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Isolation and identification of growth-promoting bacteria in
halophyte rhizosphere in arid region and their growth-
promoting characteristics under drought and salt stresses
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Abstract: [Objective] We isolated and screened microbes with growth-promoting function and
salt tolerance from the rhizosphere soil of halophytes in dry and saline habitats and studied their
growth-promoting ability, hoping to provide high-quality bacterial resources and a reference for
alleviating soil salinization in arid areas. [Methods] Strains with salt tolerance and
phosphate-solubilizing and potassium-releasing abilities were screened with selective media. Then,
the ability of the strains to produce indole-3-acetic acid (IAA), 1-aminocyclopropane-1-carboxylate
(ACC) deaminase, siderophore, and exopolysaccharide was tested. Through antagonism test,
strains with excellent functions and no antagonism to each other were selected to prepare the
compound bacterial mixture. The suspension of each of the strains and that of the mixture of
strains without antagonism to each other were respectively used to infect seeds of radish and
maize, and the influence on seed germination rate under salt stress and plant growth under both
drought and salt stresses was observed. Finally, 16S rRNA gene sequencing was performed to
identify the strains. [Results] Strains yl923, hs032, and hyl27 with salt tolerance and
growth-promoting ability were screened out. yl923 can solubilize phosphate (46.29 mg/L), help
release potassium (58.07 mg/L), and produce IAA (29.23 mg/L), ACC deaminase (13.83 U/mg),
and siderophores (SU=0.43). hs032 was outstanding in producing IAA (61.18 mg/L) and
siderophore (SU=0.23) and hy127 excelled in producing ACC deaminase (15.29 U/mg). Through
16S rRNA gene sequencing, yl923 and hs032 were identified as Bacillus subtilis and hy127 was
determined to be Priestia megaterium. The three showed no antagonism to each other and thus
they can be used together as compound bacterial mixture. The 2% mixture suspension can improve
the seed germination rate (77%) under salt stress. Moreover, it can increase the root length, plant
height, dry weight, and chlorophyll production (P<0.05), and significantly reduce the
malondialdehyde (MDA) content (60%) of maize under drought and salt stresses. [Conclusion]
Strains y1923, hs032 and hy127 show excellent salt tolerance and growth-promoting function. The
compound mixture prepared with the three can remarkably promote plant growth under drought
and salt stresses and those strains have the potential to improve salinized soil in arid regions.
Keywords: arid region; soil salinization; rhizosphere microorganisms; salt tolerance and growth
promotion
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W E AL OCR, T AR X £ B
M52 6e 1, BTLL PGPR A SR B AE WA B 1
SR W 7k T WE T B R AN ) A
P, R AR R AR N 2 A T R
AR W B I, X I A A ) B A T R
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) KO i, - RN L -1- R R
(1-aminocyclopropane-1-carboxylate, ACC)Hi 4%
it BE 1% 43 i £ Wi (ethylene) A W& BUAT 1A ACC,
FEARA IR N S0 i, DATTHG 5 18 A8 4
WeFR gy . e bl v A SEAE P 4R K . Habib
SRR RS 2 ACC LA B B K 2E 1
¥ W (Bacillus megaterium UPMR2) F1 i #F &
(Enterobacter sp. UPMRIS8)J5 , Fk 3% F 1 7£
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T 30%. 8 12 43 WA A2 K R (indole-3-acetic acid,
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1.1.1 HIERFF

FE )RR B - A i SR AR T B 75 4 A AR T A
1 X B 5 4(37°46'N, 109°11'E, #4% 1 088 m).
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2 AE T &R 43, IR TR 5-20 em (1) 14,
153 -4 RE S AE T IO AR AR A, vRAS TR
PRAFIE [l S0 = HEA T A P ) 4 B A e . £
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(PKO)'" T 72 M 2 o0 M Al 1 5 B0 9k
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fREh B R B R A 1.0 g DA TS
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FERHA R F] @R 430 1T NanoDrop
One C, Thermo Fisher Scientific; J& T W43
6 TAS-990AFG, Jbaid#r; PCR 1Y,
FlexCycler, HE% .
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PRIEFERIE F, FRIERKEEEER, F
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1.3.1 R

WEPEAE PKO B53R3k FAE K B MR T
BPM A S, THEEREIKRS 30 C.
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F 30 °C. 180 r/min R % 1EFE 5d, LATCHAKAE
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T 0 10 min, YO IR AH I b Bk e T
BEWCP AR SR, BA R 3 A EL
1.3.2  fRéR

0T DLAE S D Rk RR SR 15 95 0 FAE R
WVRIEF T BPM WASEFRHE T, T 30 C.
180 r/min #R¥%5 5555 24 h, BRI T4 5 WL
HU S mL I, TEA 95 mL ARG 1S 3R 3
180 r/min., 30 CHEIRIEFR 7d, IICHKIER =
0T 5 G 5 5 UK TR 20 mL, fiTA 4 mL
6% H,0,, milii bt 20 min, 8 000 r/min
2.0 10 min, HUCEWWH JE R 7o 0T
e B K E, B EK3IAER .
1.4 B~ ACC RIS MM E
1.4.1 ACC Bt REGRR M & ik

PG TR, #5358 DF [ERRE 55
Fl ADF [E{&REE 5L b, F 30 CHiFE 48-72 h
J&, 1€ ADF FA bA K AGOLIFF 7 DF 5375
AR BRI ACC I 2 6 P TR Rk P
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24 h, #H: N\ ADF 55555, 30 CHRZHGF: 24 h
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TSR W, Fe 0¥, 30 °C fEf 30 min,
FHAIA 2 mol/L NaOH {R%], 540 nm Al ik >t
FEARL . WS M5 XL R 438 1 pmol o-
TR AR 1 8IS AL, RS H
e AT T ik
1.5 BT IAA RBE SN E
1.5.1 7= IAA P HETFiE

W R R AN 100 mg/L L-{5 % % 1Y) BPM
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AT AW TRECR M) B0y A BRA /IR T I )P
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A TGN B = A o ARUCKE T A 43 8 L B R RR AR
YR F8 7R T s TR AR UEA T B R R, e
PRI A FE B4 2 .
19.2 REEXE

Fe R 1.2.3 Pk R E AR TR A TR 2
TRHE R 1% A0 B R b TR TR e VR e o =2t
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BT . 7 TIAA . P° ACC ERE . DL 4%k
£ W UNCT
1.10 EFXTFF & SFHIF M0

Pek T AMG M E MR, BA 8%
H,O, % W14 8 20 min, FRAIFH TSR K3 5 K.
Kl a R FREYL 4L, B4 4 HEE. A
JCE KT K B kR v1923 | hy127 . hs032 FIR &
R BRI FE R 0.5%. 0.8%. 1.0%. 1.2%.
1.5%F1 2.0%, WEIRHF 12 h, FRHF I
SRR K WS MR A IR AN FE R, B H g
WA 10%NaCl FICH K, B ERME . &
2 AXPIEZH CK1: JCREKIRHL 12 h, Jowi 7K
M CK2: JTCE/KIRHL 12h, 10% NaCl JopE K
Wik 3 d JEIC SRR TR 2 O
1.11 EMEFEMEPBE T EREK
A

SEH A4 HEHCH BEVE T K KR X
(34°9'N, 108°53'E, ¥4k 453 m), ik 3.2 g/kg,
HHLT 5.38 g/kg, pH 8.54, KIATER 34.8 mg/kg,
R0 6.7 mg/kg, ARE 101 mg/kg, KK
49%. 30k 2 mm i, 120 ‘CKE 20 min, 4t
T ARBH G FH R ERAT, SRR
10 g/kg NaCl, SZE04] 1-4 41, 43l A -+
B R 5% y1923 . hy127. hs032 FES EbR
WEE R, TEIRCE 7d.%E 2 X IR CK1 .
s, AIE; CK2: fnd:y, KA. A
TCHEIKHG A IS KT 2 30%. 4 FKFp
TAWHAHEG, KHEKRER 12 h, Pk
FhFBENLAMAL, FE4] 50 i, 5204 1-4 41435
FHAH S 4 T P & B, KL A CK2 FHEH KR
W, WIMEAEME, B 2h EBEREE T,
B FRIRERIR I 30%, 5355 20 KTk, I
HRK ., HRE . TEU ISR IR SEY S
#r FF & (soil and plant analyzer develotrnent,

SPAD){H , FFFRELZY 0.5 g fH a2, fdi
B RAE ) T AR 5 BT B AR 0 3R D T
¥ (malondialdehyde, MDA) & #1,
1.12 #HiEAIE

BAHEAL ] SPSS (version 22)FK {4 T A
K3 J7 2257 i (one-way ANOVA), £ 525 2 [A]
B 2= 5 M Duncan J7 kb4 56 (2 2 7K
P<0.05, NZREE). FH Microsoft Excel 2019
HEAT S g A5 R sl

2 HERE5M

2.1 THEIREMEMFIRER

AL S P O 51 KR RS E S
10% NaCl ) BPM Pt 8 pAE R, Hir 21 K
RERSTE PKO HigRdk AR, Mmiee Ry
PR y1923,5 d RIERT-A 305 46.29 mg/L;
24 FRREMSAE T 1 K AERRER B 2 0L B A,
BRRE S BRI A A AR y1923, 7 d KRR K
e 58.07 mg/L. 3 46 PREE™ A4 TAA, HE
ORI B FR A hs032, 48 h R -1 1AA e
JEk 61.18 mg/L; A 26 BRI RE™ ACC W2,
RE SRR N R hy127, 2 d R 2R OT- YT %
Bf; U=15.29 U/mg; 43 11 BRI e~ A 3k ik,
REJT BRI hs032, “F-¥y SU=0.23, e
B, B, 7 TAAL )7 ACC M2 Bl Fl ™k 28
RIS 1 PR, WEaKE y1923. LUERE. %
BELOPEIAA L PR ACC Bl U RN Pk kAR BE
A B B AR BIRE B 1923 . hy127 F1 hs032 i
Loy, 25 BoR HAHEAEDL, o7 LRGBS
F%. WPk y1923. hyl27. hs032 4fis 3% L & H:
RE R A BT . IAA. ACC it
AN R DL S K T LA 220 i TR A A
PN 1 FiR.
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*1 BEMRBEAEACHBEERMNER

Table 1 Growth-promoting properties of strains

Test item yl1923 hy127 hs032 Mix
Phosphorus (mg/L) 46.29+0.06¢ 43.29+0.12b 38.22+0.09a 48.25+0.11d
Potassium (mg/L) 58.07+0.14¢ 35.48+0.23a 48.00+0.09b 58.15+0.21c
IAA (mg/L) 29.23+0.10a 57.13+0.08b 61.18+0.09¢ 61.22+0.16¢
ACC deaminase (U/mg) 13.83+0.23a 15.29+0.15b - 16.93+0.17¢
Siderophore units 0.43+0.09b - 0.23+0.04a 0.21+£0.07b
EPS (mg/L) 7.30+0.08b 5.80+0.11a 8.30+0.07¢ 10.30+0.13d

Values are means (n=3)*standard error. Different lowercase letters indicate that the same index is significantly different

(P<0.05). —: The corresponding performance is not detected.

2.2 ERXTERAMNE R4 ZF R A KRV

SLEGZE AN 1 BTN, 10% NaCl 5O &
MRl & 2E A B P HIVE A, CKI1 45
NFl TR 2E %R 95%, CK2 200 44%., ZA ]
VP TRV AL BRI B S 2 2R B AN TR R 1Y
UL RE S, IF ELRD T & 25 R B 5 0 A TR
B T T o E A RO TR A BV R
B R BB SR TR R BRI, 2.0%
PR AL B - e 2 280K 5 79%, AHBER
LA H Y CK2 4515 77%. TR WS 56 4
B hs032 (e Fp T & ZEACR AT, TEAL PR
BT 1.2%E 5IRA WAL L ER TR K229,
{RAEARR MR 2 IR G TR TR 38 e B T D & 2
RINBE ST o T B AR TR IR L A B R 412 2 D T
FEERE R R EE, 2 WA ALA A E AT L
FERIR BE A 4 A A 35O
23 EAEMNTEEHETRLIAREREK
Al

mFE 2 Fw, FEERMNA T 0 ERIEE(CK2)
A= BT (P<0.05) e &4, 5TcEkkag

®2 EHRETEMEE TN ERE KA

(CKDEAE:, M. #hm i TES I CK1 4k
/1 13.5%., 15.2%FH1 25.0%. I HY &4 A
) CK2 M, M AT S 42 55 (P<0.05)
THRA 4 A CK2 #FHEchBE, KRS
138.6%, FhidRiE 113.4%, THEIRE 156.0%. I
HAHBCANINPATE () S2004H 1-3 AT 238 (P<0.05)

o

100
e CK1 95%
g 90 |
Q -
g —=hyl127
o -
z 70 hs032
£ 60 | —~Mix
8
50 |
I CK2 44%
40 L L 1 1 1 J

0.5 0.8 1.0 1.2 1.5 20
The content of strain in the solution (%)

1 EHR B T TR FRIFN
Figure 1 Effects of strains on seed germination

rate under salt stress. The dotted line represents the
seed germination rate of CK1 and CK2; The error
bars represent the standard errors.

Table 2  Effects of strains on maize growth under both drought and salt stress

Test item CK1 CK2 Test 1 Test 2 Test 3 Test 4

y1923 hy127 hs032 Mix
Root length (cm) 32.50+0.65b 22.00+0.33a 39.70+0.45d 38.40+0.27¢ 42.30+0.43¢ 52.50+0.28f
Shoot length (cm) 30.85+0.51b 24.67+0.51a 39.44+0.23¢ 39.95+0.25¢ 39.64+0.24¢ 52.66+0.36d
Dry weight (g) 0.83+0.015b 0.57+0.013a 1.21+0.023¢ 1.01+£0.012¢ 1.13+£0.008d 1.46+0.035f

Values are means (n=3)+standard error. Different lowercase letters indicate that the same index is significantly different (P<0.05).
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FEHNE | WMDY, 2023, 63(2)

B2 R LUE Y, Eh W38 T £k MDA
SR EREILF 1431 pmol/L, MEESE
i AL SPDA {Hik# 36.38, 3R £E Mia IR5%
REAS N5 KRG A fb R B . 4 A oe g
YIRE B 2 (P<0.05)FEARER 038 T £ K 4 f 1A N
MDA &, IFEm MRS, Lma 1-3
VRN MDA & BRI 2 5 4 1A G B 3%
ZE5¢, M5 CK2 A HA W3 FEARFg i, H47
WEETHAUET CK1 (P<0.05), SZE04H 4 fitk
N MDA &5 CK1 Ju# g 2% (P>0.05),
ZRETEEERT CK1 (P>0.05)

24 EMHERE

B HI bR hy127 . hs032 Fi1 y1923 f) 16S rRNA
S EAL 2 NCBI Bl p R8st 5,
P38 ik BLAST #4757 40 et , Al FH 4R 4215 (N-J)
AT R G R 43 M AA s kA At an 181 3 FEl 4.

617
16 50
C MDA ——Chlorophyl
~ I
§ 14 d 45 2
= =
. w?
5 10 5
=4 [
£ 8 357
s Z
5 6 30 &
=1 4 o
] —_
g, 255
0 20

CK1 CK2 923 127 032 Mix

2 EHRETEMEE T ERA ZEFH
FELIENFN

Figure 2 Effects of strains on the content of MDA
and chlorophyll in maize under drought and salt
stress. The error bars represent the standard errors.
Different uppercase and lowercase letters
respectively indicate that malondialdehyde and

chlorophyl SPDA value are significantly different
(P<0.05).
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Figure 3 Phylogenetic tree based on 16S rRNA gene of yl923 and hs032. Numbers in parentheses represent
the sequences’ accession number in GenBank; Bar 0.001 represents sequence divergence.
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Figure 4 Phylogenetic tree based on 16S rRNA gene of hyl27. Numbers in parentheses represent the
sequences’ accession number in GenBank; Bar 0.002 represents sequence divergence.
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