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Promoting rice seedling Khao Dawk Mali 105 growth by Pseudomonas putida grown
under saline condition
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Abstract

Soil salinity is a serious problem in rice cultivation causing plants to stop growing and resulting in reducing crop yields.
One of the strategies to enable plants to tolerate saline soils is to use plant growth-promoting bacteria (PGPR). In
this study, Pseudomonas putida ATCC 17484 was used to test the ability to produce siderophore, indole-3-acetic acid
(IAA) and 1-aminocyclopropane-1-carboxylate deaminase (ACCD), in the broth media supplemented with 200-1,000
mM NacCl solution, and to evaluate the ability to promote the growth of rice plant (Oryza sativa L. cv. KDML105). The
results showed that the bacteria produced siderophore, IAA and ACCD in the presence of 200-1000 mM of NaCl
solution, under 5% (w/v) NaCl. It was found that P. putida ATCC 17484 could promote the growth of rice seedlings.
The root length, shoot length, shoot fresh weight and shoot dry weight were higher than those of rice seedlings grown
without bacteria. This study shows that this bacterium is a PGPR and can promote the growth of rice seedling in

saline soil conditions.
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Jymianuiuuaddn Lﬁaamnﬂ‘%mmmﬁahﬁugaLtﬂu
wiailadanaeTuafiadydmiufe (Yan et al, 201)
wndaludurinliiiaanuduesalu@n dawaIﬁﬂWi@@%wﬁﬂ
8138113V INNNTRAR LLa:ﬁwﬁﬂgnluﬁuﬁamﬁw
fianazdansmeuaszinin sanaldnisaiyidvle
URENANAANTRAAd (Paul & Lade, 2014 ; Patil, 2015)
uaﬂmﬂﬁmﬂﬁmimﬁﬁaﬂmaﬁﬁ’m’mﬂwmzamﬂu
SZUZNANINIWIUTIFINAA DN IWLIATBNLAZANGAN
auyInivasAuaaad (Ritting et al, 2018) Miuidaym
ﬁulﬁuﬁumﬂ’ﬁ"‘s%miﬁuﬁﬁmmwa%wﬁmﬁﬁmmu@ia
mwm%slﬂﬁ“ﬁvlﬁ(Honma & Shimomura, 1978 ; Vaishnav
et al, 2016) \FWINLIUITLVAY (Grover et al., 2003)
WamnBufinudennuieioaluioduwuuuity NG, A
azsdaowda (Arabidopsis) Laz11? s‘f}ﬁ%maﬁuﬁq
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N53adaszluAnuasusiiasau Ny Plant Growth-
promoting Rhizobacteria (PGPR) %\‘Jﬁ!auﬂ%fjmju‘ﬁ
sunnysuduszadudulasausnislaadnesiaisn
LLa:‘*zhmﬁmmnﬁzy@mimaaﬁmhuna"lﬂmdmma:
N19aNNA80Ld (Kloepper & Schroth, 1978 ; Kloepper,
1993 ; Ahemad & Kibret, 2014 ; Goswami et al., 2016)I@m
mMIaieaInIuguMIeTYaularasfis (plant growth
regulators) LT% aslauis IAA (indole-3-acetic acid),
FulwaLIadu (gibberelling) wazlolalafin (cytokinins)
(Patten & Glick, 2002 ; Kang et al., 2014) PIURATEAL
efauluislasn1stesaasiewlosd 1-aminocyclo-
propane-1-carboxylate (ACC) deaminase (Han et al.,
2015 ; Wang et al., 2018) aza1gwariWa (Srivastava &
Srivastava, 2020) T18QATURZANUENTOINITURZNITAY
1ulastaun19%1n1n (Richardson et al., 2009) 8314 lwLa8
TsWa3$ (siderophore) toduBaauuawanludouindoy
(Haas & Défago, 2005 ; Neal & Ton, 2013) &R1U1INHES
U fFuendemdwlanmuueniasin NAUALLE,
ladwms, mRladn, wada wazloonlud (Bakker et al.,
2013 ; Kamou et al., 2015)

PGPR ﬁﬁmiﬁﬂmuﬁ's'jﬂmmsnns:éjunw
Windulavesizldunana Acetobacter, Azospirillum,
AZzotobacter, Bacillus, Burkholderia, Enterobacter,
Klebsiella, Pseudomonas \\8s Serratia (Glick, 1995;
Jones et al., 2007; Barea, 2015) LLamﬁammﬁuﬁ:ﬁI@ﬂ
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(Hassan et al., 2011) #389winuafiias P. putida
8 Uﬁuﬁf TSAU1 aunsaainszaslunie IAA LazadLasy
maasaduladzld (Hernandez-Montiel et al., 2017)
LEWLAEANUINEWITLUDS Egamberdieva et al (2009)
WU P. putida a39zaslaniie 1AA LazaNNNIDEILESY
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1. 6]"26Ej’]dL‘%aLLUﬂﬁL‘%ULLa&ﬂ’ﬁﬁﬂﬁL%aU%iﬂﬂ%
\auuafii3y P. putida ATCC 17484 (ATCC: The
American Type Culture Collection) Qﬂﬁﬂlﬁﬂ%qﬂ'§
Uua’m’mr‘ﬁ\‘lg@li Nutrient agar (NA) ﬂ&lﬁqm%gﬁ 29
asraaduminam 24 521w

2. mysassuMaasLaulavasie (Plant growth
promoting; PGP) nagaumsaeansioaalinasanndd
N13289 Rungin et al (2012) ﬁWL%aLLUﬂﬁL%UﬁL%%IUUU%
91 1IUTIFAT NA (DWALEUHUEARENA1T 0.5 Hafiuas)
"Lﬂmﬂummwwzl,%aﬁﬁmmm’ﬁagm Chrome azurol S
(CAS) (Schwyn & Neiland, 1987) uazidussazaelodioy
ARB IR 0, 200, 400, 600, 800 LAz 1,000 Aadluans (¥in
3 4n) ﬂuﬁqm%gﬁ 29 aseiwaldos tunan 1 §lak
douuailiSefiafilmaatlsnesldazunngalalon
sou 9 lalafiuddn antunaseumssiigesluuis
IAA lum‘m’ﬁmmgm Yeast extract-Dextrose (YD) ‘ﬁLa&l
ssazanslomidsuaaalsd 0, 200, 400, 600, 800 Laz 1,000
fadluans au3Bn13wes Sadeghi et al (2012) Uaun
LS adENARanIaRAINE) 250 SaURauT gaunndl
29 asmwadaalufidadunm 1 ek udninlin
wisaiafiumsazansdulglunaseunsatsgaslun
W IAA eaR1I8za Salkowski reagent A13ATNTRY
Ahmad et al (2008) MniwiamuaSyvede lasms
wiindnuds nageumsssawlasd AccD Tuems
75 Acc (uunaslulasiawdosundadior (Honma &
Shimomur, 1978) I@]mgml,%aLmﬂﬁﬁsuummmﬁagm
Minimal medium (Hopwoo, 1967) Minimal medium ﬁL?m
0.1% (NH“)ZSO4 Wae Minimal medium 'ﬁlL?m ACC 0.3
faaluan (¥ 3 9n) ﬁuﬁqmvxgﬁ 29 aseioaloa tu
nm 2§l Wedimaniaaiyldluenis Minimal
medium ALin ACC ugasiniimiasaulsd ACCD
3513289 El-Tarabil (2008) MNiuNagaUAINTINNS
g aawlod ACCD mudtnIwas Jaemsaeng et al (2018)
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o X Aa A a v (3
u’]L"HE]LL'Uﬂ‘VILiﬂ‘(lm‘ifyluﬂ']‘lﬂ'ﬁlmﬂ'lg@]i YD Y181LDaR

@1 0.9% Normal Saline uwazgaiaaatiangs 10 lulasdias
1Uiap9dalino1mis Minimal medium fL@N ACC 0.3
A _a & o ' A | A = \

Faaluans i luvunaIaIwE1NaNs2 250 Jauda
Wil g iviaaiuiig 72 L9 3ntin b iluira e
WatnuaIazaesInlanazinslanaaanasadlng waad
L@UENI8TaNY 2,4-Dinitro-phenylhydrazine LaziaLTunmh

nsasanboyd ACCD drualasadalasinlaiinas

fFNIgananas 540 Wl as

3. NARBUANNRINNTANWAN 0-7% (Wiv) el
msmwjaLLuﬂmm"LaJLamuummmmmm YD e
indeladonanelsed 1-7% (wiv) (Fh 3 $7) qumﬁgu
29 asmialdos w1 e

4. miAnwfanssumsdassunaaiaiiule
9717 (Oryza sativa L. cv. KDML 105) ¥mMssingaus
AILNAATN68 70% Lanwaa LHwan 5 wifl waz 1%
lmdoylaenaalsd Wuan 5 il dsliazenadn
aSsdntindudnanige wasutdaluiinawin
1 24 Falug ﬁﬁmﬁﬂmﬂqnﬁm%a (10° CFU/mI) 1w
1 4 $21a9 auAEues Rungin et al. (2012) 9N
lunezeudannssaniuda ﬁ'féowﬁﬂﬁ"l&ivlﬁ%'m%mﬂwq@
AL TainwiaanGeusluwanfidinszanmiouazifa
ssazansladonaaalsa 0, 75 Laz 150 Hadluans vinms
nanaITass 30 WwWia (1 5 ) ﬁﬂ‘?ﬁqmmﬁﬁaﬂuﬁﬁ@
Hwnan 3 Juuazsn 4 Tulufiussanaitues Ramadoss
et al. (2013) wSufanssumisassunmaasuiulaves
gunadnluanizlsatanasdaidandudnidanunds
13987y 1 Flandurinmidadasnnmunaiialaaa
G LLa’Jﬁ]\‘JEI’WEJ@]‘I/L"II’]’J‘HVL@]EHL“EaLLavaNvLﬂi‘]JL?IavLﬂﬂaﬂsLu
nyznshiiauuazduindelmasuaaalsd 0, 75 uas 150
fiadluand lasudazgamanaassgnibaniivinmlinig
Taanzlso3outazsatinduas 1 a5snaanasy 15 S
%aldij‘ﬁ wazifionsuszziian 30 Ju 393aANEIIN
AN uazFatinnan iwninu

Figure 1 Colony of P. putida ATCC 17484 on NA agar,
incubated at 29 °C for 24 h.
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5. mylanzideayananaaiia Jienzilasls
TU5unIN Minitab 1283%% 18 WaztUIoUALUAILRILV
Lwiam;ﬂmaaﬂ@ ol Tukey Multiple Comparison Avzau

o

RURAYNIFDG P<0.05

Naﬂ'liﬂﬂaaﬂllaz%ﬂ']sniﬂa

1, ﬂﬂiﬁﬂlﬁL%aU%q%%WU’j’] sansnvnliize
wuafiSe P. putida ATCC 17484 uaniulalafiifieuas
u’%qw’?’lﬁ (Figure 1)

2. mysgassumMaasydvlauasis (PGP) wuia
uwuafli3u P. putida ATCC 17484 a319laaalinesldgega
2.20 rufiwas luamnsudagas CAS Alaidvansazansy
Imdsuaalss widamsazaelndsunaslsdiinin
anumaInlumsansloaalswasazdas g anasde 1.33,
1.20, 0.77, 0.47 uaz 0.33 LIWAHNAT RIZFUANUTUTY
sIazansloduuaaabsa 200, 400, 600, 800 waz 1,000
fadluans aw&e (Table 1, Figure 2) §aAA8adN L%
29889 Deshwal et al. (2013) WUWUANITY P. putida
sivasizaslimetldluemiudigas CAs Aduinae
lndouanalingsfia 2.25% wamsasagasluuiis 1AA
fwiuidouuafiefiaiasluuis 1AA ldasazans
anﬂﬁumﬂu%ﬁuamuwﬂLLa:mnvl,&iﬁmm'fﬂuaaﬂmﬁm
IAA msazansaz il apuavtediasminmaeuiwaeued
m‘mm‘jaﬁw‘lﬂﬁf@@i’mﬁ@ﬂﬂﬁuum lapwuinuuafiise
P. putida ATCC 17484 shsaasluuiis 1AA ldgaga 17.18
lalasnsudaiadans Asduanududumsazanslndon
analsd 400 fadluand wazmuadwidulagiga 109.33
faanudedadans Arduanuduiuasazanslmisy
aaalsd 800 faalums iudaiiiomsazanslndsuasalsd
Lﬁ'ugﬁumﬁﬁnaaﬂwuﬁ% IAA uazmsiasaLiulaas
fines) aAad (Table 1, Figure 3) Figoandesiunuidy
7849 Deshwal et al. (2013) TgwILLATSe P. putida
ghvaasluuity 1AA Tduazanansasaidulaldluane
Afindelmasunaalsd 2.25 uaz 2.50% AUEIGU 11w
\AEnfy P. putida sEWUS R4 QP APt e AR R PRSI
1AA 16 8.9 TulnsnSudadadans AszauanuduaTazany
Imdsunaalsd 1.5% n3a 257 Aadluans (Egamberdieva
et al., 2015) NaMIFIILaUlTN ACCD WuILUATSE
P. putida ATCC 17484 snansniasgiaulalaluamisuds
§A3 Minimal medium fitéiy ACC sansawdou Acc Tay
ol Accp TwiuuanTuiiowss Ketobutyrate $9tin
Tl iednsediausziasale (E-Tarabily, 2008) uazwy
Iiifianssumsaiaeulsd AceD ldgsfis 126.50 nmol
-keto mg protein”h” Aszoziaan 72 Falug Tuwmed
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seziaan 24 uay 48 $alus sdrotewlesl Acep 'lé 9.40
WA 79.60 nmol O-keto mg protein”h™ @ WAL (Figure
4) FimoandasiuNuITeuas Pastor et al. (2016) WU
11 P. putida PCI2 fimaasyladluamsfisl Acc s
Huundslulawfosunsadon Weildeufiouiy
g3 lifl ACC wun P. putida PCI2 ldanansniain
WWulaled wazuidovas Nadeem et al. (2010) Wuin
P. putida W2 a3natanlasi AcCD lef 364 pmol kg™ h
waza e luwis IAA ansnsassumMssyeulaas
48R (Triticum aestivum L.) aelaannizanuiau

N
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. Iii
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diameter (cm)

Concentration of NaCl (mM)

Figure 2 The effect of NaCl on siderophore production P.
putida ATCC 17484 Halo zone diameter/colony diameter.
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Figure 3 The effect of NaCl on IAA production
P. putida ATCC 17484.
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Figure 4 ACC deaminase production.

Table 1 Determination of plant growth promoters
production.
Plant growth promoting
NaCl
(mM) Siderophore I1AA Dry cell weight
(cm) (ug/ml) (mg/ml)

0 2.2040.20a 1.07+0.02b 6.96+3.86¢
200 1.33+0.15b 3.77+0.01b 15.77+4.03c
400 1.20£0.10bc 17.18+0.12a 27.11+2.86¢
600 0.77+0.06¢ 5.82+0.01b 57.31+£15.94b
800 0.47+0.06cd 5.58+0.01b 109.33+34.17a

1,000 0.33+0.06d 4.75+0.01b 72.89+23.76b

Values are means + standard deviation, different letters indicate
significant difference between means at P<0.05

3. ANUAANTAUMINULAN 0-7% (wiv) WUN
wuafli3y P. putida ATCC 17484 sunIniaiy lagiga
U IMIUTIgas YD fdundelmiuunaalsd 5% (wiv)
GamoandasiuIuiisves He et al. (2018) WU
P. putida Rs-198 nuLfula 5% (wiv)

4. fanssumsdaasumaasyiduladng (Oryza
sativa L. cv. KDML 105) wuNfiszauanuddunie
lmdsuaaalsa 0, 75 uaz 150 Tadluari uwuafiise
P. putida ATCC 17484 §NaNT0&ILFINANEIITIN AW
BRI ﬁfmﬁﬂammzﬁ’mﬁﬂLLﬁamadﬁwﬁuLﬁmgd%ﬂ@T
aninduinfililesude (TAAILAY) (Table 2) F9anw
8717370 11.59, 14.48 UaT 13.15 LTUALUAT AMULIRAY
36.26, 34.06 Uz 33.71 [WUALNAS (Figure 6) Wwmiing
§éu 2.17, 1.63 waz 1.70 N3N (Figure 7) wmsinuis
816 0.35, 0.25 ez 0.28 NIN AUK1AU (Figure 8) &9
FOAARBINLINUITLVBS Yan et al. (2014) AnwuuafilIe
fiffanssunssuasunaeiydvlasesdunzifome
(Solanum lycopersicum L.) Tugnefiflanududunge
lnfonaaalsd 0, 90 waz 190 Jadluans wuindunzide
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wenlldSuigaunafiSy P. putida UW4 1sadnlagondy  AlildSude wennnfidawudn Aszduanududuinge
2 A al' W] ear 24’ ¢:|' s v v A a 6 Aa a & v v .:A' 2%
dunzidiamenlilasue wasilaszduanududuinga  lodonaaabia 0, 75 waz 150 Jadluans dudinlasu
ldounas oI unaludui i ldsuiTauasdunlesy  \euuafiiSy P. putida ATCC 17484 uaz lilésuimaiidnn
Wa ANNENIEGH INRnaaLaTIRENLAIanad WA ANTIanINEa (Figure 5) LaztininaaTIn liuand9ny
v v o A a & A a & o A . A Y v o A a &

srauaNnuNTwndelmasunaelsd 90 NaAluans dun (Figure 7) wasNszduanudutuindeloaounaslsed 0
Idsugefinnupnmidmdwingsiiu 34.3 fafwas G981 uaz 75 Gadlum§ dudfldsuiseuuadiSousslalasy
nhdunlilasugesiliteddyneadd uazfisedy  Wellhwinudennliuwanedrsnu lusmefiszauanudy

v o A a & A A & | o A a & A A & v o A v XA A
anuTuTwinfalofouasnlsd 190 Fadlua1s wuin  Twndelodounaas 150 Tadluans dudinlesuiped
AMNENIENGU 22.7 FARNAT TINANNARLARIALAY ﬁ'mﬁfﬂLLﬁwmLﬁuﬁugaﬂdﬁuﬁnﬁvlaivlﬁ%fm%a (Figure 8)

Table 2  Effect of the application of P. putida ATCC 17484 on growth characteristics of rice plants grown in normal
and salt (75 and 150 mM NaCl) stress conditions.

Concentration of NaCl (mM)

Bacteria Promote plant growth
0 75 150
Control 80.67+8.63a 62.00+1.82a 43.33+11.30a
Germination (%)
P. putida 68.67+11.93a 54.000+£10.11a 50.67+10.38a
Control 9.96+0.30b 7.33+0.29b 6.46+0.19b
Root length (cm)
P. putida 11.59+0.30a 14.48+0.75a 13.15£0.79a
Control 32.51+0.90b 26.96+0.47b 19.96+0.71b
Shoot length (cm)
P. putida 36.26+2.13a 34.06+2.04a 33.71+2.56a
Control 1.10+£0.29a 0.90+0.19a 0.67+0.10a
Root fresh weight (g)
P. putida 1.25+0.09a 0.82+0.22a 0.87+0.22a
Control 1.37+0.12b 0.75+0.15b 0.51+0.05b
Shoot fresh weight (g)
P. putida 2.17+0.08a 1.63+0.19a 1.70£0.09a
Control 0.10+0.03a 0.09+0.01a 0.06+0.01b
Root dry weight (g)
P. putida 0.11+0.01a 0.08+0.01a 0.10+0.01a
Control 0.23+0.01b 0.15+0.02b 0.13+0.02b
Shoot dry weight (g)
P. putida 0.35+0.01a 0.25+0.03a 0.28+0.02a

Values are means + standard deviation, different letters indicate significant difference between means at P<0.05

H Control [ P. putida ATCC 17484
H Control [ P. putida ATCC 17484

50
S 100 a E 40 bg 2 a
S s a a < 30 b
§e] a = 20 b
T 60 a g 2 pa 2 a
£ 8 10 bﬂ b|=|
E o Nl alla
o 20
0 0O 75 150 0 75 150
0 75 150 root shoot
Concentration of NaCl (mM) Concentration of NaCl (mM)
Figure 5 Effects of bacterial inoculation on germination Figure 6 Effect of bacterial inoculation on root
percentage of rice seedlings at 0, 75 and 150 mM NaCl and length (cm) of rice under different concentrations

concentration along with control (sterilized water). of NaCl
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Hl Control [” P. putida ATCC 17484

25 a
2 a a

>
E aa b
a a
= a . b .
= 0 IN IR IR IR
0
0 75 150 0 75 150

root fresh shoot fresh
Concentration of NaCl (mM)

Figure 7 Effect of bacterial inoculation on fresh weight

(g) of rice under different concentrations of NaCl.

H Control [ P. putida ATCC 17484
0.4 a
3 0.3 5 a g
< b
502 va b b
S | 1)
I il

o

0 75 150 0 75 150

root dry shoot dry

Concentration of NaCl (mM)

Figure 8 Effect of bacterial inoculation on dry weight

(g) of rice under different concentrations of NaCl.
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ulagas CAS Aligansazan vlmduunaalydlagiga 2.20
irudiay aiagailuuie IAA ldgega 17.18 lulaniu
dofindany fveuanududuamiazanslodounaslsd
400 fiadlum§ uaziainidvlaldgogada 109.33 Sadinu
daliadans fAzduanudutuamiazanslodouaaslse
800 fadluans sunsasdratenlod AceD lauasdl
ﬁﬁ]ﬂiimauvlﬁﬁﬁgm@ 126.50 nmol Ol-keto mg protein™'h”
flaznzian 72 2l anwanansolumsmwdndaaiay e
lummil,v'ﬁqﬁLamﬂﬁaismﬁymaavhﬁgdqm 5% (W/v) Uag
sannssumMIsuduladnld laaduinafiannuen
1 ANuEEe TndnaauatrEn LR E T AN W
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