; Hexadecane; Piperidine,
2-propyl; 6-Ethoxy-1,2,3,4-tetrahydro-2,2,4- trimethylquinoline; Undecane 3,8-dimethyl-; 2-Bromo dodecane;
Cyclodecanamine; Iron pentacarbonyl; Nonane, 2,2,4,4,6,8,8-heptamethyl-; Heneicosane ILa¢ Eicosane, 1-iodo- V;Jd‘ﬁ
ansnAegifsnanuiaudAglunsEuINITIEIIMeE wagnInseduAuiunIUlung el

1H-Imidazole, 4-methyl- fian fold change 2.06 il Imidazole ring 1upsAUsENBU %dLﬂumiﬁﬂﬁ@Iumi%fﬁL%@
wuaiiSe 15 wazuzise uaﬂmmfé’aL"flua'auﬂszﬂauﬁﬂﬁmmaqmﬁmmmL'%'&J (Orhan et al., 2019; Rani et al., 2013)
arsusznouinsianldlumandunssy Wuduusznevvesengnde (antiseptic agent) lumsnsinunsinisiidu
druusznauvetaisialimidnlsaiiyvilalnsnaas 1y (prochloraz) (Rodriguez-Ortega et al., 2019) ¥8yavad PubChem
(2022) mmmwﬂuﬁmm:gaﬁmﬁm Sophora flavescens fiissassnaniduasimmzseld

Hexadecane if1 fold change 2.14 @1sasnanaduansusenau alkane anense §A15ueu 16 oznou Wunguves

v '
o o =

Wniluveussveiannlaanwinngy long pepper (Hexadecane; Pubchem, 2022)

Piperidine, 2-propyls, (S)- A fold change 71 2.02 ansanuluiiusiaas cytoplasm uay Yesinssewinuead a3
aenanduansusenaudunsgnquuaidaniased wavoyus (United States Department of Agriculture, 2004) Fayalu
51U PucChem (2022) flonansdadanslititeusslovinenisunnslussuudsszam uagszuudidedlaiin

6-Ethoxy-1,2,3,d-tetrahydro-2,2,4- trimethylquinoline fif1 fold change 71 5.07 fisnssunuant@lunisiduans
antioxidant lunssuaunsiiisatesiuludu (Bbaszczyk et al, 2013)

Undecane, 3,8-dimethyl- {l@ fold change 7 5.67 WJuansuszneulungu alkane %ﬂﬁmiumuﬁﬁawaﬂ' methyl
group fidunus 3 uaz 8 wanduaswunuelasfiasnsanuldluueids (cancer metabolite) (Vermeersch et al,, 2014)

2-Bromo dodecane fifn fold change 71 3.90 Garruti et al. (2013) léseenlidannduassemedinulunin

Cyclodecanamine, N-methyl- fif1 fold change 71 2.17 mié’hﬂa'nLﬁuaaﬂ‘ﬂizﬂaumiﬁﬁqwéﬂumﬂhLLuaaaﬁ’mm
nfiw Morinda tinctoria 3sanansardaviueuanzaetine (Helicoverpa armigera) ¢ Tneffiwsiaszuumelavosiua
(Praveena et al., 2016)

Iron pentacarbonyl i1 fold change 7 20.259 Wuansfinunmanseduiiialdunian fnmsldusslovdlugnamnsy
wEndu uenand daduasildfnludowmds uazdnistunldlunssuaunis reduction vesansiafiau q (Lask and
Wagner, 1962; NIOSH, 2022)

Nonane, 2,2,4,4,6,8,8-heptamethyl- diA1 fold change i 2.43 ﬁswm’mdwﬁmmLﬁ"m%mﬁ’uszuumadﬁaga’tuﬁm
n3eNa solanaceae (Cui et al., 2019)

Heneicosane &A1 fold change aq'ﬁ' 12.41 ﬂimmquﬁgﬁfaﬁmmiLﬁayuaq Aspersillus fumigatus Lag
Streptococcus pneumoniae 9 asusenaufnaninuantilunisanasunisasyiulaveiitlad (Rhetso et al., 2020)
Vanitha et al. (2020) ldfinsiunldidumseengrimedinmmsnisunmg fioannshes1vesgduns

Eicosane, 1-iodo- i1 fold change 71 3.73 asUsenouiifinuantilunisdudatanssumesqdunis uay antioxidant
farteledann Alium chinense 331831 Rhetso et al. (2020) wuinduansiddneanlunmstiudmonssuvesuunaiide Wy
Staphylococcus aureus wag Pseudomonas aeruginosa UenANT @138 ena198 @150 S 113183 e ed 831

Aspergillus flavus 19
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Table 5 Details of Induced substances compound in chilli after treated with Bacillus subtilis BO1
Component Fold- Details References
compounds change
1H-Imidazole, 4- 2.06 A natural product found in Sophora flavescens, ~ PubChem, 2022, Rani et
methyl- used to make pharmaceuticals, antiseptic al., 2013; Orhan et al.,
agents. Target site to cytochrome P450 family. 2019; Rodriguez-Ortega et
Relate to the fungicide product as procloraz. al,, 2019; Richaud et al,,
2021
Hexadecane 2.14 It is a component of essential oil isolated from PubChem, 2022;
long pepper. It has a role as a plant metabolite.  Chayabutra and Ju, 1999
Piperidine, 2-propyl-,  2.02 Composed of a membrane-enclosed mass of PubChem, 2022; FOODB,
(S)- protoplasm. 2020
6-Ethoxy-1,2,3,4- 5.07 Antioxidant agent against with lipid peroxidation ~ BBaszczyk, et al., 2013
tetrahydro-2,2,4-
trimethylquinoline
Undecane, 3,8- 5.67 Metabolite observed in cancer and found PubChem, 2022.,
dimethyl- essential oil composition in Hibiscus sabdariffa Vermeersch et al., 2014
2-Bromo dodecane 3.90 Volatile profile in Capsicum chinense Garruti. et al., 2013
Cyclodecanamine, N-  2.17 Component which essential as botanical Praveena et al,, 2016
methyl- insecticide.
Iron pentacarbonyl 19.67 Role as reduction of other chemicals. Lask and Wagner, 1962;
NIOSH, 2022
Nonane, 2,2,4,4,6,8,8- 2.43 Played a role in providing information to e-nose  Cui et al. 2019
heptamethyl- system on the infestation on the tomato plants.
Heneicosane 12.41 Role as a pheromone, a plant metabolite. Vanitha et al., 2020;
promote to the growth of plants. Rhetso et al., 2020;
Eicosane, 1-iodo- 3.73 Alkane which has high antioxidant and cell Rhetso et al., 2020

inhibition

asnAegiiludunamsnifinsdsuudainendnslasuwoenunailise B. subtilis leleian BO1 a1syAugiingn

nszfuuilenauansUseansnmvangysen1siu nduansyieniieveengnslun1sdudnisiaiyaduniduazeangvisse

vaa e kA 1H-Imidazole, 4-methyls; 6-Ethoxy-1,2,3,4-tetrahydro-2,2,4- trimethylquinoline; Cyclodecanamine;

Heneicosane Wa¥ Eicosane, 1-iodo- ngua1snAgniniiifgideiunisnsedunisiasey waznisassdiduvenseivelunin

1@ kA Hexadecane; Piperidine, 2-propyl-; Undecane 3,8-dimethyl-; 2-Bromo dodecane WLa¥ Nonane, 2,2,4,4,6,8,8-

heptamethyl- kagnguansnianudAyiuanavnssudu 9 WU Iron pentacarbonyl
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