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Isolation and growth-promoting potential of a salt tolerant strain
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Abstract: [Background] Many Methylobacterium can promote the growth of host plants, which is widely
distributed. Screening Methylobacterium strains with salt tolerance and growth promoting characteristics
can provide basis for the development of microbial fertilizer, which can provide a basis for the
development of microbial fertilizer. [Objective] Salt tolerant and plant growth-promoting bacteria were
isolated from the saline soil of Wuerhe area in Xinjiang, and the culture medium were optimized after
identification, the performance of growth-promoting was preliminarily studied. [Methods] The salt
tolerant strains were screened by Ashby medium. The gene sequence analysis, physiological and
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biochemical determination were carried out on the strains. The effects on the growth of Arabidopsis

thaliana were preliminarily studied by plate test. [Results] Moderate salt tolerant strains W-1 screened

were identified as Methylobacterium sp. The best inorganic salt for the growth of strain was NaCl, and the
optimum concentration was 1%—3%, and the maximum tolerance concentration was 7%. The best nitrogen
source was organic nitrogen (acid hydrolyzed casein), with the highest yield of auxin (IAA) up to
33.53 mg/L, The dissolved phosphorus capacity was 28.71 mg/L. Inoculating Arabidopsis thaliana

seedlings with the Methylobacterium sp. W-1, The contents of chlorophyll a and chlorophyll b of the

Arabidopsis seedlings were higher than control group, the root structure of Arabidopsis thaliana was
promoted significantly. [Conclusion] This study provided strain resources for the preparation of

biofertilizer candidates.

Keywords: strain screening, salt tolerance, growth promotion, medium optimization, Arabidopsis thaliana
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& Methylobacterium oryzae CBMB20 [ ¥R 3ZF T
CLHAUG RIAE, WPHPRE . R T EM A Y E
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1.1 #l
1.1.1 HIEHS

2018 4F 4 H % 2019 4F 10 A 7EHrsdtH 2 /R
RHX (87°43'5.0"E, 46°23'56"N)HF4Kk 443.0 m %
SRR 4 PR R B S BORE: , TREE 0-10 em,
TSR 239.675 g/kg, AL & 13.211 g/kg,
3 pH 7E 7.81 A4, J& TR 3%, [RlA 454k
gy FELERAMM N E .
1.1.2 EHRE

o) A 05 1 R A 5 21O BT 4 D G S
H(g/L): HME 10.0, NaCl 0.2, KH,PO, 0.4,
CaS0,2H,0 0.1, MgSO,47H,0 0.2, CaCO; 5.0,
BiIE 16.0, pH 7.0, 1x10° Pa K 20 min; R,A 1%
FiH(g/L): KBRS 0.5, HEAM 0.5, #k
BE 0.5, BebHRM 0.5, WM 0.5, INEHEREN 0.3,
K,HPO, 0.3, MgSO47H,0 0.05, Fiiflg 16.0, pH 7.0,
1x10° Pa KB 20 min; ME—BRJEEEFE I (g/L):
CaCl,2H,0 0.1, (NH4),SO, 2.0, K,HPO, 0.5,
NaH,PO42H,0 0.5, MgS0,47H,0 0.2, pH H 4%,
1x10° Pa K 20 min; 4 [CH; 33 B (KMB, g/L):
JBEHE I 20.0, K,HPO,4 1.5, MgSO,7H,0 1.5, H
M 10 mL, %R 0.5, pH 7.0, 1x10° Pa K&
20 min; JCHLBEE; FREE(NBRIP, g/L): Casz(POy),
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10.0, #H4 10.0,NaCl 10.0,KC1 10.0, MgCl,-6H,0
10.0, MgSO,7H,0 0.03, Fey(SO4)3-7H,0 0.03, ¥
fI§ 12.0, pH 7.2, 1x10° Pa K 20 min, MS & i}
TR AR A IRA A .
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30 °C B K FF 120 ho /rEalifh: PREUEFR M
KPP VR R T2k, RS — TR,
[F]EE 6 A 7 R4 PR T Rl
122 BEHHIEE
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A7 DNA $e UK G 48R AL IRXT R R A T 4 %
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27F (5'-AGAGTTTGATCCTGGCTCAGAACGAA
CGCT-3")F1 1492R (5'-TACGGCTACCTTGTTACG

ACTTCATCACCC-3"), PCR R W& Z& (25 uL): | .
FHE5145(10 pmol/L)#% 1 pL, DNA f&fi 2 uL,
2xPCR Mix 12.5 uL, HITCHK#PFEZE 25 pL, PCR
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1t R G IR NS R s e
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M s DL RoA MR IARBE I3 54 A R AR S At 2 K R 0
PL 10 g/L /) NaCl, KCI, Na,SO,. MgCl, A JcHL
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Qb T KB B TR W1 R B IR 2% 3 Rh
AT bR AL, Moy R 3 K. 30 °C.
180 r/min JR¥%HFE 48 h, W] WAMEERE I E B
kBT ODgoo TEATE M TR MR A K 5 T8 A% , i 1E
BRI A AR K TOHLER B vk B o R[] U X Ak A
KBy . LRI D1 JG S0 AR 5 3R A by AR AR
KBFR3E, 9nA 1%0 A5 2 (KNO3) . Al
A A (NaNOy) . £ &8 A (NHLCD) . i 82 1 & A
(NH4NOs) . FHLAE(FR/K RIS R 1), Kk F x5 B
KIWI(1x10° CFU/ML) A TR W-1 % B % B8 2% 1Y
HERh R T BRI, Mo R 3 K.
30 °C. 180 r/min #7557 48 h, RIHA] W46k
JEE T 2 TR AR A E ODssoo TEAE A AR AE K =11
Rhm, e R AR S A A R AR
124 HETHHRERR

Bk = 4 K & (Indole Acetic Acid, TAA)RE -
P03 B aliAb 5 YRR T A L-A2#R(0.5 g/L)
() KMB WK 3738, [R] B8 in d5e A RUUR -5 e L
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£, 78 30 °C . 180 r/min £5c1F FFEIREE SR 48 h Ji7,
8 000 r/min B> 1 min, B 3 mL F{E®R 55810
BERIRE, TEREASE RN 30 min, B
bR T € ) B B P 25 S, DA R4 T 85 7 3 R Xt
W8, 7 ODsso M5E KW h 1AA F &0 Thbkfg
W 5E . RAIFTFLIEAE NBRIP [EAR; FR 4T
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H: BAK 7 d BIREITAIE RS 2R 1/2 MS 3
FRIET, AL B A BRI 540 R T Al B A R
916 h, S 8 h, IR 200 pmol/(m*s)., i
24 °C EEFRAM TS AR 4 do FEX—IF
W, 7 BIFE AT A e BRI AR
(R, A B AR T T ESOR I = AR A, $R R
PIREIF A e R HkAbPIE A 3 UK.
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2.1.1 EHRFESWE
FEAR W-1 ZEFTZ0 DL AR FR 5L 8598 7 d J5 , &

RPN BN, PN 2 Rt
TR AE I L Rk W-1 7 R A Bigdk FREFE 3 d
J& , IR R IRTE HEN , DGR Sk
FEDEERIEAEHE 1),
212 EHEEEUNE

X DN TR Bk 2R A T 2 A AR AR, 25 SR
£ 1R, QAN mvas AT, o
AL SN BAPE 5 IR AR A I S 0 FHAME ;. g
KIS, AREKMFTERY; W@z
T TR PR BB A FH A 28 0 L Y A Sy e U R BB R R
FRIN AR W-1 FEE203a000 [, 2 Mgk Y R HE ik
2.1.3 E#k W-1 B9 16S rRNA EEFFI4 1

X Bk W-1 3E4T 16S rRNA JE [R5 1 J5 3R 151
F BTN, e RS R R ARSI A B
1 395 bp (GenBank 3¢5 : MW356240; NMDC
5t 5 . NMDCNOO0OOHUY) . #3545 (1 5 41 &5
NCBI #1221 i9)7 5117 BLAST LX), 458
/N WM W-1 5 Methylobacterium sp. Evap S01
(DQ132876.1)f) 16S rRNA JE R AL K 99.42%,
E Rk W-1 5 Methylobacterium sp. MG-2011-78-DC
(FR872486.1)AH{UME K 98.84%, fii il MEGA 6.0 %k
P SRAAE AR R G L BB 2), 4510
7N, FRE W-1 5 H AT (Methylobacterium sp.)H)
FG KR, 456 R AE A ACRRIE, W1
FE TR W-1 J2 F LA 127 TR o

El1 E#k W-17£ RA EIRIEFEREERS
Figure 1 Colony morphology of strain W-1 in R,A solid
medium
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x1 HHEENER

Table 1 Physiological and biochemical analysis

i H Ttem 25 Results + 11 H Ttem 25 Results
2% [RYL At Gram stain = FLHE Lactose -
W4 IS Aerobic test + JEME Saccharose -
Fi 34T )2 i) Methylred reaction = 2 B% Glucose =
iz s A Bacterial motility test - 5% ZE B Maltose -
2T R 3L FE 6 Voges-Proskauer reaction — S Fructose -

A HEVEN Starch soluble -
H #2 B Mannitol -

JEN 7K f# Starch hydrolyze -
B i Ak Gelatin liquefaction

TR EL I8 5L [ )i Nitrate reduction test 2 B¥ Galactose -
AL SV Catalase test i [ Formaldehyde -
Sk Oxidase test FAi2 Methanol %

15[ Wi 5 Indole test

71 Phosphate solubilization

43 Pigment #, Pink
W+ BRSO —: BIMER

Note: +: Positive reaction; —: Negative reaction

N

Methylobacterium aerolatum strain z18b (AB698677.1)
Methylobacterium podarium (AF514774.1)
Methylobacterium thiocyanatum (U58018.1)

69 | Methylobacterium komagatae strain z61e (AB698715.1)
89 [

90

80

Kaistia sp. strain RT103 (MK014274.1)
Kaistia sp. strain CHBE-24 (MT256174.1)

46 {W—l (MW356240)
66 Methylobacterium sp. MG-2011-78-DC (FR872486.1)

Methylobacterium sp. Evap S01 (DQ132876.1)
31 Kaistia sp. strain T769 (MT611265.1)

Methylobacterium salsuginis strain MR (EF015478.1)
Methylobacterium portugalicum (AY009403.1)
47— Kaistia sp. strain E99 (KY087995.1)

44

[ Kaistia sp. strain HI3C72 (KU534349.1)
67 ‘—Methylobacterium aminovorans strain OTU-a41 (KR021359.1)

——
0.5

2 EHE W-1 REMEGUERET 16S rRNA EEFFIMEN R G4 B #FH

Figure 2 Phylogenetic tree of strain W-1 and other similar strains based on the 16S rRNA gene sequences

TE AR RAR A, 73 309 AR 7R 1000 YCHE S AG G A EL A 2L W-1 (MW356240) A i 6 B ik (AU 7 41 5 A7 817 NCBI
1SS WORTERG S5 FRR 0.5 IR 1000 MEHTRHA 5 APt

Note: The phylogenetic tree was constructed using the maximum likelyhood method. Bootstrap values for 1 000 replicates were given in

the branch nodes; W-1 (MW356240) was representative sequence of the selected strain; The GenBank accession numbers for other
sequences were present in the parentheses; The scale bar, 0.5, represented five out of 1 000 nucleotides were replaced
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22 BERREREZHEMRL
2.2.1 EHRIERAF R R

DL RoA RARREFR IR IER IR 0L, He BEAN[]
TTEME 0%, 1%. 3%. 5% 3IA 4 FAFETC
PLEL4:J8 7 (NaCl, KCI., Na,SO,. MgCly), #5i
FREEA, 30 °C. 180 r/min $55%, %58 6 h MEH
Pk ODgoo, A HIER NI 3 B/, FE AR W-1 7E 0%,
1% W T, 76 4 FPEHLEE &8 & PRtk K #
U, TE 3%. S%ERMET, Wik W-1 JCHLERFIH
P 2% 5 NaCI>KCI>MgClL>Na, SO, K bk W-1
BT oA S DR BB T RoA KigR3E,30 °C,
180 r/min £5 3% 48 h J5 M %E ODgoo, WEFH 51 FE 1Y
BHTHE R, BRR W-1 A KR AT A
222 FIBEMBEMKEKEN

PETRAR W-1 2R T 5 1% M8 R GAHAA .

201 _e—NaCl
1871 ekl
L6t —v—Na,SO,
L4 r —— MgCl,

t (h)

1.8+ —o— NaCl
161 ——KCl
—v— Na,SO,
—— MgCl,

0.0 ’ R —
0 18 24 30 36 42 48 54

t (h)

3 B W-1 B EREAF A

Figure 3 Utilization of inorganic salt metals by strain W-1

Note: A: 0% (W/V); B: 1% (W/V); C: 3% (WIV); D: 5% (WIV)

OD(:UO

SR HER G A A LA B2 D R AR
FRHEE, IR R IEAE X IE, 7 30 °C.
180 r/min 535 5 d, £:FF 12 h IE E Kk ODgoo, E
K ARER AN 4 /R ST RE W-1 55 F R0 AR F LS .
AIVAEER A& RS RS E > AR,
PR W-1 e A A AU AR A
23 BlETHEEREIRE

FRO AR AE PRI 2P Y, BRIAR W-1 2 F
TEAOAIRN KMB BIAE SR EE55R 24 h,
2 mL WO FE Y Salkowski 87 S 5
P LLE, RIATEMR K 3R, 770 33.53 mg/L.
Btk W-1 7E NBRIP [E{AREFREE FBATE R4 1)
VR, NIRRT A, AR R R R AT
BTN 28.71 mg/L. LI XRPE W-1 {41k 5

257 —e—NaCl
——KCl

20+ —vNa,SO,
—— MgCl,

1.5+

1.0 +

0.5

0.0

1 (h)

1.6 1

14k —o—NaCl

’ ——KCl
1.2 ——Na,S0,
1.0 —=MgCl,
0.6 +
0.4
0.2
0.0

0 18 24 30 36 42 48 54
t(h)
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—e—Non-nitrogen —o—Organic nitrogen
—+Nitrate nitrogen —— Nitrite nitrogen
—s=—Ammonium nitrogen -o— Ammonium nitrate mixed nitrogen

25r

201
§1.5-
8 1.0}
0.5
0’00 12 24 36 48 60 72 84 96 108?0 1'32

t(h)

B4 =tk W-1 X RIREEF A

Figure 4 Utilization of nitrogen source by strain W-1

WA, R s T et 4, ik
PR W-1 XTI R Tl i AR KA AV E RIS, K
37 d BRI IT A B R 12 fLdlch, 12 fLkRon
A 800 pL # 1/2 MS BARRE IR 5L, % FRZE 0 200 pL
) 172 MS WA, A4 mA 200 pL ¥
1x10° CFU/mL 1) W-1 B, 285557 d, 45
R SFiR, SxTAME, A4 PRI
MR BT BRG] ik, i B8 & U (il R A% 5
10x, 40x)iF—L WA R ITAR R, K ILZAL PR
PR R LS, MRBEKZ, HFARE
BRI,

WK 7 AR ST A I 2 1x10° CFU/mL
) W-1 TH B, IR Y 5 min 5K 4B B BB S A7
1/2 MS [EfRsEFREE S, B Ad. BAEK 7 d
FIALEE ST 4N R 28 1/2 MS AR R 580, I
BEAHIHER 3 em 4, %0 200 pL W-1 AR E.
H B HEFEAdIE, GRWME 6 Fn. Rl
AT AR AR R R R S i A T T
Hr A K AR S AR T4l B ARG . AR %K
it dE, T, Mg RNE SR a, 40 b,
KB MR XTHIRIT 40 B g R AT
FE, ZERWE 7 PR, AAER A AU HIRE ST AT
Atz a & 038 mg/g, MEE b &&
0.51 mg/g. KHH MEFTR 022 mg/g BEFHTAR

A MM I L R a &
0.21 mg/g. M4EE b & 0.26 mg/g. B MK
i 0.082 mg/g, MALFE B 2H FIXT B ZH $ R I+ 40 i
MR E SR E 2T . E 8 WTLIEH,
FERDREAR W-1 XU R ST 4 i AR AR S A &
AN, SR A& B IR AROR B B2 1%
FIBAME W-1 XTHIRE ST 4 i o] i 22 5, P
THEPAEBRKNES

E5 EMENR W-1 SEETHERAEHZE
Figure 5 The root structure of Arabidopsis thaliana
seedlings was affected by strain W-1

[ a, oo eo g WHAMRITAER AL b, d. £, h %
Fift W-1 BRI T4 B AR R 45

Note: a, ¢, e, g: Root structure of Arabidopsis thaliana seedlings

in control; b, d, f, h: Root structure of Arabidopsis thaliana
seedlings inoculated with W-1

BElo EMEH W-1 BT HE R EKFD
Figure 6 The growth of Arabidopsis thaliana seedlings was
affected by strain W-1
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Figure 7 Chlorophyll of Arabidopsis thaliana seedlings was affected by strain W-1
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Figure 8 The growth indexes of Arabidopsis thaliana seedlings was affected by strain W-1

3 Wik548

EARGE LB Y et Pty 2L il &
WIZERE , KA (LT3 A AE A ) 1T DX 4t T AR
PRI, 3 3 A 7 22 R 2 A BRI EOR AR AR )
AR FEARBE S, B SR AL AR R X

R IR R 1 ARG AR BB BRI Hh T R
B W-1. FRE W-1 7EBTZ5 DG (1 (s 7= 5
EIEB A, 7E RA RS S HE 0 3]
W, XHorESkk W-1 9 16S rRNA JE K F 41154 |
WY - 245 %€ Ry HH FEHT 58 )& (Methylobacterium) B A
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LT A i 2 — 28 7 60 3% 1 AR S R Ak A
RN, AR AT R AR R, W 4 B T AR WA
PEAT T BRARAE R AF I B B 95 B OCHLER . R IR KT
FAER B,

SRR W-1 JE— R BT Sh bk,
R 7%, S AERKERWEE 1%3%, EE5A
4 ORI TCHLER Y RoA BigRdtrp, TRtk W-1 K#
TE NaCl #h & P T HAh 3 Fhdh e+, Xt HALIGHL
B FHR A 25 KCI>MgCl,>Na, S0, XAl
R RA AR PR OC, BX BT SR AL R 5 R
TR i X ER vt HEER b i 8 P TN, R ELPHES
FAEFTF Na™, Wi FESF e B,

AL s T A = PR, I T HA S
B K5 . Gomez-Godinez Z5£P3H1 Malik 2024
WF5E R BUA 26 A AR R A 2 S A AR %
T, ARKIEEZE ., BRI L —EWRER
NH, 5 NOs B &P A K, 2 A&k B 7
0.5-1.0 mol/L M54 T, BIPE W12 HA s i [
RSP, XIR IS5 K IS NOy W N
10 mmol/L i, Btk BM13 A=K kP [RkE
PRIR W-1 7 BT 25T D1 JG 280 [T 4R 355 73 25 v A K I
K 7d, BERECNENE, I AR D JC A S gR A
NFEREEEFREL, A S FPOASTRI U, A I TR A X
ANFE AR BRI ARG O, 0518 R il AR . A SR
R B LA I A 1R 6 Sk W — TR A A SR A AR TR
BB B PSRRI ST & BRER AR X, A g A T
MASA, ATA RS R Y A5 2R AR Y
AL, TERE W-1 BRI LASN, BT LIOR[E #
RS . AR, MERAE . ALA.
WP W-1 if AE R AR RE S AR, EiRid s
JEF, Wbk W-1 {2 2E P RERIUAE R 8% 24 h 5 B 5%
JErp 5 TAA (33.53 mg/L).

— S I )R B A BERIEA], Jayashree
25 OV I\ D JE A 4 2 T REIOT AN 23 K AR AN BT AR AR
PRty B 3 13 BRHF AP, B EA R R

AW BE . WA REUE Y S YA L EME , VAR
TR A B K 13 R OR Vi A R AL PV M R
BRI OR DO A A A B AR s - 3
HA3 B (K TR PWXZ 10 VB AE 7735 40.89 mg/LP",
T Bk W-1 78 NBRIP [l {85 755 Bl LUER, #)
VA U 25 TR WL, ol e S E Ak W-1
K BER R AT PERE R 28.71 mg/L, HEN X Y5+ HekE
di PG 2R 5 (0.69 g/kg) BN K.

BRI, Klikno SRS & BBERN T 5 Fft I SLAT
& (Methylobacterium mesophilicum . Methylobacterium
extorquens . Methylobacterium oryzae . Methylobacterium
podarium ., Methylobacterium radiotolerans)¥ i55
TR A AR B AR AT AR i AR
WA LIS R I B AR T A T i bR W1 fie A
REA IO ST, i Az iU LAADh R I 4 v g AR
1o MK, e T, 2 S IR s
TEM W-1 BIfEESR bR, DX LA KIGPRAEDS
HWF R T A B AR AR R AR R A5 Y
JE SR AR A K, BRI R B EIAR W-1
Ak PR FEL T T 40 R B AR R G R ] ARG T X TR
4, FEERTEL T MR SREN LT .
B W-1 [T S i AR AU R T RO R A A B R R
AT B TR TR S SR A

ik, WPk W-1 XHUR T4 B —E B fE
AR . HA AR T A oA s AR A o sl
PINERH 5 e 7E 13 h i S E FHAAFRE DT, R] I
Vi A= I NERHE T3 A9 TR PR B PR v, A T R
FEA R AR R e — R F A AT
i A T R IR s DX R ¥ A 3 S5 B O R S TR PR
W-1 o Fp R R A AR T Rk, BB A L E N 4R i
e, RN ST AR Y & A AR A
YER . TEEMHAFREE Pk W-1 J2 & 0] D2 A4
FIT, B . AR A YR
Hh YRR R PR A I B PR L BOR SRR, XK
1 PR AT TR e £ A ) T R 5 T T AP RE
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