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Abstract

Rice has been considered as a major crop in Thailand, which is among the top three rice
exporters of the world. Nevertheless, rice seeds used for cultivation usually have low germination
rate and grow into unhealthy seedlings. Generally, farmers use various chemical fertilizers with rice
seedlings to accelerate their growth and to increase their yields. Thus, cumulative use of chemical
fertilizer results in soil deterioration. The utilization of microorganism for agricultural purposes was
applied since some particular groups of microorganism have properties which help to promote
plant growth. The objective of this experiment was study the phosphate and IAA production of
Burkholderia sp. and Enterobacter sp. and changes in seed quality of Khao Dawk Mali 105. The
current experiment was conducted at Seed Technology Laboratory and Biotechnology Laboratory,
Division of Agronomy, Faculty of Agricultural Production, Maejo University. 2x3 Factorial in
Completely Randomized Design is used as the experimental design and there were two control
factors: first, “factor A”, which included the use of two genus of bacteria i.e., Burkholderia sp. and
Enterobacter sp. and second, “factor B”, which included the use of three levels of bacteria
concentration, 1x10°, 1x10° and 1x10" CFU/mL to soak rice seeds. The experimental results
showed that both families of bacteria had a capability to produce IAA and to dissolve phosphate.
Nevertheless, soaking rice seeds with different levels of bacteria concentration did not bring about
differences in germination, vigor, and growth of the seedlings when tested in the laboratory and
greenhouse conditions. However, when tested in a laboratory condition, it was found that soaking
rice seeds with Burkholderia sp. and Enterobacter sp. can result in higher speed of radicle
emergence, speed of germination, and better mean germination time when compared to unsoaked
seeds. When tested in a greenhouse condition, it was found that both families of bacteria had the
ability to help increase seedlings’ cotyledon emergence percentage, speed of cotyledon

emergence as well as mean germination time when compared to unsoaked seeds.

Keywords : seed quality ; organic seed enhancement ; seed coating ; biological microorganism
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|
o @ |

AT 14.85 1nAiadu ANad JnaliinnnEalunisenangadiian uazianuuansaiunsadAnuwaai W laiuns
Wt aeinalsfmN WaNaTUNANNIBNNLGN NNTWTARRIE Burkholderia sp. WAy Enterobacter sp. i Nafanu
[~3 = 09// v aa Aﬂl o v v 1 s o v @ U < s =]
sanreaNan anvansuuaiiFeRsraumnudnduunnsneiu dananalfitindn Anneenteandadanslifananu
wANANWlENNGANA waznuans 2 Taseldianinasniu wilessluanuidalunnseannusn wanan lEFunisud
$9rU Burkholderia sp. Wa¥ Enterobacter sp. HAIMITAlUN998NEINEA A 8.36 LAz 8.12 Auradl waziAan
1 o aa o [~3 dl M Yo 11 A % 1 o Yo d’/ a al a 1 (=3
wansingiunat Adumaan WlAFuntsudsan Ae 7.20 fusadu uddnananedauuafiBaarinasianaugalunisean
1 o v v d’j 1 1 [~ 1 a a 1 1 o '8 aa o ¥ v
wiszAuauiindureadaliflinasanndalunisen ludsurasdnanasanseninsanaiuguuai Sanuaoudindu

VBILLATI T8 WU NMTUTNAANUESANAL Burkholderia sp. Riszsumanudindin 1x10°, 1x10° uaz 1x10” CFU/ML ua

a

Enterobacter sp. Nazauadidindin 1x10°, 1x10° uay 1x10" CFU/ML HAnnidalunnsengsiiqn Ae 8.38, 8.26, 8.42,

aa o I3

8.15, 8.15 LAY 8.06 AUADTW ANNANAL LATHAMNLANFANAUNNAD AR UWAAN I EFun13u

A a o . L vy . = =
Walszidunanaag lunsannuan nsugdiwdadnafioa Burkholderia sp. Wag Enterobacter sp. HLIALaag

aa o 3

lunissanAige Ae 1.91 waz 1.83 44 ddlanuansAiunatAiumaandan W lAFunIIuT Ae 2.53 du usdszAy

al

oy 9 = P ] P A a a a ' ] o & NA o P
ﬂ']']NL"IlNﬁlu"ll’a\?LLU@V]L?HVLNNNZQWQLq@qL’ﬂ@ﬂiuﬂqi\T@ﬂ LﬂJ'ﬂW@qTm’]’ﬂ‘V]ﬁW@?')Nﬁ'zuqq\?@"]ﬂwuﬁ&uﬂmLﬁ'ﬂﬂﬁ_lﬂ']']lllfﬂlmu

YBILLAT B WLIN NITWTNAATINAY Burkholderia sp. Nseauandinds 1x10%, 1x10° waz 1x10” CFU/ML way

&

Enterobacter sp. Nzaumuidindu 1x10° 1x10° uaz 1x10" CFU/ML Hnaedalunisanaiign Ae 1.93, 1.92,

] 1
=*K A '

1.87,1.87, 1.84 w4y 1.77 34 muansy daimannuwnnseniulunsadniuwann i lEtunisud (113199 2)

A = A e . A o
LNﬂ‘ﬂi‘L’LNHQMN’]‘WLNZ\]@WHﬁ‘H’]’JV]NWuﬂ’W?LLﬂ]?’JNﬂ‘U Burkholderia sp. Wag Enterobacter sp. NT€ALAINH

q

Wauduuanm1aniu uaan s nade L lugaN 1N EaUNAAaINLLN WandNafNuATuT Aae Burkholderia sp. kA s

aa o 3

Enterobacter sp. finnsnaiufugefian fa 62.33% uaz 63.17% uaziAMNILANGANSTUNIAARTLNEAT ke
ug asinelafinnu sedupanudindiusesdeiiuananeiulidnarinlnsinafuausesdundrinafliauuanstaiy
luneada LL@zLﬁ@ﬁmimﬁw%wmwiwdwm'ﬂﬁuﬁ:uuﬁﬁﬁ?wi'amwL?-ﬁu%umml,mﬁﬁﬁﬂwud’] ARt Fas
Burkholderia sp. fiszsuaaudntin 1x10°, 1x10° uay 1x10” CFU/ML WaE Enterobacter sp. fisvsuauduiiv

1x10%, 1x10° waz 1x10" CFU/mL HnsInaiufugsign An 68.50%, 59.50%, 59%, 61.50%, 61.50% waz 66.50%

aa o 3

ANNANAY LATH AN WANANNAUNNADHNUNAAN L H11n19uT d9uni13Ussiiumanudalun s TNaRUALNLLN WEAT

HAUNSUTINARSINTYU Burkholderia sp. WA Enterobacter sp. HAani3alunisinatiufiugangn Aa 8.64 ua 8.85

¥ 1 o = a

Furadu LariANLANFANAUNNADATUWNE AT I HNLNNTWT whszAuAN NN uIaadawue FeAlE lun1sutEn
T liAanEa lunnsTnaruaukan ALl At AT AR A T I NNwn19uT LaZIHaRANTUNBNENATIN TN

aneuguuABaiuAudinduaesuuafiBanwudn WaanugAan Burkholderia sp. MiszAuaadidindu 1x10°, 1x10°
way 1x10" CFU/mML way Enterobacter sp. Arzaumandindu 1x10°, 1x10° waz 1x10” CFU/mL HaqnuiFalunig

TnafiuAugsngauazuanseiuluneadfidumdan idlfiiunisud lwsneinisdssflivaainsennudn nsugiuén
|
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1
o a

finel Burkholderia sp. wag Enterobacter sp. laiinlinausanaaananimanuuansiaiunieannnuwani ladld s
1 a :; o v v dy dl 1 o 1o v [~ = 1 o aa dyv 1
At ansiaszauAudindureadenuansteaiu vl dadanusenuansneiulun1eaia wenainidanugn

ndnaszmInasRuiuazaNdindiuesdauuan Gy luNananasNiy

19799 2 N119anaIN AN TUNN9aNIIN AKean wazANE lun NenaeuNiadnngnenuza 105 AR

NFuTTINAY Burkholderia sp. Waz Enterobacter sp. Tuszauanudinduseiu Weamwnenagau luanin

o

1% a
visdfjuimnng

Fauuaics FTAL g AINLEY ANSAN ANLED 1ALRAE
AN 9an5IN Tun1s9an (%) lun1sean lun1sean
LUNTU (%) 370 (570/3U) (A/U) (W)
Control 66.50 992 b 81.00 7.20b 258 a
Burkholderia sp. 77.50 15.33 a 86.83 8.36 a 1.91b
Enterobacter sp. 76.00 15.12 a 83.33 8.12a 1.83b
F-test ns e ns e x*
1x10° 77.75 15.78 85.00 8.27 1.90
1x10° 74.50 14.53 85.00 8.21 1.88
1x10’ 78.00 15.35 85.25 8.24 1.82
F-test ns ns ns ns ns
Control 0 66.50 9.92Db 81.00 7.20b 2.58 a
Burkholderia sp. 1x10° 79.50 1542 a 87.00 8.38 a 1.93b
Burkholderia sp. 1x10° 75.50 14.71 a 86.00 8.26 a 1.92b
Burkholderia sp. 1x10" 77.50 15.85 a 87.50 8.42 a 1.87 b
Enterobacter sp. 1x10° 76.00 16.15 a 83.00 8.15a 1.87 b
Enterobacter sp. 1x10° 73.50 14.35 a 84.00 8.15a 1.84b
Enterobacter sp. 1x10" 78.50 14.85 a 83.00 8.06 a 1.77b
F-test ns o ns ek o
C.V. (%) 5.27 5.20 5.19 4.81 7.39

wa2i8) < ns e IAAMNLANETUNATA, ** uNDe HANNUANGNIUNADTA p-value < 0.01,
% 1809 WANMNUANANIUNETR p-value < 0.001 AszAuUEdAty 0.05 waz lumaduilineniu

o a

AN BN ENANTL uNNEDe ANLANGNITRIARARTE AL ATY 0.05
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daunstszifivannuidaluniseannudn nsudinandinafag Burkholderia sp. Wae Enterobacter sp. Tavin'lé

aa o 3

(=3 1 o dl M Yo 1 Yo a 16) & v v dl J v @ :/’ d”v
AN lunnseanuanaeiun1eatfnuan ldliFunsud widnasinnsudifiaanudindunsneiufiniu fafieds
1 a a ' o & b b4 d” aa 1aa a 1 o 1 =3 nﬂl a dl
WL @‘V]ﬁW@ﬁ‘zWﬁ’N@’]ﬂWHﬁLL@%WﬂNL“].IN‘II‘LL“].I@\?L‘H@LLUﬂWL?ﬂ1NN@WﬁW@?QNﬂu agslsfimuiiadszilunaiannluy

n1998N wWuINandnautsae Burkholderia sp. WAz Enterobacter sp. Hinaiadnluni1ssananign Ae 2.12 uaz

al

o 1 o aa o < dl MYy 1 dl o ¥ Y = (] A o
2.09 T4 uazuanAiunNaianuaa ldlEdwnsud TwanenszaunnudindvaeswuaiGelidemalissauainy

' o

Windis 1x10°, 1x10° way 1x10” CFU/mL Hnanadslun1s9aenknnanaiun gt m LHaRan s ananasnssntnagns

WuguuanFeiuacudnduresuuanFanudn nrsutinanWugsoniy Burkholderia sp. 1x10% 1x10° uaz 1x10’

a

o 4

CFU/ML uaz Enterobacter sp. Nszauaaudindin 1x10°, 1x10° uaz 1x10” CFUML Hnanedelunissanangn uasi

o =3 ' |

L e an - 4
ANNNLANANNTUN9ED AR UNAAT B HNWATUT (13197 3)

NIUsABNINIATIEL P I89AUNA19199190R 105
nsdszidufiundndinannonanuzd 105 Nang 14 SUNAQNIT uaunsugmdnsaNiy Burkholderia sp.

'

WAz Enterobacter sp. NszauANdindus1eiu uazimznaaeuluaniniiesfumnnismudn wuaniBena 2 aneug

q

lainnlimanenafiu wazAgsInwanANeiunsat Anumaan b lieunsud uldnasiinislszauaanudinduaes
wuAR e TuN U A ARSI WANFANRUARIN uazilafansnBrENadaNssnINaeRui AN FaiuaNdinduaes
wuAREenLan TRANEnaoNil uanadNsutNAAN UG SN Burkholderia sp. waY Enterobacter sp. N13xALAN

¥ Y ' (] 1 b4 b4 Y v d’
PINAURAN 7 VLummmmmmqmmmzmmmqmmmmuﬂmmq (319790 4)
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A1599 3 N179eNTHANUAY AN 1UN1790N INATLAL AYNENEN LAZAIINE IIN179BNTRUNANT19219ABNNEA
105 eNuNTUdIINTU Burkholderia sp. Wax Enterobacter sp. uszauanudindusnaiu Wamne

nagauluan wiTaunAang

Fauuafice FTAU NSLHA ANLEalunng ANNYAN ANLEY LANRAE
AN NUAU (%)  9BNLHANUAY (%) Tunsean lunsean
LUNTU (AW/AU) (AW/AU) ()
Control 9.00b 112 Db 82.00 7.71 2.66 a
Burkholderia sp. 62.33 a 8.64 a 84.83 8.27 212b
Enterobacter sp. 63.17 a 8.85a 85.67 8.45 2.09b
F-test Fx Fx ns ns *
1x10° 65.00 9.07 87.00 8.49 2.1
1x10° 60.50 8.53 83.50 8.16 2.10
1x10’ 62.75 8.64 85.25 8.41 2.1
F-test ns ns ns ns ns
Control 0 9.00b 112 Db 82.00 7.71 2.66 a
Burkholderia sp. 1x10° 68.50 a 9.58 a 86.00 8.35 2.09b
Burkholderia sp. 1x10° 59.50 a 8.25a 85.00 8.27 216Db
Burkholderia sp. 1x10’ 59.00 a 8.10 a 83.50 8.18 213 b
Enterobacter sp. 1x10° 61.50 a 8.56 a 88.00 8.64 213 b
Enterobacter sp. 1x10° 61.50 a 8.81a 82.00 8.06 2.04b
Enterobacter sp. 1x10’ 66.50 a 9.18 a 87.00 8.64 2.09b
F-test Fx Fx ns ns o
C.V. (%) 11.26 11.36 5.27 9.78 455

W8] < ns MNEY IAAMNLANETUNIATIA, ** uNDe HANUANGNTLIMNADA p-value < 0.01,
e AANNLANANAUNNEDR p-value < 0.001 ArzAudAty 0.05 uwazlumadulineniu

v o

AENHINNHEINOENFNAN UHET ANLANFNTBIARRLITALTIIANATY 0.05

Watlsuiunmun nmaanuginaa1anenuzd 105 Nenun1sutsaniy Burkholderia sp. Was Enterobacter sp.

A o P Y o = | Na o o eV 10 au o
Nezaumudindusineiu ndaniamiznasey luanmBeunaaeswudn uuaEamis 2 aneiug i liaauenasiy
] o aa o < dl My ] L7 = A o Y Y = al ! 3 o rd‘
wansingiulumeatAnumand W lddunisud ulidnazinisldsriuannudisdveesuuan Golunsud i aiugn
wANs1eiY uazilafiansnndninadansendnaauguuaf Faiumnudndusesuuai sanudn lavEnasoniy
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WAASINNNTUTINRAWUEIINAL Burkholderia sp. uaz Enterobacter sp. NiszAumNudindiusing «) lasnasiapanenabiu

(A137199 4)

P v @ v a . 1 o .
AT NN 4 ANNEIIRULATAINNENITINUDILNAALNIUNIABNNEA 105 NHNIUNITUWTTINNY Burkholderia sp. WAL

Enterobacter sp. luszAuANdindusinaiu iwamnznaaesluanniiesljurnisuasluaninizen

NA[NAN
\HauuaiiGe FTAL anwialuisnig AMNZAUNARDY
AN % %
. o AIMHENINU AAMHENITIN AMHENINU
(vHURLNAS) (vHURLNAS) (vEURALNAS)
Control 7.42 7.98 10.32
Burkholderia sp. 9.05 8.73 10.55
Enterobacter sp. 8.88 7.69 10.74
F-test ns ns ns
1x10° 8.79 7.76 10.48
1x10° 8.99 8.27 11.02
1x10’ 9.12 8.60 10.45
F-test ns ns ns
Control 0 7.42 7.98 10.32
Burkholderia sp. 1x10° 8.25 7.84 10.29
Burkholderia sp. 1x10° 9.59 8.69 10.72
Burkholderia sp. 1x10" 9.32 9.67 10.65
Enterobacter sp. 1x10° 9.33 7.69 10.67
Enterobacter sp. 1x10° 8.39 7.86 11.32
Enterobacter sp. 1x10" 8.93 7.53 10.25
F-test ns ns ns
C.V. (%) 10.66 11.45 3.85

W8] < ns BN lHANLANFNAUN AT
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AANTUNANISIAE
nsdsziiunniantRlunisazataneaAuasnIHAR IAA 383 Burkholderia sp. WAy Enterobacter sp.
wansliiiiugn Burkholderia sp. lirnsazanaWeasWmngenan Enterobacter sp. lwansiuuanizuana Enterobacter
sp. 19iANN9uAR IAA ganan Burkholderia sp. Balaatnfuuaiiadis 2 anadauaniiinisazarevaginauaznig
HAB IAA NIULANGNNAY ANFA8E19N1991897U97 Enterobacter spp. ATN13DHAR IAA 1HFIu6 37.92-46.97 pg/mL
| b4 dﬁlv = 1 1 < 1 d’l dgl = 1 a a
(Saengsanga, 2018) \{ufu uanainigaiisnaanudn ArpuiliunIafIawareIMNTaLITe a1alnasealss&nsnIN
ANTELAR 1AA 1RILLATBEILAATASIAN9RwWLA (Malhotra and Srivastava, 2009)
AIUNITANHINITUTINAAT19539N AL Burkholderia sp. WaY Enterobacter sp. N3zauaansidindisu 1x10°,
1x10° uaz 1x10" CFU/mML nasmznadouluanniiasd JuRnaswudn wanfiugsaniy Burkholderia sp. Waz
1 0o v J o o =3 dl My 1 d’ v o 4 b4 dl
Enterobacter sp. l{vinTHinssansnuazansenuansiuiuwdan il lfinaunisud wasideliisyauaaudindun
seALLANFNaTUNLIN NnszAuAndinduliinasiantssansnuazAmeen winsudinanWuisaniyu Burkholderia
sp. WAz Enterobacter sp. HuaWiAu3alunssensnuazauia lunissengandudaiugnlaifunisud asann
1 =3 | v da/ 1 =3 =2 o ¥ A 4 =3 1 1 X A =2 a ¥ < v
nsudimanilunisliironmuuniudn avinliideniuw dngeuluasasinisgadneandiaudinlinialunan s
d’j o 2 =3 a ql dy 0” | & o o =] o va
azaanau v luannanszuaunfsnglaiinau waziduesdsenaudAnyuldsiananata inliinanssunis
= g aa £ o ¢ £ A & & o , I ' 4 & @
TPANFAN 7 HNanssnuInIuLaziensdaau anvisihdaiunvedas lunisinaauiinaa13aauss 19 < Mudaniy
azan18liigniinly1detine99n399u (Damalas et al., 2019; Naenfaen, 2019) WaNAINT AMNHALBINTUTINAAKAE
Burkholderia sp. WAz Enterobacter sp. Wand liiiiunan 19491434 A9 898N LA AN LTI DUNAALANGITY 914
WeasnnanauantiRresuuaAnEaie 2 ananinalndArysianissenuaznisiasyiulnaesia snfaeengigy §
1891491 Burkholderia sp. Wa ¥ Enterobacter sp. @11 19D NG Bl 1-aminocyclopropane-1-carboxylate (ACC)
deaminase d1uiupduANIENIeRAU Ingazifianisminainy ACC udailaaulihilu o-ketobutyric uazuanluiily
PiuasanisdndNmanliilin1ssenAisdu (Patten & Glick, 1996; Blaha et al., 20086; Glick et al.,, 2007; Guo et al.,
2011; Jha et al., 2011) UANAN Burkholderia sp. WAL Enterobacter sp. SANAR 1AA %dmmi‘am:ﬁummﬂm‘ﬁﬂ
\ - =y . y o ol A o o a £, P o o
nsutisiaad waznistinaengludausasilatasinly nlinuioduiaressniindu dsnaliinainsaiaessigenms
15ANTNE9T% (Ashrafuzzaman et al., 2009 Yang et al., 2009; Guo et al., 2011) Aedananiliaaudaluniseansin
wazAE luns9angandudaiugn il lfiunisud wenainfiannuanimasesdananaliiiiugn nsugiwdann
as o v ‘dl =% s U =3 dl My 1 ] o
Fannsininaeanlunissenizareananngandiudn i Wl unisudasinadniay

daun1sasade LT UanN N EeUNARBINLIN NTWTLNARTINAL Burkholderia sp. Was Enterobacter sp. 11

nsluadiusu Andalunnsluafiuiu uaznatalunisenaasudadioganinndmaan il lfuunisud
a8 Rodriguez et al. (2010) s1e91un 1 sutiNandauazdnainasanty Burkholderia sp. wudn vinldifunand
13980 WNINAARIHL LATIMNIANTUANLAN WaNAINURIEUIULATNEENT 2 ana HAmuanTRaN1s0NEs IAA

wazarnnsnazaranaanld Tne Guo et al. (2011) WUI1 Burkholderia sp. @1:81T0HARN 1AA LASAINIINATANE
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yva K A 1 ! a 1 & A oY Y v =X o ¥ v ¥ 1Y A va
Waawln i Aeldindiedadinnisutetad uaznstinranavastadfiunandng awnlisundranunsnluanumnuléa

| I3 o &

Waz2aU WenaNnil Nailwal et al. (2014) 91697131 WeudaaWUidN0a1a8ae Burkholderia sp. NHAMANTRNA

=

a

v
| 9 a < =

IAA 16 @110 49 3NNN9E AT AR ALE U 2E A b Asas lEunANas AL TR 1839013931 wanaNnREanIg

o

'
b4

naaaseauansliiiingn nsugwanion Enterobacter sp. NHAMANTRAT IAA uazatunsnazatanadine li A9l
daudnAtysianaasininaesdinafindu (Khalid et al., 2004; Leveau et al., 2005) Ingfisenuniaudinandnngng
ABANNEA 105 390U Enterobacter sp. vinifiun&inaang 21 Ju HANE197WN ATRA XTI Wvinuitesiv
ANNNENIAU LATAIINENIIINANTU (Saengsanga, 2018) WaNaINTRAT 18U LIANTeY Naveed et al. (2014) 1§
@ v % o Ao Ly A A A Y a & o
wandnalwaRae Enterobacter sp. wuan d1atwaianuaulumesiu Aunly ses uwaziimins nuiaindu ensnisg
AuanziuauaziBunnnsalsiadiinay agnglsfiany nsudiandasunaiBedis 2 analaiinliinnueen Annuia
TWnN1398n AMNENIEIU LATAINENITINTRFHUNENENIR AN NBANFANSARIUN1AD A DL A LTI AR A28 TS AL AN

¥ b Adl J o dl = o =3 dl My ] =3
dWindiunuansineti iWanFauieuiuwaan ldlidunnsugiudn

#7Unan153E
annsAne luA3elinugn Burkholderia sp. Wag Enterobacter sp. 1An@NITR lWNNSHAR IAA Laz@IN19D
azareaamli Sedenaliiwdndnnananenuzd 105 AlAFuNsudsNAULLATES 2 ana Adui3alunissansin
=3 dl d‘ v a o = R4 a (=3 1
AN lunseen uaznaadelunissen Wenmageulusniniiesdjimnnis waziinnstuaiiuiu aanudalunisiug
v a = P & ' ' o aa A ~ o
Rupu wazaadelunisen Wenmaaauluaninisaunaaeaninnd uazuansaiulumeadfden Faumauiy
G o ol My , 4 o Yy 3 = N = : = o
wanugn il unsud lwangissaumnudniuresmeuunnGe luinasenisidsuutlasnnueen Aouwdauss

uaznsasny AL InTaRunan

nRenssNlsznA

NuAdsluduniiereseia w521 @sanaunannug Uszantinnsfnmn 2563 nAN19ANET 2 was
a A oy, a a o oy =g o o > 2 om =
2090UAMANINRTINT LS ADUTNARNIINNITNEAT Nuaneaaudls Rlineaduayunisfiesdfimnnsuazlseisen

NARAINIUA lATIT
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