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Anan nesgawnsdufing Bacillus spp. AaN178ILE3H
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1NAnga
nwiTsaddandszasdiiednsnanumuninvasuuafiio Bacilus spp. lolmian JK62, JK108,
KB1-2 B4, JK127, JK74, YH3-2 B2 uaz YH3-2 B4 lunissaasumaasaidulavasndrsdnluszau
A ) s 1 +| v A a ¥ =3 ) 6 a A
lssaunanasuazthanwannidudunauvasioyaldideusiadude lasiisaduinassuuafie
Bacillus spp. lalziandng 9§ Annudntu 10° CFU/mI snugsindunsinfineny 1 1dew NW1uwn1g
o v  aa & & A o o N ) & . A a
p1oRRIaIBITInzApiaibe nasandeasdanlugsduduing 5 dlard wody uuafiGe
Bacillus spp. lalolag JK74 uaz YH3-2B2 vilvdundisfuiianugeuinigs udldnuanuuanedis
yosdiminaausziminudiionIsnfisununsmataiugu anuwinuuafiiSe Bacillus spp. o
laiaa JK74, YH3-2B2 waz JK106 awdailoyaldidousiaduiiagas V+JK74, V+YH3-2B2 uaz
V+JK106 lasiuuafli3y Bacillus spp. Tuszuziai1s endospore nannuiuyalfidaudionisdany
lum”u@auﬁﬂuﬂwﬁﬂ Fendadulda uaznain1stwida ﬁnijUﬁ"l,@i”mNaﬂui'a@ﬂgﬂua:ﬁwvlﬂﬂgﬂﬁu
naEARDN 1 Lﬁauﬁmumsmmﬂw”mfﬁ'm?%l,wwzlﬁw,ﬁaLﬁa ﬂé’dmm}’wUaaﬂﬁﬂluqa@‘hlﬂunm 7
sl wuiﬂﬂﬂgavlﬁl,ﬁauﬁ'a 3 gasnildunanvanuaiiiie Bacilus spp. vilidundiofuiianaugs
anninTInatau 9 Joyaldidonsiiatuiagns v+IK106 uaz V+IK74 inlddundoiuiithniings
gandimilsfoyalddeunlilanauuuaiise Bacilus spp. wd linuanuuwandsvasavinninuis

YDIAWNAILAL

Adan : ndy; MIsaFsuNMseIyaule; udeas; ﬂmﬁ'ﬂyavlﬁl,aau

Abstract

The objective of this research was to study the ability of Bacillus spp. isolate JK62, JK106, KB1-
2 B4, JK127, JK74, YH3-2 B2, and YH3-2 B4 to promote the growth of Musa (ABB group) ‘Kluai Hin’
under greenhouse conditions and produce vermicompost granule. At a concentration of 108 CFU/ml,
Bacillus spp. isolates were used to soak roots of 1-month-old micro-propagated ‘Kluai Hin’. After five
weeks of transplanting, the results showed that the Bacillus spp. isolate JK74 and YH3-2B2 significantly
promoted the height of the test plants, but there were no significant differences in fresh and dry weight
compared to the control treatments. Bacillus spp. isolates JK74, YH3-2B2, and JK106 were used to
produce vermicompost granule formula V+JK74, V+YH3-2B2, and V+JK106. Sporulating Bacillus spp.
cells were enriched in vermicompost by spraying during the crushing and granulating process and after
the granulating process. The fertilizers were mixed in the planting material and used to grow a 1-
month-old micro-propagated banana. After seven weeks of transplanting, it was found that all Bacillus
spp. -enriched vermicompost granules significantly increased the height of the test plants compared
with other treatments. The formula V+JK106 and V+ JK74 significantly increased the fresh weight of
the test plants compared to formula V (non-Bacillus enriched vermicompost granule), but there were

no significant differences in dry weight.
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1. UNA
N8R (Musa (ABB group) ‘Kluai Hin’)
it luwad Musaceae uazaglunguiluu ABB
ﬁé’nwmu@iuﬁumn@mmnnﬁaﬂw‘“mf’éiu GERY
wRannu wmflugﬂﬁwmﬁ'uu awinuasss
Fudad Bouiaudsgdidundsfudy nans
Fudon N&8AULITT ndIefuany naIBfin
nea narufinnsauutd nAaA M ULNiEA
1uivemId Izl wiuunnsenagn
(Namburi & Sukjantra, 200,30-37; Wamaedeesa
& Deramae, 2011, 47-59) 971AN133LATIZA
Tapwmsvednaluin 100 g Usznaudis lutn
0.37 g a3lulaiasa 31.9 g lhwaaau 122 cal
fiud-anslsfiunazulefinudan (Resistant
Starch) &4 (Loikaeo & Chaisakdanugull, 2016,
468-476) ﬂé”mﬁmﬂuﬁmﬂa%mm“ﬁmamg
(Geographical Indications #38 Gl) ¥3 7 8une
ludsniasran (Department of Intellectual
Property, 2011, 1-4) fiufiilgn 2,995.50 13 1w
NANAM 3,433.34 a% §37193781d 1WA
inaInIddannalodn 41.36 a1uuin/l
(Muangkaewngam, 2014, 24-27)
musimaaiydulauaziinnanians
nédrufndulngionlidoediiiesendaia
82090 A5 uszmde ldinpamuriosaana ud
analsianunilgioiadunifiuanududud
HANIENUADANINTIAY LT AWLAN N1T
araulanzninluduuazmydwiowlwunsasin
denalifadsingnisalgInsfiadu
(Eutrophication) #1381aN12£MNTABINITNT f
Wuduanodenystuazlgdad (Savei, 2012,
287-292; Sharma & Singhvi, 2017, 675-679)
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uanmnifumﬂ‘fﬂsLﬂﬁmaﬁasl,ﬁl,ﬁﬂﬁ”wﬁaﬂu
81n14 LT% NH,, CO, uaz CH, ﬁmaﬁﬂﬂg{
ﬂzy%wﬁ”wm%uﬂszﬁmﬁ'mwaﬂszm_l@ia
éou’mﬁammzizuuﬁnﬂ (Chandini, Kumar,
Kumar & Prakash, 2019, 69-86) 1 aaailqyn

[ '

FINRIIMITMINBATEENISITN LU 1N¥AT
Bunid naldiudunid uaznsiafunidngy
gauaiunaaigLaule madranlslunsdan
Wy Lﬂuﬁ'ﬁ'mwﬁmﬁmmﬂﬁﬂmﬂﬁﬁﬂmmﬁo
qﬁuw’%ﬁﬁmﬁmagju’%l,'smmm'mﬁmﬁﬁ
AuauddsaaIunaiyidvlavesds (Plant
Growth Promoting Rhizobacteria : PGPR) laun
Streptomyces, Azospirillum, Psudomonas & ¢
Bacillus (Athinuwat, 2013, 18-35; Glick, 2012, 1-
15) uuaflisuluana Bacillus unitsluuuefise
PGPR #ifidnunwaassunisasydulavasis
(Sansinenea, 2019, 225-237; Tiwari, Prasad &
Lata, 2019, 43-55) &1NN1IONAATOS IUUNTY
( Phytohormones) L% % Auxin, Cytokinin L&a¢
Gibberellin ( Chagas et al., 2015, 282- 287;
Arkhipova, Veselov, Melentiev, Martynenko &
Kudoyarova, 2005, 201-209; Shahzad et al.,
2016, 236-243; Radhakrishnan & Lee, 2016,
181-189) faLAszAuazldasastiaaslsney
(Siderophore) WWatin Fe* 1ﬁag1u3ﬂﬁ'ﬁ°ﬁm
15un L lgUseTowwle (Yu, Ai, Xin & Zhou,
2011, 138-145; Souza, Ambrosini & Passaglia,
2015, 401-419) wanansiasidr s unumn
Jaun3Idazanuwasine (Phosphate Solubilizing
Microorganisms : PSM), Junuanidw K-
Solubilising Bacteria wazadelulasian (Nitrogen
fixation) (Ahemad & Kibret, 2014, 1-20; Velivelli,
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Sessitsch & Prestwich, 2014, 291- 309;
Hernandez, de-Bashan, Rodriguez, Rodriguez &
Bashan, 2009, 88- 93; Olanrewaju, Glick &
Babalola, 2017, 197)

wuAfLSy Bacillus spp. lalaiaa JK62, JK106,
KB1-2B4, JK127, JK74, YH3-2B5, YH3-2B2
sz YH3-2B4 (Juuueailisafinausnldainiu
vshmsinndsuazdnnumunsnlunssuds
N3 VOIUUATILIY Ralstonia syzygii subsp.
celebesensis mm@;kmﬁmﬂladﬂﬁ’m (Banana
blood disease) Tisluan el fiinsuazns
nagsavluszaulssiSaunaaas (Laopha,
Sangdee, Ponpang- Nga, Rattanapolsan &
Kawicha, 2021, 69) 48n21nAMNURINITALUMNT
aruqulinudr9dunidujiny Bacilus spp.
@T\mﬁh'sﬁmaﬁqmauﬂ’muﬂﬁdaLa'%umi
winaulavasndofnld dniulumaisuiled
f@qﬂszaaﬁl,ﬁaﬁﬂmﬁ'ﬂsmwmaaqﬁuw%ﬁ
Ufinw Bacillus spp. lalaiaadisduedaniy
gassunssyidulavainaiafuuaznInGe
foyaldidonnanydunidufing Bacilus spp.
mﬁﬂﬁm:ﬁ@Lﬁamsﬁua%umnﬁzyLaiﬂ,@mm

nan mﬁulm:ﬁ‘uiid L%awn@am

2.95n13

2.1 MILATuNAIBLEINALAY

a3 NAladIInNaIuRuGIBInaiany
LW’]:Lﬁ?ﬂGLﬁaLﬁamﬁ%mﬂa\“l Wamaedeesa &
Deramae (2011, 47-59) e8¢ Muangkaewngam
(2014, 24-27) lagLRNFIUINYBALUEINAT
§91A32¥gas Murashige and Skoog (MS) fINaa
Benzyladenine (BA) @214LT8T% 5 mg/L vw
a1 1 1denannsudnosuainivaslueinis
Tadfifdnuanas BA Annaudutuida

1% 5 30U INHWIIUTUEIUNTAI bUAINIT

153

MS 1dutaan 1 teawialiiiasn ddudan
madﬂﬁayﬁumﬁmﬂgnaﬂuﬁﬂwaa (KEKKILA
PROFESSIONAL) uazauunalulsaiiauniugy
DRVRIEI) 4 ( Evaporative Greenhouse) . w
J28zIa0 1 LAaw
2.2n15@nwinavasrdwniddjing
Bacillus aan1stasaaulazasnaianiv
\@S8NULARLSE Bacillus spp. lasaaulas
25n13284 Teeruam & Rattana (2018, 533-539)
Tasnaesuunilise Bacillus spp. laloian JK62,
JK106, KB1-2 B4, JK127, JK74, YH3-2 B2 L8z
YH3-2 B4 Ue1%13La89140 Nutrient agar (NA)
ﬁ'qmvﬁqﬁ 30 °C 1waan 18 Talus antiuin
L 3080NNAIRINBIWITFIBNNTLAY 0.85%
normal saline LLa:g@IﬂIaﬁL%a@ﬁm"ﬁmﬁmﬂmﬂ
249na% (loop) USuaNuiutuzaLsas bAliany
108 CFU/ml 31wl unaae9ni2 o Aud
LASHNAINTD 2.1 VLTI INAILLTARLYIUADE
WUANLIY Bacillus spp. WWIz82L381 20 w11
daudhadgnlugalan
IMIUHUNITNANDILUUFURNYTOL
1w

N30T Naaad(Treatment) Lduarudsdw

( Completely randomized design, CRD)

Usznausuuaiiisy Bacillus spp. 7 lalaiag,
nywAenuguisznavedag nysuasalifinnsus
N UaENTINAERUT Nt Fnnasas
10 1 uazFFINAVEIRIIBNAadwiILLT
aufidueul s gaUsum %é’m’mmsﬁgm%a
5 §Ua# sihdganadsznauels @1nue
POITHLAZIIN TN FALRSINATNUNIVDIF
LRZINN WA ITRAINNLYTUTINURY
Wisuifisudnadsasldsunsy Statistix 8
Aaldenuuailise Bacilus spp. lolmaafisasy
maaigavladiuin 3 laloaalunanluds
ﬁﬁ'ﬂgavlﬁﬁauua:ﬁmﬁmiavlﬁ
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Aa

2.3 nsuaailoyaldifownaagawnsy
Upilny Bacillus siawiin

ﬂﬂgavléﬁﬁauﬁhulumimaaawﬁmﬁnnmi
ﬁwaiﬂﬁmumsl,lfﬁﬁﬁLﬂunm 4 gl uudu
'S'a@flumnﬁwmdvlﬁlﬁau (bedding) &18WUT

Eudrilus eugeniae ( T a1 N Afcan

()

Nightcrawler : Af) lu29tadiuudaunia
idusgudna1s 1.1was laodl bedding Uszanm
asatiadansidsslddan 1 Alansy Uszunms 1
Lﬁau‘v\a”amniﬂﬁ@am’%uﬁ’mwﬁuQa"l,a”l,aau
lasiduya'ldifousanddandiaz 2 A%
uamnnﬁ?unn 2 §env¥uesnisiapsdesdinng
Lﬁwmmiﬁagﬂﬂﬁmummﬁﬁﬂ lasifnaite
WAe9 Uszunme 15 Alansusdatalde wnilamnain
Qavlﬁl,ﬁauuﬁt,mw:ﬁmmmLﬂuﬂm-@ha (pH)
&1 pH meter A3 AN (EC) dawadas
Electrical conductivity StaszitSunaslulasian
Winuadieitua Kjeldahl method U331t
( P2Os)

NoaagNaTaNIn UG @ae

3 % spectrophotometric  molybdovanadate
phosphate method /331 MINUNRLTIUNINNA
(K0)

3me:1§ﬂ§mm§uw§'m”@q (Organic matter)

@283% Flame Photometric method

#1835 ua9 Walkley and Black #1d17i3aldun
wWisuifisuivdrengiuguniniodunid
NTUITINIILNM @S 2550 (Department of
Agriculture, 2008, 1-50) #iloyaldidounledly
o A a ) Ao A 1Y
NENNLLUATILSY Bacillus spp. Neaiianlaain
FPmnessd 2.2 uastudadald
WREIuLUARLSY Bacillus spp. 37%3% 3 ol
Ao oA £y @ @ A a
wafidaiianananda 2.2 winduliuuaiisy
8319 endospore lautaudlua1u1s NB inaw
0.05% MnSO, Wwaz CaCl, LuENTA4 150 rpm
gDl 30 °C 1w 3 3% NNUWAVTIVTW

LIARMUATISUNA endospore a8 I AIBIN
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5,000 rpm LOWLIAT 15 U171 LASASAIAZNOY
& o ¥ < A o & A A
VIRAOIUTINNAUIES L TRILVINRBILUANLT
Bacillus spp. 1 6x10°CFU/ml Y3u1@35 500 ml
luuanludoyalfidansiwan 3 an. Aruns
& ' ¥ o o A o A I
HsaTadiantaitanseann 121°C 1uwnan 20
a ' & A A 3
W9 AU LILTAALYIRROULUATILSY Bacillus
spp. \u 3 dau dauunkanasluioyaldidon
WazA LAV IAAINTY 60% NNUUe
o A & A Y & 4+ a ' &
Havlamaumumsaamuﬂmmqsﬂmmwumaa
WUIURBHUUATILSY Bacillus spp. LWaIWN&D
~ 1 1 v Qs J =3 +
wazdanudrugarnanasnningliduiials
.y o4 4 L e
nwwinlUfsanluniunazsanaatdanauia
mamﬁ@ﬂwm@ 5-10 mm Lﬁuﬂﬂﬁmw%uﬁfaﬂ
n41 10% (Omer, 2010, 124-131) 91N % W
ATIRaLUSN ML UATISY Bacillus spp.
= 4 o = # & < A
ety I@]EJ%’IL&I@]‘]JIEI 1 g wazanslusinnanite
91vT8 L38319A8819aa8naila serial dilution
WazAINUTIWINIalafivaIuuaTISHUREINIT
NA
2.4 msﬁm«nwawaaﬂﬂgavléTLﬁauNau
a Aa . a > « ]
aun3dufing Bacillus shaduidnaanis
wipeulavasnaaiin
infoyaldifounanafunidujing
Bacillus 5RaJuidaanta 2.3 mmaului’aq
ﬂgnlué’mwdau ﬂmgﬂ&ﬁauwammaﬁﬁﬂ
Bacillus spp.: @wNaNWIaNLaN : W@ iy
1:1:2 lawsinniin ﬁwi’a@lﬂgﬂﬁmmﬁami@m
lugadanauia 4 x 6 #3 gaaz 650 g s lulilan
U v v = dl A v v
AunaInNsIoARNLaIoNITa 1Nt 2.1 219
WHWNIINARAILUY CRD 1WnIsuatnaaadidn
CRIRIRL I ﬂs:ﬂauﬁ’sUi’ﬁ@;ﬂgﬂﬁﬁdmwamaa
foyaldidaninauuuaiiie Bacilus spp. 3 1o
laaa bawn JK106, JK74 wa YH3-2B2, 3333
auquilsznavdis nywAsnlgioyaldideun
laifiunafi3o Bacillus spp. uaznyan3s7 lailade
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sdavlﬁ?lﬁauﬁwmwﬂaao 7 1 ¥ANRILNAVDS
‘mi,';wwaawé’qmﬂmsﬂgﬂﬂﬁaﬂaﬁa@lﬂﬁﬂ
Wutaan 7 §Uan Usznaueis anainueived
AULAZINN TAUNRALAZINRBNLAIVDIA UL
a 6 a =
30 WeTEa Nkl TUTIBLasLYIsun ey

fafualulysunsy Statistix 8

3. HANITIVUUALIITOLHA

3.1 uavasaunidufjing Bacillus 6o
mssadulauasnarein

%é‘amnﬁﬂﬁunﬁaﬂﬁu‘ﬁ'mmﬂw”ufﬁaﬂ"?'ﬁ‘
wazLﬁymLf:at,ﬁiaua:agmaluﬁmamﬂunm 1
LA OWNILTINNAIULTARUUIBR DL ULATILT
Bacillus spp. balolaa JK62, JK106, KB1-2 B4,
JK127, JK74, YH3-2 B2 1.8s YH3-2 B4 (ﬂii&l’?%
naa0d) LWivuisuiunTInIsAIuaN (LFN
ﬁuﬂﬁaﬂﬁusl,uﬁma:vlmﬁm) Wodszdinann
VEEELRRHES Tmeinae wazinREnuRIu0 I
E@uniladn) uazsn (@uldan) wuinsswit
@19 9 duadanisiaswidulavadinarafi
LLmﬂ@mﬁ'uasmﬁﬁfm%m”rgﬁommﬁﬁ (P<0.01)
(Table 1 Wa2 Figure 1) 31nn1sidIs Uiy
ALadgWLIn N33N3TALTIINdIBLUaTiSY
Bacillus spp. laloiaa JK74 uaz YH3-2B2 0
mmgwmdauﬁuqaﬁqmﬂwﬁu 46.00 LLag
45.15 cm UEIAU T0989NNABNTINITNUTIIN
frouunfise Bacilus spp. lalmaafinaauas
ﬂiiu’?ﬁmuQmﬁmm’mgamﬁlﬂajLmn@i'mﬁ'u
atlu119 29.90 - 35.50 cm.

NN SAUTIINaIBLLATISY Bacillus spp.
Tolmian YH3-2B2 waz JK74 fensiwinaaiads
2961 (Frwinitodn) mﬂﬁqmmﬁ'uﬁa 25.29
WAz 24.94 g ANUAIGY FBIRININTIVIDAILAY
Autndsiuezliinsugnn waznssuiag
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WTINNEIBUUANLSY Bacillus spp. balalaa
JK127 ensinnsinaatadsvasdusinmy 23.11,
21.47 Ua 18.48 g ARG mw’j%muquﬁ
windreiiuaslidnisusn Sainminuts
WaapUIA (F1ninihadin) mn'ﬁ'q@whﬁ'u 3.68
ez 4.05 g ANAIGY T098INNABNITNITALT
N8k UANLSY Bacillus spp. talaian YH3-2
B2 eihminuisadsvesduringy 2.81 g
matasdvlavasnnnaisAunasaInms
UTINMBNIINATA 9 ugadlu Table 1 Wudn
AMIUTINGIBULATILSE Bacillus spp. lalaiaa
KB1-2 B4, YH3-2 B2 i.as JK106 Ja213817
Laﬁlwaaﬁﬂmﬂﬁqmmﬂ”u 28.60, 28.50 LAY
28.45 cm ANE1GU 0989 lauinIINAENT
ANITWBINNEBUUATILS Y Bacillus spp. laloian
YH3-2 B4 WLaznN1IUBING8uUanLIY Bacillus
spp. LunHANTINARNNlalaiaa dadusn
LaABTBISINLAANY 27.15 w8z 27.60 cm
ANEAL Iumm:ﬁmiuﬁ%muquﬂg@ammiu"i%
ﬁmmwmqmﬁwaaﬁﬂﬁaﬂﬁ'qm
NISVAEASNsUTIINAIBULATiSe Bacillus
spp. lolmian JK74 S wiinaaadsvassnunn
ﬁqmvhﬁ'u 10.53 g va9a987 laun nyInIEAuT
IINAIBUUANLSY Bacillus spp. balaiaq YH3-
2B2, KB1-2 B4, JK106 LLa:nsm%%mquﬁthﬁ
msugsIn Simeinaaadsuasningy 9.05,
7.91, 7.46 uaz 8.00 g ANEIGL NIINITATMS
WINnEIBLUANLSs Bacillus spp. lalolan JK74
ﬁﬁmﬂfﬂuﬁdLa?iﬂmaamﬂmnﬁq@ WinNU 1.04 g
38989818 8NTINTATMIUTIINBuLaTiSY
Bacillus spp. lolwiaa YH3-2B2 fuiwnsinuws
WAYRIINWINL 0.74 g luamefinsswitaug
i"auﬁamw‘?%muquﬁﬁmﬁfﬂuﬁamﬁwadﬂﬂ

lduandranu (Table 1 uaz Figure 1)
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aRsanAILadsanued Wnsnae uas
dminuisaNunIduLazsIN (Table 1) Wuin
nsINaTens 9 fSanauandsatfitoidnds
n19§8a (P<0.01) n33n3TNTNI15uTIINGI
wuafiLSe Bacillus spp. talaiaa YH3-2B2 4
@hmﬁﬂmwmasum:%inﬁuua:mnmnﬁq@
AR 73.65, 389893NA 0N 3303 5AUT NG
wWUATILSY Bacillus spp. b8 oL JK74, YH3-2
B4 uaz JK106 J61adsnnusn23I85zninedu
LRZIINLYNNY 70.75,61.95 Laz 60.95cm
auE1ey luameAnssndinsn1sussnaae
wuafiSy Bacillus spp. laloiandu 9 uaznsld
wuafiiSe Bacillus spp. Y)nlaloiaanausinnu
LLa:miu%%’muquﬁmLaﬁyﬂawuﬁwasauszmdwa
FULAZTINAIUG 48.80 - 58.95 cm 9 luuAne
funadaiiieRansandadsvasinmings

FINTERINGULALIINNLIINTINATNANTUTIN

fuuuafiLIe Bacillus spp. lalaian JK74 Laz
YH3-2B2 ﬁmmﬁlﬂmﬂﬁqmﬁm”u 35.47 Wae
34.35 g URIAU iaaaomvl@ﬁmﬂﬁu?%muqu
PIF0INTINITURENTINIFARNITUTI NG
wuafiSe Bacillus spp. lolmaa JK127 Seiade
agjslwﬁaa 24.87 - 30.02 g L RILRIDCITEER
RN U TN T RIS RLAZ I WU TS E
muqm‘i&aaaaﬂﬁuﬁﬁﬁmmﬁﬂaglumo 4.25 -
4.56 g 30989018 8N33NIEATN1TUTIING DY
wuafLSe Bacillus spp. laloian YH3-2 B2 uay
JK74 fienafovii 3.56 uas 3.26 g maEeL
agglsnanuldnuanunandranezdfsening
NITNITNARBININEINTINGE VuefimInTINSE
Afnmsugandrsuuafiise Bacilus spp. Lol

nl' A A a 9 . aa
IRANLADDNAILANY YD EJﬂ’J’]ﬂiSll’J‘ﬁﬂ’JUQZJ

(Table 1 wae Figure 1)

Untreated

: 0
Bacillus sp. isolate JK74

{
Bacillus sp. isolate YH3-2 B4

Bacillus sp. isolate YH3-2 B2

Figure 1 Five weeks old “Kluai Hin” after inoculation with Bacillus spp. isolate JK127, JK74, YH3-2B4,

and YH3-2 B2 compared with water treated and untreated treatment
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Table 1 The growth of micro- propagated “Kluai Hin” after being treated with the cell suspension of

Bacillus spp. for 5 weeks.

Shoot (above ground part) Root (underground part) Total
Treatments Total Total dry
Length | Fresh Dry Length | Fresh Dry fresh
(Bacillus length weight
(cm) weight | weight (cm) weight | weight weight
isolates) (cm) (9)
(9) (9) (9) (9) (9)
1) JK62 31.65° | 15.09b¢ | 2.12¢d |23.95%¢| §.71P 0.54° 55.60¢ | 21.80° | 2.67°°
+1.5 +2.1 +0.4 3.0 +0.8 +0.1 +3.9 +2.8 +0.4
2) JK106 32.50° | 15.83% | 1.319 | 28.45% | 7.46%° | 0.55° |60.95%9 | 23.29° | 1.87d
+1.6 +1.8 +0.1 +3.0 +0.8 +0.1 +3.6 +2.2 +0.1
3) KB1-2 B4 29.90° | 13.95° | 0.989 | 28.60% | 7.912° | 0.55° | 58.50° | 21.87° |1.54°
+1.0 +0.8 +0.1 +1.2 +0.4 +0.0 +2.0 +1.1 |01
4) JK127 35.50P | 18.48%°| 1.69%d |21.75%¢| 6.38P 0.53° | 57.259 | 24.87%0 | 2.23¢¢
+1.6 +1.7 +0.2 +3.0 +0.8 +0.1 +3.4 +2.1 +0.2
5) JK74 46.00% | 24.942 | 2200 |24.75%c| 10,532 | 1.04% |70.75%° | 35472 | 3.26P¢
+1.3 +1.4 0.4 +1.7 +0.7 +0.1 +2.1 +1.8 +0.4
6) YH3-2 B2 45152 | 25292 | 2.81bc | 28.50% | 9.05% | 0.74%> | 73.65% | 34.35% | 3.56°°
+2.1 +1.7 +0.4 +2.9 +0.8 +0.1 2.7 +1.8 +0.4
7) YH3-2 B4 34.80° | 14.74%¢ | 1.02¢ |27.15% | 6.17° 0.39° |61.95%4| 20.91° | 1.42°
+1.7 +1.4 +0.1 +1.8 +0.6 +0.1 +1.7 +1.9 +0.1
8) Mixed®s 31.35° | 14.56>° | 1.189 | 27.60% | 6.18° | 0.36° | 58.95% | 20.74° | 1.54°
IXi
+1.5 +1.8 +0.1 2.7 +0.8 +0.1 +3.9 +2.4 +0.1
9) Water 33.90° | 23.112b | 3.682° 14.90° 6.90° 0.56° 48.809 | 30.022° | 4.252b
+1.2 +2.0 +0.3 +1.2 +0.6 +0.0 +1.9 2.4 +0.3
31.70° | 21.47%° | 4.05% | 17.30° | 8.00°° | 0.51° | 49.00¢ | 29.48%° | 4.56%
10)untreated
+2.3 +3.1 +0.4 +1.1 +0.8 +0.0 +2.1 +3.7 +0.4
C.V. (%) 14.12 30.11 38.57 29.52 28.26 39.21 14.76 26.77 33.12
P—Va|Ue ok *% *% *%k *k *k *%k *% *%

Data are presented as meantSD. Means followed by the different superscript lower-case letters denote

significant differences (P<0.01) between treatments where BS is Bacillus consortium.
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a

EC \vi1nU 3.19 dS/m ﬁﬂﬂ’%mmﬁuw%m@q
WINAY 20.24 % ﬂ?mmm@mmmé’mmﬁu
WY 2.69 % %ﬁ'@mnﬁnﬂsga“ﬁﬁauﬁ’aﬂﬁm

VINENUUATILSE Bacillus spp. baloiaea JK106,

JK74 a8z YH3-2B2 r‘iwu@“'ﬁialﬂuﬂﬂ V+JK106,
ilo V+JK74 uaz o V+ YH3-2B2 a1udau
avaiuLSImasuuafise Bacilus spp. Tuily
Vlgmmgmwuiwﬁﬂ?mml,%aLaﬁlmﬁwﬁ'u 4x108
CFU/ﬂEI‘ij:uLﬁ@] 19

3.3wuazasilayaldidownangauwnid
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winAulauasnalain

RRIINIG WA ﬂﬁuﬁﬂmmﬁufﬁa Rk
LWW:LgmL‘f:aLﬁaLLa:ayﬂl,masluﬁmamflunm 1
Weaunndanlunsswifdng g ﬁ'i‘a@;ﬂgﬂﬁ
sounautoyaldidan Joyaldideunay
wuANLIe Bacillus spp. (V+JK106, V+JK74 LA
V+ YH3-2B2) LLa:ﬂﬁﬁ%ﬁi’a@ﬂgﬂvlajﬁﬂﬂya
vl,ﬁl,ﬁaw,ﬁaﬂinﬁumn"ﬁagammagd Wneinaa
WA RITN LA 9 09678 (FIBLAHAK) WazIN
(Fuldandn) 7 7 flanvnaamatiedgnwudn

n303%d19 9 Iwadanisadyidvlevasnaly
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Aunandrinuwadiidusdrandiniesd
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nnsIpusud i
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Figure 2) WUINNTINATNIRQUANTEIUNTN VDS

q

]

floyaldidewnauunafiiio Bacilus spp. lals
L@ JK106 (V+JK106) wae JK74 (V+JIK74) i

ALafsaNUFITRIAYU (Fauniadin) 1nNga

Table 2 Chemical properties of vermicompost used to produce Bacillus spp. enriched vermicompost.

pH EC Organic Total N Total P,O; | Total K,O
(dS/m) | matter (%) (%) (%) (%)
Qualified Organic <8.5 <10 >20 >1 >0.5 >0.5
fertilizer* Sum of primary nutrients >2
Vermicompost (this 6.63 3.19 20.24 0.96 0.77 0.96
study) Sum of primary nutrients=2.69

*Standard value appointed by Department of Agriculture, Thailand
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Table 3 The growth of micro-propagated “Kluai Hin” banana after grown in the growing media amended

with Bacillus spp. enriched vermicompost granule for 7 weeks.

Shoot (above ground part)| Root (underground part)
Total Total
Length | Fresh Dry | Length | Fresh Dry Total dry
Treatments length fresh
(cm) | weight | weight | (cm) | weight | weight weight (g)
(cm) |weight (g)
(9 9 (9 (9
64.10% | 97.592 | 9.48% | 22.40° | 40.012 | 3.432 | 86.50° | 137.61@ | 12.90?
1) V+JK106
+1.2 4.6 10.6 +1.5 4.0 10.3 +1.9 8.5 0.9
63.60% | 92.402 | 8.53%0 | 27.80% | 42.63% | 3.54 | 91.40° | 135.042 | 12.082
2) V+JK74
1.5 4.3 +0.3 +1.0 4.3 +0.3 2.0 7.0 0.5
57.60P | 77.522 | 7.95%0 | 29.902 | 39.142 | 3.17% | 87.507 |116.672°| 11.122
3) V+YH3-2B2 S
1.6 1.1 +0.1 +1.0 2.3 10.1 2.1 +3.1 0.2
4V 51.20° | 68.35° | 7.14° | 20.20° | 36.162 | 3.30° | 71.40° | 104.51° | 10.442
0.6 $6.7 +0.3 0.9 2.5 +0.3 +1.4 16.7 0.4
43.709 | 40.97° | 4.39° | 13.00° | 14.52° | 1.27° | 56.70° | 55.49° 5.67°
5) untreated
1.0 155 0.5 1.0 2.3 0.2 +1.8 7.7 0.7
C.V. (%) 4.90 14.36 | 12.79 | 10.79 | 20.66 | 18.42 5.31 13.94 13.26
P‘Value *% *%k *% *% *% *% *% *% *%

Data are presented as meantSD. Means followed by the different superscript lower-case letters denote

significant differences (P<0.01) between treatments where V is vermicompost.

WYINNU 64.10 WAz 63.60 cm @1NE1AL TAIAINN
ﬁamsu?ﬁﬁi’aqﬂ@nﬁmuwammﬂﬂgavlﬁl,ﬁau
NENWUATILSE Bacillus spp. lalaian YH3-2B2
(V+YH3-2B2) Tagnssnisndnsiianuailise
Bacillus spp. LﬂTﬁVLﬂluﬂyga"[&ﬁauﬁmmﬁﬂga
ﬂ'j'mssu%ﬁﬁfa@lﬂﬁﬂﬁﬂﬂgavléﬂ,ﬁauﬁvlajvlﬁwau
wuAiL3e Bacillus spp. (V) WAz NIINITAILAN
mw?ﬁﬁi’aqﬂgﬂﬁmuwawaq V+JK106 L@z
V+JK74 faadninnsinaaaaadu (§rmmnile
Aw) mnﬁq@ LYinNU 97.59 Waz 92.40 g

'
add o

ATURIAU iaaaamﬁamimﬁma@ﬂgﬂﬁ
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FAUNENTI V+YH3-2B2 Sdiaduwriny 77.52
g 1uLdsanuaadeimin Ui Ifu (§2%
LATD A1) wudwmw?ﬁﬁi’a@gﬂg}ﬂﬁﬁ'auwamm
V+JK106 ﬁmLa,aim{mﬁfﬂuﬁwaaﬁumnﬁq@
LYiNNU 9.48 g samamﬁamsu?%ﬁi’aqﬂ@nﬁ
FIUNENDDY V+IKT4 Uaz V+YH3-2B2 Seiade
WiNAL 8.53 LA 7.95 g AURIAL

W aRIITUALARLTEININNBIIIINY BIG U
ﬂé”’aUﬁuwud'mﬁu?%ﬁi'aqﬂQﬂﬁmuwamaa
V+YH3-2B2 ez V+JK74 dar1u81791na0n
ﬁq@ WAL 29.90 uaz 27.80 cm @URIAL
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Untreated Vermicompost

VS+YH3-2B2

V+JK74

L

V)

N
SoETETmTTe R

V+JK106

Figure 2 Seven weeks old “Kluai Hin” after grown in the growing media amended with Bacillus enriched

vermicompost granule compared with non- Bacillus spp. enriched vermicompost granule and the

planting media without vermicompost granule (untreated treatment).

A add o A
3998901A8NTINITNIEQUANTF BN ANV
V+JK106 LLﬂ:ﬂiiMﬁ%ﬁi’aqﬂgnﬁﬂﬂgavlﬁlﬁau

Pl ansnnuafisy Bacillus sp. (V) §a2ue17
TINYINAY 22.40 Laz 20.20 cm UE1AY §1ATU
Aadpinminaauazinminutiresnndund
nan ﬂﬁuwudwﬂﬁu?%‘ﬁ'ﬁmuwawaaﬂﬂyja
TédaurisnTuaz i Snmsuanuuaiise Bacilus
sp. ﬁ@hLaﬁﬂﬁmﬁfﬂamaaﬁﬂayjhﬁn 39.14 -
4263 g u,azmmﬁﬂﬁmﬁml,ﬁwaaﬁﬂayﬂwﬁw
3.17-3.54 g @slundaznssuitireduliddany
LANEINUNNRDA
Lﬁaﬂaﬂsmwﬁwuaﬁﬂmaaﬂawuga WnnEa
RN U9 09675 (FIBLAHDAY) UAZIIN
NN wuiwnssu‘?%ﬁi’a@ﬂgﬂﬁﬁ'suwamaaijy
gavléﬁﬁauﬁﬁmwammﬂﬁﬁﬂ Bacillus spp.
(V+JK106, V+JK74 uas V+YH3-2B2) Seads

P8300FIgInINITNITAIIEqUandloya

160

Ifdeunldlenauuuafiise Bacillus spp. (V)
waznysnAsauauadsdnsdayn19aia
(P<0.01) §IBALARYVDIRIRBNTA WUT

add o A + v A Aa
nawAtnirquanddunauvastoyalfideund
NINFNWUATILIY Bacillus spp. (V+JK106 LAz
V+JK74) denadsiininaaginiinisuiza

'
a

agIdved ety ad1dlsnanlinuay

@

LANAIINIIRD AT

o
o

BINIANARRIRBNLRAS
stndvnIsnItiiaglandaunausesioya
o A Aa LA A A 3
ladanniuazlidnisnauuuafitse Bacillus

spp. (Table 3 W8z Figure 2)

3.4 991304

WUATILSY Bacillus spp. lalataanlslu

=2 < X A A a e A a
nisansIaIshtduuuansud Junung
AMNRINIINGUHINITLAIUVOILUATILIY R,
Syzyqii subsp. celebesensis mmqhmﬁ 83U

N8 (Banana blood disease) Las®1UNINAA



Vol. 10 * No. 2 « March - April 2021

Thai Journal of Science and Technology

mafalsafonasaulugninlsaiounle

(  Laopha, Sangdee, Ponpang- Nga,

Rattanapolsan & Kawicha, 2021, 69) n13338%

va o

AAdnlddnsnavasnuafiifoainaidans
wigidvlavesndrofunazniaondnya
ldideunanyduniddjing Bacilus spp.
stuuudedmniumalannaisin
msanwassiilduaasliiininuuafisy
Bacillus spp. laloiaa JK74, YH3-2 B2 uaz
JK106 ﬁ’ﬂﬁ@i’unﬁ’;Uﬁmp"i‘fuua:ﬁmwim'S’m
Ruanndu FliiFninnananuuadise Bacilus
spp. vLaIsma@é'aﬂmaf:ﬁqmauﬁal,ﬂuqﬁuﬂ%ﬂ(
ﬂﬁﬁﬂﬁmuquiimﬁlmmauﬂﬁ'ml,l,a"aﬂ'dﬁ
Qmauu”ﬁl,ﬂmmﬂﬁﬁﬂﬁmLa?um‘m%zyl,aﬂm
PaIn§rufindre FigannsdasnunsAnsva
Hadiwiyono & Widono (2012, 1-4) ﬁWU’j'l
WUATLSE Bacillus sp. balwiaa B4, BO5 WAy
B10 fifL Eﬁiﬂ']iw%ty%adLLUﬂﬁL%ﬂﬁ’lL‘ﬁ@ﬂiﬂ
Blood disease LLae L% 831 Fusarium oxysporum
f.sp. cubense annglinauwNovaINTIld
sunnduaiunmaaiyidulevesdundand
LWW:Lﬁwﬂaluamwﬂaam%a (In vitro propagation)
Fse19 0wl @ uuafise Bacilus spp. 1hani
gruInaieaIInszduninaigidulae
(Phytostimulators) %ﬁaluifuﬁaaaﬂuuﬁm
(Phytohormones) L% % aaﬂuumjw Auxin 71
detyldin Indole-3-acetic acid (IAA) ifUNLN
lunisgronszdunisbadivadiaad (cell
elongation) N131 81 HAIUDILTAR (cell
enlargement) LAZNITUUIAIVBILTAS (cell
division) (Velivelli, Sessitsch & Prestwich, 2014,
291-309) #9A W W1 T0IUNTRNER IAA W
MIATIALIBINULULLANALSY Bacillus HAUR
15 171 B. thuringiensis, B. cereus (Chagas et
al., 2015, 282-287), B. megaterium, B. subtilis

161

(Mohite, 2013, 638-649), B. amyloliquenfaciens
(Susilowati, Rayanti, Setyowati & Mulya, 2018,
1-9) Wwae B. siamensis (Suliasih & Widawati,
2020, 1-12) 1Judu wananinLdILLaiise
Bacillus spp. 8133¢ 1) Lﬂuﬁjﬂlﬁ@l Siderophore "71'
flununlumaingumandhgie lasdsad
BIGLISHEELY membrane-receptor protein ‘ﬁ'ﬁ?‘i_l
L8 siderophore-Fe complex L‘ﬁi ol Wi 519
antuldyszloodle (Ahemad & Kibret,
2014,1-20; Joshi, Andharia, Patel & Kotadiya,
2019, 13-40) 2) unuviniduiuaiIuazany
WawlNa (Phosphate-solubilizing bacteria) lag
NAaLaw o phytases, acid phosphatases,
phosphonatases I8¢ C-P lyases "7{ Junuan
Wasuneawasa Waglugﬂﬁﬂuﬂiﬂwﬁ@iaﬂ’ﬁ
(Available Phosphorous) (Velivelli, Sessitsch &
Prestwich, 2014, 291-309; Sansinenea, 2019,
225-237) 3) dunuiniduuuafitieazaiy
Inunsidon (K-solubilisingbacteria) lﬁaglugﬂ
exchangeable K" (Tiwari, Prasad & Lata, 2019,
43-55) uaz 4) @39 ulasian (Nitrogen fixation)
L ¥ % Hernandez, de- Bashan, Rodriguez,
Rodriguez & Bashan (2009, 88-93) Wu11 B.
pumilus ES4 §anusunsaluniasslulasian

wUAfLSe Bacillus spp. lalolaa JK106,
JK74 uaz YH3-2B2 d9lilasumsnazauinea
aglungu Intracellular PGPR (iPGPR) %38
endophytic bacteria ns#azsasldsumsansda
Tuamwraaisasursfounuinuaznalnlunis
gaasunisaiyidvlavesdzldadnigndas
FIWIININARO U UFNTANITAILATUNAT
wigtdulaludesdfifnag 1iu nnsnda
gasluuiy MInAaa1IBiaaslswes unuinluy
msasilulasian msdesaaanariNauas

a | U
TnunaBon 1Juen



Thai Journal of Science and Technology

71 10 « aLLA 2 « Aw1AN - LB 2564

MIKENULUATILTY Bacillus spp. 3INAUNN
lalwiaa (bacterial consortium) WaadlALARIN
Fundefudananusnd dwings wazinen
wsasninnsldifonilslolaiaa (individual
isolate) N3TWATAIUAY Dyuliuuaiiie
Bacillus spp. Y)nlalmiaa lanasauudrinlaidu
UfiTnddanuiatsziluda035 dual culture
method U181%17 NA (laldusasdaya) ud
adnalsiauiloinuuafisoninuananTIniu
wazth llglunszonsdgnnaulaldsaaiaunis
Lﬁl%tyLauiﬂﬂgd‘f:maLﬁadmmﬁ@ﬂﬁmiw”umaa
Lmﬂﬁﬁmmhﬂaima@Lﬁaﬁmmms‘vﬁa
Tasulunisiasyiienadedrsdndaiiie
W3R UAUNNTIADIL®EMNT NA G35i6%N
@I sltuuafitSouwLY consortium anad il
MIFNHUANANLAZNFNTINT WA 2 B0 3
loloan arasassumanasyidulalaanin od
EREERVG SE b T GNP L EATSTE SN It (IETHY
consortium L% Ansari & Ahmad (2019, 1-12) ‘lel
WU3InNSlTwuafiLSe B. licheniformis B642
IUNU Pseudomonas fluorescens FAP2 8131301
wintAulasiunulduaznda 1AA, Siderophore,
Biofilm wazazatuWaswaled wazdawuin
aaalIWaa (chlorophyll value), 8@3510"3
é’amﬁ:ﬁumqw% (net photosynthetic rate), N3
arufronisdanly (stomatal conductance),
AnNTNTuradtmansuanlasanlyd (internal
CO, concentration) , gas1n1Iniola
(transpiration rate), Uszansawmslain (water
use efficiency) TIWAssInly Atiminaauass
dwinuIa a9 duLazINYasTIEE e
annnimslEigeniaden

ﬂﬁiLﬁ&lﬁgﬁuw%ﬁﬂﬁﬂﬂﬁ Bacillus spp. 84
1uﬂﬂgavlﬁl,ﬁaul,mziful,ﬂul,ﬁ@ﬂﬂ wEad L AWIN

ﬁﬁ'ﬂﬂﬂ’]wsl%ﬂ']ﬂﬁuﬂ'nwﬁjd BRSAITNEIIIIN

162

vasndroRununnimslgioysldideniio
2819LA87 FaAAABINLIIWIFBVEY Tensingh &
Muthulakshmi (2017, 147-152) lefiRnunaiiise
B. megaterium luilonainyaldidaunuindu
nszisguanafnsesudulafaninnssuisale
fondnyaldidawioiadiogon Yiuuefisy
Bacillus spp. AlFlunimaaasnsfaraiuniom
1um§°ﬁamﬁw available Phosphorous ﬁnﬂﬂ'ﬂyja
& donrnliduionage iUl ldundn G
waadliiAulunanisdnsirvad Richardson,
Barea, Neill & Prigent- Combaret (2009, 305-
339), Kudoyarova et al. (2017, 253-261) L8
Zahra et al. (2019, 1645-1654)
nsleuuafiise Bacilus 1WagdLa5uN1S
wWigiavlazesiy anITouuzildlsiuny
foyaldidan s’ﬁaﬁimmuﬁﬁ'ﬂﬁaﬁuwuﬁdﬁ
ANIANEIV Karag6z, Dursun, Tekiner, Kul &
Kotan (2019, 180-188) l4iluwinyaldidau
JANNVLUANLTY B. subtilis RK-1977, B.
megaterium RK-1978 IL8& Pseudomonas
fluorescens RK-1979 WU I1&1N1INRILHIY
nstasidulavesunadloas (gladiolus)
ad13ldded1An LTULABINY Shen et al.
(2016, 484-490) 14 {]unainyaldidauiiuny
B.

LU AALIe B megaterium I & &

a

amyloliquefaciens \USpuLfinun1sltuuafiise
aandrunuioiaiinuiinislduuaiise
asnanTuiuiondnyaldidensaaiuansme
maasydulavasuzidamasgelnodagnig

Gl

4. a3l

WUANLSY Bacillus spp. balwiaa JK106,
JK74 unz YH3-2B2 uanandqmantdlunis
dwdeUfingamsuinanaiuqulsafisizes



Vol. 10 * No. 2 « March - April 2021

Thai Journal of Science and Technology

3 v =3 Ju v & 1 a A
NAILUAY MIANBIRSILFAI LA ARILLATILSE
lalaaaasnaisuisnaaiasylnaunaiarud

P a X &
anugauazanusnanniedu namslslugy
YAILTRALYIBROULUANLIUURENITHAN

wuATISY Lﬁwvlﬂiuﬂ 9 uyﬂ;quavléTLﬁ AUTHAT LA R

5. naansINdszn@

PaUOUAUFIUNINBNAUINITAY
ANTLABAT (BIANITNRITH) WASADEE
NINDINITITUTIAURZAARIANTTULNEAT
URIINYINLLNBATAIRAS INLNVALRRUNTE

o

A836 IINIAFNAUAT FIRTU miaﬁuagunu

o—

o

3y

6. References

Ahemad, M. & Kibret, M. (2014). Mechanisms

and Applications of Plant Growth

Promoting  Rhizobacteria: Current
Perspective. J. King Saud Univ. Sci., 26(1),
1-20.d0oi:10.1016/j.jksus.2013.05. 001

Ansari, F.A. & Ahmad, I. (2019). Fluorescent
Pseudomonas - FAP2 and Bacillus

licheniformis Interact Positively in Biofilm

Mode Growth

Enhancing Plant and

Photosynthetic  Attributes. Scientific
Reports, 9(1), 1-12. doi:10.1038/s41598-
019-40864-4

Arkhipova, T.N., Veselov, S.U., Melentiev, A.l.,
Martynenko, E.V. & Kudoyarova, G. R.
(2005). Ability of Bacterium Bacillus subtilis
to Produce Cytokinins and to Influence the
Growth and Endogenous Hormone Content
of Lettuce Plants. Plant and Soil, 272(1),

201-209. doi:10.1007/ s11104-004-5047-x

163

Athinuwat, D. (2013). Beneficial Microbes in
Agriculture. Thai J. Sci. Technol, 2(1), 18-
35. doi:10.14456/tjst.2013.15 (in Thai)

Chagas, A.F., Oliveira, A. G., Oliveira, L.A.,
Santos, G.R., Chagas, L.F.B., Lopas, A.L.
& Luz, J. (2015). Production of Indole-3-
Acetic Acid by Bacillus isolated from
Different Soils. BJAS, 21(2), 282-287.
Retrieved from www. researchgate. net/
publication/274834269

Chandini, Kumar, R., Kumar, R., & Prakash, O.
(2019). The Impact of Chemical Fertilizers
on our Environment and Ecosystem.

Research trends in Env. Sci., 69- 86.
Retrieved from www. researchgate. net/
publication/331132826

Department of Agriculture.

(2008) . Organic

Fertilizer Analysis Manual. Bangkok:
Agricultural Production Sciences Research
and Develoment Division. (in Thai)

Department of Intellectual Property. (2011).
Gluay Hin Bannang Sata. Retrieved from

https://www.ipthailand.go.th/images/781/b
unnangstar.pdf (in Thai)

Glick, B.R. (2012). Plant Growth- Promoting
Bacteria: Mechanisms and Applications,
Scientifica,1-15.doi:10.6064/2012/963401

Hadiwiyono, & Widono, S. (2012). Endophytic
Bacillus: the Potentiality of Antagonism to
Wilt Pathogen and Promoting Growth to

Plantlet Banana in \Vitro.

Micro- of

BIOMIRROR, 3(6), 1-4. Retrieved from
https: // www. bmjournal. inBM/ Vol. 3/ June

2012/bm-1015180212


https://www.bmjournal.inbm/Vol.3/June%202012/bm-1015180212
https://www.bmjournal.inbm/Vol.3/June%202012/bm-1015180212

Thai Journal of Science and Technology

71 10 « aLLA 2 « Aw1AN - LB 2564

Hernandez, J.P., de-Bashan, L.E., Rodriguez,

D.J., Rodriguez, Y. & Bashan, Y. (2009).
Growth Promotion of the Freshwater
Microalga Chlorella vulgaris by the
Nitrogen- fixing, Plant Growth- promoting
Bacterium Bacillus pumilus from Arid Zone
EJSS, 45( 1) , 88- 93. doi

10.1016/j.ejsobi.2008.08.004

Soils.

Joshi, A., Andharia, K., Patel, P. & Kotadiya, R.

( 2019) Plant Growth Promoting

Rhizobacteria:  Mechanism, Application,
Advantages and Disadvantages. New
Delhi: Daya Publishing House® & Astral

International Pvt. Ltd.

Karagdz, F.P., Dursun, A., Tekiner, A., Kul, R. &

Kotan, R. (2019). Efficacy of vermicompost
and/ or plant growth promoting bacteria on
the plant growth and development in
gladiolus. Ornamental Horticulture,25( 2) ,

180-188. doi:10.14295/ oh.v25i2.2023

Kudoyarova, G.R., Vysotskaya, L.B., Arkhipova,

T.N., Kuzmina, L.Y., Galimsyanova, N.F.,
Sidorova, L.V., ... & Veselov, S.Y. (2017).
Effect of Auxin Producing and Phosphate
Solubilizing Bacteria on Mobility of Soil
Phosphorus, Growth Rate, and P
Acquisition by Wheat Plants. Acta Physiol.
Plantarum, 39(1), 253—261. doi: 10. 1007/

$11738-017-2556-9

Laopha, A., Sangdee, A., Ponpang-Nga, P.,

Rattanapolsan, L. & Kawicha, P. (2021,
January). Screening of the Antagonistic
Bacillus  spp. Isolated from Banana
Rhizosphere Soil for the Control of Banana

Blood Disease. In C. Tantikitti (Ed.), The

164

1*" International Conference on Sustainable
Agriculture and Aquaculture for Well Being
and Food Security (pp. 69). Bangkok:

Prince of Songkla University.

Loikaeo, N. & Chaisakdanugull, C. (2016, April).

Properties of the Kluai Hin Flour and Kluai
Hakmuk Flour and their Application in
Fresh. In A. Yamkesorn ( Ed.), RSU
National Research Conference (pp. 468-
476) .

doi:10.14458/RSU.res.2016.98 (in Thai)

Bangkok:  Rangsit University.

Mohite, B. (2013). Isolation and Characterization

of Indole Acetic Acid ( IAA) Producing
Bacteria from Rhizospheric Soil and Its
Effect on Plant Growth. J. Soil Sci. Plant
Nutr., 13(3), 638-649. doi:10.4067/S0718-

95162013005000051

Muangkaewngam, A. (2014). Micropropagation

of Saba (Musa sapientum Lin.) In Vitro
through Shoot Tip Culture. Songklanakarin
J. Pl Sci., 1(3), 24-27. Retrieved from
natres. psu. ac. th/
Department/PlantScience/sjps/archive.php

?year=1&issue=3&Page=1 (in Thai)

Namburi, N. & Sukjantra, J. (2006). Product

Development from Klouy Hin and Factors
Yala Rajabhat
University, 1(1), 30-37. Retrieved from

of Sale Promotion. J.

https://s004. tci- thaijo. org/ index. php/ yru_
human/article/view/124691 (in Thai)

Olanrewaju, O.S., Glick, B.R. & Babalola, O.0.

(2017). Mechanisms of Action of Plant
Growth Promoting Bacteria. World J.
Microbiol Biotechnol. , 33( 11) , 197.

doi:10.1007/s11274-017-2364-9


http://natres.psu.ac.th/Department/PlantScience/sjps/archive.php?year=1&issue=3&Page=1
http://natres.psu.ac.th/Department/PlantScience/sjps/archive.php?year=1&issue=3&Page=1
http://natres.psu.ac.th/Department/PlantScience/sjps/archive.php?year=1&issue=3&Page=1

Vol. 10 * No. 2 « March - April 2021

Thai Journal of Science and Technology

Omer, A.M. (2010). Bioformulations of Bacillus
spores for Using as Biofertilizer. Life Sci
J ,7( 4) , 124- 131. Retrieved from
https://www.researchgate.net/publication/2
65890977

Radhakrishnan, R. & Lee, I. J.

Gibberellins

( 2016) .

Producing Bacillus
methylotrophicus KE2

Supports Plant Growth and Enhances Nutritional
Metabolites and Food Values of Lettuce.
Plant Physiol. Biochem, 109(1),181-189.
doi:10.1016/j.plaphy. 2016.09.018

Richardson, A.E., Barea, J.M., Neill, AM.M. &
Prigent-Combaret, C. (2009). Acquisition
of Phosphorus and Nitrogen in the
Rhizosphere and Plant Growth Promotion
by Microorganisms. Plant Soil, 321(1), 305-
339. doi:10.1007/s11104-009-9895-2

Sansinenea, E. (2019). Bacillus spp.: As Plant
Growth- Promoting Bacteria. Secondary
Metabolites of Plant Growth Promoting
Rhizomicroorganisms, 225- 237.
doi:10.1007/978-981-13-5862-3_11

Savci, S. (2012). Investigation of Effect of

Chemical Fertilizers Environment.
APCBEE 287- 292.
doi:10.1016/j.apcbee.2012.03.047

Shahzad, R., Waqas, M., Khan, A.L., Asaf, S.,
Khan, M.A., Kang, S.M., ... & Lee, I.J.
(2016). Seed-borne Endophytic Bacillus

RWL- 1

on

Procedia,

amyloliquefaciens Produces
Gibberellins and Regulates Endogenous
Phytohormones of Oryza sativa, Plant
Physiol. 106( 1) , 236- 243.

doi:10.1016/j.plaphy.2016.05.006

Biochem,

165

Sharma, N. & Singhvi, R. (2017). Effects of
Chemical Fertilizers and Pesticides on
Human Health and Environment: A Review.
IJAEB, 10(6), 675-679. doi:10.5958/2230-
732X.2017.00083.3

Shen, F., Zhu, T-Z., Teng, M-J., Chen, Y., Liu,
M-q., Hu, F. & Li, H-X. (2016). Effects of
Interaction Between Vermicompost and
Probiotics on Soil Nronerty, Yield and
Quality of Tomato. J. Applied Eco., 27(2),
484-490. Retrieved from: pubmed. ncbi.
nlm.nih.gov/27396121/

Souza, R., Ambrosini, A. & Passaglia, L. M.P.
(2015). Plant Growth-promoting Bacteria
as Inoculants in Agricultural Soils. Genet
Mol Biol. , 38( 4) , 401- 419.
doi:10.1590/S1415-475738420150053

Suliasih, & Widawati, S. (2020, October) .
Isolation of Indole Acetic Acid ( IAA)
Producing Bacillus siamensis from Peat
and Optimization of the Culture Conditions
for Maximum IAA Production. The 9th

International Symposium for Sustainable

Humanosphere (pp.1-12). Indonesia: IOP

Publishing. doi: 10. 1088/ 1755-
1315/572/1/012025

Susilowati, D.N., Rayanti, E.l., Setyowati, M. &
Mulya, K. (2018). Indole- 3-Acetic Acid
Producing Bacteria and Its Application on
the Growth of Rice. doi: 10. 1063/
1.5050112

Teeruam, P. & Rattana, K. (2018). Effect of
Bacillus pumilus on Growth of Rice ( Oryza
sativa L.) cv. Homnil. Khon Kaen AGR. J.,

46(1), 533-539. Retrieved from


https://pubmed.ncbi.nlm.nih.gov/27396121/
https://pubmed.ncbi.nlm.nih.gov/27396121/

Thai Journal of Science and Technology

71 10 « aLLA 2 « Aw1AN - LB 2564

https://ag2.kku.ac.th/kaj/PDF.cfm?filenam
e=P22%20Agr37.pdf&id=3063&keeptrack
=1 (in Thai)
Tensingh, B.N. & Muthulakshmi, P. (2017).
Effect Enriched
Growth

of Microbially

the and

Okra

Vermicompost on

Biochemical Characteristics  of
(Abelmoschus esculentus (L.) moench).

Adv Plants Agric Res. , 6( 5), 147- 152.
doi:10.15406/apar.2017.06.00228

Tiwari, S., Prasad, V. & Lata, C. (2019). Bacillus:

Growth Bacteria

Plant Promoting

forSustainable Agriculture and
Environment. doi: 10. 1016/ B978- 0- 444-
64191-5.00003-1

Velivelli, S.L.S., Sessitsch, A. & Prestwich, B.D.
(2014). The Role of Microbial Inoculants in
Integrated Crop Management Systems.
Potato Research, 57( 3) , 291- 309.

doi:10.1007/s11540-014-9278-9

166

Wamaedeesa, R. & Deramae, S. (2011).

Multiplication of Kluai Hin (Musa sapientum

Linn. ) by Tissue Culture. Princess of

Naradhiwas University J., 3(3), 47-59.

Retrieved from journal. pnu. ac. th/
ojs/ index. php/ pnujr/ article/ view/ 95/ 0
(in Thai)

Yu, X., Ai, C., Xin, L. & Zhou, G. (2011). The
Siderophore-producing Bacterium, Bacillus
subtilis CAS15, has a Biocontrol Effect on
Fusarium wilt and Promotes the Growth of
Pepper. EJSS, 47( 2) , 138- 145.
doi:10.1016/j.ejsobi.2010.11.001

Zahra, M. T., Aftab, A., Asad, S. A., Tariq, S.,
Tauseef, T., & Muhammad, A. (2019).
Vermicompost Augmented with Plant

Growth Promoting Rhizobacteria Improved

Soil Fertility and Growth of Brassica rapa.

IJAB, 22( 6) 1645-  1654.

doi:10.17957/IJAB/15.1246


http://journal.pnu.ac.th/ojs/index.php/pnujr/article/view/95/0
http://journal.pnu.ac.th/ojs/index.php/pnujr/article/view/95/0

