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Soil Microorganisms for Utilization of Biofertilizer Production for Rice
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Abstract

Utilization of plant growth-promoting rhizobacteria (PGPR) in rice fields is one approach to enhancing
soil fertility and benefiting the plants sustainably. This study aimed to select and identify plant growth-promoting
rhizobacteria (PGPR) from soil, rhizosphere, and roots of rice in both irrigated and rainfed lowland ecosystems
for potential development into a biofertilizer. The research evaluated twenty-eight bacterial isolates that
exhibited at least two beneficial traits related to plant growth promotion, including nitrogen fixation, indole-
3-acetic acid production, or phosphate solubilization. These isolates were isolated from soil, rhizosphere
soil, and rice roots collected in 2023. Additionally, we assessed their capacity to produce gibberellins and
siderophores, as well as the enhancement of germination in the 7-day-old Khao Dok Mali 105 (KDML105)
rice variety in petri dishes. As a result, 11 representative bacterial isolates that exhibited at least three
beneficial traits were selected and tested on the KDML105 rice variety under greenhouse conditions at
Division of Rice Research and Development, Rice Department in 2024. The shoot length, root length, and
dry weight of rice plants that are 30 days old were measured. The results revealed that nine bacterial isolates
promoted both shoot and root growth of rice as well as dry biomass. So, the nine bacterial isolates were
identified based on morphological and biochemical characteristics, 16S-23S rDNA nucleotide sequence
analysis, and multilocus sequence analysis by using housekeeping genes. They were classified as
Burkholderia vietnamiensis (1 isolate), Burkholderia diffusa (1 isolate), Ralstonia mannitolilytica (2 isolates),
Bacillus cabrialesii (2 isolates), Bacillus subtilis (2 isolates), and Brucella sp. (1 isolate). The results of this
study indicate that two isolates of B. cabrialesii: NPT-CHEMZ2-RS-02_Bc_2023 and SRI-ORG1-RS-06_Bc_2023,
along with two isolates of B. subtilis: NMA-CHEMZ2-11_Bc_2023 and SMKPT1-02-CHEM_Bc_2023, have been
chosen for further field trials and for further development as a rice biofertilizer. These bacterial isolates
demonstrate significant potential as PGPR and are safe for use, as they are not pathogenic to humans,
animals, or plants.

Keywords: KDML105 rice, plant growth-promoting rhizobacteria (PGPR), soil microorganism, identification,
morphological characteristics, biochemical characteristics, nucleotide sequence analysis
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Fig. 1 The potential assignment of bacteria to promote plant growth includes: in vitro production of

gibberellin (A); siderophore production (B); treatment of 7-day-old plants in the laboratory (C); and

treatment of 30-day-old plants in the greenhouse (D) of Oryza sativa L. variety KDML105 with bacterial

cell suspensions
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Table 2 The average growth rate of PGPR-treated rice variety Khao Dok Mali 105, 30 days old, in

the greenhouse at Rice Research and Development (combined data from 3 repeated

experiments)

Average growth per rice plant

No. Treatment Shoot length” ~ Roots length” Dry weight”
(cm) (cm) (9)
1 AYA-CHEM1-01_Bu_2023 45.27 abc 9.88 a-e 0.43 b-e
2 AYA-GAP1-5.1_Bu_2023 47.47 abc 8.96 cde 0.43 b-e
3 NPT-CHEM2-RS-02_Bc_2023 49.27 ab 12.61 a-e 0.56 a-e
4 SRI-ORG3-RP-05_Bu_2023 30.42 e 4.64 ¢ 0.27 e
5 SMKPT1-01-CHEM_Az_2023 32.93 cd 6.98 de 0.34 de
6 SMKPT1-02-CHEM_Bc_2023 53.94 a 16.88 a-c 0.73 ab
7 SMRET1-03-ORG_Br_2023 50.17 ab 13.13 a-e 0.61 a-d
8 SMUBNS8-03-CHEM_Ra_2023 49.74 ab 18.40 a 0.70 abc
9 SMUBNT7-03-GAP_Ra_2023 51.99 a 17.89 ab 0.81a
10 NMA-CHEM2-11_Bc_2023 48.45 abc 13.94 a-d 0.64 a-d
11 SRI-ORG1-RS-06_Bc_2023 49.04 abc 13.70 a-d 0.60 a-e
12 Mix no. 1-4 49.51 ab 13.54 a-d 0.59 a-e
13 Mix no. 5-8 49.05 abc 12.69 a-e 0.47 a-e
14 HZO (control) 39.01 bc 7.39 de 0.38 cde
CV (%) 20.9 38.8 34.4

""Means within a column followed by the same letter are not significantly different at p < 0.05 by

DMRT

- o I X aus
n1edugingnvedialativuevisiaaade Agld
AnmanEUEneduganeresitadulAfFe
ARaNSEANALLILLNIN (Gram's stain) LAZNAADL
antAnsnaneulsloaniina alaanldannaay
antAN9TAd et smanzaniunguIeIuLANEe
TnanguuuanFaunsuauasldganagau API° 20 NE
nguuuAnFaLnsiuaniuaneulfaandinalals
uacdanwuclalatiiudouaa Bacillus azldqn
nA#aL API”50 CHB
a o o a N o a

4.2 msTimgsiaauilonale InduFion
16S-23S ribosomal DNA (16S5-23S rDNA)

8317 LazAY (2567) lAanuunatiauuaiiiae
& o o ad A Ao 9 ada ¢0 o a
\iesuseALuRAYTaRNA AeRsalasnzianAutiond
Talnaisiant 165-23S rDNA A uau 5 lalaan Tunns

AnmnaisilldAiassiifinmuananou 4 laloan
(Table 3) Taains

W Funnfduedand nawes D1/P2 dausy
lalman SMKPT1-02-CH EM_Bc_2023, SMUBN7-03-
GAP_Ra_2023 lar SMUBN8-03-CHEM_Ra_2023

W Fnniduedand nawe D2/P1 dusy
laTnian AYA-CHEM1-01_Bu_2023 AiAs1gsiunanadl
TedlalnsseRa Sanger sequencing P Feuiay
fusduTnaale Indreadeuy il Gefidseamuly
ﬂﬂuim;lﬂ NCBI GenBank (National Center for
Biotechnology Information; Madison, USA) WAZATY
WHUNHAINANAUSNI9a83TmuINTA8TF
neighbor-joining ATWARIILEEUINNINRUENITNADE
Tuma Kimura 2-parameter aaglisinsy MEGA 11
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a & o o a = % aa

4.3 n17diATeda1AauBonale Indaiaas
multilocus sequence analysis (MLSA)

J a a o Nal g a I3

AUUNLUANEEsEALatTd Adan1salAzu
o o a - ) aa
armuilamalalng housekeeping genes 183LLIANILTE

LA s A A aal ) °

2 Ngu AR NANT 1 LUATFUUWER Bacillaceae 1194
4 laloan auunaoy 5 8w laun pta, pycA, oD,
gIpF WAz purH LATNguN 2 wuANTaunia
Burkholderiaceae a1 4 lalaian anuunmas 3 gy
18un atoD, lepA uaz recA (Table 3)

ARINZAANNANRUETINITUGNIINALEAE MLSA
AF19UNUN A A NANAUSNIIAN AT UINI9A2 83D
neighbor-joining AMUAIEEEUINNINAUGNITHAGE
Tulaa Kimura 2-parameter Analilsunss MEGA 11

AHLNNINAABINNBIRSBLAZHAUNT19 NIu

n19dna ngamnne O w.a. 2567

NANISNARBILATIANTDL

1. MIANANLRUBULANIFE lUN19RUFTNNS
vastyLAulaua NG

1.1 NIUARTF N UALILAITARY

NANMTANENLLATNIFEA 1WA 28 laltian Tunns
NARERFINUALILALIARY WULLANTEANWIY 21
lalaian ausondangesinuaLiuasaauls 258-
4,058 ppm Tnelelgianiiaunsonanaefluy
Auiwelsaawlduinfign e AYA-CHEM1-01_
Bu_2023 (Table 1) SeaaslunALiuaisaauinanlng
fiaRerfinaniiazdaansydunisudeiauaznistinga
TOITAR LANAINNENI T8I ULAZIN Fana 1T
WiyAulaldd My sefluuAuesaduTinanlng
WUANLTE Promicromonospora sp. SE188 UanNan
NILAUAINANTIDINZLTBNAUAY ETIELATHAINN
annnsnlunisazataeanlasag (Kang et al.,
2012)

1.2 MauARaTnaslanes

NANNTANENLLATNIFEA 1WA 28 lalaian Tunns
nananstimasisnes nuluanizaa 1wy 3 lalaian
aurnNanasdinesisnesls doelaseulalaliiuu
81919 CAS 321979 1.48-2.82 1ruimg Inalalman
fuanastnaslsves Wdunniign A NPT-CHEM2-

RS-02_Bc_2023 (Table 1)
asteslavedifuasTainfinunadniiqaunse
adetuitedy uazazaEs1sMAn (Fe™) larlugid
Wraunsngaduin T 1dle Asdunumdrdnnny
NNNNINEAT LL@Zﬂ/\iﬁ'}ﬂﬁi@r}’ﬁuL%’@mLﬁﬁﬂiﬁﬁﬂuau
1 {997 Fusarium spp. Pythium spp. \duaw 1%
Tdansnsaasoydutnle Lﬂmmﬂmmmr}lmﬁﬂﬁﬁ%ﬂu
Fian19LaatyLAuls (Ahmed and Holmstrom, 2014)

2. Mmanagaulsz@ninwaasuuanizalun1sds
LEFNNI592NR9T9 LuanIwiasl Jiisins
NITUTNAARUETI9219A0NNER 105 Tulgas
wruastkLANFaanuau 28 lalian wudn uuaniSe
lalgian LRI-GAP3-3.1_Bu_2023 v lisunandnad

o

ANFUFILATIINYNININNGR UANGNsaeingliEdATY
ANNNITNTBAU] WANITNITAILAN dauuLATITY
AU 18 laldian vinlisundndalansugauazsn

21911NNI1 WA lUAN AU ATRAUNIINTE ALAN
(Table 1)

3. NSNAFAUUTLANBNINURILUANILZ 8L WN5R
i@sunsasautAulnaasanlusaninlsasau
NARDY

NANIINAAALLILANDNINTBIFIUNLUL AN e
a1uau 11 Telaian a1n 28 lalaian wuda ynlelaan
£1N134 SRI-ORG3-RP-05_Bu_2023 WAz SMKPT1-01-
CHEM_Az 2023 39u%14n33:25N 141100 aNrane
laTaian arunsndaaiunisiadgiAuingaecdn
NIAINGITDIAIAU ATINEII9IN WATHINTIN LI
NNN9INITNATAILAN (Table 2)

o A AN a Ao o e R -

ARLARNLUANLTENAT9dNTRIINANDNT
(Table 1) wazaaadunsascyiivinaasdalauinnds
nesNAsALAN (Table 2) ldaruau 9 lalaian
Inelalaan NPT-CHEM2-RS-02_Bc_2023 HA31l
714 5 aN1TR AR Helw nifH azatanadme NAR IAA
HAFINUALIUALIARY hazANTTnasianas lalaian SRI-
ORG3-RP-05_Bu_2023 118z AYA-GAP1-5.1_Bu_2023
= o ae . o , e
N 4 41177 BedntRwmantiuilasadas lun1sdadss
nnaiaatyLuRaeaiT (Hasan et al., 2024)

A A \ ~ am

WasanuupiBausaslalmanianiimnisuly
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- ,dg/ dld L ]
anfuuundsimavans lalaanNNantmLAnF1g
71 Aangsuasn 12 Mdenanvaslalaan AYA-
CHEM1-01_Bu_2023, AYA-GAP1-5.1_Bu_2023,
NPT-CHEM2-RS-02_Bc_2023 ilaz SRI-ORG3-RP-05_
Bu_2023 warinssudan 13 ladauanaaslalaian
SMKPT1-01-CHEM_Az_2023, SMKPT1-02-CHEM_
Bc_2023, SMRET1-03-ORG_Br_2023 ilax SMUBNS8-
03-CHEM_Ra_2023 HaN13MAA8Y INUANNLANFNS
FININABINGN WANULN 7198890998359 IHA NG
PAIATFL AITNENITIN AZUINUNLAIUDIT12219
ABNNZA 105 878 30 4 NINNIINITHITAILAN AN
AuitulllanasinislduuanFananvansla laan

dl va ea g a a a & dl
WaldlandRdeaunisiadoiiulnaasiad
PAINNANE AILAINUITEUDINTNAITINITINE AT 16
o 4 pRpp o = Y A
Wenwnijeanmianansdu Gelsenausan uuanEe
3 a7ia oA A. brasilense, Azotobacter vinelandii
uae Bejjerinckia mobilis lgnusudnaTne uazdnaning
{le@anwianensy Uszneudas wuaiGe 2 9t
Awn A. brasilense Wa¥ B. vietnamiensis @115
1
£ + a aal a G U a A
410 uazile@an wianensvs dsenauson uuaiiEe
2 wiiip leun A. brasilense WY Gluconacetobacter
diazotrophicus & miutey wazdudnlenas (nsu
AWINITNEFT, 2564)

aein919AANN AINNIIANHIASIT WL NITNAT
Hdananvanelalaanlunssnaan 12 Tdumnsnady
n1314 NPT-CHEM2-RS-02_Bc_2023 wiieilalsian
a dl dld a a ] a a
wen dadulaloanildsz@ndinndaaduniaainy
wularesdialduinigalunguil (Table 2) wansli
Wiuddalelaan NPT-CHEM2-RS-02 Bc_ 2023 #
Aua N lun sy uasduiudelalnanaulan
waddnanmiiazin s lugt uuudalelnaniaen
A g v o & A a PN 4
yiraldTuiuma lalaanay lunnenngsuns Mimanax

Qdd‘ al a a 1

panglalmanlunssuaan 13 NuszAnsninanaandn
nslgi@elalaian SMKPT1-02-CHEM_Bc_2023,
SMKPT1-02-CHEM_Bc_2023 ‘1)1‘%‘@ SMUBNS8-03-
CHEM_Ra_2023 Wieitlalmanlalalmannis (Table 2)
Fatl ANTHNNTANERNBNAIUSUN T T uL AT T

1 ! o ‘ﬂl v a a a dl
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4. MINMUNTUALLATILTE

HANTAINULNTRATELLATFE a11a1 9 Te Ttian
ANEANHUTNNAUFIUINGT WURLANEEUNINAL
(Fig. 2A) 5 laliian wazuumABFaunsuiuan (Fig. 2B)
4 lalmian fail

WUATTEIUNTNAL

NaNIANENANTRNTANMEgANAdel API°
20 NE (Fig. 2C) $9uAUNI3AIIEULNUN AN
AuRusneaneATamNNnsIesaALR AT InsLT
165-23S rDNA 289uuARFaUNTNAL Wudn uAa
Burkholderia 47191 2 lalmian iasnuunafindaeia
MLSA a1nn13aAszdansuilonale lnsunagaues
§u atpD, lepA way recA auunlalaian AYA-
GAP1-5.1_Bu_2023 1iluidl B. vietnamiensis uaY
suunlelnian AYA-CHEM1-01_Bu_2023 (fluide
B. diffusa (Fig. 3A)

wuARFaunsuauan 2 lelman Aa SMUBN7-03-
GAP_Ra_2023 lay SMUBN8-03-CHEM_Ra_2023
AVUNAEINITILATIZTULHUN HAITNANAUT N9
ATmuIn17299a16U dandlalnduIion 16S-23S
rDNA 1838 MLSA a1nn1satassviansuilonale e
&l atpD, lepA AT recA WU9N ¥ 2 lalgian lu
L%J@ Ralstonia mannitolilytica (Fig. 3B) %I\'i
L%ﬂ B. vietnamiensis, B. diffusa Wa< R. mannitolilytica
LﬂuL%@T?®®QUQN ﬂ@:mﬁ 2 pNLseniAnTENTLa
AN9190UGY (2561) Lﬁj@\‘i‘ﬂﬂLﬂuL%‘ﬂﬁﬂTﬁ‘ﬂluﬂJiéHﬂrLLﬂt
and

HANTIFLATIZWLHUA N AN NANAUSN9ae
AfmunnnsresaaLiaaale InsLTinn 165-23S rDNA
ganuuuanFeluaia Brucella an 1 laldan Ae
SMRET1-03-ORG_Br_2023 Inaifiaanuduius nadn
Ay L%@ B. pecoris WRE B. daejeonensis %\‘1 LABITIENU
fiﬁwm%@ B. pecoris ”Lw;iﬂmiﬁ WMABIYBATELLNGLAY
TTagnqzuaawn (Hordt et al., 2020) o FeuuATiGe
unsuansia 5 lalaant aslianunsavi ity
{le@anan

WUATITIUNTNLAN

HANIANENANTRNWTANMEgANAdeL API®
50 CHB (Fig. 2D) $9:LNN53ATNTYUEUNNAIN
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1t

Fig. 2 Morphological and Biochemical characteristics of Bacteria: cell morphology of gram-negative (A)
and gram-positive (B) bacteria; biochemical reactions on API® 20 NE (C) API® 50 CHB (D) test kits

AUNUsNNANERATRILNNNTIRIAA LI AR T InFLTII
165-23S rDNA F09UuATGoLnTaUAn Suunifuide
Bacillus %4 4 lalmian iesuungaeds MLSA an
nnsaAziansuiiaadle lnAunsdiuaesiv pta,
pycA, rpoD, glpF way purH aruunaidaiiu
B. cabrialesii a1wu 2 laldian Aa NPT-CHEM2-
RS-02_Bc_2023 lay SRI-ORG1-RS-06_Bc_2023
waziilu B. subtilis auau 2 lalgan A NMA-
CHEM2-11_Bc_2023 way SMKPT1-02-CHEM_
Bc_2023 (Fig. 4) #aide Bacillus 1 2 &34 laidpifi
L‘%@Taﬂmuqu ANNLITZNANITNINANEIINAT (2561)
fofu Aadufadeniiarunsoin lwmunfule
Fan g uiudalaluaunam

wuAiiEe 4 lelnian wenanannindnisLgn
drnfiumnsinaifu Ae [de B. cabrialesii lalsian NPT-
CHEM2-RS-02_Bc_2023 luuuaii3eiuanainiu
sausndamdiuAen annulasmndidanaed luwn
Aty Fmdaunstgu lalaian SRI-ORG1-
RS-06_Bc_2023 Lanannauunauyise Tunendeh

ti Samdnaszys deeinudasientaggnistgndin

saudnlyl

L%”ﬂ B. subtilis lalaian NMA-CHEM2-11_
Bc_2023 uenanniuungaiszniuiidansiadl daein
wilaaneundeggnisdgndiaseudnaly deudn
WAITITANN LAz SMKPT1-02-CHEM_Bc_2023 ugin
anpunsadssmuildmaed dasinulaseutagg
nsdgndnasaudnlyl Samdaniunwainas

Bacillus spp. Lﬂuﬁﬁﬁmﬁiﬁn@hdqﬁmmm
sznislunisdaaiunisasyiiulanuesing Aa nns
yinliansemsiipouniansienigldilss Tamd i nns
pavlulngiau nsazanaveann n1suanastines
Tevlas iusu @fmﬁqmmamaﬂﬁmﬁmﬁﬁqﬁm VT
AA geshnAuiuewady Wudu wenanil Bacilus
spp. tlunumlunisauANARgit Inanisdaaset
ansuaauy ulndlasn wazdinaslsnes (Sun et al,
2025)

dglnan1snaang
naAnaNRnIsaEINNITas AL TRasT
a a o :l/ =2
pautATiFEauIu 28 lalaan sniseselulnsiau
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oo[— Burkholderia diffusa LMG 24065"
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Burkholderia diffusa LMG 29043

_{:‘ AYA-CHEM1-01_Bu_2023
100 Burkholderia diffusa BDI447

Burkholderia territorii LMG 281587
Burkholderia latens LMG 240647
Burkholderia lanthing DSM 16086
Burkholderia cepacion ATCC 254167
Burkholderia seminalis LMG 240677
Burkholderia cenocepacia 35_BMUL
Burkholderia orbicola AU37543
Burkholderia vietnamiensis LMG 109297

* AYA-GAP1-5.1_Bu_2023
Buricholderia vietnamiensis LMG16232
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100
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98! Burkhofderia vietnamiensis AU2011
Burkholderia gladioli LMG 22167

4951—|:Burkholderia glumae LMG 21967
100 Burkholderia plantarii LMG 90357

Raolstonia solanacearum K60' (outgroup)
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(A)

_9,|:Fialstoniaﬁ'atus LMG 329657
% Ralstonia edaphi LMG 68717

i Ralstonia holmesii LMG 329677

oL Ralstonia insidiosa FC1138

Ralstonia soli 21MJYT02-11"
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I— Ralstonia mannitolilytica Guangzhou-RMAB10
Ralstonia mannitolilytica LMG 68667

100

+ SMUBN8-03-CHEM_Ra_2023

100

¢ SMUBN7-03-GAP_Ra_2023

Ralstonia solanacearum K607
Burkholderia cepacia ATCC254167 (outgroup)

0.02 (B)

Fig. 3 Phylogenetic tree of Burkholderia spp. (2,552 positions) (A) and Ralstonia pp. (2,302 positions)
(B) based on comparative analysis with multilocus sequences of the concatenated sequences of
atpD, lepA and recA genes by the neighbor-joining method. The numbers above and under lines

represent bootstrap values from 1,000 replicates with MEGA 11 software.
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_W|:Ralstonia flatus LMG 329657
i Ralstonia edaphi LMG 68717

97

Ralstonia holmesii LMG 329677

Ralstonia insidiosa FC1138
Ralstonia soli 21MJYT02-117
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|— Ralstonia mannitolilytica Guangzhou-RMAB10
Ralstonia mannitolilytica LMG 68667
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Ralstonia solanacearum K607

Burkholderia cepacia ATCC254167 (outgroup)

—_—
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Fig. 4 Phylogenetic tree of Bacillus spp. based on comparative analysis with multilocus sequences of the

concatenated sequences of pta, pycA, rpoD, glpF and purH genes (3,666 positions) by the neighbor-

joining method. The numbers above and under lines represent bootstrap values from 1,000 replicates

with MEGA 11 software.

NNTHAR IAA LAaTNNTaTaNtNAZINA 1RIaTIH LAZATUY
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151901 165-23S rDNA Laz housekeeping genes Al
A5 MLSA W‘LILﬂuL%@ B. vietnamiensis a9 1 lalman
0 B. diffusa S1uau 1 lelnian \3e R. mannitolilytica
a1uqu 2 lalman waz Brucella sp. a1uau 1 lalman
waiiluuuenGanelsalunysduazdnd

wuaNBelalaan NPT-CHEM2-RS-02-Bc_2023
weinlAannAuIaLTINTIUAALLAEY AanwIg99 14
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SRI-ORG1-RS-06_Bc_2023 ueinlaannmuunauyiae
TutinAudnaenAetiney fﬁ"\‘im”mm:ﬁ S PN TSI
1 =S v o o a dﬂl
ﬂfaumq@maﬁﬂqﬂmqmumiﬂ AVLUNTRALTULTD
B. cabrialesii Wazuuaiiaelalaian NMA-CHEM2-11_
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Wnudasneuisggnisdgndansendaly dsudn
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fanstlgndasendnly Aamdamunanas auunatin
Wwiae B. subtilis Tmaa 2 atat Wiwawanalse
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