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Screening of Bacillus spp. antagonistic bacteria for control bacterial fruit
blotch disease and promote growth of watermelon seedling

ARy YUREITUNS wae sInl sITULURING'*

&)

Titiya Khunwiangchan'! and Petcharat Thummabenjapone®*

L g9 e mazlsAiieIne) AMSNYATAIENT UNTINYIEYVO LAY
I Department of Entomology and Plant Pathology, Faculty of Agriculture, Khon Kaen University

unAnga: muﬁ%’aﬁﬁi’mqﬂismﬁﬁaﬁ’ﬂLﬁaﬂL%@Lwﬂﬁﬁwﬁf]ﬂﬁ Bacillus spp. AannsamuasilsanaiuuafiGefiinan
e Acidovorax citrulli wazthedsasunmsaiapivlavesiundundy dudunmeaesdneiideuuaiieufiing sacillus
spp. 311U 12 Taloian Lawn Bacillus-Ba029, Bacillus-Ba032, Bacillus-Ba033, Bacillus-Ba037N, Bacillus-BS, Bacillus-
MS4, Bacillus-NTS3, Bacillus-PSK,Bacillus-532, Bacillus-B1, Bacillus-K1 wag Bacillus-K2 4NMAaaaumLa@1uIsabunig
Fudadio A, citrulli v 21 eTwian Tae38 Dual culture assay wuin i 4 lelwian Aiawnsadudade A citrull (i 1# 5o
Ao BaC/llus Ba029, Baallus Ba033, Bacillus-MS4 wag Bacillus-NTS3 Im&mmLaumuﬂuaﬂa’maﬂamLL(ﬂ 7.60 — 17.73 4.
Tt deudada 4 Lolatanluguuuuindnrivianeag mt‘Ju’]iJ’]‘VW]ﬁEJU‘iMﬂUI‘NLiEJ‘L!‘VIIﬂaEN lngBnsagnuudn uazny
AUNAT WU fﬁimﬁ‘wmmmmuthﬂmmmLwﬂmiaﬂuis prAundd 16 Yu iquﬂ flo 3503l Bacillus-Ba029,
Bacillus-MS4 uag Bacillus-8a033 lngensiinlsa Ao 14.50%, 17.00% uag 18.25% muaiu diunvdianusulsivadlsa
D 29.25%, 29.95% wag 32.75% MIUERU Iusumvmﬁmﬁmummﬂam‘ua A. citrulli \ieae8n9L5ien :umsmvﬂiﬂ 40%
LLauﬂ‘liuﬂ’J’uJiULL'N‘UENIiﬂVI 43.75 % mnm%mmwﬂmiaﬂgﬂﬂwa 3 iaieﬁLaﬁliJUiuﬁVIﬁﬂWWsLUHWiﬁdLﬁiJJﬂ’liL‘i]iiULmUIGl
ﬁuaqmuna%mﬂm o Aasgedy, druitnan, vt mmWﬂiimﬁmumwlulé‘lwmwﬂ wamﬁnaaaﬂgﬂﬂwmmmaﬂ
17 laun lolwian Ba029, Ba033 way MS4 mmﬂaquﬂumiuﬂm%u,azwwmLﬂwummemLwammmiiﬂwal,ml,wﬂmsa
yosfirsduninarinasugiadus Tunaunumansdeld

AdnAty: n1smuANlsAlAeTVIs; Acidovorax citrulli; LsAnaLu L UATISE; Bacillus spp.; WUATLTEAAETUNITRTLAULN

ABSTRACT: The objective of this research was to screen the antagonistic bacteria to control bacterial fruit blotch
(BFB) caused by Acidovorax citrulli and promote the growth of watermelon seedlings. Eleven isolates of Bacillus
spp. antagonistic i.e Bacillus-Ba029, Bacillus-Ba032, Bacillus-Ba033, Bacillus-Ba037N, Bacillus-BS, Bacillus-MS4,
Bacillus-NTS3, Bacillus-PSK, Bacillus-S32, Bacillus-B1, Bacillus-K1 and Bacillus-K2 were selected for against 21 isolates
of A. cirulli by dual culture bioassay. The results showed that 4 isolates (Bacillus-Ba029, Bacillus-Ba033, Bacillus-
MS4 and Bacillus-NTS3) broadly inhibited the growth A. cirulli isolates to the maximum diameter of clear zone of
7.60 — 17.73 mm. The wettable powder bioproducts from selected 4 isolates of Bacillus were used to control BFB
disease and promote plant growth compared by seed coating and control treatment in greenhouse conditions. The
A. citrulli inoculated seeds and normal watermelon seeds were used. Results indicated that at 14 days after sowing,
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treatment using bioproducts Bacillus-Ba029, Bacillus-MS4 and Bacillus-Ba033 showed significantly decreased disease
incidence as 14.50%, 17.00% and 18.25% and disease severity index as 29.25%, 29.95% and 32.75%, respectively.
The control disease treatment with only A. citrulli showed 40% of disease incidence and 43.75%), respectively. In
addition, these three isolates of Bacillus spp. were more effective in promoting plant growth as measured as plant
height, flesh and dry weight of seedlings. Therefore, the Bacillus-Ba029, Bacillus-Ba033 and Bacillus-MS4 have high
potential to develop bioproducts for biological control of bacterial fruit blotch disease and promote plant growth
as well as reduce the percentage of seed-borne diseases in Cucurbitaceae.

Keyword: biological control; Acidovorax citrulli; bacterial fruit blotch; antagonistic; Bacillus spp.;

plant growth promoting bacteria
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fleeduns (Cucurbitaceae) SnLdufiviasugiaifuuugninlan Inefianuddayismasiueims wansiausiens
W@3u nvdes waziedesldluniaBou wu levavdmiudais dadunardnansaviu Wudu dmsunsndafivisdundy
Uszinalng wonanudaiievilnaud dalinsuanmdnwusdmivdseensisUszimadndae lnsdninmunufivuayTan
N3RS (2567) $1891U31 JUTuansdeeenudniudiivasdues lul 2566-2567 §1uau 534.22 6 uag 745.21 fu An
Juyar 2,174.52 wag 2,420.81 druum auad1su FawunltiunnsdseaniiSunaiuty wilunssurunsuaniivadunein
Uszavtuilymidesmadnvihatsveade Acidovorax citrulli aluanvmuodsanaiiiuuaii3e (Bacterial fruit blotch)
Tnendeannsndwianefivnszgaunddvatssiia wu unddy unana ussnm finnes uae andor udu uavanuzaidi
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anelennszezvesiiy Aunszozndrauiesseziiuien vlinandnanaswnds 80% wazdmnudidysonisuanudniug
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fivsdunaduegienn Weswwneaunsaaenealuivwdaiuglawaziddinlumdaiuglagniuiy (Horuz and Aysan,
2018) wazlun1swdmudaugii odewanlddn1simuaNInIn15ns195UTesgueunlafiy (Seed health testing) Lilo
Uszneuniseentususeslasalsaiivisazanunsadseanuaniudle (Fyayy uavame, 2553) iy lunsudnudaiugi
Fdudeaiumaseisnisufifane Wedanisuazmunulsaity unnsldasindiessiafliaunsamuaulsails
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ALNEIND ﬁqﬁﬂﬁﬁmm%uaﬁmﬁag’maamnm (Al et al, 2020) Fensldansiaiilunisidalsafivodreoiomansd
fnsiefiu dwmansznudeguaminensns Juslaa waranmuanden n1sauaulsafitlae@iis (Biological control) Fududn
madenviafieannsléasiadl uaztiduaiunsnaniivisdunddiogesnadsduls TnglineliAnuafivionywd dad uas
anmwuanden Msliidedusduiiing (antagonist) muauieamglsaiiy Wudnudonadendmiumsmuaslasdiisd
F5umnudemduegnann lnsawsidenuaiieuitnana Bacillus esmniiamauifrunaislsens wu aansnadh
wulnauas (endospore) finumusio ansiail 39 wazmnufeuldfninwaduuaiiiieuni (Koepper et al, 2004) wonanil
Bacillus spp. E"J’aﬁﬂaiﬂmilﬂuﬂﬁ‘ﬂﬂ@ﬁﬁwﬁmumagmwu WU @u130a319815U] e (antibiotics) waziouluilla lagans
U,ﬁ‘ﬁ?uzﬁ Bacillus spp. ﬂ%ﬁﬂsﬁuﬁﬁa’la%ﬁm v surfactin, iturin, fengymycin, bacilysin , rhizocticin, chlorotetain wag
bacitracin 1Jusu (Fan et al,, 2017; Anckaert et al., 2021) s’ﬁﬂmima'Wﬁjamwsaﬁuégqmil,ﬁzwmL“’ﬁ”ammsﬂiﬂﬁszﬂﬁ LAy
anunsoasseuleifiddaldun glucanase waz chitinase ﬁaﬁmsas}aaamwﬁawaﬁmmL%yammﬁimﬁﬁ glucans uag
chitin \ussduszneundn wuafiBeana Bacillus viswindsaninsnaineans siderophore 16 Gaansanamagluduiiu ferric
iron u&uAABU18ITNGFI3U (recepton udnumingadvosuaiiForietluliusslovilumsiatqdivlavesiiy (Al et
al,, 2020) uazéannsalusumunszuiunisyivlusemsiuUsinavesdeamnlsiivfioguinadsatu silide
anvalinfivanad N1siAinlsavesivdsanadn8(Shoda, 2000; Anckaert et al., 2021) wenand Bacillus spp. 844l
ANNEINNTa UM TALEINSRS L RULAaeAURY (Plant Growth Promoting Rhizobacteria: PGPR) 49l A9ME4UBE 91,
ANNB125IN waztm s Wudy M3TuY wazimessad, 2564, Kloepper et al., 2004; Radhakrishnan et al., 2017;

)

Anckaert et al., 2021) uagdniunliiieinANA1UNIU (Induce Systemic Resistant: ISR) #oLdoa1LnalsAtAnNG 051
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npUszanAaAnionesuaise U Unyludda Bacillus NanunsanruAulsARALILUATISEAFAN
e A. citrulli wagedaasunisasyiulavesunaaduluaniniesufuifinsuasiseunaas inmundinisidansiad

mdnlsafisiiteuldlunismuaulsaraiuuaiidsveawnsdmsuihluiundudadusinuaulsanaiunslutazyaeia

nananfivegedsdusieold

Bn1sAn
1. msfadanifeuuaiieuiiing Bacillus spp. AifluszansamlunmssudadowuaiiSe A. citrulli suvglsanaiin
wuaiiiGelaematia Dual culture bioassay s¥AURIUUANTS

1.1 mawendauvafieufinsuanie A. citrulli

Wouy m?iL%‘aﬂﬁﬁﬂﬁﬁ'ﬁwmmaauﬁgwm 12 lalawan lawn Bacillus-Ba029, Bacillus-Ba032, Bacillus-Ba033,
Bacillus-Ba037N, Bacillus-BS, Bacillus-MSa, Bacillus-NTS3, Bacillus-PSK, Bacillus-S32 wag U T aa @Ldan15A1 e A
Bacillus-B1, Bacillus-K1 wag Bacillus-K2 naasuiuide A. citrulli viavue 21 Teluian 1aun Ac-AA, Ac-BB, Ac-K1, Ac-K2,
Ac-KKU, Ac-KK9, Ac-MYN, Ac-M1, Ac-M2, Ac-O, Ac-PSA1128, Ac-P1, Ac-P2, Ac-Q, Ac-SQA, Ac-SQB, Ac-WMSU, Ac-WMO001,

Ac-Z Wag Acl BAFTUANNOULATIZAN FA.AT. INTITAU SITUUQYINE v NAYIVEIwas 1sAingT AnNuRsAIEns

'
a

UAINIRBTOULAW HYINTNIZLEBIULEIMNS nutrient agar (NA) Tne3B Streak plate Unfigaumail 28 °o 1urian 48 wu.

9 Y

ndueseade A ctrulli iidwaduvivaeedainududu 0Dy, Wndu 0.2 InednAin1sgandunasiienies

v Yy

Spectrophotometer fiA313813AAY 600 WTuiwAS Imﬁﬂamuﬁ'ijL%aajuLszjaa‘l,muaam%aiﬁﬂaﬂﬂzju waat lumuuin
a3 NA fiwdeulildlunsvageu

1.2 n19nAgdU Dual culture bioassay

19 cork borer vunALEUHIUALENAG 6 U3, Lms%uﬁuﬁl,%aumﬁﬁs Bacillus spp. \W38y0¢ mﬂﬁ?ué’m%uﬁulmw
asuueIs NA imdaeide A. citrulli uiaglelaian Tnawaidia Dual culture bioassay fauUasizan Harris et al. (1989)

Unigeiigamgll 28 “o {uian 48 4y, 1UNUN1SAABIRUU completely randomized design (CRD) wWisuieuiiu

v
A4 a v

aa o aa 901 Y v 1 6 o = a
nN3333AIUAN A JUTURWNT NA vinmIveaeunssuiser 3 91 Taiduriigudnansvesidla (clear zone) thldiSeuliiey

1

ay aa

AnuuenAIsaiAvesNanInlunssufimatyuesdoauelsaiis WisufsuanuuansamsaiRce]
Duncan’s Multiple Range Test (DMRT) laglUsinsu SPSS
2. nanadauszdnsamdasueiiauuadiFeufind Bacillus spp. lun1saauauda A. citrulli snalsanaiii
wuafiisawazn1saaEsuNIsIyAuInvassusaslulussezdundneldaninizaunaaes

2.1 MazeuanuAsla

thuidaumslatugnanane 3575 @eiusundluiifenudounenelsanaiiuuaiize) sudluidsindouu 30
uit (teldliivedfieusanuenvonsdaldfunansenunnannaiiildlunsensndodiiawdn) anduinnissidedian
wBnF2s 10 % clorox WU 10 wd dedaeindsinge 3 ads Asliursfigamniveslbumdaiusaiuny (seed healthy)
wazteiouudnuadufiugnide A citrulli lnevdeade A. citrull leTman Wi-001 Faulelsianiifimuguussedlsagaiiae
Tuusaly Uue1s NA ﬁqmwg:ﬁ 28 “% [ unan 48 w. wisanie A, citrulli Wuwaduviuasy AU 0D, WU 0.1
TnensTnAmananduuasiieinies spectrophotometer fimueniadu 600 uiluwms Mntutiudatugauauuurly
waduriuaesde muwdaliidensyasosvashiauelnglduvissimindunan 20 uit uasildiusrigamgiivies au
F8nsiifauUasan Horuz and Aysan (2018) mmfuﬁwmﬁmﬁuﬁ:muquLLazLué‘mLLmﬂmﬁUqﬂLﬁﬁy@ A. citrulli snwauiulu

gnsndau 70:30 (wieudaruay 70 win de waaundluiivgnide A. citrulli 30 wén) wWisldlunsfnwsely
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2.2 mswam%qﬁmwﬁaLmﬂﬁﬁﬂﬂﬁﬂnﬁ Bacillus spp. ’Lugﬂuwmnssmeﬂwfﬂ

yhmawaniasusitouuafidefinslusunuurestnszanslu (wettable powder) tnstdeuuaitufiingiia
dnaamgsgaluntsausde A, citrulli o 4 lelwanillédnidenainde 1 sndsduomadeade Soy meal Wluan
4 Sy anduihmsiiuadidoldduwaduriuaseile Bacillus spp. ifiaMududy 10" CFU/mL udahidewviuass
U3Ums 50 wa. Haufvansilagansiasuusyansnm Ysunas 200 N3 mnﬁ?uﬁﬂﬂauﬁwﬁauau%au figauvindl 40 °w U
2-3 Sy auueain Auisnsveaitur (2563) axldnedasusiiiusynside Bacillus spp. $1uan 10° CFU/g wioldlu
nsAnwInely

2.3 nsnaaauUszans aawaesd 18 uel Bacillus spp. Iumsmuqméﬁya A. citrulli wazn 198 L@3uN15
L3YAULAVD ALY

YnsvnaesfiTounNAaBs AMEINYATAART InTInedeveuuny iz‘c’JzL’Jaﬂuﬂ’ﬁﬁﬂﬂ’]i%ﬂa@d%ﬂLLG]ILaBUGla’]mJ =
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@ @
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neia uag fima (2556) naasinssuisay 4 91 $1az 100 wia Tnedl 12 nssuisdad n3sudsd 1 Ao nssABUnd (Agniudn
wuguadlumIuauAgneIBaNsIT) WAy N53RT 2-5 (RanARtusumsluAIURNFIETIAS! Bacillus spp.), N53XFT 6 Ae
nssuABmunulsn (wnuaduiiugnide A citrull agndasansni) uasnssudsd 7-10 (winumsluiivgnide A citrulli aan
Aedinf Bacillus spp. wiazlalgian) MILHUNTNARBILUU randomized completely block design (RCBD) nssaitay
4 1 g8y 100 whn Tufinuarusenvonudadl 7 uag 14 fu, Tufinuanisosydiviavesiundiil 1 fu (arwgady,
ALENITIN, SWuTIN, tntinan waztutnui), Ussiiuedifudnisnfnlsa (Disease incidence) wazauguusdlsad
7 uaw 14 Ju Inermuanuguusaeddsanudimsfdaudaunnain Wang et al. (2009) il 1 = laiuansorns, 2 = Tu
Aesuansonisgediiuasiiideidemeunlu 1-30%, 3 = ludssansenisgedihussiideiomeuulu 31-50%, 4 = Tu
Aoauansennsgnaiuagiidedenmeuuly 51-80% uay 5 = Fuuaduifinnisne wdhdrssduanusuuswesdsad

UszilulaluAnmeanssyiininusuusslsa (Disease severity index) Anugns

PR - Fnnudufisfielsax 100
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Suuitimuafithuvagou
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Yndesiduinisiinlsanasdviimugunsivedlse Wisuiflsuauunnsiansadnngdd DMRT Inslsunsu SPSS

Nan13AnyN
1. UszAvsnwvaatauuaiiFeufjiing Bacillus spp. lunsdusiatia Acidovorax citrulli svglspraiiuuaiiselay
wAllA Dual culture bioassay luszausiasufufns

L%@Lmﬂﬁl,%‘aﬂﬁﬂﬂﬁ Bacillus spp. $1uau 12 lelwaniitunmageu sy ¢ leloanftannsadudade A citrull
1#ka 21 Teleian Tneidefiiiuszanamlunisdudaunniian fe Bacillus-Ba029 Feflidurirgudnansuinaiiudanniian 10
Lolaan Inefliduriaudnanauninedasglugig 10.14- 17.37 uu. 5099381 Ao Bacillus-Ba033, Bacillus-NTS3 uag

Bacillus-MS4 aua1diu lae Bacillus-8a033 flidusingudnansusnududunniganmun 8 lolaian Sidurrgudnaisain
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nfevenadlanglutag 7.60 - 16.85 ., Bacillus-NTS3 anunsadudalduniian 7 lelsian Tnsfduihgudnatsaruniios
Taeglutag 10.62 - 17.73 w1, waw Bacillus-MSa ansnsndussldunitgniiommn 5 lelsan Tnefiduingudnansamuniing
Taeglurae 8.89 - 16.58 1. mua iy uazidlethnanisnagey Bacillus spp. Romuaiiaunsadudate A ctrulli ldunn
fgauUTeuiisuu Bacillus spp. Bannsinianun 3 lelsian ldun Bacillus-B1, Bacillus—K1 waz Bacillus—K2 wun
Bacillus-B1 fidushaudnansuinaiiudanniian 8 leluan Inefiduhaudnansmiuniswenslasglurag 7.81 - 16.49
131, @y Bacillus—K1 uag Bacillus—K2 lalanansadudais A. citrulli téns 21 lelaan du Bacillus-Ba029, Bacillus-Ba033,
Bacillus-NTS3 fidushusnanausnadudannni Bacillus-81 uaziifinsundlolsianues A. citrulli winiufl Bacillus-81
annsadudldaniehadideddmisadaaudediufl 95% daw Bacillus-BS awnsadudaie A. citrulli Wdunndt 21 e

ToianusiogluszauilndiAesiu Bacillus-Ba033 (Table 1)

Figure 1 Efficacy of bioproducts from antagonistic Bacillus isolates for enhance seed germination percentage and

growth of watermelon seedlings at 14 days after sowing in greenhouse.
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Table 1 Efficacy of antagonistic Bacillus spp. isolates for inhibiting the growth of 21 strains of A. citrulli by Dual culture bioassay

1284

Clear zone (mm)¥ %

Treatment
AC-AA AC-1 AC-BB AC-K AC-K2 AC-K3 AC-KK9 AC-KKU AC-M1 AC-M2 AC-MYN

Bacillus-Ba029 12.2840.26° 14.40+0.37¢ 12.22+0.23? 16.52+0.142 17.37+1.412 15.82+0.19° 15.51+0.47° 15.62+0.56" 12.20£0.81¢ 16.28+0.502 12.57+0.38¢
Bacillus-Ba033 12.11£0.352 15.99+0.10¢ 12.34+0.372 15.13+0.28° 16.43140.01%° 16.25+0.182 16.64+0.36° 16.85+0.562 13.28+0.27% 15.3740.28° 15.69+0.592
Bacillus-Ba037N 6.00+0.00¢ 6.00+0.00 6.00+0.00¢ 6.000.00° 6.00+0.00¢ 6.00+0.00 6.00+0.00¢ 6.00+0.00¢ 6.000.00¢ 6.00+0.00¢ 6.00+0.00¢
Bacillus-BS 10.95+0.45° 15.28+0.64¢ 11.25+0.34° 13.85+0.34< 16.54+0.83% 15.35£0.37¢ 16.40£0.132 14.83+0.59¢ 13.15+0.49% 13.98+0.47¢ 14.13+0.92¢
Bacillus-Ba032 6.000.00¢ 6.000.00 6.00+£0.00¢ 6.00+0.00° 6.00+0.00¢ 6.00+0.00¢ 6.00+0.00¢ 6.000.00¢ 6.000.00¢ 6.00+0.00¢ 6.00+0.00¢
Bacillus-MS4 12.02+0.16° 17.13+0.89° 12.21+0.152 13.47+0.26¢% 14.53+0.28¢ 14.64+0.41¢ 16.17+0.69° 16.58+0.26° 12.39+0.45¢ 15.0140.47°  14.86+0.57%%¢
Bacillus-NTS3 11.94+0.362 17.73£0.232 11.99+0.372 15.59+0.14° 17.06+0.292 16.43+0.342 16.56+0.37° 16.2240.22%0 12.74+0.24¢ 14.39+0.11°¢ 14.53+0.81°¢
Bacillus-PSK 6.000.00¢ 6.000.00 6.00+0.00¢ 6.00+0.00° 6.00+0.00¢ 6.00+0.00¢ 6.00+0.00¢ 6.000.00¢ 6.000.00¢ 6.00+0.00¢ 6.00+0.00¢
Bacillus-S32 9.65+0.13¢ 15.25+0.21¢ 9.75+0.78¢ 13.05£0.15¢ 13.94+0.15° 14.04+0.11¢ 14.65+0.35¢ 16.61+0.972 12.25+0.21¢ 12.85+0.12° 13.25+0.48¢
Bacillus-B1 12.09£0.112 16.49+0.20° 12.2410.342 14.28+0.14¢ 15.3540.23¢ 15.35£0.19¢ 15.35+0.19° 15.35£0.20¢ 13.76+0.322 15.34+0.19° 15.34+0.19%
Bacillus-K1 6.000.00¢ 6.000.00 6.00+0.00¢ 6.00+0.00° 6.00+0.00¢ 6.00+0.00¢ 6.00+0.00¢ 6.000.00¢ 6.000.00¢ 6.00+0.00¢ 6.00+0.00¢
Bacillus-K2 6.00+0.00¢ 6.00+0.00° 6.00+0.00¢ 6.00+0.00° 6.00+0.00¢ 6.00+0.00¢ 6.00+0.00¢ 6.000.00¢ 6.000.00¢ 6.00+0.00¢ 6.00+0.00¢
control 6.00+0.00¢ 6.00+0.00° 6.00+0.00¢ 6.00+0.00° 6.00+0.00¢ 6.00+0.00¢ 6.00+0.00¢ 6.000.00¢ 6.000.00¢ 6.00+0.00¢ 6.00+0.00¢
F-test *% *% *% *% *% *% *% *% *% *% *%
CV. % 223 4.03 2.33 3.04 a.87 1.85 2.63 3.50 3.36 3.65 4.27

Y Means followed by the same letters within each row are not significantly different by DMRT (P < 0.01, *¥)

?/6.00 mm. shown in each column of control treatment is the diameter of Nutrient Agar disc without clear zone.



KHON KAEN AGRICULTURE JOURNAL 53 (6): 1279-1290 (2025)./doi:10.14456/kaj.2025.87.

1285

Table 1 Efficacy of antagonistic Bacillus spp. isolates for inhibiting the growth of 21 strains of A. citrulli by Dual culture bioassay. (Continued)

Clear zone (mm)¥?%
Treatment

AC-O AC-P1 AC-P2 PSA1128 AC-Q AC-S SQ-A SQ-B WM-001 AC-Z
Bacillus-Ba029 14.7240.42° 16.44+0.12° 16.35+0.14° 16.3240.54° 16.67+0.30° 10.14+0.59? 13.56+0.65® 12.19+0.135¢ 12.43+0.57¢ 12.7140.23°
Bacillus-Ba033 14.85+0.52%° 14.54+0.45° 14.54+0.86° 15.15+0.68° 15.95+0.22° 7.60+0.29° 11.60+0.301°¢ 15.34+0.85° 15.81+0.64° 13.1940.21°
Bacillus-Ba037N 6.000.00" 6.00+0.001 6.00£0.00° 6.00£0.00° 6.00£0.00° 6.00£0.00° 6.00£0.00¢ 6.00£0.00¢ 6.00£0.00° 6.00£0.00¢
Bacillus-BS 12.84+0.34¢ 14.75+0.24° 14.70+0.24° 15.1340.11¢ 15.71+0.391°¢ 7.93+0.46° 12.00+0.82°¢ 13.28+1.52° 13.53+1.51 12.7240.35°
Bacillus-Ba032 6.00£0.00" 6.0040.00° 6.00£0.00° 6.00£0.00° 6.00£0.00° 6.00£0.00° 6.00£0.00¢ 6.00£0.00¢ 6.00£0.00° 6.00£0.00¢
Bacillus-MS4 12.84+0.12¢ 13.14+0.41° 13.2040.19¢ 15.22+0.16" 15.25+0.35"¢ 8.89+0.27° 15.59+0.942 12.99+0.63° 14.95+0.60%° 12.01+0.25¢
Bacillus-NTS3 13.7940.18° 13.9140.02¢ 13.83+0.31° 14.96+0.29° 15.94+0.24° 10.62+0.28? 12.03+0.50° 13.03+0.71° 14.58+0.82°¢ 12.80+0.56°
Bacillus-PSK 6.00+0.00° 6.00+0.001 6.00+0.00° 6.00+0.00¢ 6.00+0.00¢ 6.00+0.00° 6.00+0.00° 6.00+0.00° 6.00+0.00° 6.00+0.00¢
Bacillus-532 11.7240.61¢ 12.80+0.76° 13.64+0.31° 13.99+0.47¢ 14.48+0.51¢ 7.23+0.98¢ 10.4740.56° 11.86+0.41° 13.20+0.50¢ 11.57+0.75°
Bacillus-B1 15.34+0.19° 15.35+0.19° 15.32+0.19° 15.79+0.26%° 15.77+0.33° 7.81+0.34° 15.3540.19° 14.35+0.20° 15.35+0.19%° 13.79+0.37°
Bacillus-K1 6.00£0.00" 6.0040.00° 6.00£0.00° 6.00£0.00° 6.00£0.00° 6.00£0.00° 6.00£0.00¢ 6.00£0.00¢ 6.00£0.00° 6.00£0.00¢
Bacillus-K2 6.00+0.00° 6.00+0.001 6.00+0.00° 6.00+0.00° 6.00+0.00° 6.00+0.00° 6.00+0.00° 6.00+0.00° 6.00+0.00° 6.00+0.00¢
control 6.00+0.00" 6.00+0.00° 6.00+0.00¢ 6.00+0.00¢ 6.00+0.00¢ 6.00+0.00¢ 6.00+0.00¢ 6.00+0.00¢ 6.00+0.00¢ 6.00+0.00¢
F_test *¥% *¥% *% *%* *%* *¥ *% *% *¥% *¥%
CV. % 2.75 2.43 1.56 274 2.26 4.23 3.63 5.40 5.45 3.12

Y Means followed by the same letters within each row are not significantly different by DMRT (P < 0.01, *¥)

?6.00 mm. shown in each column of control treatment is the diameter of Nutrient Agar disc without clear zone.
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2. Usgansnwdanaei Bacillus spp. °lun'ﬁmqu?gfa A. citrulli snwnlsanatiiuuaiiienasnisdauesun1sasyaule
vasrunnsluluszezdundinieladgninEaunnass
m{[,%%aﬁmszfn,%aLwﬂﬁﬁ‘wﬁi‘]ﬂﬁmmmaﬂﬂmﬁm‘lsﬂmamLwﬂﬁl,%'aﬁl,ﬁmmm%a A. citrulli 4aanAINTULTIVET
Tspluwmluld TnenssuisAlddadmet Bacillus-Ba029, Bacillus-Ba033, Bacillus-MS4 waz Bacillus-NTS3 filafidusnis
\Anlsauazausuussveslsanauuaiiiemningsuillddtas Bacillus spp. lunssuisemuauetdiduddnydmis
adnfienuderudl 99% Welssdiunadl 7 way 14 Ju wuin nesudsildTaswe Bacillus-Ba029 fiUefidusinisinlsatos
ﬁqm Ao 12.50% Way 14.50% A1uanu wagauilnisiinlsa 24.25 % way 29.25% AUa1fu 5998911 Ao Bacillus-MS4 3
n1siinlsa 15% wag 17% AINUTULSIVRalsA 26.50% wag 29.95% MNaIAU Lay Bacillus-Ba033 dn1siiinlsa 17.25%

ey 18.25% ANTULTIVRILIA 28.25% Uar 32.75% nua1au luvueiinssuitaiuaulsaiivgnieavslsaiiesagaien

o 4

finsiAnlsafl 36.75% wazszduanuguusveslsn 39.00% muddy uaziiloUsziiunail 14 $u nuin nssaAsAlddaTas)
Bacillus spp. fiosidusarusuusdlsn uazseduausuussadsafisfuivadnden Tiuandaannsusediud 7 fu
wintn wilunssudimuaulsaiivgnideanvelsafisogadomuinfivtuinnnimnnssis lnefiedidusiniainlsad
40% WAEIEAUAILTULIITRLLTA 43.75% ANudRU (Table 2, Figure 2)

ns18%asiaui Bacillus spp. ieduaiunisiasauiuln wuin ilelddias Bacillus spp. lunsagnusdnnoumis
lifinanssnuidsavsewosidudauenvonuaunduiug 3575 willaudnvarunasemsiideiufduiusfutuiy Tay

Tdndninaeitunisussdiuainnsasgiulavasiunaunsly wud nssudsauaniilddasiuem Bacillus spp. AniINTsuis

o

UniegadiduddgmeatianseAuanugetu 99% NslumuaugasEifu AeIIN dvtinagn wagtvinuis uenis
POVAUDIVOINYAY Bacillus spp. lolutans1eg i lddanunansnsduling laun nssuasAladiduel Bacillus-MSa
Wesidudmnusendiasiian e 95.25% usidleUssidiunuannsatuduaiunisiadyiulnnnaudnvasdu wu anugs

VBIAU AINYIIVDIIIN Unnaauazdmnuis wudn nssuIsAlEdIAMe Bacillus-NTS3 dundnfiaugesiu Lazaln

aa

g1351NANaN Ao 19.62 u. UAr 16.32 Y. T89aABNTINITNIGY T Bacillus-MS4 funanfiaugeiu 19.49 4ul. uay

o '

15.89 3. WaNANUFTINUIN NSTUISNLLITIN U Bacillus-MSE AunanivinanNanan Ae 3.44 N5 @UUIMINLAT WU

q

o o -

laifianuuanateiuneana egnslidedrfyeadanseauanuiiety 99% (Figure 1, Table 3)

o

v v eal @ 4

WioUszilunssudsalaTasae Bacillus spp. Tun1sauulse wudn nssuddwdaiugiiiio A. citrulli 9T el

]

Bacillus-Ba029, Bacillus-Ba033, Bacillus-MS4 waz Bacillus-NTS3 unagniuan sunaunsludinsssnlaauin lafinang

o

wanestunsainfunssuAsUnAwaa e A ctrulli wasinsldTauet waznssudsAladlalddaiuet Bacillus spp. Wi

v
o v °

AUAINEIVEIEIRY ANETIIIN Widngn wazdividnuis luvasiudefiugnidie A. citrull wazlidfinisldTdusiniuay

§ &

15alaq SlUesiduinsenian 88% N1sasalAulnnIea1AL ANEITIN UINTNAALALNMTINLAYDIIUNAIAER DE19E

YENAYNNADANTZAUAULTDIU 99% (Table 3)
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Table 2 Disease incidence and Disease severity index of Bacterial fruit blotch in watermelon 3575 plants at 7 day

and 14 days after transplanting in greenhouse

Disease incidence (%)Y

Disease Severity Index (%)Y

Treatment
7 days 14 days 7 days 14 days

Bacillus-Ba029 0.0020.00" 0.00£0.00" 0.0020.00° 0.0020.00"
Bacillus-Ba033 0.00:0.00" 0.00+0.00" 0.00+0.00° 0.00+0.00°
Bacillus-MS4 0.00:0.00" 0.00+0.00" 0.00+0.00° 0.00+0.00°
Bacillus-NTS3 0.0020.00" 0.00£0.00" 0.0020.00° 0.0020.00"
A. citrulli + Bacillus-Ba029 12.50+0.57° 14.50+0.58° 24.25+1.89° 29.25+1.71°
A. citrulli + Bacillus-Ba033 17.25+0.95¢ 18.25+1.50° 28.25+1.34 32.75+1.81°
A. citrulli + Bacillus-MS4 15.00+0.20° 17.00+1.41° 26.50+1.04 29.95+0.57°
A. citrulli + Bacillus-NTS3 22.25+1.50° 24.00+0.81° 30.75+1.43° 34.75+2.59°
A. citrulli (Disease control) 36.75+1.79° 40.00+0.81° 39.00+1.82° 43.75+2.22°
Normal 0.00:0.00" 0.00+0.00" 0.00+0.00° 0.00+0.00°
Fotest . ~ . =
%C.V. 6.29 4.97 8.09 13.12

Means followed by the same letters within each row are not significantly different by DMRT (P < 0.01, *¥)

Figure 2: Disease incidence and disease severity index of bacterial fruit blotch disease in watermelon 3575 seedlings

at 14 days after sowing in greenhouse.
(a): Disease control

(d): A citrulli+Bacillus-MS4 and (e):

ctirulli), (b): A. citrulli+Bacillus-Ba029, (c): A. cirulli+Bacillus-Ba033,

A. citrulli+Bacillus-NTS3
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Table 3 Efficacy of bioproduct from antagonistic Bacillus isolates for enhance seed germination percentage and

growth of watermelon seedlings at 14 days after in greenhouse

Treatment Germr:natio Plant height Root length Fresh wt. Dry wt.
(%) (cm.)Y (cm.)Y (¢/plant)”  (mg/plant)”

Bacillus-Ba029 94.00+1.15%°  19.19+¢0.21°*°  14.69+0.74°  3.05:0.17% 2.29+0.55°
Bacillus-Ba033 90.50+1.29°  18.00+0.82°  14.17+0.99%  2.75+0.23%° 2.24+0.02°
Bacillus-MS4 95.25:0.96°  19.49:0.73  15.89:0.82%°  3.44:0.34° 2.51+0.03
Bacillus-NTS3 93.50+1.29°  19.62+0.98°  16.32:0.88°  3.39+0.46 2.69+0.01°
A. citrulli + Bacillus-Ba029 ~ 90.50+1.29°  18.25:0.88™  11.85+1.01""  25310.44“ 2.24+0.04°
A. citrulli + Bacillus-Ba033 89.75+0.50¢ 18.08+0.56° 11.65+0.99%" 2.43+0.52% 2.24+0.02°
A. citrulli + Bacillus-MS4 94.25:0.96°  18.310.73°°  13.38+0.37%°  2.45:+0.56“ 2.32+0.02°
A. citrulli + Bacillus-NTS3 93.50+1.00°  18.45:0.82°°  13.00:0.75%"  2.45:0.51¢ 2.64+0.04°
A. citrulli (disease control) ~ 88.00:0.82°  15.42:0.97°  10.61:0.60"  2.09+0.23° 1.39+0.04°
Normal 89.25:0.50°  15.98:0.99°  12.48+1.01°®  2.49+0.51“ 1.44+0.05"
F_test o o o o x

%C.V. 1.63 3.73 3.10 8.72 5.73

YMeans followed by the same letters within each row are not significantly different by DMRT (P < 0.01, **)
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WoeuuniiseUny Bacillus spp. NiunanAnwianun 12 leleian wudn 4 6 lelwwan Laun Bacillus-Ba029,
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