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Research Title: Study of plant growth promotion by endophytic bacteria producing indole-3-acetic acid
(aA)
Researcher; Dr.Chokchai Kittiwongwattana

Faculty: Faculty of Science  Department: Department of Biology

ABSTRACT

Endophytic bacteria colonize the internal tissues of a plant host without causing symptoms or
damages. This group of bacteria is also recognized for their plant growth promotion. In the present study, the
production of the plant hormone indole-3-acetic acid (IAA) of 19 and 17 isolates of endophytic bacteria
isolated from Landoltia punctata and Lemna aequinoctialis, respectively, were examined. The result showed
that 21 isolates were able to produce IAA. The levels of IAA production in these bacteria were also measured.
The highest level of IAA (79.9+8.52 pg/ml) was observed in the culture medium of Bacillus sp. L1-14 that was
isolated from L. punctata. Rice seedlings that were inoculated with Bacillus sp. L1-14 displayed the increase in
stem length, shoot fresh weight and root fresh weight when compared to that of the control group that was
inoculated with distilled water. Average stem length, shoot fresh weight and root fresh weight of the inoculated
group were 1.12, 1.17 and 1.28 times higher than the control group. This result showed that the best IAA

producer Bacillus sp. L1-14 was able to promote growth in rice seedlings.

Keywords : Landoltia punctata, Lemna aequinoctialis, endophytes, rice, indole-3-acetic acid
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inoculate MeuvafissstatiinseTufulagaiuluauiimsludouvsdsmiauazuaadion (Luo
y ; — .
et al,, 2012) UBNNATLUATISY endophytes Nuon ldnaRsyianitaluansarh 114 lumsnseduns
= = A P Yo Y @ o [ ae o v g =2 oy
iRy Tnvesiivriiadus 188ndae dsdednnuiseiinaasliimudsnnumuisovesuanise B,
LY 4 { 3 A ] ' ] a a
phytofirmans wWUE PsIN Auen Tdniniiewe ludueien vesdusquuazmuisonszqumsiydula
¥ ' ]
yoeousMaisyiiatug Toun Jurss uazuzilemet (Lazarovits and Nowak, 1997; Sharma and Nowak,
(R dad ] 1 -
1998; Nowak et al., 1999; Ait Barka et al., 2006) Lot lsnanimsfunuanuawsalumsdudsy

a a = [ a‘q’: ° T A o
msnTuAy TnvowuniiGS e endophyte UAANT oD MERUFIUTATINS UM IZIIT AR AN MY T



In[ﬂ Ay e ) o g v o o ¢ 1 o da ) a e
NUUYNNTAIY AIDYTAUYU uumﬂzﬂm‘wuqﬂgﬂn1\1muwuqmmuﬂnmmanﬁumﬁmmﬂmsﬂ
L4

endophyte B. phytofirmans € wﬁ'uﬁ PsIN (Bensalim et al., 1998; Nowak et al., 1998) ﬁ"wmqumsﬁnm
4 o o a da ¢ 1 = o oo = o o
INYINVUUANLTY endophytes 'mJ‘LIi:Tﬂ‘b’ummui’m‘lﬂmwﬁﬂumtmﬂmm endophytes ‘ﬁuﬂllﬁ:ﬁﬁ‘lﬂwuﬁ

L= o_ o ' ' ° o a = o ' dy g9 8k = 1
11’711“] iNiJﬂ’JmanuaUN:J1ﬂm‘amiu’mi‘w&nﬂii;au‘niUmmumﬂ5:QﬂﬂiﬂuﬁNmimHﬂiﬂimﬂUN

SOUATUNBIANNANARYBINHIAT YA



unii 3

AEauiUNSIDY

3.1 man3euseuATiEE endophytes AUEN130 UMY L. punctata ua Lem. aequinoctialis
l“lﬁ;lﬂu‘ﬂﬂﬁﬁﬂ endophytes 'y";"w:m 34 "lﬂhmm‘luﬁthm vl.ﬁllfi Bacillus, Caulobacter,
Sphingomonas, Microbacterium, Rhizobium, Acinetobacter 0% Staphylococcus ﬁgmﬁnag‘lumi azouna
185 OAANUINTY 50% azgﬂfnmﬂszé’u“lﬁsﬁﬂmsm?nﬂuﬁﬂﬁ‘éﬂﬂgﬂﬂumi%’f’gﬂﬁ’imgammwsﬁyuq
UNEIMT Tryptic soy agar (TSA) Amidudy 1710 ihdaumaiin cross-streak LazUufigangdl 30 v

] H4 ] s 3 ¥
waidva wnsziadeniyay Tauos 18 Inlal@en sxminiudeli ) dmareunisadeees Tuuoend

uao 1

3.2 MINTI0TRUMITaS 19903 101 TAA TneuuaiiiSe endophytes
] ¥ 1

InTafliRorvousouuniiis endophytes fignnszAuldifanisiosgifulauueinis TSA a1y

] [3 L4
Wudu 110 i garianlFlumsmeasumsadieees Tuu 144 vouaiife Taemsdio InToiliRenTuas

T ¥

VUBIMIS TSA ANMAUTU 1/10 (M1NANATABEH T4 L-Tryptophan A2 13du9% 5 mM aaly 91nfuang

H . Y = b - Y o (] df Y a a a P2y
WY nitrocellulose membrane Vivad luufmivesoins udahmstudeliinsydy Tnngamgd 30

a o AV ' ) da & a1
sasruasardod unalszuie 48 21 910 uALIOILAY nitrocellulose membrane WilFonUATIFY
endophytes 193 qyguninIsaTIvaouMsaieees luu IAA TaowSunansasalo Salkowski reagent fi
Usenaudas 0.5M FeCl, USu1as 1 afitns uaz 35% HCIO, USuas 50 dadans udiinisveea
3 14 v

#1500 Salkowski reagent 1103 2 Tafifas aslluunw@sade miuinnsgaunseegilenay

o~

¥ ¥
ashluuudeade 1d921906 nitrocellulose membrane Y19AUN LAY I uuHAUNTZAILNT B LuATISY

3

{ & Y J ]
nfinsadeees Ty IAA szuTRIdnY Iz 8919NANTYUWFULUUINY nitrocellulose membrane HUATISY
endophytes N0 16 Ismaflinsad1eees luu 144 szgmirluasvaousEAUYosens luu 1AA AuunfiSe

2
a5 9uae

3.3 mIaseaeuuazilFaufsuszdumsasieseslau IAA veauniiiFe endophytes
14
or L ) = o S é =
wisuiysuuafFua0819tTuns 100 I Tnsans anududu 10° cFuAiaddnsdunson’ldan
g o ot . o Y ¥ Y aa P A
mstziFeuunfiseluem1s nutrent broth uazIanududUAI7T spectrophotometry inWTIIAGY

b4 b 4 ]
600 41 Tuwns HinrsgiasudeuuafiSolueia  Edenmeyer $11i911115 nutrient broth  U3u1a35 50



finffins MAuesaza1s 10% L-Tryptophan 24 lunudanududugaioniiy 0.2% TavdSuas nntu
ﬁmé’fyaﬁqmnqﬁ 30°C 1M 2 $u vwinteawin smuinsthurdvaennaznewideudnid e
USuas 1 foddas Tiiuhen Salkowski reagent US1nns 1 Sadfns fu1ﬂ1fuﬁ1ﬁ1uwﬁn'lﬂ’iﬂn15@,ﬂﬂﬁu
wereiinnmenadu 530 uTuwes wdwhnmsSeudoufunsvinasgufieienldnnns1¥amsazan
1AA anududulugae 0 - 100 Tulasnfudiadtns Taomswanaisazai IAA u1asgdsuIag 1

o P

¥ [ 3
Hadfasfue Salkowski reagent USH1As 1 H0ddas nazianmisganiiuugainnuenau 530 1y

v
= Q

{ s 9 o ¥
was uunfiSe endophytes ANszAUMITT19T07 lun 1AA gedigassgmimnidfnyianumisaiuns
&

L'}

s
dagSunssainlavesiirlunsnaasstude i

a4 oy o 9 A
3.4 manssuduseutmluammasaiie
¥
1 o o
dusouvesinluanmasaiFeaivisawsenld Tasriinsunzildend11eenainuan lay

o

seffase S lilifannudonesuuinaiduens Teveaudadn vinhuhwdadai 13T venth
ANNaE01R 1Ua158318 hypochlorite ALY 10% YTuws 50 Taddans wionTanuatsanus iR
Tween-20 2911 2-3 nualuvaagisuysuin 250 Taddas udahasuduiunainy 15 nd niniuhe
mﬁﬂi’nmvlﬂ‘lmnﬂ;s,ﬂﬂmvjﬁﬁ&wné’uﬂﬁﬂmm‘i‘?@ﬂ?ums 250 fladdns udamimavduiodns
mrarawsiudeseniflunauuyszne s wif g 3 e vaufvemdadnfiumsteg
azerafuAaudn NI n It 0.7% foglunnmade udnldeslfindadnieniasiny
duszezanlsznim 7 Su dudoudniIRvzgniun1Flumsdoynlsedniamvssuuniide

endophytes lunsnsgquarsiIadu Tnvesdn

: o
3.5 myauasumseIgavlnvesinlnauuniiiis endophytes Nard1asesluu IAA

¥ 1 Y w o Y T Y = ' & '
ﬂuaamﬂ'smq 7 'mQnu11n'nﬂﬁau"lﬂTﬂmmmuaﬂmn'mamﬂu 3 ﬂ‘c}ilﬂ‘liﬂﬂﬁﬂﬂl‘ll‘lfm'm‘lfslu

Pt J [ Y oA ] ﬂy o VoA 1 d" A A
msazmwiuandieiy 1aua ngud 1usluihnay nqui 2 uslumsazmiedouuniiss endophytes A2 1Y
3 ' a an oA v
Wuduwadyszainm 10™- 10° waddeiadans ngui 3 uslumisazais 1AA anududu 10 mM {lu
< S a oy ooy & 4 4 4 da e g 3
pauszng 2 431 niniuAvduseud v umznes luvInmiouiieeaNil vermiculite taziy
& 9 dy .g A ﬂ ar a’: e 9 3 o a a 3/ 1
nauludeamzmsuiiawenduszezinat 7 fu snuhidudneenundamseiyau lad e
E4 ¥ 1 d
Taunnaugs shimdnae diminude anwensn uessiausn Tashmmanes 3 srdmivurasngy

L4 N
A1snAnes PnufSeufsuaundsssninusazaqudle3insneada



10

un 4

Han15398

v a & & oo
41 manszqumaoimAvinveuvenunii3e endophytes
4{' Aa Aq g aw g g 4{" o ] =]
WeonuafSonlFluauidvassilidudoiuonldenRvaorilafio L. puncrata ung Lem.
. . za o o d aa o A 1 g o
aeguinoctialis (WA 4.1) TauliFenvniiSovianua 36 lo Tman WouuafiGenuagninusnuly
g A ) [y :1,
Msazaenfwesoanrutudu 25% Iuanmusudefgungil -80 oeruarariod Auiudedosiinmg
F4 [ ¥y H4 ¥ [
nszqultiFeniyduInlaonms@udonsuuemsitouse NA udnilihivfigamgd 30 seruwaifoe
[~/ Y] ¥ 4 a a & Y o &) d act '
Wuszeznm 2 T igewiady Tnduutssgminuen Tidulalatiife18675 cross streak fiou

W ldnageumsadieens luu TAA as 1y

AW 4.1 WY L. punctata (0, 7) U8 Lem. aequinoctialis (1, ¢) AufluimdsfieguosuuaiiiSs endophytes

[
=}

& ¥ 9 ¥
fegiadsuuanSoniun g lunsanyitonseiiivarua 36 lolsaa Tasuvauily 19 tolman

o { 4

{ o 1 a1 { o g
nfauen ldndredaumunegluailfdd L. puncrara woz 17 1o Tnandauon 1denumuluaildd Lem.

v 14
aequinoctialis HaMsAnEIMITASHIUNLUARS UM 36 To Taaaitlasms I wulavestu 165 rRNA
y 3 3 ]
TaueasltniuiuuniiGedrotwimuaiifiegdofuianua 3 TWaY (phylum) 8 @na (genus) AaA15197

4.1



] y 14 ]
A1519% 4.1 FouunfiiSy endophytes 114 36 o Trmahildlunsfinu

loTman Phylum ana undefian
L1-1 Firmicutes Bacillus Lfl%’ﬂ Lﬁﬂﬁ‘h’ L. punctata
L1-2 Firmicutes Bacillus s&‘ei}aﬁ‘v L. punctata
L1-3 Firmicutes Bacillus lfl?‘e'l L?‘Jlﬂﬁ‘lf L. punctata
L1-10 Firmicutes Bacillus Lé‘ﬂlﬁﬂﬁ”v L. punctata
L1-13 Firmicutes Bacillus Lﬂ:’m‘t"}eﬁ% L. punctata
L1-14 Firmicutes Bacillus fm‘e’}ﬂﬁ‘u L. punctata
L1-17 Firmicutes Bacillus Lﬁfmﬂﬂﬁ‘ﬁ L. punctata
L1-21 Firmicutes Bacillus -Lffﬂtﬁﬂﬁ‘lf L. punctata
Li1-S1 Firmicutes Bacillus L‘fi’mﬁﬂﬁ“]f L. punctata
11-83 Firmicutes Bacillus Lé’mﬂﬂﬁ‘v L. punctata
L1-$4 Firmicutes Bacillus gﬁ?‘mﬁﬂﬁ‘u L. punctata
11-S9 Proteobacteria Caulobacter gﬁ,{mﬂa‘ﬁ % L. punctata
L1-S10 Firmicutes Bacillus fmﬁiaﬁﬂf L. punctata
L1-812 Firmicutes Bacillus Lﬁﬂtﬂaﬁ‘b’ L. punctata
L1-S11 Firmicutes Bacillus oo L. punctata
L1-817 Firmicutes Bacillus rf:mﬁiaﬁ‘v L. punctata
L1-S18 Firmicutes Bacillus L'fméaﬁ‘v L. punctata
L1-820 Firmicutes Bacillus lﬁ?ﬂlﬁﬂﬁ‘ﬁ L. punctata
L1-S22 Firmicutes Bacillus ooy L. punctata
L1-S26 Firmicutes Bacillus wodoiiy L. punctata
L1-831 Firmicutes Bacillus Ll‘fﬁlléﬂﬁ‘b’ L. punctata
L6-2 Firmicutes Bacillus nfm?}aﬁﬂf Lem. aequinoctialis
L6-3 Firmicutes Sphingomonas Lﬁfﬂlﬁ'ﬂﬁ‘v Lem. aequinoctialis
L6-4 Actinobacteria Microbacterium Léﬂlﬂﬂﬁﬂ)’ Lem. aequinoctialis
L6-5 Lf},ﬂ Lﬁﬂﬁ‘v Lem. aequinoctialis
L6-6 Proteobacteria Acinetobacter Lﬁ:’mﬁaﬁ% Lem. aequinoctialis
L6-8 Firmicutes Staphylococcus lflfﬂlf}ﬂﬁ‘lf Lem. aequinoctialis
Proteobacteria Rhizobium
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loTmian Phylum ana ivaefian
L6-9 Proteobacteria Rhizobium L‘é’ﬂ Lﬂﬂ‘ﬁ‘ﬂ Lem. aequinoctialis
L6-13 Actinobacteria Microbacterium !.'58 L‘Eﬁlﬂﬁ‘r Lem. aequinoctialis
L6-24 Firmicutes Bacillus Lﬁfmﬁaﬁ% Lem. aequinoctialis
L6-25 Actinobacteria Microbacterium Lﬁyﬂ Lﬁﬂﬁ‘b’ Lem. aequinoctialis
1.6-30 Firmicutes Bacillus n‘i”mﬁiaﬁaf Lem, aequinoctialis
1.6-32 Proteobacteria Rhizobium n‘fa Lﬁﬂﬁ‘h’ Lem. aequinoctialis
L6-S1 Firmicutes Bacillus L‘f}, Btﬁﬂ‘ﬁ‘v Lem. aequinoctialis
L6-S4 | Proteobacteria Rhizobium Lf': ooy Lem. aequinoctialis
L6-S6 Actinobacteria Microbacterium u‘: ? Lﬁaﬁ ¥ Lem. aequinoctialis
L6-S9 Proteobacteria Sphingomonas Lﬁfm‘f}aﬁ‘u Lem. aequinoctialis

L6-S11 Firmicutes -Bacillus L’f aibofis Lem. aequinoctialis

4.2 MINTIWABUMITI19T0T U JAA

TnlaftdvIveudeuuaiise endophytes tiAaz o Tmangatiunmaaounisadased Tuudis 1A
TaemsiielaTaflifer# 18aaluem1s Tryptic soy broth agar (TSA) AinTndud 1 1w 10 (1/10 TSB) &
FunsaesiT L-tryptophan as Mool diiumsaadulumsdunsizzad Tuu 144 viniiy
1A nitrocellulose membrane NUA TUUAMT1¥899IM75 ut’i’aﬁ1msﬂuﬁ?ﬂﬁ'm?mxﬁuTﬂﬁqmngﬁ
30 paraiFoa unanszaa: 48 5275 1IMTURUIBAY nitrocellulose membrane ATHoNUATIEY
endophytes (W3 gyatuiMsasedeunsaiteens Ty 1aa lugressiznmiluunfiGessyfiuln
#03 WU 1AA 'nzt;}ﬂﬁ%’wi{mngnﬂdauaaﬂmmauamwﬁmammﬂﬁﬁuuazqﬂﬂﬂvﬁ'u"l"ﬁﬂuu&iu
nitrocellulose membrane N13732980UI0F 14 IAA UUIHY nitrocellulose membrane 71114 latinSuy
380 Salkowski reagent fi1lsznauds 0.5M FeCl, 3uas 1 fadfas uae 35% HCI0,151As 50
fiatans ud1n1INLBATITAZATY Salkowski reagent 1311A7 2 Hadans avhhnsudsude vt
nszmyﬂ'smgﬂaaﬂanaﬂﬂnummﬁyaaﬁ;ﬂ 182779 nitrocellulose membrane TsAuTIUa 11/
(ruNsEATNNTBY LuAiSofiinsadiesed Tuu TAA ﬂzuﬁﬂqﬁ'ﬂymwmwﬂnnﬁ%nm%uuumiu
nitrocellulose membrane 1089 1AA15AS W TRLHOIR NI TULATE R 21 To Taandi Ifwaising
vandemsadieeedTuu 1aa fadly 583 wefmudveuuniidermuaiiiwmaney (s 4.2) Tas

H t 4
WU‘ﬂ’c\'f}ﬁ‘llENlmﬂﬁGUﬁﬁ $vazes Tuu 1aA 8T8 Bacillus, Microbacterium, Staphylococcus, Rhizobium
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1 { 1 o ] dyu
uag Sphingomonas daunuaiiFoanai lunumsasieees luu 1aA 1unena Caulobacter nBNIINTT
' S oAa ) o 1 1y Aa Aw ' a
wuuuanisenianuanselumsadess luudu vgRenuniisoniaoy luana Bacillus Taoll
3 a d =1 3 z
wenua 10 le Tnanaadlu 47.6 nlefirudvoumaiSoRad1eeos Tuu 1AA Nanua uuanGoouTa e

y
vevun 21 loTamanszgnmirlassaeualSunaees Tun 1AA ae'ly)

: @ ¢ o
M31N 4.2 HEnInadeuMsas1eens luu 1AA TasuunafiSoeula lWdns 36 1o Tman

ToTaan ana HANINANEUNTAE1S
707 luu 1AA

L1-1 Bacillus S
L1-2 Bacillus -
L1-3 Bacillus +
L1-10 Bacillus -
L1-13 Bacillus +
L1-14 Bacillus +
L1-17 Bacillus +
L1-21 Bacillus -
L1-S1 Bacillus +
L1-83 Bacillus -
11-84 Bacillus +
L1-89 Caulobacter r
L1-810 Bacillus +
L1-812 Bacillus +
L1-S11 Bacillus =
L1-S17 Bacillus +
Li1-S18 Bacillus -
L.1-S20 Bacillus +
L1-S22 Bacillus -
L1-S26 Bacillus -
L1-S31 Bacillus -
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loTman #na HAMINATEUAITATIS
705 lau [AA

L6-2 Bacillus -
L6-3 Sphingomonas -
L6-4 Microbacterium +
L6-5 Acinetobacter -
L6-6 Staphylococcus +
L6-8 Rhizobium +
L6-9 Rhizobium +
L6-13 Microbacterium +
L6-24 Bacillus +
L6-25 Microbacterium +
L6-30 Bacillus 4
L6-32 Rhizobium 6%
L6-S1 Bacillus /
L6-S4 Rhizobium 5
L6-S6 Microbacterium +
L6-S9 Sphingomonas +
L6-S11 Bacillus -

4.3 mifinnszaunisadeeeslun 1aA huuafliSe endophytes

uunfii5o endophytes w21 loTaaaiilinauintumsasnaeumsaiinges T 1AA g
dnvulSoufosssumsadueedlun 1aa TasmsmsBouuniizeluoms@oadouunicy
31ws 100 Tulasdas anududy 10° CFUAinaans 1uuan Erlenmeyer A501113 nutrient broth
WSuas 50 faddas Miwesazatn 10% L-Tryptophan a¢ltfoufanududugatonity 0.2% Tas
UT1as mnifuﬂm%ﬂﬁqquﬁ 30°C 1m 2 Su vundeavd udahnisuendauladaentsdumsaiie
e lelnseaouilsuteiens Tun 144 Taunisi@usinen Salkowski reagent UYSuas 1 fiadansaslyl
ludaulaSines 1 Sadfins msnenei IfesnlSoudiuiouy Fenmuduvosdiuszulsiuaseiy

1 t 4 ] ]
USinaivesses Tu 1A fuuafiGoadiel] emiuhduwanlfamsaanfuuesfianweniu 530
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wluns i hmsalSsudsutunsrnasguiies oy ldnnmsidmsazate 1aa arudndulugaa

=)

0-100 TulnsnfuAladtas Taoniswanensazalt 1AA WIasg LS uIns 1 Taddas

reagent US11015 1 Jaddns Han15NAR0d IMLAAIRIAITIEN 4.3

[ 4
[ Y 1

AU Salkowski

L ; : 2
A19197 4.3 YSinsiees luu TAA AuuafiS endophytes udag To Iaanadieliu

loTamon ana Sussged Tuu IAA (ug/ml)
(Aundls + SE.)
L1-3 Bacillus 61.33 +2.56
L1-13 Bacillus 49.47 +1.93
Li-14 Bacillus 79.90 + 8.52
L1-17 Bacillus 32.76 + 4.40
L1-S1 Bacillus 52.02+1.29
L1-S4 Bacillus 36.22 + 0.49
L1-810 Bacillus 2999+ 1.17
L1-S12 Bacillus 2.23 +0.55
L1-817 Bacillus 57.63 +3.29
L1-S20 Bacillus 47.95+3.05
16-4 Microbacterium 5.95 +0.39
L6-6 Staphylococcus 1.72+0.35
L6-8 Rhizobium 4.83 +1.01
L6-9 Rhizobium 8.69 + 0.87
L6-13 Microbacterium 7.04 +0.53
L6-24 Bacillus 18.65 + 4.9
L6-25 Microbacterium 5.09+ 0.7
L6-30 Bacillus 23.02 + 4.74
L6-32 Rhizobium 23514091
L6-S6 Microbacterium 6.24 +0.73
L6-S9 Sphingomonas 21.15+5.03

WUUINe S.E. = standard error of mean
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100

Unaeesliuu IAA (ng/ml)

Tolasan

4 = H Lal ‘;
mni 4.2 USinaiaed Tud IAA AuuniFe endophytes HANTY

KanIsAnY1YSIaies Tas IAA Auunfife endophytes wﬁm‘fuuﬁmiﬁmﬁm’nmﬂﬁﬁtj‘luﬁqa
Bacillus fhinguvesiuniisofinansei Tuu 144 18anduuniiSeluanadun Taslissfumsnia
go3Tuu 1aA ldn 18.65 TuTasnidedinadns TuvasiuuafiGefiegluanaauq tuninees Ty
1aA 18ty 8.69 T Tnsniudefindans Tanonunuafide Rizobiun sp. L6-32 fimnnsondnges Tuy
1aA 18 23.51 lulnsnsudedadtng van1smanosdaaaslfitudaeiuunfisy endophytes inan
sos Tuw 1aA 1agefiqasie Bacillus sp. L1-14 Tasernsondnsod T 188 79.90 + 8.52 TuTasniuse

14
Hindans AniuuuafiBo Bacillus sp. L1-14 JsgnAnidon lfnumsdauafumandgdv Tn lududn

fo'l/
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4.4 msauasumsigaulnuesialaauuniliSe endophytes
g 9 v A i o . 2 da Y 9
auseuvndey 7 udiegluanmmleenegminnusluasmaraudenianududuves
[ ¥
(raduunfiGe Bacillus sp. L1-14 iy 10° wsadaedadans dunar 2 2 Tue udvhmamnzidsalu
A g o o o a v Y 1 ¥ A > 4
andasaivaiduszozia 7 Ju Taeshintsnaaoudssuifioufuduseudiiiurlushndu ssazane
o Y 9 o Y a
897 luu IAA aAnwdudy 1 mM uaea1sara1oans luu IAA anwdudu 100 pM Msilfounasues
3’ o s :‘ a : ar Yy 9 :’ ar ¥ 3 9 B’ﬂ
wminaady shwdnaann diminudedu shwidnudesn anuenmdu uazanuomsingminn 1wy
o = P o a o T g & ' dan ¥ o
st lumsifSousudasimsnSyau Tavesdusoudinna 4 nqu wanisnanssn ldgnuaaslunwi

43-48

0.06

0.05

0.04

0.03

0.02

Wnrinaanu (n3)

0.01

0.00

H20 IAA 100uM IAA ImM L1-14

L3 L4 ] 4 ]
Al 4.3 hminaaduvesdussudiiusluthndu arsazawses luu 1A aandudi 100 uM uaz

4
158210150 Bacillus sp. L1-14

142892
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0.12

0.10

0.08

0.06 A

0.04 . -

0.02 .

0.00 T i ] T 1

H20 TIAA 100pM IAA TmM L1-14

"5U)

U

HIHRUNTAA TN

L4
o

[] 1 4 [ ¥ ]
A 4.4 imfnaannvesdugoudafiuelinhndu msazaieses Tuu 1aA anududu 100 uM e

H I ] 1

H20 IAA 100uM IAA 1mM L1-14

¥
1502 YD Bacilius sp. L1-14

0.0100

0.0080

")

0.0060

L

0.0040

WINTNUTINY

0.0020

0.0000

o N ¥ 1 oy 4 aq e & o 9 ¥
MANN 4.5 umuﬂLLWiﬁuﬂaqmuﬂﬂum’muﬂumﬂﬂu fﬂﬁﬁgﬁ‘wﬁﬂﬁiuu TAA AU U 100 },I.M Hae

¥y
1582200 Bacillus sp.L1-14
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0.0100

0.0080

n33)

0.0060

L4

0.0040

ar

WIHHNUHITIN

0.0020

0.0000

i i 1 4

H20 TIAA 100uM IAA ImM L1-14

1 [ ] Vv )
i 4.6 vhwinudesnvesdugeudiugluiindu msazatvees luu 1AA aamududu 100 pM iag

¥
W15 Bacillus sp. L1-14

6.00

5.00
4.00
3.00
2.00
1.00
0.00 T T T 1

H20 IAA 100pM TAA 1mM L1-14

¥
ANHINIAU (F.)

1 v v ]
AW 4.7 aamemduvesdusoudniugluihndu msazaesed Tuu 1AA anududu 100 uM uae

14
5020100 Bacillus sp. L1-14
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10.00
8.00
g
~  6.00
c
e
e
g 4.00
e}
[~
2.00
0.00 T T T 1

H20 IAA 100pM TIAA TmM L1-14

i 1 a [] °y @ o
a1 4.8 AN nvesdussudfiuslutindu msazaiwees luu 144 anududy 100 pM uay

14
1502100 Bacillus sp. L1-14

HANINARBINISFUNSUN TS Ay Tavesauseuda TaounaiiSe Bacillus sp. L1-14 uaael
[ 4 (4
wuhAudeudriuglumsazaedie Bacillus sp. L1-14 I duseudaisasnisiayudvenimin
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Plant growth promotion by IAA-producing
endophytic bacteria isolated from duckweed KMI I L
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Abstract Results

100

o e
Landoitia  punctata strain Al and  Lemna 1. Morphological & molecular ?z
aequinoctialis strain A6 were identified using the characterization of duckweed plants oo
morphological characteristics and the sequence logi . ;j:
analysis of the atpF-atpH intergenic region. The The  morphological  characteristics  and &, 3 _
two strains were the sources of 70 bacterial isolates. sequence analysis of the aipF-apH 3 F f:i
Based on the 16S rRNA gene sequence analysis, Klie;g::xggeil,on n;dlc:te(ti’ ducl;»zeed 5"‘:":5 " N I A S DA N
these isolates were members of 8 genera and can be vere & memper 01 L. punciaia N
classified into phyla Firmicutes, Proteobacteria and Lem. Equinoctialts (Fig. 1-2). FEAPIG AP ISP PSS
and Actinobacteria. When measured for the level of straing

IAA production, Bacillus sp. strain L1-14 displayed
the highest IAA level. Additionally, after cultivated
in 0.6% of agar, rice seedlings inoculated with
strain L1-14 exhibited the significant increase in
stem length, shoot fresh weight and root fresh
weight compared to the negative control group that
was inoculated with water, suggesting the potential
benefit of strain L1-14 in promoting growth of the
non-host plant through its IAA production ability.

Fig.3 IAA productions levels of endophytic bacteria

3. Plant growth prometion by Bacillus sp.
L1-14

Bacillus sp. L1-14 was able to increase the
stem length, shoot and root fresh weight of 5
days old rice seedlings during 10-day
cultivation on water-based agar.

Fig.1 Morphological characteristic on the adaxial 00

(A, B) and abaxial (C,D) of duckweed strains Al (A,
Method Jora e 24

§

Steon length (sri)
"
8 8

e
2

Lemna turionifera 833¢ ™
l Plant sample collection ] Lemna obacurn 7836 '
Lemna siinuta 7726 000
Em W“‘dﬂ"h’é‘z H20 TAA 100mM 1AA trabd LDAS-14
im ™ Lemna aequinoctiolis6746
¢ _—.._._._.._.._: Spirodela intermedia T147 0.06
y Spirodela polyrhiza 9203
» ol [lla angusta 1476 e84
. F iolffia borealls 9123
| Morphological & molecular charactetization | - w:lﬁ:”;:; :‘Ia‘, rif ;-‘“"
5 Wol[fla b 8743 ! -
Wolffielta denticulata$221 002
WWolffiella hyoltna 3640 ;
¢ Landoftia punctara 8121 =
™S II.andofIfapunrfnlu 7449 000
, V. R Landoltia punctata Al
‘ Endophytic bacteria isolation ————— (o ugioolt  wAimM  LDARY
\l/ Fig.2 Phylogenetic positions of duckweed strains Al
and A6 based on the afpF-afpH intergenic region
. sequences using the UPGMA method.
Molecular characterization based ¢ &
on the 165 tRNA gene 2. Isolation and characterization of
endophytic bacteria
\l, 70 bacterial isolates were obtained and classified
based on the 165 TRNA gene sequence analysis. Fig. 4 Plant growth promotion by Bacilius
Screening for IAA production They were members of seven different genera sp.L1-14
and three phyla (Table 1).
\l/ Tablel. Endophytic bacteria isolated from L. punctata Conclusion
Al and Lem. aequinoctialls A6 The results showed that Bacillus sp. L1-14
o No.of  Phylum Species isolated from L. punctata Al displayed the
Quantitative measurement of IAA levels isolates highest IAA production level and it was able
fg _Firmicutes —  Bactlius, Staphylococens to promote growth of non-host rice seedlings.
\L 7 Actinobacteria Microbacterium Acknowle dgemen t
- ) ) 3. Screening for JAA production and measurement This work was financially supported by the
Inoc'ulauon of rice seedlings of IAA production level Faculty of Science, KMITL research grant.
with Bacillus sp. L1-14 References
At least 30% of isolates from each genus were
screened for the IAA producing ability. 21 isolates 1. Kim, 8. et al. (2012). Biotechnology for
\I/ were found positive for IAA production, and their Biofuels 5, 37
JAA production levels were measured. The highest 2. Perley, J. E. & Stowe, B. B. (1956).
Examination of plant growth level of IAA producti9n (79.90 pg/mL) was found in Physiologia Plantarum 19, 683-690. )
promotion Bacillus sp. L1-14) (Fig. 3). 3. Wang, W. et al. (2010). BMC Plant Biol,
10, 205.
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