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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 uLd o B. subtilis # A21uLd ol u 91% 14 suua 1S oau1sadued 1n15195 YUDILE Yulode
Colletotrichum truncatum Wag C. gloeosporioides aivinlsauauunsaluandn 16 69.17% uaz 60.00% lennaousieis
dual culture Namﬂmué‘mw%ﬂﬁwﬁa B. subtilis WU ﬁwaﬁm’amim%mlﬁuimaqmﬁmw%ﬂﬁmj'é’am%a 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
Uszleatveansain 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‘ﬂizﬁﬁ/l%mwslut.%qqmawmim #® Iron pentacarbonyl
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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.) finnudidglunslduilnaniunssuiun1smiegaannssuaueInis sundsnssy
wazaunsLg Winflduasisddunazsarflunisuseneuluems vlianudesnisvesmandandndifiudu Tud
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A, 2564 Uizmﬂiwaﬁﬁuﬁmsﬂqﬂw%ﬂ 133,847 15 dnegdudui 3 vedlan lunsdseenninuisiinandnsin 307,593 fu
Finnuasegnanisinens, 2565) 5@LLﬂdﬁW%ﬂLﬁuﬁmﬁﬂqﬂlﬁmaamﬂ wazidufideanisvesmanaslulssmALazAnsUsEme
witlymuasdesialumstgndnlstauamilguassaddndosanlsaiio Insnmslsawouumsaludluussmalnenude
51 4 vila laun Colletotrichum truncatum, C. gloeosporioides, C. acutatum Wag C. siamense ﬁLﬂuaﬁLwﬁIiﬂﬁﬂﬂén
($Re wazAmy, 2553) muuziiuaziumislunisdnnisisaiivanusaltiswanssuaudenisldasiail 9anunAnn1sinnIs
Tsafigmuuumanunsdsiu Idnmshisusisalunsdn Ineenegdunisfaunsoasevasesiiuiivinmmn wio
plant growth promoting rhizobacteria (PGPR) 3sfinalnlunisduaiunisiasaiulnveiie LLﬁ%ﬂ’]iEj’U‘c’j’;ﬂL%@ﬁ’lLﬂﬁiiﬂﬁ%
ﬂejm%at,wﬂﬁﬁa 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. fnnuaunsalunisduaiunisadyvesiivduidosninanvauisalunsazaslnunadeyludiu
n1sn3alulasion nagaduarsormislufia (Radhakrishan et al, 2017) AuantAlun1sdududemanunlsadivlanide
wuafii3e Bacillus spp. fianusond soulesii onsduniaead wagyiaroniaead lnonisndweulellunguves
chitosanase, protease, cellulase, glucanase Way siderophores liiAnn1s§3lwaves protoplast Wae vacuole Fo5
(Heshem et al,, 2019) \euunailiSe Bacillus spp. mwﬁwmmsaé’faLﬂiwﬁmsﬂiznauﬁﬁU§QﬂWiLﬂ§mmaQLsﬁy@iwlﬁ LU
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 wazaunsadudnisedyvente
C. truncatum Iédewiisuiu Bacillus lolaandu 9 (el wazame, 2565) nuATeElevihnsAnwdneamlunis
ﬂ’JUQJJL%@i’] C. sloeosporioides kazn1snoUaLBBIMInendIMslasuauuaiiSe 8. subtilis lolsan BOL faens

afeasuseneuniegiiieliusglevilumsfinnuvsensiaeuniniilisunisnseduanusiiuniu



KHON KAEN AGRICULTURE JOURNAL 51 (3): 415-430 (2023)./d0i:10.14456/kaj.2023.32. 417

AN15AnE
mswﬂaa‘uQmauﬁ'ﬁma%amﬁLLazﬁ'ﬂamwmaaL%mwﬂﬁl,%a Bacillus subtilis 1umsmqu,§aiﬂ Colletotrichum spp.
\Worimalsauauunsaluawsn

mMswssudenuniite Bacillus sp. leluan BO1

(% =

Wouunilise Bacillus subtilis telgian BO1laK1un1ssEyvinvaskuailisanleiSomdluanaludiuves 165

U
v

ribosomal RNA ¢aglnsiues 27F/1492R snreuntiil (foyayaly wazame, 2565) Tunwddelilavinsdudunaaudanig
Fraflvendenuaiiiodiomaiin VITEK-2 system iisifuii o uduvdavesuuaiise Taevinnis streak 13 ouundise
B. subtilis lelgian BO1 a3uue1ms nutrient glucose agar (NGA) Uuﬁqmmgﬁ 37°C Wunan 48 H3lus 19 loop @ single
colony lUidessialuems nutrient broth (NB) wuguw rotary shaker A1i$3 150 sou/anit Wuiaan 24 dalus avraseu
AUt UlAE TAAIAIN1TAANAULAIA Y spectrophotometer (GENESYS 30, Thermo science) 7l mue19AE U 600
uluiuas (0D600) Wity 0.2 fewhluldnaaey dwsussyrlisveadornmsnsiateyafanssumsdauni 46 siavende
yadoy f1eyn BCL card iisuiugiuteyalusyuu VITEK-2 system (bioMeérieux, Inc., NC, USA) ftonisseyaiinvaade
wumt3e Bacillus sp.

UssBvSnnveadawuaiile Bacillus subtilis lelaan BO1 Tunissiudaduledasn Colletotrichum spp. 370
dn1nnagau dual culture

FouuaiiSe 8. subtilis BOL fivesuieUszansamlunstiudsnsiasyueatdon C truncatum (oyeyedy uazAnIe
, 2565) Lﬁ'aﬁwmﬁﬂwnﬁluLﬁmimﬂiﬁ’ﬁ%@ﬂmLwﬂiﬂﬁﬁﬁmluw% Ao C. gloeosporioides Tl#§un1souLATIZHNIAIN
Mol UAN9a3TIMeLsANY AUZINYAT MWIILEY UNTINEISNYATAENT thiduleiiasyuuomsidsaie PDA Wunm
72 §3lus wmndeusa833 dual culture (Morton and Stroube, 1955) Mad s fiveuauidsudedunils uazdade
waiennaeuiennveunuisadedunsediuvinedu 3 e iin1maaestaimun 6 51 naravwalelafidesiign
Fudaannidle 8. subtitis lelean Bo1 Wisuifisuturualalailugnauey fMunmumedifuinssudinsaiagdulaves
Talaildos1 (%) muaunisves Kabir et al. (2012)

Wosidusiniaduds %) = (R1 - R2/R1) x 100

Wie R1 = Anwensallalativeateas C. truncatum (syn. capsici) W58 C. gloeosporioides Tuauamnsauay
R2 = anuensalalativesides C truncatum (syn. capsici) se C. gloeosporioides Tuausmisnagau

nsdaEuN1sRIeLAUla (plant growth promoting) wawliswuaiise Bacillus subtilis lolawan BO1 Tudunén

Yuudan3nduan Aunsuay 1nAudidouaziaufiodnunsou uninerdeinunsmans Ingnunfiuninay
Jrfaunsugy wudluasazaeidouunaiide 8. subtilis lelaav BOL 7 OD600 Wity 0.2 usweziian 3 dalus Huwdn
il mnauuiuug 30 wit dewhlunsuunseaunsesiies blotter $1uau 6 91 S1ax 25 wia UxliTlgamad
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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N13ASIREBUANINRBINQNNSERURY Bacillus subtilis lalwian BO1 Tudundnin
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Unudan3niugiun AMunawan futdedeuuafide 8. subtilis Telwan BO1 sveziaan 3 Falu WAZYAAIUAL (WY
feinduilsinite) muisnives Naziya et al. (2019) ndsarnnsinguuiinaed vnisdudiegnsfundmindiuau 20
du edluaisandludieny 16 Tu dulasiBen duimidndedieiia 0.5 0. fvamasaufia 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. dreaslunasn vial neudrluns1anae gas chromatography-mass spectrometry (GC-MS) 1111530 3
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LAl PLERN

NIATAAIATIZNETUTENBUAIBLAZDY Gas chromatography-mass spectrometry (GC-MS)

mMsinsgiarsusznevlufiegnadiund 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 . AeBidenlnaiiineding 1.0 wa/ i gumgiaeduidulusunsududui 45°C adld 1 117 uTudhe
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 AFIaHANNS
uenosrUsenauldu 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 thfoyasndndenslinansuszneuiinulufossynauauuasganagey Tngldinasiaiuilénsmainndt 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 lelaan Bo1 Aldidudeuuaitizounsuuin lunseassnfailgvinnsiudusinues
wuafiselagldn1snsiananssunediaiianag VITEK-2 system (bioMérieux, Inc., NC, USA) saufu BCL card é?fﬂsi’fsswuﬁm
suaqufumﬁL?ﬂﬁﬁ%’mauhaﬁa%mzqa Bacillaceae fonsnaaeunsdualiievun 46 519013 ludiuvosunasmsueu

Aanssuvotoulesl HaN1SNAABUINNTTUU VITEK-2 system aiansly 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/amyloliquefaciens/atrophaeus fisvummuidotiu 91% (probability) ﬁqmmwmiiwﬂjﬁmL%@IUizﬁUa (good
identification) Ineszuy VITEK-2 1duszuuilldduduviinvesuunaiiselaglidesondoniseudiduiva 1unisihdeya
Ranssuwoulest uagnislihaandionne 4 veadouuafiFefingiaaey iWisuisutugudeyaveaderuuuy Jaduiugm

PSIUNITATIVADULT DR UATILS NN TWINNE NI BLTIIU ANUVBY Halket et al. (2009) Ak VITEK-2 s7ufu 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) Wiodunstusuriavesuaiiseildlunismaaesindu 8. subtilis
UssAvdnmvasdauuafiBy Bacillus subtilis lelwian Bo1 lunismauami¥asn Colletotrichum truncatum uae
Colletotrichum gloeosporioides

\WauuAiiLse B. subtilis loleian BO1 a11130AIUANNITISYURRTRN 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 097195813198 anae U aouiin (Elshakh et al,, 2016) #nenINYBILE BLUATIISY
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 1AANAITNAROULUY

a v o

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

msdaasunisiasyaulavosilan

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

agda 1 2 v

WwigivlavasiundnInisveziian 16 Tu wul1 AundnsniiausenluynniuauuaznIsuIsiLtwanaie B. subtilis
lolotan BO1 8¢l 84.00% way 90.00% iFAugadduaiy 3.92 9a. ANNE1TINLREY 3.64 ¥4, Teilnnuwandneiueg
fgddynsadifdlefieuiuynnIuANTEANEIEAULALAINENITINWEY 3.01 kag 3.11 9. auddy Wethumudn
v oA < < a0 v = ' Ao o« < & aa o
ARYALLTITIvBINEANUINEAWINTY 690.58 FegeninganruAufifvlauLlsveaNdanda iy 514.42
(Table 3) Wawuaiise B. subtilis BO1 WielUldlun1susiudn (bio-priming) U8swsnIUAT AULNILEY ELSAANETUAT
Wi Aulaaeiiy 3o plant growth promoting ffudunawsneny 16 Juld waganauvesiyayIaly wazaue (2565) wu

£% 1% a

fundwineny 28 Julnsiqiulalid dnvardmnauandiiiuiifundminery 16 JuSULAANANIINOUAUDINITUY

a
¥

#e B. subtilis BO1 fiflarmunnssangaaauaulumefifau nsfigatdnenimvesdouuniiSe Bacillus sp. Idfigailiity
Fnonmlunisduaiunisasydulavesiiv Jardin (2015) nanis wunAnnsligaunidnfvssloniludnvazvesninsedu
flan9dan1 (plant biostimulant) wletaiumslivstlovivesiivainsigens lifvamudeanmundoudlsimanza
Kasues L et al. (2019) AliTauuaiiFe B megaterium HX-2 sumdatniluareutgn dswasenisiadyisnugedisy
ATUENTIN UardnTINITenTeNLEn Sanuunniannynmuatoeiifoddynadd mslide Bacilus sp. Tudnume
bio-priming fiutandniluanawtirludan (Li et al, 2021) ansanssiunisasyiulavesdininaluanigiudy dudiung

Tun1sensesun1IenvaLudn Uvtings wasinntinwiausi 1 lna lanudy

v
a v A

AuautRnsdudadunidlag plant growth promoting rhizobacteria {uanaudAnilsiitnaula nsdudaudioans

q

o v
g IS

Isafivvaadouuniiise Bacillus sp. Wunaan msunaugeemsluiuiiudelsaiiy n1svanlaeeasiiedudaielsaiiy
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 Tudundwiniiiunisldsuldawuniiise 8. Subtilis lalaian Bl
NSATIVAOUMEY GC-MS Y0eaTUTENaUYRENTINAIUAFUVBIAUNAMINTUTIUAT AUNILEY A189TINIINTEU
meLdenunfiisy B. Subtilis lelwian BO1 1Wunan 16 Ju wudnway GC-MS profile finsnszatednulasunlaunsudiwans

u Figure 2 Jayansunndiwazanavesansusenaudlefisuiugiudeya NIST vilinsiursiinvesans Andeniiuiilansiu
Ye3asUsENaUNENSLTUlBIsuAUgAAIUAL WUa1SUTENEUTIWIU 25 815 Aauandly 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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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
Aanaruduansuseneudunidnguuesdaniases uaveunus (United States Department of Agriculture, 2004) Toyalu
51U PucChem (2022) flonansdadanslititeusslovinenisunnslussuudsszam uagszuudidedlaiin

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

Undecane, 3,8-dimethyl- {l@ fold change 7 5.67 WJuansuszneulungu alkane %ﬂﬁmiumuﬁﬁawaﬂ' methyl
group fidunvs 3 uaz 8 wanduaswunuelasfiasnsanulaluueids (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'nLﬁuaaﬁﬂizﬂauaﬁﬁﬁqm%ﬁﬂummLLmaaaﬁ’mm
nfiw Morinda tinctoria 3sanansardaviueuanzaetine (Helicoverpa armigera) ¢ Tneffiwsiaszuumelavosiua
(Praveena et al., 2016)

Iron pentacarbonyl {1 fold change 7 20.259 Wuansfinunsnszduifisldundian dnslduselovnilugnamnssu
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 ﬁswamudwﬁm’mLﬁwﬁaaﬁ’mzwmsdﬁayjﬂuﬁ%
n3eNa solanaceae (Cui et al., 2019)
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Streptococcus pneumoniae b9 asusenauftnanlnuantilunsasasunsasyiulavesiglad (Rhetso et al., 2020)
Vanitha et al. (2020) ldfinsiunldidumseengrimedinmmsnisunmg fioannshes1vesgduns

Eicosane, 1-iodo- i1 fold change 71 3.73 asUsenouiifinuantilunisdudatanssumesqdunis way antioxidant
farteledann Alium chinense 331831 Rhetso et al. (2020) wuinduansiddneanlunmstiudmonssuvesuunaiide Wy
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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
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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



ununwss 51 atiufl 3: 415-430 (2566)./doi:10.14456/kaj.2023.32. 426

a a

foyavosansRsgliiiudu anunsadliiuil msnevausmeminelainnianssuuniniielioduds ualdsunis
nsgduliliininn Jeyaasyfegiianansaldiionisensdalunisneuaussvemniniionvdwmadonsduduelsnlagnse vise

nsduasunIsasyAulaluiisneaeu Jaduiiugiureswianisnsyiuanuiumuluivsely

dsu

9

a = o

Wawuaiitse Bacillus Wuadunsgndniswuzdinisidussloviognandrsvinaduniediunisiness 1iegannd

q
v

ﬂisﬁw%mwlumié’uéy’dmst,ﬁigsumL%mma‘bﬂﬁm wazansaduasun s yivlnvesiialds Tunsmeaewndad thide
wuaiiise B subtilis lelwian BO1 fikunisszyriadeimaianisendaluanasiolnsiues 27F/1492R 1nsI9dey
anautinisduaddemain VITEK-2 system wudndudeuuniie 8. subtilis esidudanuieiiu 91% devaaoudne
Brsdufmenduleamglsnfivuuauenaidsate wuhillssavsamwlunsmunumdulsveaion C gloeosporioides
way C. truncatum (syn. capsici) i 60% wag 69.17% auadu nstgewunilie B. subtilis lelgan BO1 uudsauiu
wiaensnneudmzduiund) wuii Snalunisdsasunisiesydulnvemsn wazdamunisnseduansyfogivesdiund
w%ﬁﬁqw%wmamwm waLRAaIMNIIY 11 a1sdAey LawA 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 Wa ¢ Eicosane, 1-iodo- S’Tjﬁ
gvisvesmsvsznauululdlunmssudatogdunisviowad uaransusznauiifendestunsdaaduninadyiuln wagns

asraitiusesmelunsnle

AYBUAN

mATeildsunsatuauuuitetadiadnudunaneesuazgeavnssiinensandidnnuiauinside
MstnuAs (93AnsuIT) Useddeulseana 2565 uavveveununiaivlsafiy anginens Aunkay dmdvanuitly
M3vnuidy

v

LBNE15919949

v
o &

fyayely aauen, Tonusen Shun3nnna uagsien WeANEns. 2565. N15nTIva0URULBILALANINAIUAVIUYDITD
Bacillus spp. NAMERNAMIUNISHERNGN. 1. 67 - 76. Tu: Useaiunn1suesmine denunsaans A 60.

v A o &

Ul 21 - 23 QUAIWUS 2565, UNTINGNFUNBATANENS, NTINN.

$Re wadRansn, 29109 IyyInil, Lufisa 5o0LN6 LaslnnInuL LaAnas. 2553, mmLLUﬁﬁumaé’mgm'“mméuaat,%asw
Colletotrichum spp. @WAlIALBULNTALUENTN. MNTANTIMEIPNENTINYAT. 41(1): 318-321.

dninnuAsegianisinens. 2565. Win. unasteya: http://www.agriman.doae.go.th/home/news/2565/22chili.pdf. A
\ilo 20 anAw 2565,

Abdul-Baki, A.A., and J.D. Anderson. 1973. Vigour determination in soybean seed by multiple criteria. Crop science.
13: 630-633.

Ashwini, N., and S. Srividya. 2014. Potentiality of Bacillus subtilis as biocontrol agent for management of
anthracnose disease of chilli caused by Colletotrichum gloeosporioides OGC1. 3 Biotech. 4: 127-136.

Bbaszczyk, A., A. Augustyniak, and J. Skolimowski. 2013. Ethoxyquin: an antioxidant used in animal feed.

International Journal of Food Science. 2013: 1-12.


http://www.agriman.doae.go.th/home/news/2565/22chili.pdf

KHON KAEN AGRICULTURE JOURNAL 51 (3): 415-430 (2023)./d0i:10.14456/kaj.2023.32. 427

Begum, I., F. R. Mohankumar, and K. Ramani. 2016. GC-MS analysis of bio-active molecules derived
from Paracoccus pantotrophus FMR19 and the antimicrobial activity against bacterial pathogens and
MDROs. Indian Journal of Microbiology. 56(4): 426-432.

Biomerieux. 2013. BioMérieux announces U.S. FDA clearance for vitek® MS, a revolutionary technology which
reduces microbial identification from days to minutes reinforcing medical value of
diagnostics. https://www.biomerieux.com/en/biomerieux-announces-us-fda-clearance-vitekr-ms-
revolutionary-technology-which-reduces-microbial. Accessed Oct. 15, 2022.

Biomerieux. 2019. Vitek® MS: Healthcare. /https://www.biomerieus-usa.com/clinical/vitek-ms-healthcare.

Chayabutra, C., and L. K. Ju. 1999. Degradation of n-hexadecane and its metabolites by Pseudomonas aeruginosa
under microaerobic and aerobic denitrifying conditions. Applied and Environment Microbiology. 66(2):
493-498.

Cui, S., E. A A. Inocente, N. Acosta, H. M. Keener, H. Zhu, and P. P. Ling. 2019. Development of fast e-nose system
for early-stage diagnosis of aphid-stressed tomato plants. Sensors. 19(16): 3480.

El-Beltagi, H. S., and M. H. Badawi. 2013. Comparison of antioxidant and antimicrobial properties for Ginkgo Biloba
and rosemary (Rosmarinus Officinalis L.) from Egypt. Notulae Botanicae Horti Agrobotanici Cluj-Napoca. 41
(1): 126-135.

Elshkh, A. S. A, S.I. Anjum, W. Qiu, A. A. Almonefy, W. Li, Z. Yang, Z. Q. Cui, B. Li, G. Sun, and G. L. Xie. 2016.
Controlling and defense-related mechanism of Bacillus subtilis strains against bacterial leaf blight of rice.
Journal of Phytopathology. 164: 534-546.

Garruti, D. S., N. O. F. Pinto, V. C. C. Alves, M. F. A. PENHA, E. C. Tobaruela, and I. M. S. Araujo. 2013. Volatile profile
and sensory quality of new varieties of Capsicum chinense pepper. Food science and Technology
(Campinas). 33(1): 102-108.

Halket, G., A. E. Dinsdale, and N. A. Logan. 2009. Evaluated of the VITEK2 BCL card for identification of Bacillus
species and other aerobic endospore formers. Letters in Applied Microbiology. 50: 120-126.

Han, T., C. You, L. M. Zhang, C. Feng, C. C. Zhang, J. Wang, and F. Y. Kong. 2015. Biocontrol potential of antagonist
Bacillus subtilis Tpb55 against tobacco black shank. Biological Control. doi.org/10.1007/510526-015-9705-0.

Hashem, A, B. Tabassum, and E. F. A. Allah. 2019. Bacillus subtilis: A plant-growth promoting rhizobacterium that
also impacts biotic stress. Saudi Journal of Biological Sciences. 26: 6.

Iron pentacarbonyl (as Fe). 2011. NIOSH pocket guide to chemical hazards. Centers for Disease Control and
Prevention. Accessed Oct. 20, 2022.

Jardin, D. 2015. Plant biostimulants: definition, concept, main categories and regulation. Scientia Horticulturae.
196(30): 3-14.

Kabir, L., W. K. Sang, S. K. Yun, and S. L. Youn. 2012. Application of rhizobacteria for plant gsrowth promotion effect
and biocontrol of anthracnose caused by Colletotrichum acutatum on paper. Mycobiology. 40: 244-251.

Kumar, A., J. Rabha, and D. K. Jha. 2021. Antagonistic activity of lipopeptide-biosurfactant producing Bacillus
subtilis AKP against Colletotrichum capsici, the causal organism of anthracnose disease of chilli.

Biocatalysis and Agricultural Biotechnology. 36. 102133,



ununwss 51 atiufl 3: 415-430 (2566)./doi:10.14456/kaj.2023.32. 428

Lask, G., and H. Wagner. 1962. Influence of additives on the velocity of laminar flames. Eighth International
Symposium on Combustion. 432-438.

Li, H.,, H. Yue, L. Li, Y. Liu, H. Zhang, J. Wang, and X. Jiang. 2021. Seed bio stimulant Bacillus spp. MGW9 improve
the salt tolerance of maize during seed germination. AMB express. 11: 74.

Li, H., Y. Zhao, and X. Jiang. 2019. Seed soaking with Bacillus sp. Strain HX-2 alleviates negative affect of drought
stress on maize seedlings. Chilean Journal of Agricultural Research. 79(3): 396-404.

Luo, Y., and J. D. Helmann. 2011. Analysis of the role of Bacillus subtilis 0" in B—lactam resistance reveals an
essential role for c-di-AMP in peptidoglycan homeostasis. Molecular Microbiology. 83(3): 623-639.

Madla, S., D. Miura, and H. Wariishii. 2012. Optimization of extraction method for GC-MS based metabolomics for
filamentous fungi. Journal of Microbial and Biochemical Technology. 4: 005-009.

Mahapatra, S., R. Yadav, and W. Ramakrishna. 2022. Bacillus subtilis impact on plant growth, soil health and
environment: Dr. Jekyll and Mr. Hyde. Journal of Applied Microbiology. 132: 3543-3562.

Massave, V. C., A. Hanif, A. Farzand, D. K. Mburu, S. O. Ochola, and L. Wu. 2018. Volatile compounds of endophytic
Bacillus spp. have biocontrol activity against Sclerotinia sclerotiorum. Phytopathology. 108: 1373-1385.

Morton, D.T., and N. H. Stroube. 1955. Antagonistic and stimulatory effects of microorganism upon Sclerotium
rolfsii. Phytopathology. 45: 419-420.

National Center for Biotechnology Information. 2022. PubChem compound summary for CID 11006, Hexadecane.
Available: https://pubchem.ncbi.nlm.nih.gov/compound/Hexadecane. Accessed Oct. 10, 2022.

National Center for Biotechnology Information. 2022. PubChem compound summary for CID 12403,
Heneicosane. Available: https://pubchem.ncbi.nlm.nih.gsov/compound/Heneicosane. Accessed Oct. 8,
2022.

National Center for Biotechnology Information. 2022.PubChem compound summary for CID 13195, 4-
methylimidazole. Available: https://pubchem.ncbi.nlm.nih.gov/compound/4-Methylimidazole. Accessed
Oct. 10, 2022.

National Center for Biotechnology Information. 2022. PubChem compound summary for CID 441072, (S)- 2-
propylpiperidine. Available: https://pubchem.ncbi.nlm.nih.gov/compound/S_-2-Propylpiperidine. Accessed
Oct. 12, 2022.

National Center for Biotechnology Information. 2022. PubChem compound summary for CID 86540, 3,8-
dimethylundecane. Available: https://pubchem.ncbi.nlm.nih.gov/compound/3_8-Dimethylundecane.
Accessed Oct. 12, 2022.

Naziya, B., M. Murali, and K.N. Amruthesh. 2019. Plant growth-promoting fungi (PGPF) instigate plant growth and
induce disease resistance in Capsicum annuum L. upon infection with Colletotrichum capsici (Syd.) Butler
& Bisby. Biomolecules. 10: 41.

Orhan, E., M. KOSE, D. Alkan, and L. OZTURK. 2019. Synthesis and characterization of some new 4-Methyl-5-
Imidazole carbaldehyde derivatives. Journal of the Turkish chemical society section A: Chemistry. 6(3):

373-382.



KHON KAEN AGRICULTURE JOURNAL 51 (3): 415-430 (2023)./d0i:10.14456/kaj.2023.32. 429

Peter, B. 2010. Chapter 42 - Understanding and optimizing the microbial degradation of olive oil: a case study with
the thermophilic bacterium Geobacillus thermoleovorans IHI-91. Olives and Olive Oil in Health and
Disease Prevention. 377-386 p.

Prapagdee, B., L. Tharasaithong, R. Nanthaplot, and C. Paisitwiroj. 2012. Efficacy of crude extract of antifungal
compounds produced from Bacillus subtilis on prevention of anthracnose disease in dendrobium orchid.
Environment Asia. 5(1): 32-38.

Praveena, A, and K. P. Sanjayan. 2016. A bioinformatic approach the insecticidal property of Morinda tinctoria
Roxb. against the cotton bollworm Helicoverpa armigra. Research Journal of Pharmacy and Technology.
9(11): 1829-1834.

Radhakrishnan, R., A. Hashem, and E. F. A. Allah. 2017. Bacillus: a biological tool for crop improvement through
bio-molecular changes in adverse environment. Frontiers in Physiology. 8: 667.

Rahman M. M. E., D. M. Hossain, K. Suzuki, A. Shiiya, K. Suzuki, and T. K. Dey. 2016. Suppressive effects
of Bacillus spp. on mycelia, apothecia and sclerotia formation of Sclerotinia sclerotiorum and potential as
biological control of white mold on mustard. Australasian Plant Pathology. 45: 103.

Rani, N., and R. S. Dahiya. 2013. Imidazoles as promising scaffolds for antibacterial activity: a review. Mini reviews in
Medicinal Chemistry. 1812-1835.

Rhetso, T., R. Shubbharani, and V. Sivaram. 2020. Chemical constituents, antioxidant, and antimicrobial activity of
Allium chinense. Future Journal of Pharmaceutical Sciences. 6: 102.

Richaud, A., F. Mendez, N. Barba-Behrens, P. Florian, O.N. Medina-Campos, and J. Pedraza-Chaverri. 2021.
Electrophilic modulation of the superoxide anion radical scavenging ability of copper (Il) complexes with
4-Methyl imidazole. The Journal of Physical Chemistry. 125(12): 2394-2401.

Riu, M., J. S. Son, S. K. Oh, and C. M. Ryu. 2022. Aromatic agriculture: volatile compound-based plant disease
diagnosis and crop protection. Research in Plant Disease. 28(1): 1-18.

Rodriguez-Ortega, P. G., R. Casas, A. Marchal-Ingrain, and B. Gilbert-Lopez. 2019. Synthesis and structural
characterization of a ubiquitous transformation product (BTS 40348) of fungicide prochloraz. Journal of
Agricultural and Food Chemistry. 67(31): 8641-8648.

Saharan, B., and V. Nehra. 2011. Plant growth promoting rhizobacteria: a critical review. Life Science and Medical
Research. 21: 1-30.

United States Department of Agriculture. 2004. Dr. Duke’s Phytochemical and Ethnobotanical Databases. Available:
https://phytochem.nal.usda.gov/phytochem/search/list?et=&count=&max=208&sort=&glookup=%285%29-
2-Propylpiperidine&offset=20&order=desc. Accessed Nov. 1, 2022.

Vanitha, V., S. Vijayakumar, M. Nilavukkarasi., V. N. Punitha, E. Vidhya, and P. K. Praseetha. 2020. Heneicosane—A
novel microbicidal bioactive alkane identified from Plumbago zeylanica L. Industrial Crops and Products.
154: 112748.

Vermeersch, K. A, L. Wang, J. F. McDonald, and M. P. Styczynski. 2014. Distinct metabolite responses of an ovarian

cancer stem cell line. BMC systems biology. 8: 134.



ununwss 51 atiufl 3: 415-430 (2566)./doi:10.14456/kaj.2023.32. 430

Widnyana, I. K., M. Ngga, and P. L. Y. Sapanca. 2014. The effect of seed soaking with Rhizobacteria Pseudomonas
alcaligenes om the growth of swamp cabbage (jpomoeae repants Poir). The 2" International Joint
Conference on Science and Technology 27 — 28 September 2017. Bali, Indonesia.

Yamamoto, S., S. Shiraishi, Y. Kawagoe, M. Mochizuki, and S. Suzuki. 2015. Impact of Bacillus amyloliquefaciens
S13-3 on control of bacterial wilt and powdery mildew in tomato. Pest Management Science. 71: 722-727.

Yu, G. Y., J. B. Sinclair, G. L. Hartman, and B. L. Bertagnolli. 2002. Production of iturin A by Bacillus
amyloliquefaciens suppressing Rhizoctonia solani. Soil Biology and Biochemistry. 34: 955-63.

Zhao, P., P. Li, S. Wu, M. Zhou, R. Zhi, and H. Gao. 2019. Volatile organic compounds (VOCs) from Bacillus subtilis
CF-3 reduce anthracnose and elicit active defense responses in harvested litchi fruits. AMB Express. 9: 119.

Zhou, J. Y., X. Li, J. Y. Zheng, and C. C. Dai. 2016. Volatiles released by endophytic Pseudomonas fluorescens
promoting the growth and volatile oil accumulation in Atractylodes lancea. Plant Physiology and

Biochemistry. 101: 132-140.



