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Abstract

This research aimed to develop the fermented bio- extract combined with beneficial bacteria for
enhancing rice plant growth and controlling bacterial leaf blight of rice. The banana plant, kaffir lime,
and chili were raw materials used in fermented bio- extract. Three fermented bio- extract were tested
for Xanthomonas oryzae pv. oryzae. (Xoo) inhibition using a completely randomized design (CRD).
The result revealed that banana trunk fermented bio-extract showed the efficacy of inhibiting Xoo,
causing a clear zone of 1.56+0.26 cm. The efficiency of all three fermented bio-extracts on enhancing
rice plant performance was investigated seven days after germination. The results showed that the
chili fermented bio-extract and banana trunk fermented bio-extract were the most efficient treatment to
promote rice growth. Root length, shoot length, fresh root weight, dry root weight, fresh shoot weight,
and dry shoot weight were 6.02+0.83 and 5.35+0.37 cm, 5.5+0.48 and 5.2+0.26 cm, 2.52+0.45 and
1.9710.16 g, 0.11£0.00 and 0.11+0.00 g, 2.96+0.05 and 2.67+0.17 g, and 0.20+0.01 and 0.19+0.01
g, respectively. From the previous results, banana stem fermented bio-extract was selected for further
development. Antagonistic bacterial that showed phosphate solubilization, Bacillus sp. strain PSB3-5
was added into banana stem fermented bio-extract with 1x10"" cfu/mL final concentration and kept in
room temperature (3242 °C) for 60 days. Results showed that PSB3-5 populations were 6.4x10°,
3.1x108, 3.6 x108, and 3.0x108 cfu/mL at 48 h, 15, 30, and 60 days after inoculated, respectively.
These results indicate that banana stem fermented bio-extract mixed with PSB3-5 is effective in
promoting plant growth and bacterial blight control. By seed or foliar spray 1: 1000 (v/v) of banana
stem fermented bio-extract mixed with PSB3 -5: water, this can reduce labor costs in foliar spraying

of bio-fermented extracts and biological pesticides.

Keywords: Fermented bio-extract, phosphate solubilizing bacteria, bacterial leaf blight disease,

biocontrol
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Table 1 Efficacy of fermented bio- extract
inhibiting Xanthomonas oryzae pv. oryzae, the
causal agent of bacterial leaf blight of rice by

agar diffusion method

Treatments Inhibition zone" (cm)
Banana stem 1.56+0.26°
fermented bio-extract
Chili fermented 0+0°
bio-extract
Kaffir fermented 0+0°
bio-extract
Distilled water 0+0°
Ampicillin 2.47+0.07°
F-test **

"Means + S.D. followed by the same letter in a
column are not significantly different according

to DMRT (P<0.05).
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diphenol ¥1NNI1 2 NgW FavnlmiAanng
Aannulesausaanan lkadunidursda
TisnansnaSadula’ld (Harris and Livingstone,
1964) %aNa1NHI18INWITHV0S Harris and
Livingstone (1964) g3wuinlunisifiadiannu
lasauvasnin 11 tannic acid 1We4 0.9 Tutana
Safivsnamasnindasouiisuiumsldss
liaoslswos (siderophore) AidaslTds 3 luana

Tuume NI RINTININIINNIN waziIRaN
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a A 1 1 tgl =1 A
Frnanuznga Lifiansedng g i 39108
ﬂszﬁﬂﬁmwiumsﬂ'uﬁ'dl,%amm@ﬂsmaﬂuuﬁd

PaIU1?

~Ampicillin

Distilled

Figure 1 Efficacy of banana stem fermented

bio- extract inhibiting Xanthomonas oryzae pv.
oryzae, the causal agent of bacterial leaf blight
of rice by agar diffusion method compared with

distilled water and ampicillin.

2.3 Uszandnnianaindanawlunns
dodsanssgaulazasannaidng

nanInaseulszAnEawinninEanw
¥ 3 7fia leud dundas UZNIA ULAWIN dons
wigidulazasdunardiieny 7 7u lag
Wisuisunuaesluuianianisan (3uiuats
aunuazuunfiawadin) arstadnignisineay
(maafidesiuiisaifon amflunandunas
msailesnuisadouuaise aoliwaslans
an'lad) uaztinauilsinge wanmmasaswuin
dmindinwanwindsnalvdundfanuen
sﬁnmﬂ'ﬁ'q@ \innu 6.0210.83 LruALuas
509893170 WINTININIINdUNTIY Yinlrd

ARNT1ITAINNBIIIANLYNINY 5.35+0.37
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LIRALNAT LastRNNTIAINIARTNG 2 Tha §
UszanSawlumssassulidunartniaiu

#1IIINANAFAUANANNUBE W RBIIATY NI

a

aa a a a aa a A
FOGNUIAVLUDLIRWLAZUUWNALDTNN LaTa T4

FunanTIdnNNENITINNNY 4.5210.2 uaz

4.2240.24 \TUANAT AUE1AL

Table 2 Efficacy of fermented bio-extract on shoot length, root length, and percentage of germination

of rice seedling at 7 days after germination

Plant growth index"
Treatments
Root length (cm)| Shoot length (cm) | Germination rate (%)

Banana stem fermented bio-extract 5.3510.37" 5.2+0.26%* 8013.16
Chili fermented bio-extract 6.0210.83° 5.510.48% 80+5.35
Kaffir lime fermented bio-extract 5.08i0.34bc 5.42i0.27abc 80.5i3.32
Gibberellic acid 4.52740.20% 5.02+0.27* 83.516.14
1-Napthy! acetic acid 4.2240.24% 5.1010.18%° 8151265
Copper hydroxide 0.34710.07¢ 3.3110.07° 831+4.90
Carbendazim 4.1710.35% 5.0010.53° 8113.16
Control 3.7210.40% 5.59+0.48° 8312.94
F-test * b ns

" Means + S.D. followed by the same letter in a column are not significantly different according to

DMRT (P<0.05) ns = non significance.

mm:ﬁﬁmﬁn%amwmnmng@ FIHAlRFunaNd
ANEIIIINATD 5.0840.34 Laudiuas 99
NANBNNUIVLUBLIRBLAZANINUUN A LaTAN
wada (Table 2) FOAARDINUNANIINARDIAH
winaaueINngn Swusiwinginm

ANNWIN ﬁﬂﬁﬂﬂifnﬁﬁmﬁfﬂa@mﬂﬁq@whﬁ'u
2.5240.45 n$u SawanersatafituiAnyni
ghanLuuNAiawadfinuazauiLasan 993nTn7
fiminaarindy 1.7140.10 uaz 1.3110.2

a

N30 AUEALTINNILANA BT R FIA NS

o

]OANUNIINITAU 9 68 (Table 3) LAZRAAANDS

294

AuNanIAsasautNninutiTasTIngs G
WU E N e nwsnuazinng g nmw
NndwnTY denaliaundTnSiwinusssn
mnﬁqmvhﬁ'u 0.11+0.01 waz 0.1130.00
n$u auddudiuandatnlnoddynig
gAanUNITNATIN 9 sniuaniiunandu (Table
3) Lﬁaﬂm‘smﬂmmgdﬁuwuﬁ dnindrnn
1 3 18a Iiwalduandrsagrefidodmannia
aﬁﬁﬁunisui%mqu anuin aathdaslaasan

et wazansiuuandu (Table 2)
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Table 3 Efficacy of fermented bio-extract on shoot fresh weight, root fresh weight, shoot dry weight,

and root dry weight of rice seedling at 7 days after germination

Plant growth index"
Fresh Fresh Dry Dry
Treatments root shoot root shoot
weight weight weight weight
(9) (9) (9) (9)
Banana stem fermented bio-extract 1.9710.16°|2.671+0.17*0.11[10.012|0.19[ ]0.01%®
Chili fermented bio-extract 2.52+0.45%12.96+0.05%0.11(.10.00%|0.20[ 10.012®
Kaffir lime fermented bio-extract 1.8410.17°|2.7010.26"(0.09[ 10.01°|0.18[10.02°
Gibberellic acid 1.3110.20%|2.9110.49%°0.06[ 10.01°|0.20[ ]0.03%
1-Napthy! acetic acid 1.7110.10°2.66+0.17°0.09[ 10.01°|0.18[ ]0.01°
Copper hydroxide 0.811+0.13°|2.14[10.01¢|0.04[ ]0.01¢|0.18 [ ]0.01°
Carbendazim 1.9010.18"|2.55[10.19°(0.95[ 10.01%"0.18[]0.01°
Control 1.3540.42%93.23[]0.222(0.06 [ ]0.03°|0.22[ 0.022
F-test o o o o

" Means + S.D. followed by the same letter in a column are not significantly different according to

DMRT (P<0.05).

FmonaRInUNAM INARBIFIWINENFA
29612 FIWuIRTnEInIwNg 3 Tia
I¥nalduandivadrslivadauniesdany
n1NiTaiuqu oniu aetlatlaasanlad
(Table 3) LAZROAARBINUNANITNARAIA
dminusasdutng wudndiningiaiwan
WinUazINWINE A WaNdRNEID F9na e
nsddiminuisliuandrsagrefiioddn
maaﬁﬁﬁ'uﬁummsﬁmm:mw’iﬁmqu
°nmfzLﬁﬂ’sﬂ"’uﬁmﬂﬂ%amwmﬂmﬂg@ uunfiaua
Fhn wada aatiaslaasenlod wazasiuuan

3 AgINalRauwnaTIRRnuRs linandlg

[
@ o

ad IR R AN IIRAANUIIRINTININN
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Win dhminEanwandunde uazSulUeLan
waziilefansonilafiSudnissen wodn lug
AULANAIIN U E1IT R RIAYNIIFD G
(Table 2)
HANNTISHATIRFEAARDINNAYDINN LT
iminginwaniaswasvesndae (banana
waste) dawaiﬁﬁmﬁﬁmﬁfﬂuﬁwmﬁﬂg{l'ﬁ'q@
WAL 244 3 WiaSaudisuiunslginain
Fanwanyali (Rivera-Cruz et al., 2008) uaz
F00ASBINUTIBINUNNSANEL T2 ANT AW
windanwlunissassunisaiaiaulauas
HARAAUDITWYENDaN WU dRNE N

ganadunidniandiodnarilwdurimosiand
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ﬁmﬁfﬂa@]LLazﬂmﬁfﬂLLﬁogaﬁqmmﬁu 149 WAz
48.93 NTUABG® ATNE1AU (Marubodee and
Ruanpan, 2020) Miduiuiiiasannisaauin
o A = 6 =] U
windinmuiasdlznaungemsisasudiu
nimganInan laun ;g lulasiau Weawada
wazlwunaioy uazsige1niies laun

A A A ° o =<
waaiBoa wuniidon uazfuzau Mnldieme
INIILRTY LAWA LHAN NOIWaI FINTH

a A Ao v A
wwimita luven uazluAudvu (dudu $9m1q
mmimmﬁmmmg@%wLﬂTﬂtjviaéhLﬁmmaaﬁ"n

=] o U 1 =3 dq’
waznrsuTa Wl ldagnmiaisy wanani
El,uﬁ,’mﬁ'ﬂs‘]’uﬁmsﬁuﬂ%ﬁmmﬁ@ﬁmuLaqa
YUIALAN LT NIADT L% FIAIAW WazTaslun
ﬁﬂuﬂfnjuﬁe'mLa?umim%tyl,aﬂ@mauﬁ%
. a o A ¥ o A @
WwaeInw lasgaslunnnuluiininig laud

' A i A a

gailuulunduaandu (auxins) Gadiunuinlu
nIrens@nTamIuLead sasluulunguiv

a . . a v
\WaLIadu (gibberrllins) funuinlunisnszdu

A > 6 = U
nsbadivesas Mnldfanszgunssen uaz
gasluulungulolalafin (cytokinins) unuin
lumanszdunisusaiaad ludu (Department
of Agriculture, 2004)

4. HANITNATIVAMNAINITNVAILTD
UpiTnsiainisaazarsaaialunis
Av9BInaLININTININ

NANINAFIUANNEINIINVaILTaL TN
Bacillus sp. Sn8Wu3 PSB3-5 Nflanuauninlu
fﬂiﬂ:a’]ﬂWﬂﬁLW@]LLﬂ:ﬂ?UQNL%E} X. oryzae pv.
oryzae swnalinvavluuisvesdna lunis
@iwsa%’?@agj‘luﬁmﬁn%’smwamﬁuﬂﬁaﬂﬁfu
WUI LLUﬂﬁL%Uﬁ’]UWV%If PSB3-5 8111708
FANNURIRNNTIN NN wna8 e lagwy
lalafinunfisanasgunnineinis NA G
ANBUENIITUIIRINYIATINUALUUATNLILEY

Wug PSB3-5 fia lalafliifund nay veuliiFoy
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uwindan uazfiuus %dﬁﬁi’]u’)%vﬁaﬁﬂﬁdﬂ@ﬂ
\Hoaslwimingrnw 48 2lus 15 30 uas 60
1% LYINAU 6.4x10° 3.1x10° 3.6 x10° WAz
3.0x10° cfu/ml @1ud16u tiasanasluioas
maaaﬁu‘n‘%ﬂ@Uﬂdavlﬂﬁlzﬁqmauﬁmumuﬂu
u”WMa%yﬁzé’u%ﬁa {WaTa85nEen pH Las
fAanysweng 9 mulwaasliidudng luadunid
UNEEWUT laslaniz Bacilus 9zaa130LTy
anuaNsalunsidudwinasaaluioad o
mﬂﬁaaagiuanwazﬁﬁﬁﬁﬁLmimimamsna5@‘%’1
(Krulwich et al., 1985) Tagn1siAuIzauD 04
lusdunazngananlulalaswanada vinlw
yasmarnelwaasdanuiduininesunndsu
Lﬁaﬂauﬂ”uﬁ'mmiﬂmauﬁwmumﬂﬁmum‘ﬁg
AR (Booth, 1985) uanmnﬁ‘tuqﬁm’%ﬁmamy
Wusdednalnlunisinwiauqgavasei pH
seninenioluuasnIguenLTas 99013
wasndellsnaulagandunisvinauesien
lesaf ATPase w3a H*-ATPase tiunalndeny
ammﬁaﬁaﬁuﬂ%zﬂﬂumsmuQu@h pH melu
Lrad warsWUINUSU T mrawlay
H*-ATPase ﬁu’%nmﬁaﬁuLmaﬁmmumﬁﬁmu
niavzfiunniuuaiiseilinunsana 9 'l
lagtanloiainad azdainlidanis
wWasnulasen pH found Sevireuldalugig
1 pH ﬁni'ml,l,a:ﬁﬂ,ﬁﬁ;ﬁuw'%‘fu 9 NUNIA e e
i (Miwa et al., 1997) LLazmyﬁ'mfﬁﬂunva@Tﬁ
aswufianssnvadtowlssl H-ATPase MU
LgaﬁuLmaﬁgamnifumua"wﬁu (Chen et al.,
2009) luanziduinun1TiAanIzuINANT
glutamate decarboxylation 5’1‘%\1 vJunszuawnis
Lﬂﬁﬂuﬂimzmuﬂgmmw (glutamate) TA1dn
aminobutyric acid (GABA) lagn13¥i19nuaas
el glutamate decarboxylase (GAD) Gﬁ\‘llu

AszuannIsaziniltldsaewsrunuan lasf
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a

@AINAT? I@mluﬁ;au‘n?ﬁ GAD 9:¥AiN b3

a

drunuan1cidunisuaniosas lagns
LﬂﬁmuﬂgmLuwﬁ'ﬁmwmﬂuﬂmlﬁﬂmmﬂu
GABA fifauidunsadinia 4oidunisan
anudnnsaluszuudnmonitanenimiteann
msaslisaananlglul §A3en (Gut et al., 2006)
anuauisalunisaansaanwmeitazwyld
ﬁ;a"l,ﬂlumjm;ﬁuﬂ%'ﬁriaIsmm:Tws‘luIaaﬂf«?
(Feehily and Karatzas, 2013) LTWA8NWALNNT
Lﬂé"ﬂuuﬂmaoﬁﬂi:ﬂaumau?jaﬁmmaﬁ 3N

Aa

a6 v [ P [l
ﬁmumﬂ@laaagluam’;:wvlwmm:au ENLNIT

q

W RWLURINIIFILATIZH LU TAUUNITRAN FINE
fansdasuniatasdlsznauvainya lunwle
\BaWuiwad (Wouters etal., 2001) na'lnnas
WasuwUaiasnaid Usznavaronisidaew
AATFEINUNUINGY AINNLIIVBIRIAITUDY
AURUIVDININTY cis-trans isomerization Las
asUsuasunsalugwliduas lidunsa
lagunilolaalniwu (Cyclopropane Fatty Acid:
CFA) (Grogan and Cronan, 1997) 43189114338
A o o A X a. ' o
NEWIWIINITHINI CFA LNNUUTRIwTI8 LA
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Ddg

1@@ddu anTaIuves Zavaglia et al. (2000)
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