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Abstract
Background and Objectives: Purple non-sulfur photosynthetic bacteria (PNSB) can produce several compounds
that benefit plant growth, such as 5-aminolaevulinic acid, auxin, and cytokinin. As a result, they are used to produce
bio-fermented liquid fertilizers for various applications. However, the use of PNSB-based bio-fermented liquid
fertilizers is affected by variations in suitable strains, bio-fermentation methods, and application to different cash

crops, as well as by limited basic knowledge of photosynthetic microbial strains in Thailand compared with countries
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with highly advanced agricultural research, such as Japan. Consequently, this research aims to investigate
photosynthetic bacteria for cash crop cultivation, starting with isolating the bacteria, followed by selecting suitable
strains for the production of bio-fermented extract fertilizers, and developing practical application models for cash
crop cultivation. Growth tests were conducted on butterhead lettuce, a high-value leafy vegetable that is popular
among consumers who prefer fresh vegetables and is promoted for organic cultivation.

Methodology: Soil and water samples were collected from agricultural and natural areas in nine provinces in
northern and central Thailand. Photosynthetic bacteria were isolated using GM broth. Pure cultures of the isolates
were then screened to select efficient isolates for producing bio-fermented extract and promoting plant growth.
Growth rate, 5-aminolevulinic acid (5-ALA) production, indole-3-acetic acid (IAA) production, protein digestion,
cellulose digestion, and phosphate solubilization were tested. The selected isolates were classified by species of
photosynthetic bacteria, and the effects of their bio-fermented extracts was tested on butterhead lettuce (cv. MJ-7)
grown in pots under eight treatment conditions. In addition, plant growth and yield data were recorded.

Main Results: From the fieldwork conducted in nine provinces in northern and central Thailand, a total of 108
samples were collected, consisting of 44 soil samples and 64 water samples. Fifty-nine pure photosynthetic
bacterial isolates were obtained. Growth rate testing showed that 51 isolates exhibited good growth after 7 days of
incubation. The ability of these isolates to promote plant growth was further tested in two respects: biodegradation
capacity and plant hormone production. The biodegradation tests showed that 15 isolates were able to solubilize
inorganic phosphate. The cellulose and protein degradation tests revealed that two isolates were able to degrade
cellulose, and three isolates were able to degrade protein (gelatin). Regarding the production of the two plant
growth-promoting substances, all isolates produced 5 - ALA, while 50 isolates produced IAA. Based on the
evaluation of these six characteristics, 12 isolates were selected for species identification using PCR and DNA
sequencing of the 16S rRNA gene. The resulting nucleotide sequences were compared with those available in the
NCBI database, and a phylogenetic tree was constructed using MEGA 12 software. It was found that all 12 selected
isolates belonged to the genus Rhodopseudomonas, with four isolates classified as Rhodopseudomonas sp. and
eight isolates classified as R. palustris. Three efficient isolates, UT-7, UT-8, and UT-67, were selected to produce
bio-fermented extract, which was then tested on the growth of butterhead lettuce under eight different treatments.
The treatments revealed that the canopy width of butterhead lettuce was greatest in treatment 8, at 38.33 + 2.69

centimeters, which was significantly different from other treatments (p < 0.01).
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Conclusions: From 108 soil and water samples collected from agricultural and natural areas in nine provinces in
northern and central Thailand, 59 photosynthetic bacterial isolates were obtained. Three isolates, UT-7, UT-8, and
UT-67, were selected based on their efficiency and ability to produce plant-beneficial substances. In addition, their
effects on the growth of butterhead lettuce were tested. The bio-fermented extract from isolate UT-7 significantly
promoted plant height, while the bio-fermented extract from UT-67 significantly increased the number of leaves.
This extract also showed a tendency to increase fresh weight; however, this increase was not statistically significant
compared with the control group.

Keywords: good agricultural practices; growth; butterhead; bio-fermented extract; plant hormone
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vi3e 1 Ranans tdaslunaennaaediianingiaeada GM broth 14 AadaR3 (sodium-L-glutamate 3.8 n§, DL-malic
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broth 7l tryptophan 0.102 N3N/AAS LNATNATNNNALLAY 2.1 UAIRINUYWIMALIEAS FNAZNoULAY Tlndou

[
A

21917LAEaLTe 1 Hanans N1 ld luuaannnaeslud WNg19arans van Urk-Salkowski reagent 2 88843 (HCIO,

e

¥

e
a9lunia

a
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FUNANATUN 1-4 U1NB1NTaLLTeTIALTa THUNFAAWATYL 14 31U 11N13NA4aL 3 11 (FALLUa39Ta1n

Seangtumnor et al., 2018)
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1169



B l mimmwmmamqu ij‘V] 31 ( ’?l'l_l‘ll‘l/] 3) fueNeu — fUaAN W.A. 2569

BURAPHA SCIENCE JOURNAL Volume 31 (No.3) September — December 2026 Research Article

BURAPHA SCIENCE JOURNAL
ISSN 2985-0983 (online)

Q
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NAAILT WAL TUARNAST 2.4 udlda 1M7L E03e Pikovskaya’s agar (Himedia, India) # tricalcium
phosphate ilugaunay Ungmungies Witila iuean 7 5u dunmaslaseuinnudensny wanein deananm
azansaanlugilaasudels (Rao Subba, 1993) MNMmAasy 3 41 aseiaananansalumsazaiarediialng
AUAUAT Phosphate solubilizing index (PSI) = 1unadueinuguenaIsresasla (Haaiuns) / 1uindusinugudnana
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Unlalmanaes PNSB Adaaen 12 lalaian undnuunadiagesuuniiZadaemaila Polymerase Chain
Reaction (PCR) 19981 16S rRNA Taaldlnsinas 27F (5" AGAGTTTGATCMTGGCTCAG 3') way 1492R
(5' TACGGYTACCTTGTTACGACTT 3') (Lane, 1991) 14 1 ‘Em‘taﬁmu%@ﬁ@wémmﬁuﬁq deionized water 500
TulAsans tiasauil template Un3e1209 PCR Usznausag template 1 lulAs@ns, 1x PCR buffer, 200 uM
dNTPs, 0.5 uM Primer WAAZLAY, 1x PCR buffer Waz 1 unit 184 Tag DNA polymerase (Vivantis Technologies,
Malaysia) U3u1fsn1mssiag deionized water 1l 20 Tulns@ns Ufjfsan PCR Usznausag initial denaturation 94 241
TAFeA 5 AT S119 1981, TUReUNSANLFUNALEU S1191 30 38U Ae 1) denaturation 94 BANLTAITEE
45 3U19, 2) primer annealing 50 84ANTALEaIE 45 AUNH WAL 3) primer extension 72 B9ANTATEE 2 W) Laziunay
final extension 72 a4ANIALTa4 10 W1T A1UIW 1 70U (GeneExplorer Thermal Cycler, Bioer Technology, China)
111AUAY PCR product Uszunnd 1,480 @:L‘Lm ATIANAALNATA 1% (W/V) agarose gel electrophoresis 11 PCR

;) o 1

product34ﬁ‘1/'1’"|°l‘15|"1f§zﬂ;'1/1%r A9inaeinelfLTEm Bio Basic Inc. dszinAuaunn vinnnsdasziaisuiionale ndaastiu
AnviainresuuaiiFadaanistiianduianale s g Reufiau (BLAST) fudsuiianale nsfaesuuai G
718397%A EqI: UuI ud'a B a'li National Center for Biotechnology Information (NCBI) (http://www.ncbi.nlm.nih.gov)
virdayaildunafreununfinnuduiugniefugnasa (Phylogenetic tree) 1neda Maximum likelihood Aiasnzsidae

n19ld Bootstrap method 1,000 replicates saelsinsy MEGA 12 (Kumar et al., 2024) vaan’ld Escherichia coli
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v o &

strain 5/41 (accession number: NR_024570.1) iflusiaunuallddniaaudunusniadmuinisinaainnguidnm

' '
o

(Out-group) A1 bootstrap value MaaNdn 50% LuAn liaiuayuauTasiundANNdNTuENIsTugnasy

4. N1amaaaLNInATyred PNSB lugasthvainFaniniinsssnsden 1

inlalaanfiAnaananwau 12 lalaan umaaauninaioiulnludiunandniunisinumindanindg

inwasnsdaulug IsTauduiuasuuaiFadaunmziias Inavinnisndaniaimasiaanuis GM broth 50 JaRART

dnluannzeeniautias-Huss Aouiduuas 3,000 - 3,500 Lux Huiiguungivesdungn 5 4 dmeni vy

WalALmagNANL3asaL 10,000 rpm 5 Wil d1aiaduaztfunanguiaaansazaie 0.85% NaCl Ly 0.5
. g d s e e y 3 o an 4]

McFarland thansazaneimeniliunanuguuds 20 1aaans laasluanmsiaeaida GM broth 500 Hadans Lunianay

aandiautiag-Huas Auduuad 3,000 - 3,500 Lux Huoan 5 5u gauuniides antiuszandounang miurimein

.

o

Fann Uszneumqanyil 15 nu, ag3d 10 N3N, 1417 1 Wea wazin 10 Radang (AaLLasann Theerak et al., 2020)

nanlfidfuduileman imraudidaAanizeldacluaantszunm 1,400 Taan RudIuNgn 10 Jadans aelu

190 |wermon Wdaunand W nimeuuaiFeasluaan)az 50 Hadans Waaallinnigumngives duaslszunn

3,000 Lux tutaan 14 du inn1amagau 3 41 Andanlalaianiarusnaigiiuinles nadeanaldannnig
P H o = =

wWasuwdasreaimdnganin idudsuyvizewns

5. N1INAABLLZANENINUBNIUNNTINIW PNSB Fianisiasausauinuagimaadias

W udn@anInuInaae LN 9ATLALIIIRTRAaTEN WL MJ-7 919UNUNN I ARBIRULgNaNY Tl
(Completely Randomized Design : CRD) Usznavusae 8 n3suas Usenausag

1) N99MABN 1 (T1) 3As8LaN (control)

2) N93NATN 2 (T2) 3mpnel PNSB lalaian UT-7

3) N93NADN 3 (T3) sARne PNSB lalhan UT-8

4) N9INATN 4 (T4) samae PNSB leloan UT-67

5) N33NADN 5 (T5) sARae PNSB laltian UT-7 + UT-8 (msndau 1:1)

6) N33NATN 6 (T6) sARae PNSB laldian UT-7 + UT-67 (8m31dau 1:1)

7) N93NATN 7 (T7) 3mmnel PNSB laldian UT-8 + UT-67 (6m3149% 1:1)

8) N33NATN 8 (T8) 3mAnel PNSB laldian UT-7 + UT-8 + UT-67 (§m31491 1:1:1)

NNTINLEUNINARRIEUTLITMIReflEARNITANT 8 NTTNAT NTTNATAY 3 11 lnauAazdUsenaume
NTLAN9ERE 3 NTYANY (NTLANNAY 1 A1) A9 IR WILALR Y AT UINAEY 72 A1 11N19IAZe LU M NRLAT S
Auarrsiasiuimmafiaanug MJ-7 109AausuIAN W.A. 2566 — NNTIAN W.A. 2567 FHIALNITINIZINGA
Hhnafiaaasluinueaiussq luaimmwizaun 104 wqu saunnidn-1Eu Ilasunaeny 14 Sudniluseneanun

dszunns 3 luuazpanugeressundrfzuiawin o) Audszunm 3 - 5 wuiwns avssaniiastgnlunszoisauin
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1
a ' A ¥

W WAUENANY 14 LEURANAS sinnssatndundn 100 AaAaRsAENTZANS ey Wesund1egAsy 1 dUav
FusmirinaniminuueiiFadunmeiusgaine lushamdouimainuuai Gadaamziiassie Ae 1:500
(Thuwa Kham & Fanfuenha, 2019) ‘Emmmﬁwmuﬁmﬁmlﬁi@xgm Adpviaz 1 A% °| Az 100 HARART Gurfuiinuanis
winiuTnesduiiminefiaavdsdnands 2 dlavaudefufuien tdud swauly WATANNGITEIAU UAIAIN
fhandn 36 Fu nafuieauane Tnatiunindeyauandn ldun ANge ALINNFININNN UaTININIIFALEI
TnusufiAnfuau et s wuly dadinas uazinanndanredlulaeldiriosinnaelsfladiu SPAD-
502Plus

6.119UATIZUNINADS

undayanananimnasianlliingzimneais (n = 3) lnuA1uInIAILRAY (Mean) WAZATAAIALARDY
N1MT314 (Standard error) 1A WAIINLLTLSIU (Analysis of variance: ANOVA) waziiFeuiituAlafe fAaeis

Duncan's Multiple Range Test (DMRT) aaaldsunsu R version 4.5.1 (package agricolae) (Chomphuk, 2009)

Results

1. Aan17ueIn PNSB

F22e19ABLATUN AL TUNLN 9 A9UA A1UIU 108 29819 LTUAI9ENAURATYN 44 LAY 64 AaaE19

o

AINANAL (Table 1) Urnnuanuuafizedansziuaslanaun 59 lalmian lalatlauiaidn Aunsvizenusy 1mevianun

WuwuanFawnsuau gildsviau (Figure 1)

Figure 1 A) Colony morphology and B) Gram stain of purple non-sulfur bacteria (1,000x)

2. NANIARLABN PNSB 7id1/s=@nsninlunisuantivandanin

4 o

UidargrsauIwianan 59 lelaan (Table 2) nnagau 6 AnANLR NaAnAanlalaanndlss@nsnn

Tnenmagauanmdluninasiuln nnsaieagesluuinidunimagauaiuiu 191 nanimagauAuiEalung

winyiulanasaninie 7 Ju wudae 51 lalgian (86.4%) arnnsniaseuidulelis InedAn OD,,, 11nnda 1.000
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a

anidulalaian UT-26, UT-59, UT-60, UT-61, UT-67 uay UT-68 NilA1 OD,,, tfasindn 1.000 uag UT-20, UT-24 A7
aandn 0.500 (Table 2) et linagauANaINIsnrevTelun sdaTNNaIRso AL IRYeINT TeuLian1sAnE

o A k% I~ a v 1 1 a al o A a a o
aaniilu 2 Arudnmoiy Ae nsafeaestuuing 2 9ia THun 5-ALA uaz IAA NsteadanadnsBursEiTaansatiuyel
dulanaidnas lingansnsngaduatsainsi il ldun nastiesaanallsiiuainnisaingeulss? gelatinase,
nnsdesaanaitagiaaainnisafrsieulad cellulase uaznisazanavaaianeluglaesuds lnawy 20 lalaan

(33.9%) fiugng 2 ANANEOLY (Table 2)

Table 1 Sources of samples

Sources of samples

Provinces Total of samples
Soil Water
Chiang Mai 3 5 8
Lampang 1 0 1
Phayao 16 21 37
Phetchabun 3 3 6
Phichit 5 7 12
Phitsanulok " 12 23
Sukhothai 3 8 "
Uthai Thani 1 7 8
Uttaradit 1 1 2
Total 44 64 108
Table 2 The screening results of PNSB
Provinces Growth 5-ALA I1AA Cellulase Phosphate
Sources of Gelatinase
Isolates (Latitude, with production production production solubilization
samples production
Longitude) ODgyo (ug/ml) (ug/ml) (HC Value) (PSI)
Phichit
UT-1 Water (16°30'47.3"N, 1.029 1.82 27.76
100°11'56.3"E)
Phayao
uT-2 Water (19°16'39.8"N, 1.275 2.55 37.05
99°58'24.7"E)
Phayao
UT-3 Water (19°16'39.8"N, 1.246 2.42 29.83
99°58'24.7"E)
Phayao
UT-4 Water (19°16'39.8"N, 1.253 2.05 35.39
99°58'24.7"E)
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Provinces Growth 5-ALA I1AA Cellulase Phosphate
Sources of Gelatinase
Isolates (Latitude, with production production production solubilization
samples production
Longitude) ODygy (ug/ml) (ug/ml) (HC Value) (PSI)

Phayao
UT-5 Water (19°16'39.8"N, 1.251 2.32 29.75 - - -
99°58'24.7"E)

Phayao
UT-6 Water (19°16'39.8"N, 1.253 1.39 20.14 - - -
99°58'24.7"E)

Phayao
UT-7 Soil (19°09'30.1"N, 1.045 2.35 21.33 - - 2.20+0.20
99°55'18.1"E)

Phayao
UT-8 Soil (19°09'30.1"N, 1.228 2.81 34.59 - 217 £0.17 -
99°55'18.1"E)

Phayao
uT-9 Soil (19°09'30.1"N, 1.194 1.69 24.51 - - 1.42 £ 0.07
99°55'18.1"E)

Phayao
uT-10 Soil (19°09'30.1"N, 1.102 1.72 21.81 - - 1.67 £0.43
99°55'18.1"E)

Phayao
UT-11 Water (19°09'29.8"N, 1.230 2.45 35.94 - - -
99°55'21.6"E)

Phayao
UT-12 Water (19°09'29.8"N, 1.254 242 47.22 - - -
99°55'21.6"E)

Phayao
UT-13 Water (19°09'29.8"N, 1.275 252 43.72 - - -
99°55'21.6"E)

Phayao
UT-14 Water (19°09'21.9"'N, 1.299 2.98 43.88 - - -
99°55'37.0"E)

Phayao
UT-15 Water (19°09'21.9"N, 1.263 2.38 40.87 - - -
99°55'37.0"E)

Phayao
uT-16 Water (19°01'37.8"N, 1.218 1.56 20.85 - - -
99°53'46.8"E)

Phayao
uT-17 Water (19°01'37.8"N, 1.280 1.99 25.70 - - 1.76 £ 0.21

99°53'46.8'E)
e ——
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Provinces Growth 5-ALA I1AA Cellulase Phosphate
Sources of Gelatinase
Isolates (Latitude, with production production production solubilization
samples production
Longitude) ODygy (ug/ml) (ug/ml) (HC Value) (PSI)

Phayao
UT-18 Water (19°01'37.8"N, 1.265 245 - - - -
99°53'46.8"E)

Phayao
UT-19 Water (19°01'37.8"N, 1.339 2.58 14.74 - - 1.30 £ 0.06
99°53'46.8"E)

Phayao
uT-20 Water (19°01'37.8"N, 0.200 1.76 - - - 1.31 £0.08
99°53'46.8'E)

Phayao
UT-24 Water (19°09'32.7"N, 0.400 1.69 - - - -
99°54'38.5'E)

Phayao
UT-26 Water (19°09'32.7"N, 0.694 1.69 - - - -
99°54'38.5"E)

Phayao
uT-27 Water (19°09'32.7"'N, 1.362 2.65 40.55 + - -
99°54'38.5'E)

Phayao
UT-28 Water (19°09'32.7"N, 1.677 2.09 24.11 - - -
99°54'38.5"E)

Phayao
UT-32 Water (19°09'32.7"'N, 1.079 3.14 33.48 + - -
99°54'38.5"E)

Phayao
UT-33 Water (19°09'30.6"N, 1.551 2.09 30.46 - - 2.03+0.55
99°54'28.9"E)

Phayao
UT-34 Water (19°16'39.8"N, 1.354 2.29 40.87 - - 2.02 £0.31
99°58'24.7"E)

Phayao
UT-35 Water (19°09'29.8"N, 1.604 2.22 31.73 - - 2.02 £0.33
99°55'21.6"E)

Phayao
UT-36 Water (19°16'39.8"N, 1.452 2.55 38.01 - - 2.01+0.18
99°58'24.7"E)

Phichit
uT-37 Water (16°30'03.5"N, 1.410 1.13 24.74 - - -
100°14'43.9'E)
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Provinces Growth 5-ALA I1AA Cellulase Phosphate
Sources of Gelatinase
Isolates (Latitude, with production production production solubilization
samples production
Longitude) ODygy (ug/ml) (ug/ml) (HC Value) (PSI)

Phichit
UT-38 Water (16°30'03.5"N, 1.517 2.55 33.24 - - 1.50 £ 0.29
100°14'43.9"E)

Phayao
UT-39 Water (19°08'18.7"N, 1.270 2.15 30.38 - 2.00 £0.50 -

99°53'36.8"E)

Phayao
UT-40 Water (19°16'39.8"N, 1.265 2.75 - - - -
99°58'24.7"E)

Phetchabun
UT-43 Water (15°44'30.0"N, 1.515 2.95 36.02 - - -
101°12'09.5"E)

Phetchabun
UT-44 Water (15°44'30.0"N, 1.500 2.68 44.76 - - -
101°12'09.5"E)

Phetchabun
uT-45 Soil (15°44'48.6"N, 1.584 2.25 29.51 - - -
101°11'25.0"E)

Phichit
UT-46 Water (16°30'03.5"N, 1.291 2.15 21.96 - - -
100°14'43.9'E)

Phichit
uT-47 Water (16°30'03.5"N, 1.040 1.82 11.56 - - -
100°14'43.9'E)

Uttaradit
UT-48 Soil (17°43'40.8"'N, 1.360 2.81 53.41 - - -
100°41'19.2"E)

Uttaradit
UT-49 Soil (17°43'40.8"N, 1.595 1.86 11.00 - - -
100°41'19.2"E)

Phetchabun
UT-50 Water (15°44'30.0"N, 1.182 2.12 27.60 - - -
101°12'09.5"E)

Sukhothai
UT-51 Water (17°00'44.9'N, 1.567 1.92 34.51 - - -
99°41'51.8"E)

Phichit
UT-52 Water (16°30'03.5"N, 1.108 1.92 18.63 - - -

100°14'43.9"E)
e ——
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Provinces Growth 5-ALA I1AA Cellulase Phosphate
Sources of Gelatinase
Isolates (Latitude, with production production production solubilization
samples production
Longitude) ODygy (ug/ml) (ug/ml) (HC Value) (PSI)

Phichit
UT-53 Water (16°30'03.5"N, 1.321 1.66 26.57 - - -
100°14'43.9"E)

Phichit
UT-54 Soil (16°31'31.0"N, 1.113 1.76 20.85 - - -
100°12'35.7"E)

Uttaradit
UT-55 Soil (17°43'40.8"'N, 1.158 1.72 34.67 - - 1.44 £0.19
100°41'19.2"E)

Uttaradit
UT-56 Soil (17°43'40.8"N, 1.224 2.12 33.24 - - 1.55 + 0.36
100°41'19.2"E)

Phayao
uT-57 Water (19°08'18.7"N, 1.313 2.35 37.61 - - -
99°53'36.8"'E)

Uthai Thani
UT-58 Water (15°18'05.5"N, 1.010 3.71 6.56 - - 1.67 £0.29
99°44'10.6"E)

Phetchabun
UT-59 Soil (15°44'48.6"N, 0.727 1.62 - - - -
101°11'25.0"E)

Phetchabun
UT-60 Soil (15°45'06.9"N, 0.671 1.56 - - - -
101°10'46.6"E)

Phetchabun
UT-61 Soil (15°45'06.9"N, 0.933 3.64 - - - -
101°10'46.6"E)

Phitsanulok
UT-62 Soil (16°36'06.3"N, 1111 1.29 39.20 + - -
100°26'08.1"E)

Phichit
UT-63 Soil (16°31'31.0'N, 1.443 2.32 37.13 - - -
100°12'35.7"E)

Phichit
UT-64 Soil (16°31'31.0"N, 1.342 2.48 41.74 - - -
100°12'35.7"E)

Phayao
UT-65 Water (19°16'07.1"N, 1.279 2.22 39.83 - - -

99°58'10.8'E)
e ——
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Provinces Growth 5-ALA I1AA Cellulase Phosphate
Sources of Gelatinase
Isolates (Latitude, with production production production solubilization
samples production
Longitude) ODygy (ug/ml) (ug/ml) (HC Value) (PSI)
Phayao
UT-66 Water (19°10'05.6"N, 1.145 1.99 12.83
99°53'43.7"E)
Phayao
UT-67 Water (19°08'22.0"N, 0.942 3.67 43.41
99°54'28.2"E)
Uthai Thani
UT-68 Water (15°14'40.5"N, 0.966 2.91 - - - 2.07 +0.32
99°25'55.2"E)
Note: “+" = positive result, “-” = negative result and “*” = mean + standard deviation (SD)

HANTINARDUNITAST19EDFINUNT 5-ALA WUINTRVIUNA (100%) 411190851916 lalaianiadie 5-ALA
USuuuIniige Ae UT-58 9898981 A8 UT-67, UT-61uaz UT-32 TnaddTuinvindy 3.71,3.67, 3.64 uac
3.14 lulasnsumenadans ANANAY (Table 2) 4115UN1974519 IAA wuTe 50 lalawan (84.7%) a1u190a519%6

lalgianiadng IAA Usununniign Aa UT-48, UT-12, UT-44 uay UT-14 HUFu1uwinfy 53.41, 47.22, 44.76 uaz

a

43.88 lulasniusanafaans nan1madauAnud nisadesaatellsiud 3 lalaan (5.1%) Nl¥uauan Ae UT-27,

'
a g

UT-32 waz UT-62 e mdunisdeaaaieiaagiaa 1 2 laloian (3.4%) Ndasaanals Aa UT-8 uay UT-39 tnaiilAn HC

al

value Wil 2.17 £ 0.17 waz 2.00 £ 0.50 uazd 15 lalaian (25.4%) NldkauanainnismagaumuaInnsniunig
azanevaginm InaileTaian UT-7 Hen PSI gegn sa9asunfaa UT-68 uaz UT-33 TnaflAwiniy 2.20 + 0.20, 2.07 +
0.32 ua¢ 2.03 £ 0.55

nsdmidenlelnianiiiisz@ndnnluniandninmsindanin AansanannamastRizesnisaiisaesluui
Wundn L%ﬂﬂ@ﬁﬂ”l@‘isnL@‘vn?;m?wzmﬁuuﬁﬁn%\mmmﬁm”lﬁ@mdﬁ”lﬂimL@‘V]%'w] Tnautengalelsianiiafne 5-ALA
esnnnan 2.80 lulasnin/ladans uaraing IAA 11nnd1 40.00 lulasniu/ladans uansiasnziinusdn lalaian
UT-48 uay UT-67 mmmm%’wa@ﬁmuﬁvmmiﬁqq innrin1siansaunsialiBiasziaainaunsnluaineaesluuaiia
Ipafianielige saufuanauiRnistenaanaansduniditearsetunididuluanaidnas uazfinanudalunis

a a o U ! A v a o A v & o U KX o A o o
L’Qﬁ‘fyLﬁlU(l:ﬁW’mﬂWi"Jﬂﬂq 0D, 81NN31 1.000 32 NALALY HANITARLARNALLNUTIAINGT) ’Q\?ﬂﬂL@@ﬂvLﬂI‘sﬁL@V]@qﬁﬁ“Ll

600
nnadaudunanll a1uau 12 lalaan laun UT-7, UT-8, UT-13, UT-14, UT-15, UT-32, UT-48, UT-55, UT-58,
UT-61, UT-67 uay UT-68

3. NANTTLNTHAYIAY PNSB

@ea1uau 12 lalianiAnaeniin1auUNTRAT LA e AewmATA PCR way DNA sequencing 18481

16S rRNA andutiandlelndnladauin 655 - 1,341 giua nsanseiidessiui linFauiauiuasuiionale v
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ﬁi’mmuuug’]uﬁ'ﬂsﬂ@ NCBI L%‘ﬂ‘ﬁku ARA L‘]‘juL%@Tu Genus Rhodopseudomonas o Rhodopseudomonas sp.,
R. palustris W8z R. telluris Tne il fidusaanuiuiien (% identity) N1nn91 99% (Table 3) 1nn1seiugusiinaea
PNSB A1nN1934A31e WA NANAUEN 19U NIsuAaan1sai1e Phylogenetic tree (Figure 2) wuan lalaian UT-7,
uT-8, UT-13, UT-14, UT-15, UT-48, UT-55 LLaz UT-61 Qﬂﬁ’]LLuﬂ LﬂuL%ﬂ R. palustris ICLRGE Bootstrap value ﬁ 93%
lalgian UT-58 uaz UT-68 gnamanuuniili Rhodopseudomonas sp. A1 Bootstrap value Winrivl 48% T
UT-67 gnanuuniils R. telluris §A" Bootstrap value Nl 66% atinslsfinnunansiin DNA sequencing 183 UT-32,
UT-58 way UT-67 Iduagnduiianalanasindn 1,000 bp ladanunsnagdladniluatad R, palustris v3e R. telluris
AasgnanauuniuiNes Rhodopseudomonas sp. ag‘ﬂﬁd%%@ PNSB 12 lalmian ude R, palustris 8 lalgian laun
UT-7, UT-8, UT-13, UT-14, UT-15, UT-48, UT-55 lLlag UT-61 LL@xLﬂuL%/'a Rhodopseudomonas sp. 4 laTaian Taun
UT-32, UT-58, UT-67 LLay UT-68

Table 3 ldentification of PNSB by 16S rRNA gene sequencing compared to database on NCBI

Isolates DNA sequences (bp) Species Accession Numbers % Identity
uT-7 1,340 Rhodopseudomonas palustris CP019967.1 99.93
uT-8 1,328 R. palustris CP019967.1 99.80
UT-13 1,333 R. palustris CP019967.1 100
UT-14 1,104 R. palustris CP019967.1 100
UT-15 1,143 R. palustris CP019967.1 99.91
UT-32 655 Rhodopseudomonas sp. LC500585.1 100
uT-48 1,341 R. palustris CP019967.1 100
UT-55 1,326 R. palustris CP019967.1 100
UT-58 887 Rhodopseudomonas sp. MK014257.1 99.55
UT-61 1,071 R. palustris CP019967.1 99.35
uT-67 927 R. telluris MW010429.1 99.57
UT-68 1,312 Rhodopseudomonas sp. MK014256.1 99.70

4. uANIVAABLINITKATY Y PNSB lugmsrvainTaniniinemsngideis 1
a ¥ % o a dl a v dy dall U ) ]
HANINAAELNTIATEYE8d PNSB tnaldgnsuruindaninaniinyasnstionldiasaa wudn douwlug)
arunsndunanisidasullasaes@unvdndaniwiiudunslens 3 41 andulalaan UT-13, UT-48 uaz UT-68 Ainw
malasuulasdunsaastiuiniies 2 91 Tususipaafudednmziannudaluniaasgyaeadanudn laloan UT-7,

UT-8 uaz UT-67 wuniailaeuulaedludun 7 uazilasudasunngn ludun 9 1eanimaaes luanshleloanau
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nunInasunlaedludun 9 -14 suiuluanunsdaasinnisdaidantalaian UT-7, UT-8 wag UT-67 41U5UNIIUAR

wmindanmlunimmagaunisasyAuinreaimeefianludunausall

uT-32
“{Turs
“1L ut-e1
UT-7
Rhodopseudomonas palustris strain YSC3 (CP019967.1)
- Rhodopseudomonas sp. DQ42 (LC500585.1)
UT-13
UT-14
UT-48

s

UT-55

UT-15
uT-67
Rhodopseudomonas telluris strain 20SJO6W-26 (MW010429.1)
Rhodopseudomonas sp. strain RT62 (MK014256.1)
- || UT-58
sa ' UT-68
Escherichia coli strain U 5/41 (NR_024570.1)

Figure 2 The phylogenetic tree of PNSB with representatives of Rhodopseudomonas species

5. NANINARDLLI2<ANENINIBNEI NN TN PNSB sian1asasauaL inuaviimeesize

nastinenan 2 #la Buiiunnatuauludludiln1vi 1 naunisBusatmmafanfftLLANEHEILATIZTLAS

v
=3 [

uriazgas nudrauanluresTmsesianludle s 1 agszidng 9.11 - 9.78 lu deansi 2 fnafisTuresduauly
BE7r1914 14.33 - 16.56 Ty Tnenieansdilavisuauludedulinnefiansesusiaznssanalifianauuandnaiy
n19adR doudilaneii 3 auanluetsendng 18.67 - 23.44 1y Tnawudnnssudad 2 1‘131’?1"1%1&@14%171@@17@@ WAL
WANFNANNNIILAT 1, 4, 5 LAY 6 pe 9 NTE A ATYN AT A WAl UANAN9AINNIINART 3, 7 way 8 (Table 4) A1

NN3ALATIERAINEGS WUTIANgITestTmmesianludln1i@l 1 agszidne 9.22 - 10.11 wiuRms  Alanin 2 inns

v

WHTULBIAINAITBIANFU BYITNING 13.28 — 15.22 lUFLNAT Aoudn 37l 3 An19IiNTNIeIAINgITaIaTFi

o o aa

agsendng 14.50 — 19.28 lwumwms Tnalunssudd 18 TA1augauInign uazuanstsetinalladAnynieans
aaal Mo . axa Y Py o w \ ]
AMNNITNABN 1, 3,4, 5, 6 Uaz 7 us ldunnsn9ainnesud s 2 wardndlnii 4 Annugeasansuanasagseudng

14.06 - 16.17 wumiwes  asanidudilaniminnesiaasudnisiesasluvinlianugeassasiuanas (Table 5)

e 1

Wasuinmafiaaiians 36 44 nasaIndranan ianafuneans Lazdasyidags Wud1ANNgITasiy

al

'
] v

nnefianogszndng 15.78 - 18.78 luNms InaAdngaaeatimmefiangignlunssuian 2 dauaanundnaaes
NenNreimAefianagssndng 32.22 - 38.33 uAmNA? IneANNdTeIntnNgagalungsniah 8 tnunsnds

o o aa

= o ° A ) | Ao PSR m o )
n4 lﬁmﬂﬂq\iqqu')‘lﬂsufﬂqﬂwqm BAZWANFNNAUWNNULRATATUNNADFAINNNTTHNIGN 1 (Qmm‘l_lﬂll), 6 LA 8 LLWVLNLLmﬂmq\T

1180



B l Q’]i@’]i'ﬁ'l%l’]ﬂ’]@[ﬂi‘i.li‘v\ﬁ ﬁ‘V] 31 ( ’?l‘LI‘LI‘V] 3) fueNeu — fUaAN W.A. 2569

BURAPHA SCIENCE JOURNAL
ISSN 2985-0983 (online)

BURAPHA SCIENCE JOURNAL Volume 31 (No.3) September — December 2026

Research Article

ANNITNIDN 2, 3, 5 UaY 7 NAUIUENATeRNasanagsEdne 119.06 - 184.75 3N taanssndan 4 lina

NemInaaNINAga wazuansved 19 T d1ATYNINATAAINNIINTEN 6 Laz 8 whliuAns9aINNITNaEau 7

a o

daunnaianzesluagszndng 26.30 - 30.06 Taanssudan 1 Wannuideaseslusniigausd s funeadnn

N97NATAL °] (Table 6) (Figure 3)

Figure 3 Butterhead lettuce watered with treatments 1 -8 (T1 - T8)

Table 4 Weekly number of leaves per plant

Number of leaves

Treatment
Week 1 Week 2 Week 3
T1 : Water (Control) 9.67 +0.50 14.33 + 1.94 20.78 + 1.79 >
T2 UT-7 9.22 +0.44 14.78 + 1.92 23.44+213°
T3:UT-8 9.44 +0.53 15.56 + 1.81 21.22 +1.79
T4 : UT-67 9.56 +0.73 15.44 +1.24 18.67 +2.60 °
T5: UT-7 + UT-8 (1:1) 9.11+0.33 15.33 + 1.50 19.22 +3.53 ¢
T6 : UT-7 + UT-67 (1:1) 9.22 +0.67 16.56 + 1.13 19.89 +3.26
T7 : UT-8 + UT-67 (1:1) 9.67 +0.71 15.33 + 0.87 2211 £2.71%°
T8 : UT-7 + UT-8 + UT-67 (1:1:1) 9.78 +0.97 16.22 + 1.20 2278 +1.79 %
F-test ns Ns b
C.V.(%) 6.74 9.70 12.05

ns = non significant; *** = significant difference at P<<0.001

Different superscript letters within the same column indicate significant differences among treatments

based on Duncan's Multiple Range Test (DMRT). Values are presented as mean + SE (n = 3)
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Table 5 Weekly height of butterhead lettuce

Height of butterhead lettuce (cm)

Treatment
Week 1 Week 2 Week 3 Week 4
T1 : Water (Control) 9.22+0.51 13.28 +1.30 16.83 + 2.32% 14.94 +1.16
T2 : UT-7 9.94 +0.63 14.00 +2.08 17.94 +3.23% 16.11 +2.36
T3:UT-8 9.61+0.70 14.00 £ 1.66 16.00 + 3.13% 14.56 £ 2.39
T4 : UT-67 9.78 £ 0.44 13.78 £1.20 14.50 + 2.24° 14.06 £ 0.77
T5:UT-7 + UT-8 (1:1) 9.61 +0.49 14.11+£1.29 15.22 +2.49° 14.33 +1.58
76 : UT-7 + UT-67 (1:1) 10.11+£0.22 14.22 +0.97 15.89 + 2.30™ 16.00 + 2.02
T7 : UT-8 + UT-67 (1:1) 9.67 +0.56 13.78 +0.75 15.11 £ 2.03° 15.61+1.78
T8 : UT-7 + UT-8 + UT-67 (1:1:1) 9.72+0.83 15.22 + 0.62 19.28 + 0.83° 16.17 +1.32
F-test ns ns - Ns
C.V. (%) 5.90 9.34 14.81 11.54

ns = non significant; ** = significant difference at P < 0.01. Different superscript letters within the same
column indicate significant differences among treatments based on Duncan's Multiple Range Test (DMRT).

Values are presented as mean + SE (n = 3)

Discussion

o

wuATiFeduATziuasisineiinliarannionzdi wanainaziunumdrAnyluszunfinalugiusdtoasans

(7

' o

s & S0 | A a o Y o A A P ] -
AT PIANANUENN ﬂjﬂ'm:ﬂ,mum@’]ﬂq?ﬂLQ?QJVLWV@’]E]@J‘I"IQ:? @qu?ﬂsLTVN@q?@uV]?ﬂLLﬂzﬂuuVI?ﬂLﬂuLLﬁ@\Tﬂq?U@uLL@gﬁ

q

|
o o =

saFansdrAyndsyleadlavanaaiia asgniiunldlssToniiuadnaunsuana luduinumsnasy

Q¥

WASIIU 79N

=

AN NAIUTININ LaEN17LN1TRUNLAS (Morrison & Bose, 2024) d5usunumsnsssiaanalfiiny sz leemd

1
° o =l

nneiuing Ineilledeniaasazinistantasusndrdnyiiduesdlsznavaesuaadioniwling arunsoun Tl 14 1s

o

s Tulmsian, TnunaFes uasrlaaneda iy Usslomineden Ae nsafreansidaadaudiunsssoyivlneie
1114 #851uU 5-aminolevulinic acid (5-ALA) WAz indole-3-acetic acid (IAA) ﬁﬁﬁwm:ﬁumilﬂ?mtﬁuim NIFLATEYUDY
Uanasnuaznnageaina1neImstesite (Sakpirom et al., 2017) nstiasaansansluianalun) mawasusiquay
ansulsznanleglugAganunsnti 1K i nsdensanaansdwidngulilsiiu, waglag, nasilulnsau (N,)

Taglugtuantuiile (NH,), nnsazarawaains, vieainelanaslsnas (siderophores) Naadusnsuan iusu

%

(Sakarika et al., 2020) AogadnaIN9n lunnsdudsunissgivInaesis waasgnanaglungu plant promoting

bacteria (PGPB) 11uddtuasaiuastanldnnantmnailunisdniaanaiaiugnilss@nsnindwiunisld

Q

£ 1
A o e

dselomiping sannianisuanumdngann uenmileliainnisdaadunisiasoivinesivg el Aouantifau
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\iW NN9dugInIaIastyIaeqauristnialsaia (Nookongbut et al., 2019), 4519619 coenzyme Q10 (Krairak & Krairak,
2020), daeuynistudavanianewin wu dnzAuazupaiilen wazannisaasfingdlvu (Sakpirom et al., 2017)
Y de ae L X . v 4 o e &

TFenAaaenluendeafiaanarasTanunatgaiunmeudn daulvajidudalu Genus Rhodopseudomonas

Ineanzasinefiaatlid R, palustris (Krairak & Krairak, 2020; Nookongbut et al., 2020, Sakpirom et al., 2017)

Table 6 The height, the width, number of leaves, fresh weight and leaf greenness

Leaf greenness

Treatment Height (cm) width (cm) Number of leaves Fresh weight (g)
(SPAD units)
T1 : Water (Control) 16.61+ 1.27 32.44 + 3.05° 33.67 +3.61% 178.79 + 21.78% 30.06 + 3.23
T2:UT-7 18.78 + 2.05° 34.33 +2.06° 36.22 + 6.22%° 177.91 + 38.38% 26.30 + 2.85
T3:UT-8 17.28 + 2.08° 32.33+3.81° 36.22 + 4.94%° 165.52 + 33.56% 2712+ 257
T4 : UT-67 16.50 + 0.50” 3222 +222° 38.78 + 3.49° 184.75 + 22.06° 27.29 £2.25
T5: UT-7 + UT-8 (1:1) 17.33 + 1.20° 34.11 + 4.96° 36.44 + 4.50™ 173.40 + 33.9% 26.41+3.15
T6 : UT-7 + UT-67 (1:1) 15.78 + 2.86° 32.22 +4.29° 34.22+1.64" 150.62 + 20.17° 28.31+1.77
T7 1 UT-8 + UT-67 (1:1) 15.89 + 2.09° 32.67 +3.16° 36.56 + 3.57 *° 177.31 + 27.60%° 27.82 +2.86
T8 : UT-7 + UT-8 + UT-
18.22 + 1.56% 38.33 + 2.69° 31.89+3.14° 119.06 + 32.97° 26.62 + 1.96
67 (1:1:1)
F-test - = * * ns
C.V.(%) 10.74 10.17 11.53 17.78 9.57

ns = non significant; * = significant difference at P < 0.05; ** = significant difference at P < 0.01. Different superscript letters within
the same column indicate significant differences among treatments based on Duncan's Multiple Range Test (DMRT). Values are

presented as mean + SE (n = 3)

nInAReUARANAERUTLLATITEAIATI AU argRssian s iU Tnuestimwmedsian  Taausavgns

Wnaneaunisasyiuinresfuimnefigawnnsietiys ludaesnisesiiulneesainmnedian §a1vi 3 nasdne
Iy | Al Al ~ ¥ o | aaa e H o P [

nd1 wudlunssadah 2 (UT-7) Huualdudruauluninndinesuidsay o) enaiiiesniaintiingin UT-7 dananiimees
nsdetaatavaginn Asdastiasseaanefalumu Taduiladaddnlunissednsnisulsaagnisqaiasolans
HAALATNNIWRUIANTG A9ialsh anunulusasmuinay (Sakarika et al., 2020)

Tugeenisiiuineananannud aAnundemssvsaaaimmefianlunssudsm 8 wudnduualinlianinign
TIRaAARRINLNNUASETRY Hsu et al., (2021) Mnnamaaadlui@ia Rhodopseudomonas palustris anisiasnyiinin

s | ) A | e ' | ;oA = a a o e A
Pa9nznanLla wuan LL']_lV’]V]Lﬁ‘ﬂsluﬂ@qg\lG’Nﬂ@q')“ﬁqﬂﬁ\ﬁL@?Nﬂqiaﬂsﬁﬂiutm?Lquluﬂu WHISAL auxin VIﬂmUWTNmi
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a a
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HAnaNtB lun9Nas 5-ALA uaz IAA Tiraudnegendn nesndsau - 39 dswasienistinaansaesly nedauiuaesly
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A o a - & | Aae o o ] = | L e aa s v A
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o
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o
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