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Abstract

Exopolysaccharide production of rhizobacteria strongly affects plant growth and drought tolerance.
This work aims at evaluating the ability of bacteria previously isolated from the dry region of orchard soils
in Chanthaburi province to produce catalase, oxidase and screening exopolysaccharide producing drought

tolerant rhizobacteria. The findings revealed all 19 isolates were capable of producing catalase, while 8
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isolates showed ability to generate oxidase. Furthermore, all 19 isolates exhibited exopolysaccharide
production when cultured in a mineral salt medium (MS) supplemented with 15% w/v PEG 6000 to simulate
drought stress. The results were confirmed using the modified alcian blue dye test, with percentages ranging
from 6.76 to 45.02. Isolate MuD01-2, a gram-positive bacillus with a mucoid colony, was selected due to
the highest EPS production (45.02 + 1.15%). Additionally, isolate MuDO01-2 presented high tolerance to water
stress with a cell number of 9.47 + 0.30 log CFU/mL after 6 days culturing in Tryptic Soy Broth (TSB)
supplemented with 15% (w/v) PEG 6000. The results of water stress tests were not significantly different
from those of the control without PEG 6000 (9.23 + 0.15 log CFU/ml, p < 0.05). MUDO1-2 showed high

potential to be developed as a drought bioinoculant for application in orchard soils.

Keywords: Drought-tolerant rhizobacteria; Exopolysaccharide; Orchard soils
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a1501m15lud a8l venndfutiifunisfukiuvenit Anuaiissvesiu uariunudaunavosiy T
vuziefuffnuinssunmsmranguarasInevesinlildlutidiierueienananuuiuding uuafidei
nAndnlenedudnanlsadsanansousamerneioavesivaindadouindendy o 1wu Ay gungll wagam
Huiwvedlaneninlfendae donndasiu Das uazeme [11] Aidadenuuaiiise 6 lelaan fnusiean1iziaieai
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LaD02-2 +4++ +

e * Uinsenavasiad : (+++) anessfiadaunn, (++) arewdads, (+) devewdat, () liiianowda

= Yffseneendiad : (+) AnUasen, () ldiaufisen

¥ < a < I3
nsnagauNsaudnlanadugnalse

NanN1sNAaaUANNaINsalunsRAnEnTanedudnalsdvedlslawuaiisas 19 Telaan 3nnnisneaeu
Tolaanaz 3 91 nunlslowuaiisewdazloloaniaiuaiuisalunisuand nlanedudnanlsawanstadiuagiadl
Weddyneada (p < 0.05) Inglaloian MuD01-2 ansnsandn EPS ligeiign (45.02 = 1.15%) lelwian NaD01-2

an EPS lasnfign (6.766 + 0.72 %) Asuandlunini 1 dmudsdndentianizuuaiiiselolyan MuDO1-2 @iy

ludusiol
nsnedaulutunby
ab
50 < a N
abc bed 45.02 + 1.15 e 4zBax
a5 4 40.51+2.66 178
4001 %159 37.80% 197 def cde
40 4 de de de 3145+ 34.85 + 1.9;3
.. +1.89 . + 337
55 | BRELE, 3252+33 < 410 otns
fgh fgh
2464+ hi 130
30 Jeataz 2471+
3.26 20,01 =
£ 1.00 h ‘ 169
= 25 4 ! 3.57
LF 1.67_* 0.5 14.88 +
20 4
1.44 )
i J
154 676+ 1.25%
10 4 0.7z 0.07
5 4
o J

[N VR VY ST VY S A A VR A ¥
AL P R L G G AL
\_,p“ FHF PP TSP PP

A A % ny
5 a° \n’ % \—\' qQ -\:1’ ¥
i = fLy AP AP S 9 @@ D

\}’D \33 @0 \!\\5 gJO ;,)O \:D \:D
lolaan

ad 1 Wesifudnisasradnlanedudnailsavadislanuaiisena 19 lalaan wizdedluaimswad TSB
luanmednaoanIuntidy PEG 6000 ARdudy 15% tagumtin/Jsunns uuiiainuisa 200 sou/uni
gamniivies iWuan 4 Tu Teyaiuanseglugy mean + S.D.

Y

NUBUR F9NwINF1aU Eneds dauuand1ameadifiiiseau 0.05 anmsiUseuiisulneds Tukey-HSD



NIaTInemans walulad uazuinnssy uminendenwdug | 31

Ui 3 atun 1 uns1au - Squieu 2567

n9e3gyvaslslanuaiiselalyan MuD01-2 Tusmsiiu PEG 6000 Ansdudusneiu

Hanaaeun1siasgyvedlelelan MuD01-2 angwugniiuszdniamlunisade ers lagegn luannizdnaes

q

'
a a

wSemuanenefiu wuinmsiaSaveateluanisiiiu PEG 6000 Arsdudu 15% Tastniin/dsues fusue
\ad 9.47 + 0.30 log CFU/ml @ dlaiumnsnsegeifoddamisada (p < 0.05) AuyanuauilailAy PEG 6000
(9.23 + 0.15 log CFU/mD) Tuniansemudusd ot uaaududuves PEG 6000 wui 1@ e MuDO1-2 &
Msiasyanas Tneflusunanead 8.66 + 0.25 log CFU/ml uaz 8.22 + 0.16 log CFU/ml luannagfiiiin PEG 6000
gy 30% uay 40% Tnsthuin/usins muddu Fedinnuuanseiusgreiiteddaymeada (p < 0.05)
furrnssyuendeimizidoduemsvas TSB 7iiiu PEG 6000 avududu 15% Tastmin/Usunng uaz

YAAIUAL Aawandlunng 2

a

ab 9.47 £0.30 be
10 - 9.23 +0.15 B.66+0.25 c
2.22+0.16
8 4
,g 6
>
[T
U
g 49
2 4
0

Control 15% 30% 40%
A1 dudY PEG

A9 2 USunanwaanidinveslelaian MuD01-2 Tue1misivias TSB Miu PEG 6000 AMLTNTUANSTY

Junan 6 Tu dniegnnglivies feyafiuanseglugy mean + SD.

'
ada o

AR FI9NYINA1IU Magis IAnuuanaavneanansgiu 0.05 nMsiuTeuiieulagds Tukey-HSD

anwaznsdugiuinervasleleian MuD01-2
INNSANAN YN dugIngvedlelaan MuD01-2 Faluseansainlunisasne EPS igean lng

mMswnzidesuuiaviie msuds TSA Uniigamgiivies {uan 24-48 Falus wuilaladvendeddnuuiluden

v
a

{811 (mucoid) gUsnax (circular) Amiiiau (smooth) veuidsu (entire) lalaonduuuiadygatudniosan

o

Hmems (raised) Ineglunguuwuaiitiownsuuin uvieu (bacill) dawanslunmi 3



NIATINeenans inalulad uazuinnssu uninedeniwadug | 32

Ui 3 atun 1 uns1au - Squieu 2567

(n) ()
awil 3: dnvagmsdugivewedalall mnzidendounenmsuds TSA aamgives iunan 24 4alus (n)

waziwaavadbalaian MuD01-2 Afnaswene 1,000 Wil 3nnsdaudnnsy (1)

aAUs8NaNTINY
nmsUssliunaandilunisitueyyadassuarnisudndnlenedudnailsdveslslouuafiienAnuenin
nAusousInigluiuwiuwdwesaunaldludmindunys nudms 19 lelsavansoasiveuludanziadls

=

Tusnuutdl 8 lelaaniliNauINfon1sNAaaUaNTNa @annasdnyu Hussain wazAne [18] FanUNslawuailse

o

4 35 Telwan Adausnnfiemsnatiaunsnainsezasadlduasidnuuslaladdudonsudadusnumeddy
voudefindndnlewoduinalsd @1 Ashry uazaniz, 2022 [7] aguiilslauvaiideifanaudilumsainnzias
waveendidasdieussmanisaieasendnduliiufiviivind fnafiunsiiauaznisegsenvesiiglunidzusi
uds osmnlunmzmeiiivinifsanedsneendindu (oxidative stress) ilosmny3un ROS fignasianniu
Jufnanuldaunaiussuudiueuyadasevesiiy vili ROS luvhaewadlangnisiujiseduanstiluanaly
wad oulwingnziaanadaannlslsuuaiiSeaslugeaas H,0, Inaeduiiuareondiou Sadunisanysunm
ROS Tuiwadiiy InseendinadueouluifissufAssinmswudeidnasounnansisiuluduanasendiou uasd
druiefestununueddunaznistidnansiioraiudunesoisad
nanageunsasrudnlenedudnatlssveslslonvafiSefmadoduanziasuasomidaenisiiy
PEG 6000 manandudu 15% lnevhmdn/usunns wiedadndosaluda (osmotic potential) -0.70 MPa wudnsia
19 lollanaunsananlanedudnanlsalalugag 6-45% 9 nn1svnaeeurieds Modified-alcian blue @onnAdesiu
iwEJmu’ifﬁadawﬁwﬁﬁwudwLLUﬂﬁL'%EquLLﬁaﬁagﬂumwm%mfwmmaamﬁmLSﬂIﬂJW@ﬁLLGﬁﬂm"Liﬁlé’ [18] Fadunaln

o ' & o =

NéAyrentsnuudeedlslauuaiiise lneWeiindadnlanedudnalsainisasslulefduiusinity vinlideatu

N

wadnamzuidwashlildfuasemsuazihegaitane lurusiersufivldsulsslesivildannse
wWigdvlaldlunmenadidesnlulefidudadumafuinhuinuseunnuagiu daelumafuinwauiu
Tumnuagiusey anmnsadieiuinahlifufimwaranmsggdedriumsssme [19] wwailSefiadns EPS ung
awuggnuindautAdiueyyadasy fansamda ROS uarUnteuwadivainmiuiaieameeendindu uas
dananan1sAtuANges luuLazdId AT e VeI Y Aanssuresnuafisemani lulsusinitvanusoiiu

ANNUAILNTO LUAITNUNIUADFNIZVIAULAE S NEINTSHARYRINYLS [6] Tanaainanuddednuinlelaan MuD01-2

a

anunsandadnlanedudnanlsdligeian (45.02 + 1.15%) wazlinnsadergaziaaUiunmun lngaunsanuwasle

q
=

g9INMINARBUNUUTINAUYAGATINgaTe 8.22 + 0.16 log CFU/mL lun1iziaemiiilifin PEG 6000 Aadudy

U



NIATIneenans inalulad wazuinnssu uninedeniwdug | 33

Ui 3 atun 1 uns1au - Squieu 2567

40% Tngviwiin/u3anms (-2.49 MPa) Ineitfefiliunuaiieunsuvanguviou Alidnwarlaladidudonduannis
a51amedues T nuazndseenuenwad @onndetusIe9uVes Bogati and Walczak 1wl 2022 [20] 714
wuaildounsuuanilasadwemiinsadivsy noudretununvesnUilalnawau Sohldnusenzutudsle
fntuuafiFounsuay dliluansniasnunduuuafieunsuuinuinuseuiniitligand Insanzia
vidadafiadraeulnaves aenadostusenuves 3555 uaz S9as [14] Anuiilslouuaiidenuudesiuag 19
Teloian Afauenanituiiniudwesiuaiunalsl UsznausenuaiiSownsuuinsiuay 12 lolwan wupfiSounsy
au 9 lelwian uananil Ashry et al, 2022 [7] s1earuiniluuaiidenuuds 2 Telaan 910 20 lelotan AfALENaN
flufiurauds 1éun Bacillus cereus DSA way Bacillus albus DS9T ansandn EPS THUSu1nige Tuan1azsians
\w3unthiiiin PEG (-1.2 MPa) Tneito DSA anunsandners 1d 3.4 fadndu/dns) dudeviansmeiugian
a¥reneaviaalduasiautisy q fduasunsiasyuesita [7] wenanni llyas et al, 2022 [6] s18aMumsAnEen
wuaienandnlsnedudnalsiuiinageiun 2 aeiug anfamun 24 aeius fhsusamanizeioatly

Audmeand Fudenfndenainaidemaidannseainzazadlauazlautfou o Aduaiun1sasyvesiy

d3una

o
= v A

NuaTedanunsaradenialslawuafisonunddlolatan MuD01-2 Naruisanandnlenaawdnanlsaia

Ysunugaigaanianue 19 leloian aniuiuiudsduaiunalidmindunys lnganusaadensnziaauay

q (]

Y a

nuudslaganmmagevlunnediaenassnul Ussneviutedninuineildneglunguuuafiisounsuuinisieg
sanstldussgndldaulunuiinunsnssy lnesuaiiiselinsaineulaaUasdsanunsanunean e livangay

TuiiufitnwasnssuuaziinauansalunsutsiuiueUssdndulan Jsmsinisdnwiiufuisnaautfasu o 7

q

A a a

PreduduauiRlunsnusasvadlaloanainann twn n1sas1ansndulag-3-a:din waziouluyliodd fevdliua (ACC
deaminase) TiudsAnandRd 9 Tunsdauaiunisasyvesiy weyiglunisusadiudneninvedise MuDO1-2 Tu

A dudSuansinynsamsuldlunuiaiunalively

AARNIsUUSENA

nuIdellasunmsatvayuaisad mmslﬁymﬁymmﬁa@qﬂﬂsd 113UN15v13989N YURANUUNITINY
NowUITY unInendesvdgslnmssdl Yssadeuussana we. 2566 {iduveveunmun o il
LONA1381989

1 a3 dda. Auudmnansinunsvedlng [Internet]. 2566 WS 2564; 16 N5ngIAL 2566). unasdoya:
https://webapp.ldd.go.th/lpd/node_modules/Article Lpd.

2 Admassie M, Woldehawariat Y, Alemu T, Gonzalez E, Jimenez JF. The role of plant growth-
promoting bacteria in alleviating drought stress on pepper plants. Agric. Water Manag. 2022; 272:
107831. doi.org/10.1016/j.agwat.2022.107831.

3 finnisesulal. JunyIaastvendseaniifeungy 500,000 du as1eneldidlnenatewauduum
[Internet]. 2566 [IHgUNT 18 TauU8Y 2566; 14 NINHIAY 2566]. Uva ¥ oy a:

https://mgronline.com/local/detail/9660000055415.


https://webapp.ldd.go.th/lpd/node_modules/Article_Lpd

10

11

12

13

14

15
16

17

18

NIATIneenans nalulad uasuinnssy uninendenvdug | 34

Ui 3 atun 1 uns1au - Squieu 2567

nsuduasuMsinYas. wadanisugnuazguasnuviseu [internet]. 2566 [10 nanAw 2566]. uraslaya:
https://esc.doae.go.th/wp-content/uploads/2021/06/Durian.pdf.

AR wasgay uay a1ing Junssums. nadanisiiedaiussAnsamdmsuliua (Intemet]. 25661
WEWNS 2564; 14 NINYIAY 2566]. unastaya: http://www.doa.go.th/hort/wp-content/uploads/2021/.
Ilyas N, Mumtaz K, Akhtar N, Yasmin H, Sayyed RZ, Khan W, et al. Exopolysaccharides producing
bacteria for the amelioration of drought stress in wheat. Sustainability. 2020; 12(21): 8876.
doi.org/10.3390/5u12218876.

Ashry NM, Alaidaroos BA, Mohamed SA, Bodr OAM, El-Saadony MT, Esmael A. Utilization of drought-
tolerant bacterial strains isolated from harsh soils as a plant growth-promoting rhizobacteria (PGPR).
Saudi J. Biol. Sci. 2022; 29(3): 1760-69.

Naseem H, Ahsan M. Shahid M, Khan N. Exopolysaccharides producing rhizobacteria and their role
in plant growth and drought tolerance. J Basic Microbiol. 2018; 58(12): 1009-22.

Bhagat N, Raghav M, Dubey S, Bedi N. Bacterial exopolysaccharides: insight into their role in plant
abiotic stress tolerance. J. Microbiol. Biotechnol. 2021; 31(8); 1045-59.

Morcillo RJL, Manzanera M. The effects of plant-associated bacterial exopolysaccharides on plant
abiotic stress tolerance. Metabolites. 2021; 11, 337. doi.org/10.3390/metabo11060337.

Das M, Nayak SK, Bhattacharyya P. Screening and optimization of exopolysaccharide producing
bacteria from rhizospheric region of direct seeded rice. Int. J. Chem. Stud. 2020; 8(1): 292-7.

Latif M, Bukhari SAZ, Alotaibi FE, Ahmad M, Shahzad AN, Dewidar AZ, et al. Inducing drought
tolerance in wheat through exopolysaccharide-producing rhizobacteria. Agronomy. 2022; 12(5):
1140. doi.org/10.3390/agronomy12051140.

Rajput VD, Harish, Singh RK, Verma KK, Sharma L, Quiroz-Figueroa FR, et al. Recent developments in
enzymatic antioxidant defence mechanism in plants with special reference to abiotic stress.
Biology.2021; 10(4): 267. doi: 10.3390/biology10040267.

33itns Funmand uazdaas) WiygU. AnuvanvansvesaAuIERiusslevinnansinuaslufuaunals
Fandadunys. 2559. ewidvatuanysal Ussirdeudszana 2558; drdnuinisiasinisduasuniside
Tugaufnwuasiamunine1deddewind dinnuanenssunIsNIsaaudng.

Anjali M. Isolation of catalase producing bacteria from soil. UMCER. 2022; 11: 48-53.

Al-Dhabaan FA. Morphological, biochemical and molecular identification of petroleum hydrocarbons
biodegradation bacteria isolated from oil polluted soil in Dhahran, Saud Arabia. Saudi J Biol Sci.
2018; 26(6): 1247-52.

Obuekwe CO, Al-Muttawa M. Self-immobilized bacterial cultures with potential for application as
ready-to-use seeds for petroleum bioremediation. Biotechnol. Lett. 2011; 23: 1025-32.

Hussain MB, Zahir ZA, Asghar HN, Asgher M. Can catalase and exopolysaccharide producing rhizobia
ameliorate drought stress in wheat?. Int J Agric Biol. 2014; 16: 3-13.


https://esc.doae.go.th/wp-content/uploads/2021/06/Durian.pdf
http://www.doa.go.th/hort/wp-content/uploads/2021/
https://doi.org/10.3390/su12218876
https://doi.org/10.3390/metabo11060337
https://doi.org/10.3390/agronomy12051140

NIATIneenans inalulad uazuinnssu uninendeniwdug | 35

Ui 3 atun 1 uns1au - Squieu 2567

19 Zheng W, Zeng S, Bais H, LaManna JM, Hussey DS, Jacobson DL, et al. Plant growth- promoting
rhizobacteria (PGPR) reduce evaporation and increase soil water retention. Water Resour. Res. 2018;
54(5): 3673-87.

20 Bogati K, Walczak M. The impact of drought stress on soil microbial community, enzyme activities

and plants. Agronomy. 2022; 12(1): 189. doi.org/10.3390/agronomy12010189.


https://doi.org/10.3390/agronomy12010189

