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Endophytic Bacteria and Their Effects on Improve Growth of Rice
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ABSTRACT: Thirteen isolates were obtained from the rice roots of Khao Jow Hawm Suphan Buri variety and tested
for plant growth promotion ability. All of these isolates were able to solubilize tricalcium phosphate (Ca,(PO,),) in
the range of 421.7-465.9 ug/ml to produce auxin and gibberellin in the ranges of 8.0-21.9 yg/ml and 143.7-292.1
pg/ml, respectively. Overall, the results showed that the isolate KJHSB-9 was the most efficient. Sequence analysis
of the PCR product indicated that the 16S rDNA gene of the isolate KJHSB-9 was 98% identical to the same region
of Bacillus safensis. The KIHSB-9 was inoculated onto Pathum Thani 1 and Khao Jow Hawm Suphan Buri rice
varieties to examine the plant growth promotion ability in pot experiments. The results indicated that the application
of N and P fertilizers with the endophytic bacteria KJHSB-9 resulted in enhanced height of rice, number of tiller-
ing, number of ears/plants, and grain yield by 5.83%, 42.62%, 43.27% and 38.42% respectively, when compared
with the control. Moreover, the results indicated that the application of N and P fertilizers with KJHSB-9 resulted in
enhanced height of rice, number of tillering, number of ears/plants, and grain yield by 3.15%, 22.56%, 2.55% and
9.94%, respectively, when compared with the application of N and P without KJHSB-9.
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Wl duananinfiieanasanstiinagasilszang
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ulnresiiguazuanan fudqaunidanug
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(de Matos Nogueira et al., 2001) Aaag19
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LAY aerenchyma 289310 U LAZAA WD 19
(Gyaneshwar et al., 2001) u’ﬂﬂ@ﬁﬂ‘ﬂﬁqwufi’] e
TnlWAnuuAnGaLWngndanlunIInszsunIsEsny
Frlnaasiiarld Tnetaelsiauds phytohormones
ldgiufinsn sinliiinnsgaidausiganns taed
$1891U91 Herbaspirillum seropedicae Z67
(James et al., 2002), Herbaspirillum sp. B501
(Zakria et al., 2007), Serratia marcescens
IRBG500 (Gyaneshwar et al., 2001), Herbaspirillum
seropedicae WaY Burkholderia spp. (Baldani
etal., 2001) danalsitnminaesuananesdifia
%umnm’m"’ﬁumu@m WardnIInL Pantoea
agglomerans YS19 ganunsanaslulnsiauluaimis
N free medium WAZHARTAFINUNT (RONTU
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Wwaryiiulmaasiaandals (Feng, 2006) wananii
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NSNARRIN 1 NISUANLASANBIANHUSURD
ulalWinwuaRdeaInsInang
1.1 NISIALAIBLEILAZNITHANWLANLSE
AIN51NTL10
Wiusatinaendraiugdnadvengnesis
Taenfusaetineaindinlunlameassgueidadig
Aandn guasnulfs thsndnafiiusivianissinge
13190UR990 Tnaanatilazenn sedansnlsisnn
10 dudfensraeiiay esndaautin 1 nfu
11wl 1% Chloramine T W11 15 W17 Bdaann
HUANIINAE Phosphate buffer saline (PBS)
1 AT UNNuaY glass bead ldaantnuauauna
150 Wa. 15 PBS 158197 100 Na. weindlunan
20 W1 TaenNTTENNANLETeL 180 L/
Y, N Y o A
AMNUUANIINALE PBS 4 AFI 119ndN976NWNT
A 4. . -
gid@asasdunaunnaianiinisvanlalizmn
a a % 1 ‘dl 1 1 j ¥
wuAnize Inaumsndnaluindaneinunisdnmasas
1% Chloramine T #4111 W% AU PBS 1511515 10
a aa V| dal/ = o ) A
Fanang hudiemaany dnansazanalanniae
alilammdndy 10°, 107, 102, 10°, ...,107
v ‘ﬂl 1 1 d’l v o 1
fingl PBS MHILNNIHTBLAY UNANTASANEILARY
AT NT U3 Nme 0.1 Radans U spread
Uwa11s NA thliiuigungi 30 asamaidaa
et 2 JuimsdueulalWinuusfiEBaniesny
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uummﬂmq NA (Barraqwo et al.,1997) Mm'a’m
uummLmnm@ummmmummLmﬁmmmﬂmm
#1410 25% glycerol figniugdl -21 aspniTaifes
lensfinmnluduselyl

1.2 NSNARAUAIMNAINITALUNITHAR
Agdadsunstas AUl nIaIng

NMINAKALANNEINITO LUNNTHARDANTY
WRIULANLSE

Preulalifnuuafte aquwiw 13 lalaam
Amaanld desluaninaman Nutrient broth (NB)
Bunms 5 1. UnlwiAseqiein Anase 250 a1/
unit fgnmad 30 asngadea Wuna 2 fu
a1t datanmise 5,000 saL/unT
flguuundl 4 asAnTaidaa a1 10 Wil mans
sransdoulanaudadanznewaagdoe PBS
§1uau 3 Afa ﬂi”ummi@mn?mummmLsﬁ@@i‘ﬁ'urﬁu
Wiy 1 udarmadGudunn 0.25 ua. ldasly
2197wa9 NB 15u1ms 5 ua. luvaanlud wnly
eNfaeANIEY 250 9L/UNT ﬁu‘ﬁ'fqmmﬁ 30
9ATAITS ANnTiuilansy 2 Fu Ay Trytrophan
fiflannududy 200 Gadluans Usums 125
alnsang e fuansdedilunnsdaunmsiaaniy
vilthinsiefhinan 24 oy, aansuiliuies
fagAINLEa 5,000 T9U/UNT ﬁfﬂqmuqﬁ 4
aeATaded wwaan 10 WA dndauansazans
lannageunisuaneenduaqais Salkowski
2007 LAY
Ravikumar et al., 2004) LA33ALBFNNNTHARDANTY

colouring reagent (Fernando et al.,

FaeipsasanlnsTnindines (spectophotometer)
fiAnuenmaL 530 Waluims

NMINAFALAINNIINITALUNITHAR
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NARANAARINN 0.5 M zing acetate 1Fu1ms
0.2 1. anslAignungd 37 sernimaidea dunan
2 U9 LATNNWRAN 0.5 M potassium ferrocyanide
Bunas 0.2 ua. il iTumdeadaenaaiss 10,000
xg luaan 10 wil dransazanadaulanin 5%
Hel ludmsndaw 1:1 dllinldfgumgd 20
aeAEA YA LTWRAT 75 W TAAINIRANALLAS
mﬂd@ﬁﬁ‘@ﬁ@’mﬁqmﬂé@\i Spectrophotometer
714 T60 finnuenanaL 254 unlans neld 5%
HCI 14 blank Tun99AtBu N THNARALLLALIAAY
ﬁﬁmmmﬂLiﬁ?ﬁmﬁﬂuﬁummmgm (Vikram
et al., 2007)

NNINARAUAINNEINITOLIUNITAZAE
HaginpuasuuAfilse

uuAT FauALaLLaIisLde National
botanical research institutes phosphate growth
medium (NBRIP) tufigaumnil 30 asAizaiiaa
e 48 g, dunaniafnadlasen laladld
Fedy 1iesannnizazanaeginnuesuadiGe
LazENNIMAdaUAaREN1TALRNIMNNTaTANY
No@wnAReAT vanado-molybdate assay (Hesse,
1971)

1.3 nssryrdnratwuaniizalnenisul
apuipdlalnauasdunian 16S rDNA

Umznaumas Usunmg 1 wa. wldluvasn
2U1A 1.5 1A, LAY NaOH Anududi 0.05 Tuans
15u1m5 100 TulAsams wanlidniu Unluena
AauAngUAfl iguunfl 100 asATaLTa
Tunan 10w wazananuiudeieiiuig 3 wi
RNt e TiaanuEasan 8,000 72168
w17 Wuan 5 win gaatsavanela dauuu
Bunms 25 alnsans ldadlumaanlusiieldlu
nsvindfjisen PCR sialtl thadueesuunise
fudenldfananundnesiu uvindjiten PCR
TufFumssan 50 lulasams Ndaudsznevds
AdwetFuims 1 lulasans dNTPs mauidudy
100 Aadluang d5u1ms 0.4 lulasdms 10X buffer
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3u1ms 5 lulAsans MgCI2 aanuidudu 25
Aadluang 15ums 3 lulasdans universal primer
ANNdY 100 Tulasiuang (341F 5-CCTACG-
GGAGGCAGCAG-3' har 928R 5'-CCCCGCAAT-
TCCTTTGAGTT-3) 3u1m3atinaaz 0.5 lulasans
WAz Tag DNA Polymerase A uidindu 5 ¢iinsie
lulmsans Usnams 0.25 lulasans Ugisen
FupmzViREuevifl initial denaturation Tigeund
98 asAaaldad 1uaan 5 w1 denaturing
flguuvgfl 95 asAnzades Wunan 30 Fund
annealing ﬁﬂqmuqﬁ 58 avATalTd (Huoan
1 17 waz extension ignundl 72 asATAEYE
Whwnan 1 u? a1uau 35 saU LazmNsae final
extension ﬁammﬁ 72 asAvaadaa wunan
2 w1 (Sajjaphan et al., 2010) Taeil4LAsas DNA
thermal cycle TC512 (Techne, UK) UNNAKNAR
AvweaInUisen PCR 1l Giasizsiuiandiu
Tnalelndm Macrogen (Seoul, Korea) #&a<4ann
St dnFuTealelnd® IdunuRenfousidy
finndlalniaing udeyaaes Genbank fan
T1sunsu Blastn

a o ¢
N5NAARIN 2 Nsnadaunislddselagiann
vaulalWAnuuaiiZaran1sdaasunisiasy
ulaaagdng

2.1 MSNARALNISITNEsINTN2aUln
TWRAnwuANSY

o [~3 o 5% = U U

UNAnRUGT19nNsaT 1 wazdaidnves
gnasnsyinaanilaenudanisidesnay 30%
chloramine T {WWIa1 45 W1N /9698 70%
ethanol {1nan 10 WA wAIRNAEUNNAUHNTS
3 A5e At lumnzuueyng Trypticase soy
agar (TSA) danmsninaeen Wrdansneenudn
fineldagluanmisnaman N-free medium (NFMM)
(Mae and Ohira, 1981) HteulalWminuuan Gani
ANNENTW 10° 1 mad/Na. U5NNmT 1 Na. ldasuan
v dl v [~3 1 3| o o
193 n98Nwa0 1 Wan Unhunan 14 51 il
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nraanaulalWminuuafiFalae 35909 Barraquio
etal. (1997)

2.2 mansanaulalWinuuaiiEe

deulalWfinuuaFe KIHSB- 9 umadas
nsldslend Tevnnsiaesleloan KIHSB-9
lue 1191189 Rennie ralate medium (RMR)
(Rennie. 1981) thllwenfipanuia 150 sa0n
gruuni 30 avAtaldaa uan 24 Falaa
LA NAZNAUEan Aae 0.85% NaCl Uiuen
oD, WildiAwindu 1.0 vi5a 10° lmad/ag.

23 N1SNARALAITNAINITOUD
vaulnlWAnuuaiiZaran1sdaa3unisiasy
wwulaaasdng

ﬁﬁmiwmmiumﬁum:ﬁTmmﬁuﬁuﬁ'?xﬁu
ANINAN 0-20 1. TALANNUNUNITNAADY WL
2 x 3 Factorial in Completely Randomized Design
6 Fnfunmaaes 3 91 daded 1 Aa TinTesiLg
da laun dlyusnil 1 uazdradvengnesiz
fadedt 2 e LUAIIBIA9ALATHN TR LA
aasivg 1o Tdldile (aauaw) folulnseu way
Jenaaneatlelulnsan uasianaanaiasoniv
wulalWiinuuafEe KIHSB- 9

NNNTAATITRaNLRI9AUN AUl gNWLITA
Auaszys ufisendunsadntios pH wiiu 6.34
fBunnslulnsauianuns Wi 0.19% WBunns
Waawesafiflutlsslamnisn winfu 8.10 ua./nn.
waztnuna@enfuaniasuldsdanunzan
Winriy 143.40 1a./nn. AUInERIINTLELenN
ArAiaszifiu Tnsinunaidases lussdufifeme
frandNsieInisaasdnn latalulnsiau 46-0-0
{sdwan 1.3 nn /s wealeda 0-46-0 9111 0.6
a3 uiald 3 Ak Ae srasiingn (astinan
15 41) ldszaizdnquanne (30 514‘1/15\112611%%\1 19n)
wazldszazdnaniiatanan (a01u3deda,
2547) taeldilelulnsian uaznaanadaenizaniy
naaest]elulnsey wasdaneanea e
lulmsiaunazi]aneaneiasoniuioulalnen
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WUATIFE KJHSB- 9

nawistnunduazAuLgndnn nawisensu

¥ o < U 4#' o ] é’ 1 o a
namanta RN ssin@enwdiueulall@n
WUATGEE 10° [wad/Na. Bums 1 WA Andn 1
a1 24 13, wasantiutillmazidudundnau
nsziand1d1neng 21 Ju nrawsanmulgndag
o ] A’ a v v £4 dJ o Z/
innnssinme Aulgnananisausaandeiladnalen
fguugi 121 asAaaidea unan 45 uid
AU 3 AN UTIAUNNIUNNTH TR LTN
5 nn./nseny wazduauluanindsiuduinan 1
dland aniuilnAaingn | uau 3 Aw/nsenns
guaszivinlunszanaliigaainiianu 10 -15 @,
AABATZHZINANLYNTINITAAIINGS Audume/
Fi NITRIZULANNG TLESANATEABN T282RBNARN
[~3 ld‘ v o [~3 dl £ ‘ﬂl £ 1

Lazszaliung waainnsiunaadaladioun
a1giszauany 120 Ju drldeunguuugd 70
B9ANTATEE TIUNMINHANRAWER LAZALATIZY
1oy aN1eana

NANISANBILALIANTO]

NSNARRIN 1 NISUANUASANBIANHUSURS
ulalWinwuaRseaInsIndg

1.1 NISWENLUANLIEAINSINTIILAENIS
NAFALANNAINITD LUNITHANAITRUAINNNG
asauLAulnuasnNG

ugneulalWAnuuARiEze ansndraiuging
Wvangnssnu (KIHSB) Tianuan 34 lalaian

1 al a d‘ v v
WU wuANEaann 34 lalaanfnentsainsindig
fanuanunsalunasyiiulauansieiu Ialadl
anulunianeuznan la wazliszazioanlunng

a a = ! o = T

wigAuinfuanmneiw nasAanen ludusaly
= o o A Aa aa P
AINIsARLRaNLUAN AN A NANY i TaY
Talafl wazliszazinaininasgiuinlanielu
2 44 aquau 13 lealaam N1in1sAneIAaN
a0 lunisuanansasdInnisasALining
wuqn 919 13 lalman pauainnsalunisazans
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Weasmlnagszidng 421.7-465.9 lulaanu/ua. uas
lalgian KJHSB-9 Hmauaiunsnlunisazant
Aeaiingaiign Ae 465.9 lulnsnfu/ua.
ANNANNNINTUNTHARBENTY BEIzr919 8.0-21.9
Tulasnsu/ua. Tnelalaian KIHSB-12 HAau
aunsalunsnaneandugagn Ae 21.9 lulasniny
1. ANAINTN LUNITLARALLLIBLIAAUBE 72U
143.7-292.1 lulmsnii/ua. Tnalelaan KIHSB-3
A ua 18130l unNITNARALLLALIARY 292.1
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lulasndu/ua. (Table 1) TasAInsaunUIn
wulnlwinuuefidelalaan KIHSB-9 HAqau
aun9n lunTHARd g NN TR nALTRTR SN
luseAuge na1fAe amnsnazaaneans Wam
280T1 (IAA) WATHARALLLALIAAY 16 465.9
lulasnfu/ua., 12.0 lulasnfu/ua. waz 161.4
Tulasnfu/ma. muansu aelsinlalaan KIHSB-9
wwinnsanuazaanisldlsslamisanisiasy
wulnvesdnnsely

Table 1 Quantity of Phosphate solubilization ability, IAA production and Gibberellins production by some

representative endophytic bacterial isolates

Isolate Phosphate IAA Gibberellins
solubilizing ability production production
(Mg.ml) (Hg.ml) (Mg.ml)
KJHSB-1 4446 16.3 162.0
KJHSB-2 443.8 1.9 151.8
KJHSB-3 - 8.0 292.1
KJHSB-4 - 211 243.1
KJHSB-5 - 17.2 160.0
KJHSB-6 - - 160.3
KJHSB-7 - 17.2 1641
KJHSB-8 461.7 18.2 1821
KJHSB-9 465.9 12.0 161.4
KJHSB-10 4471 12.9 151.7
KUHSB-11 421.7 15.7 167.6
KJHSB-12 449.2 21.9 155.8
KJHSB-13 430.9 18.9 143.7

1.3 nisszyrdnratuuaniFalngnisul
anudanalalnauastuLsiaons 16S rDNA

nssvyatinvaslalann KIHSB-9 Tnanigmn
anuiamatelngd wudnansuilapdlelndaes
WUATITE KJHSB-9 HAduAdaAfaiuaiay
fandlelndresuuaiGelugiudeya GenBank
A8 Bacillus safensis strain FO-036b (NR041794.1)
fiszdunnnumilon 98%

nsNAREYT 2 mesnaaaunsldusslagiiain
vaulnlWAnuuaiidaran1sdaa3unisiasy
N LR

2.1 mMsnAgauNIsidngsIndaraaula
WRAnuuAHiFe

nisnaaaunisidigesindnaadlalaian
KJHSB- 9 wudnmasannislduuanizasiusindan
14 41 wuan wulalWanuuanGadgsindiqle
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Fednauglnuenil 1 wazdadvengwarong
TnadaauwuanFadngsndnotyusiil 1 auau
3.2x10° 1maa/ua. wazidngaindadanew
ANITOULF AU 4.6x10° IAK/NA. NANIINAADS
FanaauaneduuaiFefidianAnedu
wulalWinuuaizy danrdasfiusaIuees
Mano and Morisaki (2008) Tasinaaqn weula lfmn
wuafiBaiduiuaiiGefieguiionenit viieudnld
a1dvagfludiusing 2eeigld uazainnisAnmg
289 Munusamy et al. (2007) lalduumiiie
Burkholderia vietnamensis ﬁﬁmm'ﬂ’uiumm
AR 10° LIAF/NA. AU 1 WA, ALda 4 aneug
wasanlduuafize 1,5, 10 uay 15 S inIsuen
wuANBULTMInd e nuwuanGalusindan
4 4 gneiug SéuausuaiiGeiadunasus
a1 Inemus s uAfiFaanniigaudsaininns
lawuATIGE 15 Fu AU 1.5x10° - 1.5x10° L1as/
nfu Tneniinan
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Table 2 Effect of Nitrogen fertilizer Endophytic Bacteria and Nitrogen fertilizer with Endophytic Bacteria on

Shoot length of Rice

Shoot lengh (CM)

Rice growth Rice varieties Treatment
stage C N+P N+B+P Mean
Tillering stage Pathum Thani 1 55.48 54.87 54.79 55.05b"
KhaoJow Hawm Suphan Buri 61.93 61.93 56.83 60.23a
Mean 58.71 58.40 55.81
F-test : Rice varieties(R) =** , FertilizerSource(F) =ns, RxF=ns, C.V. = 4.72%
Panicle initiation ~ Pathum Thani 1 83.86 88.59 89.23 87.23p"
stage KhaoJow Hawm Suphan Buri 91.53 96.49 91.86 93.29a
Mean 87.70 92.54 90.54

F-test : Rice varieties(R) =** , FertilizerSource(F) =ns, RxF=ns, C.V.=4.00 %

Flowering stage ~ Pathum Thani 1 97.44 102.78 107.22 102.48
KhaoJow Hawm Suphan Buri 103.78 104.56 107.89 105.41
Mean 100.61B" 103.67AB  107.56A

F-test : Rice varieties(R) =ns , FertilizerSource(F) =* , RxF=ns, C.V. = 3.22%

Harvest stage Pathum Thani 1 108.67 113.33 117.89 113.30
KhaoJow Hawm Suphan Buri 114.11 115.22 117.89 115.74
Mean 111.39B" 114.28AB  117.89A

F-test : Rice varieties(R) =ns , FertilizerSource(F) =* , RxF=ns, C.V.=2.74%

"?Different letters in same column or same rows indicate significant difference by Duncan's Multiple Range

Test (P > 0.05) ns =not significant, * =significant at P < 0.05, ** =significant at P < 0.01

C= Contron N+P = Nitrogen and Phosphorus N+B+P = Nitrogen with Endophytic Bacteria and Phosphorus
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Table 3 Effect of Nitrogen fertilizer Endophytic Bacteria and Nitrogen fertilizer with Endophytic Bacteria on
Number of tillers of Rice

Number of tillers

Rice growth stage Rice varieties Treatment
C N+P N+B+P  Mean
Pathum Thani 1 4.44 4.56 6.89 5.30a"
Tillering stage KhaoJow Hawm Suphan Buri  4.11 3.78 6.56 4.82b
Mean 42887  4.17B 6.73A

F-test : Rice varieties(R) =*, FertilizerSource(F) =**, RxF=ns, C.V. =8.52 %

Panicle initiation stage Pathum Thani 1 8.33 10.00 10.67 9.67
KhaoJow Hawm Suphan Buri ~ 7.89 8.67 10.33 8.96
Mean 8.11¢” 9.34B 10.50A

F-test : Rice varieties(R) =* , FertilizerSource(F) =*, RxF=*,C.V. =14.41 %

Flowering stage Pathum Thani 1 6.56 8.44 9.56 8.19
KhaodJow Hawm Suphan Buri ~ 7.00 8.00 10.33 8.44
Mean 6.78B"  8.22AB  9.95A

F-test : Rice varieties(R) =ns , FertilizerSource(F) =* ,RxF=ns ,C.V.=19.89 %

Harvest stage Pathum Thani 1 6.56 8.44 9.56 8.19
KhaodJow Hawm Suphan Buri  7.00 7.33 9.78 8.04
Mean 6.78B"  7.89AB  9.67A

F-test : Rice varieties(R) =ns , FertilizerSource(F) =* ,RxF=ns, C.V.=18.95%

"?Different letters in same column or same rows indicate significant difference by Duncan's Multiple Range
Test (P > 0.05) ns =not significant, * =significant at P < 0.05, ** =significantat P <0.01
C= Contron N+P = Nitrogen and Phosphorus N+B+P = Nitrogen with Endophytic Bacteria and Phosphorus

Table 4 Effect of Nitrogen fertilizer Endophytic Bacteria and Nitrogen fertilizer with Endophytic Bacteria on
Number of ears/plant of Rice

Number of ears/plant

Rice varieties Treatment

C N+P N+B+P Mean
Pathum Thani 1 6.00 8.56 8.78 7.78
KhaoJow Hawm Suphan Buri 6.33 8.67 8.89 7.96
Mean 6.178% 8.62B 8.84A

F-test : Rice varieties(R) =ns , FertilizerSource (F) =** ,RxF=ns, CV 12.81 (%)
"?Different letters in same column or same rows indicate significant difference by Duncan's Multiple Range

Test (P > 0.05) ns =not significant, * =significantat P < 0.05, ** =significantat P <0.01
C= Contron N+P = Nitrogen and Phosphorus N+B+P = Nitrogen with Endophytic Bacteria and Phosphorus
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Table 5 Effect of Nitrogen fertilizer Endophytic Bacteria and Nitrogen fertilizer with Endophytic Bacteria on

yieldof Rice

Grain weight (g)

Rice varieties

Treatment
C N+P N+B+P Mean
Pathum Thani 1 17.02 30.11 32.04 26.39b"
KhaoJow Hawm Suphan Buri 28.59 33.01 37.35 32.98a
Mean 22.818% 31.56AB 34.70A

F-test : Rice varieties(R) =*, FertilizerSource (F) =*

,RxF=ns, CV 22.45 (%)

172/

Different letters in same column or same rows indicate significant difference by Duncan's Multiple Range

Test (P > 0.05) ns =not significant, * =significant at P < 0.05, ** =significant at P <0.01

C= Contron N+P = Nitrogen and Phosphorus N+B+P = Nitrogen with Endophytic Bacteria and Phosphorus
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