A SR IR Jan. 20, 2026, 53(1): 254-270

Microbiology China CSTR: 32113.14.j.MC.250493
tongbao@im.ac.cn DOI: 10.13344/j.microbiol.china.250493
http://journals.im.ac.cn/wswxtbcn Copyright ©2026 Microbiology China All Rights Reserved

I3 W 7 BT 5 07 A 0 0 0 i 2 EL R 3B T
W B4 e B 1R 4 1E R

R, XHR, KEKR, ART, Bk, Ahe, mikl, Tpd, LRE

A FR2E SR ERE, e A 832000

MRae, XA, SRR, WIRTE, BRKEL, 9806, sld, NPT, DhARng. 7= is|ivk 2 FR i £h 02 A= v 4 o it K2 OGS £k il
YA R AEERID]. Sk 27 imaR, 2026, 53(1): 254-270.
CHEN Ying, LIU Chaorong, ZHANG Xudong, HU Tianyu, CHEN Yongcheng, SU Lihe, HUANG Rongzheng, WANG Xuzhe,

MA Chunhui. Screening and effect evaluation of IAA-producing salt-tolerant bacterial strains promoting the growth of Cyperus
esculentus seedlings under salt stress[J]. Microbiology China, 2026, 53(1): 254-270.

H OE. (20T EARsmik, EEM . aRESEE, 2 —FER. B, 4k . B
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9] B Y E R 6 R &Y L P inik & = 75"k T B (indole-3-acetic acid, IAA) &) & T2 4 i, 4%
S aP S TR, EmAFBEERABREERY LHRRBEHFTR. [FE] X
FA#E 2 @) hik 3E IR IE IR . ARHRIT S 16S TRNA AR AR F ik, MIFTBLEER LR LAY
H kT TAA AT A F S E AR A A, B ik T 2 AT A 2R YR — I E 7 TAA
ff A A AR, [ER] AFBLEERABRLHRY L F 0B 8 4 #R(Y8, Y35, Y46, Y4-20)
57 IAA Bk, o34 & XA 5 7847 i (Bacillus rugosus). T X, 3 Fa4F # (Bacillus aryabhattai).
#; % F8.4F ¥ (Bacillus halotolerans)#= # # 4% 2k # i, (Halomonas alkaliantarctica). 4 #k & 34 B4 @t
&, B RAMANEER S, Bk Y35, Y46. Y4-20 L EAMEATEL ). T e FH A2 RS G
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Screening and effect evaluation of IAA-producing salt-tolerant
bacterial strains promoting the growth of Cyperus esculentus
seedlings under salt stress

CHEN Ying, LIU Chaorong, ZHANG Xudong, HU Tianyu, CHEN Yongcheng, SU Lihe,
HUANG Rongzheng, WANG Xuzhe®, MA Chunhui”

College of Animal Science and Technology, Shihezi University, Shihezi 832000, Xinjiang, China

Abstract: [Background] Cyperus esculentus, a high-yield cash crop with remarkable stress and
barren soil tolerance and broad adaptability, serves multiple purposes including grain production,
oil extraction, forage production, medicinal applications, and ecological landscaping. Its cultivation
holds significant potential for rehabilitating saline-alkali abandoned farmlands in Xinjiang.
[Objective] To isolate salt-tolerant plant growth-promoting rhizobacteria (PGPR) with high
indole-3-acetic acid (indole-3-acetic acid, IAA) production from the saline-alkali sandy soils in
Xinjiang to enhance C. esculentus tolerance to moderate-to-high salt stress, thereby providing
microbial resources for soil amelioration. [Methods] Bacteria were screened via selective
culture, shake-flask fermentation, and 16S rRNA gene sequencing. The plant growth-promoting
effects of these bacteria were determined. The plant growth-promoting effects of these bacteria
were then examined through seed germination and pot experiments with C. esculentus under salt
stress. [Results] Four IAA-producing strains were isolated as Y8, Y35, Y46, and Y4-20, which
were identified as Bacillus rugosus, Bacillus aryabhattai, Bacillus halotolerans, and Halomonas
alkaliantarctica, respectively. All the four strains demonstrated salt tolerance, nitrogen fixation,
and inorganic phosphate solubilization. Furthermore, Y35, Y46, and Y4-20 exhibited
potassium-solubilizing ability. The results from both seed germination and pot experiments
demonstrated that all the four IAA-producing salt-tolerant PGPR strains significantly promoted
the seed germination and seedling growth of C. esculentus under salt stress. Notably, strain Y8
exhibited particularly outstanding promotion effects. [Conclusion] The saline-alkali soils in
Xinjiang harbor salt-tolerant PGPR with high IAA production, which can significantly enhance
the salt tolerance of C. esculentus under moderate-to-high salt stress. This study provides
valuable microbial resources for developing bio-fertilizers to ameliorate saline-alkali soils in
Xinjiang.

Keywords: Cyperus esculentus; salt-tolerant plant growth-promoting rhizobacteria; indole-3-acetic
acid (IAA)

T3 E R R R FEFRM . —, B BUR 1.031 75x107 m?, J5 & #FHR 5.151 1x10° m?,
CL SO AR AL AT RRS R SR I AR R, s ez Em Y, Fik, b T s A AR
B E R G R R EIL B R R vk KBERI IR S R, 5k A
Z—, St RS 2EM 22.01%, 4 ESTREACESGEAT A Y, 0T A
2.181 4x10" m*P! SEERMPOVFIAMTEHE AV SR R, A mGE Rk
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3 AR Y5 5 (Cyperus esculentus)
TR R SRR E R B X R 28 X K,
A8 b ) GRS 5 L b A R JE B T i
AR, Himyb SR R kR . s 4ER, H
AImENPET D WEOE . bR . AEYE K.
b . EE M SRR, R —AERE
HORL . O FVEDE T — IR L & T,
EATERRG . Wik IRFERE IR b kAT
FiAE o (H I 75 & KRR 52 K- 3R adirin , .
R ER A R AR KR B A2 B
BB R FHIG XA b ik - S 4Th o A A
B B 17 R P I AP (1 (7= SN 7 G G
Y ST A2 M RE 10 A S BE

e ) M bR A2 4 B (plant growth promoting
rhizobacteria, PGPR)Z Z¢ (0 4 3 iU A= W16 =
AN o el st - A EAL M U A
A - SECE R A RS A WA B R ek
YA R 2R S A K R TR,
Hrpig| g 2, 2 (indole-3-acetic acid, IAAWE K
ORI AR, AR 7 T 4 40 i
BE | R HEAR RS IR, AT e AT 2 A
Y13 AP PR E IR DA A A KB, - HLoRR
WERPAEIR R LT, IR, JEmky
oo HE 0 ) 7K 43 A 3 SR A IR ORR 22
I, AE T EAA TAA G BCEE 1 A SR AR PR
AW, AR REIFEIRRA RIS YR
Bl ML ) 35 0, AT B T BRI R . B FE
SELAERN T TAA HRE 23 F1 X8, 2 2 A HRAR
K R H AR & E ; Prittesh MR FP ™
TAA TR A A= T 52 W K A X 55 K 380
X HL R Na'/K™; Kaleh 2520058 i 75 A A AR
TEE S bk EB3 FIl RB3, R4 2
R N R AR AR AL EETE T, R AR
N [ (malondialdehyde, MDA) & i . AN HL &
& (electrolyte leakage, EL)Fll i 1 % (reactive
oxygen species, ROS) Az, iX4L)™ TAA Tifh
PR A TR R R BRSO B R Y BT . R
B, B A K RS SR RS B R

KARFEAE PR 1 PR R, RS
YERT, M Ak Braa BT [ P A O F 2R
KD 43 B 77 TAA R AR 5 1 O RF S R , T
X X ER R | IR SRR AT e A
TAA i A BE T R A= WD W U

WF I, ARG LM E RIS,
TS AR BR e 3 B0 e 1 A T TAA
(TR R ANER , FEXF P TAA [ 4 BRI £ 40 1R
114 (plant growth promotion, PGP)4#{: 43 #r
S RN A E 38 R R R AR R e R
F TAA TiRfER R AR TR ER ke T Ih vb S
AN A= R, DA g i o0 A v v SR e R
(TN A2 1, b e R R 958 - R A o B Ak B U5
1 57
1.1 #M&

ol s 1S E RO R B TR T
fit, X - HEREFHimge B/R HiR XAy gt
L (77°06'E, 38°38'N), AR Kb+,
13 pH (H 8.1-8.3. LHUM G MR R,
PR RHL . MH 3, LA BEIGAR R0 15
FREAR T, REE20°C) X ELBE, HT
Tiif 8 412 A= B ) 7 32 -

1.2 EHE

LB} 35 552 ik 28100, T4y
WHEEIE; W LB KRS m A LR N 5% 1)
NaCl, HIFmEE 48 ; PKO JCHLBERG 37
B Ashby [EAEEIRIL . fEE IR LS 2 S0k
[29-301FC i, 4350 FH 1 £h 02 A B mle . 1%L
AR PR R
1.3 FERFIF{EE

IAA. L-(O& R . 2.4- RN ZERy, FiEE
AR A PR/ \) 5 Salkowski i a7, K
YR A RA

AL TAEG , REEH IR A R A A
WA B TE R IR G 4, &N Ein R AR
B R I ERKE A, R R
AR A BR A ] T AR, b
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MRS HAER A BR A F o
1.4 MEEHSTEHKL

FREC 10 g i HFEA 90 mL JER KT
250 mL B, A TCHBEESER , 30 °C.
150 r/min #%3% 30 min 5§ & . WH 1 mL 3%
BIFWINA 9 mL K IR ZE IR K A, il AR R N
107" A R TR, R A BRI AR U A R 2
107°BU 107,107,107 + 3 B Jh i 45 100 uL
WA F] 5% NaCl B9 LB Bl{ARE 5 F, G4k
PR E 3 ANEE, T 28 °CHESE 48 h, WG4k
J& , PRBUE S 5 TS FE & 5% NaCl 19 LB 55
IRk et 5%, DURAS AL AR TR 26 B Ak
K 30% H i 7E—80 °CH 75 H
1.5 7= IAA EHETEE

77 IAA AR E R . Salkowski Hfa
PBME R TAA BEST . BRI T L0
IR LB AR F=E, F 30 °C. 160 r/min K5
F%3d, %3 KEE, 5 ODgoE 1.0, 4 000 r/min
B0 10 min J5H 2 mL _E3, DA S Salkowski
AR 30 min, DA 3B B 55 5Ll )
M, B EBh TAA BHMES

77 IAA BERRE AR . BRI T L
HERAY LB WAREFR3E, T 30 °C. 160 r/min 55
F%E3d, W3 WEKL, FEEEZRE ODo £ 1.0,
4 000 r/min B.0> 10 min J5E 2 mL 3, A
it Salkowski (A 5EEG S 30 min, A2
530 nm WL . DIREER BRI a1, il
PRUERT I TAA & i
1.6 7T IAA TfEhE PGP $14EME
1.6.1 FE#EESINE

fR B RE 1122 SCRR[33]5E - 2% SCHR[34]
TE L AN H g A A A R R B A TR
(Escherichia coli){E A Xt &R, £ CHk[35]
DLTE Bk P4-5 15 R BHEXT B8R, X FaR G e iy 4 4k
F e TAA BT R B R IEA T A A RE i o KT
PR AR TR R R b, M EL 3K,
T 37 °CIEIRIE 3% 3-7 d JG WEE4s 1, Hvg ol
75 WK i e Bl HLAT R DR

1.6.2 [EREESNE

[t fE 115 % SCHR[36]IE . LA E. coli 1
X REEERE, S5 W R SSECTLIE VR DI-AES
FHAEXTRE, X FaRTEERY 4 #Rim ™ TAA BT R
PRRIEA T [ 20 RE I E o B bR S5 RD T Ashby
AR L, BAREES 3k, T 37 °ClE
FEFE 3-7 d e MEREE AL, BRUETE Ashby [{AKE S+
JE B BLE B KRR, R EH HLA [ A AR 1PN,
1.6.3 FEBEEEIME

Ll E. coli fEAXTRERIBE, S 451550
Y-H-21 VE R BHPEXT BR , XF FaR ik 4 vk s
TAA (1T £ R R 51 7 i Wi A T

il TOAILBE 2 DU A - SR A PKO JCALBE KE 7
SRR 00 P MR S B2 R T PKO TEHLBEKE %
b, BHREESL 3K, T 28 CHIRESR7d
JEWREREE L, 5 AR 8 ] S B2 B B ) 2 B L
A iR JCHLBERE

i TOALBE A F A SR AR BRI L Rk
HEATE T E o M LRI ER 4 MRS TAA 1Y
i £ T AR S X BB AR R T PKO  JCHLBEWE 14
Bigpdkr, 28°C, 200 r/min fHIRE; IR 7 d 5
FE PRI T i OB TR T 10 000 r/min 2.0
8 min, HU 100 puL EJH NN 10 mL 8 4l KM B
T 50 mL A, [ HRKOMA 100 pL 2,4-—
T EEZERY . 800 puL 0.5 mol/L NaHCO; (R 1),
% 600 pL 0.5 mol/L HoSO4 I B i # 8 G (4,
EIAE I 150-300 L NaHCO; 28
ASmL PR AR, €52 50mL, =ik
B2 {4 30 min, I OD7oo WIGAHE .
1.7 R ER M BE T E

VEPRRREOL R A TR R R T £ e i B,
PLE. coli XTI MR, ] LB £ 3RS AL
WEH 0.5, 1.0, 1.5, 2.0 mol/L 4 NaCl, ¥ pH
EIHE] 7.0, KEH B LLr i wpk A C
Hi7KH %] ODgoo 2909 0.5, W H 1 mL B84 3im
0, 05, 1.0, 1.5, 2.0 mol/L ) NaCl 5555t
t1 28 °C. 150 r/min §555% 3 d, %FBELH N A% &
HIZEIEK, BRI 3 IR, I ODeoo HIMOGIE
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1.8 EHEE
1.8.1 EEHELE

¥ 4 MRE T TAA Tt ERAR AL TRARTE LB & {4
BRI BT RGBSR, R T M S R A PR TR
7, TSRS . PRV UE T L 1R
et Sl G BB M) AR Yt g IR
1.8.2 4BEULLERE

4822 SCHR (43100 7 kb AT V-P, I3
7L, AP . JEM KRS A A E . T
B P A o A it R A A N R R
IS T AL RE 155
1.8.3 E#k 16S rRNA EFEFH 94

KRS 27F (5'-AGAGTTTGATCCTGGC
TCAG-3")F1 1492R (5'-CTACGGCTACCTTGTT
ACGA-3")i#47 PCR ¥ 34, e AR R A5 UL 2
22 3CHR[39]. 4538 5% NCBI (https://www.ncbi.
nlm.nih.gov/) ¥ 3 E 4 e 4T Hoxt o dr, ffH
MEGA 7.0 F {4 i SR E i i R K B
1.9 HEWERERE
1.9.1 T EMFIRALIAE

DL 4 bR TAA T 02 A TR 2 = 16 1
FORALTE, TCRZKE Ao X R, I R
0. 100, 200 mmol/L NaCl £} il FFh 14 K
L, ECHYS 1 S E AT, gk
A, AR B 2 (ODeoo fELK 0.5-0.6)i= i1
12 h, ¥SHECERA K E AR R TR LA
ML 10 RrFl, B3 AEE . KRR 4K
Gt R ZFM IR R R KRR SR
B, 5510 RN SR REYLPRE 5 #k,
AR . REERALRK
1.9.2 MTEERMEH AL

W AR T 200 mL LB WA RE 35 25 5%
2d, 4°C. 10000 r/min &.0> 10 min, 7 Fi&.
LR KK HAREEZEWEL N 10" CFU/mL
(ODg00=0.8)J7 75 FH4

KA E 5 EREILX HET, HE 1R
4 BRE T TAA T Eh A2 2E B3R, TCrR K A Xt B
K2 2 NaCl B, % 3 MAb3E. b3 1. G

EhWra; ¥ 2. 100 mmol/L NaCl; 4b¥f 3.
200 mmol/L NaCl, #pMAbHE 3 k&R . )5
3 d EHERKBR - EAT AR EEA M
[ IR B R AL 7 (AR 10.50 e)FPr, B34 1 bk
PR DAVEAR Ay A T4, B3 5 d 48R 1R,
A 20 d JE TG A THORE , e HAR Z AR,
A MDA . ik Pfii(peroxidase, POD) . 144k
Sl (catalase, CAT)FIHR A L PE Ak [ (superoxide
dismutase, SOD)ifVEH 7 M A& SR AE VIR
RN B P 185w =i Wl B
1.10 #HIESH

JH Excel 2019 B AF A7 8HR 5 2, JH] SPSS
27.0 FAFHA T H 7 2253 H7(One-way ANOVA),
A B A B 2% 5 2 YE ] Duncan i THG
$(P<0.05), THAEE LI ELRHEZE Y IE X
P, K Origin 2021 ¥Ef72 A .

2 ERE540

2.1 FIAA THEEKREENEER

FIH 5% NaCl i LB 55355 AR 1 3% op
T RAT 76 BRIRIRE, X IELEAT4RS, H 30% H
MRS T80 °C,

STV TR 76 RREREIEI T TAA fE
B E AT, A 23 BRI R 2 B R F2 B A A 21
o, RUHEA ™ 1AA REJ). #2523 #%
HIE T RN, 25BN, 19 FRE ™ TAA BE
JITE 0-40 mg/L Z [0, 4 fREE™" IAA REHTE
50-80 mg/L Z[a](&l 1), HH B Y4-20 (/)=
B =1(76.89 mg/L), Hk 43R Y35 (64.33 mg/L).
Y8 (56.39 mg/L)Fl Y46 (54.45 mg/L), ¥E#" IAA
T ) 4 BRI T PGP FREIE
22 FIAA THEERE. BIE. S8
ELER
2.2.1 FFIAA THEh B fAREH s

KR AR BE SR T 4 Bk TAA Tif £5 B Ak E
fr¥ss%, & 3 WEELRE, WKREFE 4%
AR, X BE B iR A B B R (1] 2) . e 25 2R
WoR, HR Y35 (K 2B). Y46 (K 2C)F1 Y4-20
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(&1 2D)ZR B HS B 2. 1) A S AR 7k Y8 (K 3B). Y35 (K 3C). Y46 (& 3D)AI Y4-20
2.2.2 T IAA THELEE R AL (K 3E)E Ashby [EIPRREF73E 1 B WK i

KH Ashby FEFRIEXS 4 ¥R7= TAA T ER RV X BE T ROR Hh 0B B K R, BRI 4 PR
A A AR EEA TS . S5 ORINIE 3 Fon, Btk HARARE

El1 /= IAA BB ESRNE AR NG 7 KR AN [ Ak B R] 22 57t 2. 25 (P<0.05) . R 1AL
Figure 1 Quantitative detection results of TAA-producing strains. Different lowercase letters indicate
significant differences among treatments (P<0.05). The same below.

2 KB E(A). Y35 (B). Y46 (C)F1 Y4-20 (D)HYfREH
Figure 2 The potassium-dissolving ability of E. coli (A), Y35 (B), Y46 (C) and Y4-20 (D).

3 KB EA). Y8 (B). Y35(C). Y46 (D)F1 Y4-20 (E)HYE T RE
Figure 3 The nitrogen-fixing ability of E. coli (A), Y8 (B), Y35 (C), Y46 (D) and Y4-20 (E).
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2.2.3 T IAA THELE AR R RE
K FUEHERT HE 05 %] 4 8577 TAA TR ER TR AY
fEBERE I T E I E . S5 RUNE 4 FrR, MU
BEIR =450 R TCHLBEIER, 4 MR RS Tk
A B O BRBRRR), 5 FHPEXT BE(98.10 mg/L)AH EE
JB& FEARIKA . HABvE Y35 I PERE & i
(6.58 mg/L), Wtk Y4-20 F1K(6.21 mg/L).
2.3 AN[E) NaCl ik B3t 20 B A K BRI $2 0
TR FEANR] NaCl ¥ B R 72 W b i A= KA
SLanE 5 Fron. ik B E S R

4 ERFAMHBEE
Figure 4 Soluble phosphorus content of the strain.

E5 AREEFRIRULIKE THEKER
Figure 5 Bacteria growth in different contents of
NacCl.

43, A8 e PP 40 TR FE = v NaCl 33 P g AR K
FEIN, BEWE ]2 S B R AR BRI A s N
FMHAKZREERE . 4 BRIEAE 1 mol/L i NaCl
SR REA K, B NaCl ¥ BE A4 384 hn 40 i Ak
Kz iz 2, KAtk Y4-20 il i
Ko SERVEEE K 2 mol/L B, 4 BEEIE T KW
FRTE O BETR AR, FErh TR RR Y8 I Y35 AHXT A9
TR, ODeoo [HAH)2M 1.05 F11.18,
24 EMHEESER
241 EEZFEEHER

X4 B TAA T3 412 AR TR 0 TR s S 4t i
TEA 2B 25 (] 6)F B . 4 FR A 1R 75 35 122 [
Bk, FEBIDENE, A REE A
HXES Hb, WPk Y8 (B 6A)RTE BRI/,
KR Y35 (K 6B) R 5 H o L w Bk, bk
Y46 (E 6C) & H Je LB R 3L A B BPIR Bk
Y4-20 (&l 6D) V& /N HoAr s g 2L 1 A8 175 B
Kk, #22 R ESRER, WK YS (K 6E),
Y35 (Bl 6F). Y46 (& 6G)YLfa 548, Jyig 2
FCPHMETR ; BRIRR Y4-20 (Kl 6 ta 220 0, &
T8 PR o
242 FEENLEEER

fi2¢ 1 A1, HRk Y4-20. Y35, Y8 Fll Y46
YIRE R W REME . el . B RS, O
L 21 s o A Ky /K A BH A, (RN F &R
I SRIE22 SR8 R . (LB PE Y46 RERIFIFT
BiRE:r; Wtk Y8 HIRREHEEM V-P K Ml
B AL BAYE s BBk Y35 BRI IR FAM: ;. Higy
FAR V-P RO (BRI AR Y 8) I BH I Ak (14 Bk
Y4-20. Y35)FH .
2.43 TFitk 16S rRNA EEFF D4R

X RR Y4-20, Y8, Y35, Y46 17 16S rRNA
AP A b, Z5RER: il BLAST X
J MEGA 7.0 M RE L ER(E 7)FRW, 1§
PR Y4-20 %55 R b Bk EL M 7 (Hal omonas
alkaliantarctica); FEFE YS. Y35, Y46 %5 2
LA J& (Bacillus), 735l oy & 36 0 28 A A
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2

et 0 M bel vie oo
Y8 Y35

20 um
Y46 Y4-20

6 POkk™ IAA THEMR 4 AR A EE 2 75 (A-D) 5 4R 2 25 (E—H)
Figure 6 Colony morphology (A—D) and cellular morphology (E—H) of four IAA-producing halotolerant plant
growth promoting rhizobacteria strains. A, E: Strain Y8; B, F: Strain Y35; C, G: Strain Y46; D, H: Strain Y4-20.

R 1 OB TAA T EMR A B 4 TR A 451
Table 1 Physiological and biochemical characteristics
of four IAA-producing halotolerant plant growth
promoting rhizobacteria strains

Test item Strain
Y4-20 Y35 Y8 Y46

Sucrose fermentation reaction + + + +
V-P test + + - +
Citrate test - _ - 4
Indole reaction + + + +
Urease - _ +  _
Catalase test + + + o+
Gelatin liquefaction + + -
Methyl red test + + + +
Nitrate reduction + - + +
Amylum hydrolysis + + + +

Peptone reaction - - _ _
+: PRS- BAME.

+: Positive; — Negative.

(Bacillus rugosus) . B [ 2F 7 #F B (Bacillus
aryabhattai). £k 27141 (Bacillus halotolerans) .
2.5 AN IAA THEMEE EXTEAME T
S M EE & B RN
2.5.1 PUHKFE IAA TRREEXNHRBET
sk i el el e bl

FETCER AT, FAR Y35 & CK XHlivh =

/

T4 2 H 0 .25 (P<0.05) (3% 2), HirPaifk
Y8, Y35 4 CK #£ 5 T 8.33%. 16.68%, Ktk
Y8 AbFET () & ZEHeE e i B CK #2511 6.38%,
{2 4 BRBHALEET A9 v ERP & 2R R I T
XHHR . 7E 100 mmol/L EhFA T, ik Y46 AbFE
BT YS FRP & 2548 35 5 X R (P<0.05), 12
FT 71.45%, {H 4 BREALFR)IHI G Fh K 2R
IR ZFTE50E 7oA B #(P>0.05), £ 200 mmol/L
AT, HERE Y8 F1 Y46 & CK XFihib G fh
TR ZFFGEM L (P<0.05), 7351828 T 50.02%
F138.01%, BHK Y8 ¢ CK XJyh b & i+ & 2F
FRECE A i 2% (P<0.05), 10 4 BRIF AL BRI K 25
£ 5 AT E(P>0.05).
2.5.2 MO¥KFE TAA TR REBEXTE B T
T EMFRIEEF. PR SRR
ELEMHA T, Bk Y35 8 CK X FpF iR
R IR (P<0.05) (3% 3), &7 T 36.68%,
HE Y8 AR T AR K MK, 25N
8.07 cm #1 17.64 cm. 7£ 100 mmol/L £;/fi8 T ,
PR Y 8 45 CK X+ IR 24 5 il i 3 (P<0.05),
PER T 29.88%, MIETXTEE, 4 BREABRS HY
PRAR K AL SR A /MK, HER AR,
TE 200 mmol/L Eh 8 T , 4 R AL P JE IR 2R K |
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7 ET 16S rRNA EFFIIEENRZLEN 1551550 GenBank (I8R5 ;5 7 i AbHI%L
E ARG R BRI 1000 IR LY bootstrap {H; #7X 0.02 fR3K 2% %R 2% 5
Figure 7 Phylogenetic tree based on 16S rRNA gene sequence. Numbers in parentheses is the GenBank

accession numbers; Numbers at the branch nodes are bootstrap values, expressed as percentages of 1 000
replicates; The scale bar indicates 2% nucleotide substitution.

2 POHE IAA TR IR E EX R E BT EMF A FSHAIFMm
Table 2 Effects of four IAA-producing salt-tolerant plant growth-promoting bacterial strains on germination
parameters of C. esculentus seeds under salt stress

Salt concentration (mmol/L)  Treatment Germination potential (%) Germination rate (%)  Germination index
0 CK 40.00+10.00ab 60.00+10.00a 2.98+0.30a
Strain Y8 43.33+5.77ab 56.67+5.77ab 3.17+0.31a
Strain Y35 46.67+5.77a 53.33+11.55ab 2.99+0.45a
Strain Y46 23.33+£5.77¢ 46.67+5.77ab 1.98+0.07b
Strain Y4-20 30.00£10.00bc 40.00+10.00b 2.17+0.62b
100 CK 23.33+£5.77b 53.33+5.77a 1.96+0.66a
Strain Y8 26.67+5.77b 60.00+10.00a 2.68+0.56a
Strain Y35 33.33+5.77ab 53.33+5.77a 2.52+0.48a
Strain Y46 40.00+£10.00a 53.33+£5.77a 2.78+0.60a
Strain Y4-20 33.33+5.77ab 56.67+5.77a 2.58+0.66a
200 CK 10.00+0.00a 33.33+5.77b 1.16+0.56a
Strain Y8 13.33+£5.77a 50.00+0.00a 2.08+0.26ab
Strain Y35 16.67+5.77a 33.33+5.77b 1.50+0.50ab
Strain Y46 23.33+£5.77a 46.67+5.77a 2.16+0.08b
Strain Y4-20 10.00+0.00a 40.00£10.00ab 1.22+0.71b

AR ING g R A TR R 38 T A [a] B R R il Ak P ] 2 5 Wi 25 (P<0.05) . R I
Different lowercase letters indicate significant differences (P<0.05) among bacterial suspension seed soaking treatments under
the same salt stress level. The same below.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



PRE 25 | 7l Mk R I 2 002 25 T (10 9 a2 B HL Xk stk 3 e v S 400 1 e 2R AR

&3 MR IAA THREE B X 2B TR EMFREZF K. BRKAMS KM

Table 3

Effects of four [AA-producing salt-tolerant plant growth-promoting bacterial strains on

plumule length, radicle length, and total length of C. esculentus seeds under salt stress

Salt concentration (mmol/L) Treatment Plumule length (cm) Radicle length (cm) Total length (cm)
0 CK 7.75+1.42b 7.16+£0.94ab 14.91+1.88a
Strain Y8 9.56+0.70ab 8.07+0.89a 17.64+1.52a
Strain Y35 10.36+1.40a 5.26+0.79¢ 15.63+1.87a
Strain Y46 8.56x1.61ab 6.52+0.96bc 15.08+2.44a
Strain Y4-20  8.73%1.44ab 6.49+0.98bc 15.22+2.26a
100 CK 5.79+0.45b 4.75+0.68a 10.54+0.79a
Strain Y8 7.52+1.00a 5.09+0.91a 12.61+1.42a
Strain Y35 6.80+0.99ab 5.23+0.88a 12.03+1.83a
Strain Y46 6.79+0.85ab 5.714£0.99a 12.50+1.28a
Strain Y4-20  7.15%1.72ab 5.29+1.00a 12.44+2.58a
200 CK 4.22+0.67a 2.45+0.42a 6.67+0.96a
Strain Y8 4.81+1.18a 2.57+0.52a 7.38+1.26a
Strain Y35 4.83+0.36a 2.46+0.46a 6.84+0.59a
Strain Y46 5.18+0.63a 2.71+0.78a 7.89+1.11a
Strain Y4-20  4.47+0.66a 2.53+0.37a 7.00+0.70a

PRAR K AL B B A /MR K, (HERAEE,
HAp R Yd6 IRZEK | IRAREK . BKEsE, o
AT T 22.75%. 10.61%., 22.75%.
2.6 MOk~ IAA THE{EEEX BT
HTZ YA
2.6.1 {EEYR

Eeria T WESTM VS G YR 4 K TAA
it Eh e A TR I A KA 0, 5K 8. 9 iR .
WA, EERENE Y8 BEEHE TS
iR . R AR HE— 2 HLAARKT I ¥
ARKARAR, S5RILE 4. fEXEMNAT, R
R Y8 # CK XHMyb 4 m kg . Mo AR |
MR EEE L M ML R B B
(P<0.05), {0 4 PREE AL BET B0 vs G4 R 1Y
I F % R (P<0.05). 7E 100 mmol/L AR,
FERP AR 09IV S 40 v B SR A M R S Y

CK Y8 Y35

Y46  Y4-20

3 5 T X R (P<0.05). PR Y8, Y35 Fl Y46
Qb3 5 2E S 2R AT R (P<0.05), TRk Y8 FI
Y35 i i 2 4R bk i A B (P<0.05), - HL Y8 4k
FRAOHLK B 2 T4 IR (P<0.05), 7 200 mmol/L
T, R R E RS T S
Mo bApEE . iESE R R (P<0.05), Y8. Y35

Tel: 010-64807511

E8 kK™ IAA M E: R4 WX &L BB T M E 4h
EEKIRESER  A: TCEMHEZ; B: 100 mmol/L
A ; C: 200 mmol/L Eh kiAo

Figure 8 Effects of four IAA-producing salt-tolerant
plant growth promoting rhizobacteria strains on the
growth of C. esculentus seedlings under salt stress.
A: Non-salt stress; B: 100 mmol/L salt stress; C:
200 mmol/L salt stress.
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A B C
Y35 Y46 Y4-20 CK Y8 Y35 Y46 Y4-20 CK Y35 Y46 Y4-20

” mrm

9 PUHK™ IAA THEL IR E EXTELANE RSP S MKERKIER A CK Je#hiihbagl); B: 100 mmol/L
EhrE; C: 200 mmol/L £5HiA
Figure 9 Effects of four IAA-producing salt-tolerant plant growth promoting rhizobacteria strains on root

length growth of C. esculentus seedlings under salt stress. A: Control (non-salt stress); B: 100 mmol/L salt
stress; C: 200 mmol/L salt stress.

R4 POPEF” TAA T SRR EXT &L B 55 S 4 i KR ARRY 52
Table 4 Effects of four [AA-producing salt-tolerant plant growth promoting rhizobacteria strains on the
growth parameters of C. esculentus seedlings under salt stress

Salt Treatment Plant height Root length Shoot fresh Root fresh Leaf width Leaflength Stem Leaf

concentration (cm) (cm) weight (g) weight (g) (mm) (mm) diameter number

(mmol/L) (mm)

0 CK 35.43+£1.66b 22.13+0.55a 2.55+0.32b 0.87+0.04b 4.14+0.98a 23.40+1.35bc 2.224+0.40b 4.67+0.58c

Y8 40.37+0.87a 15.70+0.40c 4.56+0.40a 0.95+0.03a 4.93+0.85a 34.834+3.49a 3.71+0.16a 6.67+0.58a
Y35 37.3743.16ab 13.00+0.79d 4.18+0.16a 0.71+£0.02c 4.10+£0.94a 28.43+£2.92b 2.554+0.55b 5.33+0.58bc
Y46 35.00+£0.85b 18.20+0.36b 2.77+0.08b 0.48+0.04d 4.77+0.16a 24.70+£2.26bc 2.66+0.24b 6.67+0.58a
Y4-20 31.304£0.80c  8.87+0.25¢ 1.81£0.13¢ 0.43+0.03d 5.21+£0.45a 21.20+£3.50c 2.67+0.81b 6.00+1.00ab

100 CK 18.60+0.70cd  7.90+0.20b 0.73+0.10d 0.11+£0.02¢ 3.83+0.42b 11.27+1.76a 2.00+0.20c 3.33+0.58c
Y8 21.33+£1.03ab 10.50+0.30a 1.52+0.11a 0.31+0.03a 4.53+0.31ab 13.97+0.64a 2.55+0.08ab 5.33+0.58a
Y35 22.77€2.00a  7.70+0.40b 1.48+0.02a 0.29+0.02a 4.84+0.46a 14.37+1.82a 3.07+0.46a 5.00+1.00ab
Y46 17.43+0.90d  7.63£0.15b 0.89+0.04c 0.19+0.02b 3.82+0.59b 10.43+2.55a 2.56+0.21ab 5.33+0.58a
Y4-20 19.97+£1.30bc  8.07+£0.15b 1.17+£0.05b 0.21+0.02b 3.83+0.10b 11.83£2.70a 2.22+0.31bc 4.00+0.00bc

200 CK 6.43+1.57d  5.60+0.26d 0.15+0.04e 0.04+0.01d 2.05+0.82c  4.97+0.51c 2.07+0.14c 2.33+0.58b
Y8 15.70+1.20a 11.734£0.40a 1.07+£0.05a 0.27+0.03a 4.91+£0.31a 10.60+0.75a 2.45+0.28b 4.00+1.00a
Y35 10.87+£0.35¢  8.87+0.25b 0.27+£0.05d 0.10+£0.01c 3.35£0.80b  7.60+0.79b 2.88+0.04a 3.67+0.58a
Y46 13.10+0.40b  6.13£0.25¢ 0.68+0.06b 0.21+0.02b 3.87+0.19b  8.374£0.93b 2.19+0.12bc 3.67+0.58a
Y4-20 7.36+£1.29d  3.73+£0.25e 0.38+0.03c 0.07+0.01d 3.71+£0.30b  5.3340.15¢ 2.27+0.15bc 4.00+0.00a
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F Y46 AbFRA & E PR . MRS . MR A
AN, WM Y8 5 Y35 X ZRHL A A A
21 {2, 3% (P<0.05) .

2.6.2 ITAEIBYFMRIR T

PRIT 4 ¥R TAA Tif £5 41 A R0 2 108 T
WA AR IR R, S5 R ANE 10 FR .
TCEEMMA T, BERITERE Y8 Al Y35 W 1R
WL B CAT T (P<0.05) (& 10A), Hikk
Y46 Fl Y4-20 ) MDA & & i 3 1 /i (P<0.05)
(&1 10B), itk Y8 i SOD i 11 i # 1 i (P<0.05)
(1 10C) . 7 100 mmol/L £h il F , M4 F CK,
FkE Y8, Y35 Fl Y4-20 BEIRE M T
CAT F1 SOD &k, [FBfFE{L MDA & &
(P<0.05); A1, FHkk Y8 F1 Y35 B 31448 POD

10 PURKFZ IAA THEMEE B XTI E

T 1 (P<0.05) (& 10D), 7E 200 mmol/L £ i3
T, MET CK, 4 tRiEH R EHE R CAT TH
FHFEME MDA &5 (P<0.05); ILAh, Hitk Y8,
Y35 1 Y46 L #F#:TF POD i 14:(P<0.05), MiE
BE Y8 Hl Y46 {2 E 1 SOD 1 14 (P<0.05).

3 Wik
3.1 =77 IAA THEMBE E R iF ik

IAA 1ER—F T 2 AAE RPN A K
=, NMUBBEHMEYIMR R ALK, Ham/EYIXTK
o SRS W e, 38 BE VA 1 AE ) N BRI R 11
iy, YEnAn L RS E M, SRR Y S
AEA Y aa BT PER 9 M Hi A ¢ PGPR 77 IAA
HAF 9 32 2 R AR T 2F A 1 & (Bacillus) . AT &

B TS B 4 IR R S

Figure 10 Effects of four IAA-producing salt-tolerant plant growth promoting rhizobacteria strains on the
physiological characteristics of C. esculentus L. seedlings under salt stress.
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J& (Enterobacter ) 1 [ % 4 J& (Azotobacter )& 147,
NIRRT ™ TAA BB A AEREFER . &K
W 5% DB i 4 5 R IR X E BTt v i
4 Bk TAA WIRE, s SRR A F AR
RPN . B R AT L B I AT
i £6 2FFRAT IR o 4 BRI TAA 77 i 5 AHEL SN
TEARIEY J) b A 22 78 - v e B SR 2 1
¥ i (Bacillus badius) (IAA 7= 1 58.9 mg/L). K
PEAEBIN A L 1A% (Prunus sachalinensis) AR r
+ 3 v % % A9 5 AT i (Enterobacter sp.) D46
(IAA 77hE 53.10 mg/L)Ft 48 %W T 5 4R
At Rk DX T E AR AR s - B v A TAA
HR(IAA =R N 34.74 mg/L)F H R T4
FAKE . 4 R TAA WRRER T HA T TAA {2
st 60 N 7 = B S 7 N i Y S T 2 07 14
PRAFEAR AR R, X 5 g L M TR (Halomonas
saliphila) 41 3 EH= TAA . [E & FIf##ERE 159,
A 28 it AT 7 (Bacillus cereus) YT2-1C e H. &
77 IAA L R EREARRE 1 A 5 45 A
—#.
3.2 Mk IAA R {EEEXNERME T
T EMFIEA AR IEENR

WF7E 2, TAA J& PGPR i e 4 39 55 1y
R TARKWEEREZ P, et s
A AEPXT 1 e 5 53 B W RN A% Ak H 32 = AR
Y . FREEDIR IR m-53. m-60 {&
PEAR R T ke R AR XU AESED it
77O TAA R AR T R R S R Ok
Prittesh 5152 iifi 25 412 25 T BB AT AU 1 7K A
f A4 . ARBFFELL 100 mmol/L F1 200 mmol/L
) 6 v P AL ADLER W8 R O R A5 B A 4 R TAA
i 6 A AE TR AR 2E 47 3 95 R B R RN A AR K
B9, BEHRR, EREA TS U IIAS [ TR A RE A
() i 5 b A1 T o0 SR e Mg ARG,
M3 Ty ZAE s R e f 52k . 4l
Y1) R AR R A R T A A R Bk 2 TR
(Aux/TAA)YG SR AL CIREEVE R, %R E
HMEERET . AERIE BT IAR 7 A7 55 2oF

B, 20 ESERRZESMHEDT, P
St FH R bR 363 BEM MR AR AR WE
LRI TAA TRRRSR = T AR AR RIE )
SLPEIG HER  ARRERUAAR R AR SR
TR Y8 ik A 57 IAA 2R A Frtk A
FEAE Y MIAR & A AN A R A Y, I AR T
WA AR A e E, (HAETTERIA T,
4 PREEAHLT A TR 4R MR Tk 25 R
LT X HR, JF H PR Y46 Fl Y4-20 ZbBREH Y
¥k . POD. CAT. SOD & VESE T %) BRI i
EHOM MDA i, XS5 REHERA—H,
A3 AT DR T SR T R 4 A B R 2R A T g L
A MpE N, ARSIk T
PEORA, SR EAEE S, T E N
TEA T RE oIk Fe s, T e R AE e 4 AR
P 4 KT TAA T ERE AR R R T g Eh ik
Y, RAE—EWRERIEN A G K
KON I B Eh A KR EHEFE R R ERDY, M
1M AT e B0 A mE ks .
33 MHERERARIHPHWNARE
ERmETE D

AR, PGPR 1R MG A Wy RE R B .00
REFEAR, TEAOMD A SR R A4 R .
{5 7 (Pseudomonas spp.) . ZF AT A
(Bacillus spp.) % fif % B (Sireptomyces spp.) 35 il £k
B R B A 58 I BT, Sk B R A AR B AN A B
TR fRER . RS R s A 3R o A A
RO, R WAERKRSEMYIMER, R
B Fis | g iE T A T RS,
AT S8 25 1 5 A A it 6 1600, Suiltana S5 B4
A BA] FS 2 £ 4 1 (B, aryabhattai) MS3 i i3 [#
R WL IAA GREERANLE, BERTHER
TUBOK ARG R ZE M B AL & Y S B R S R
FEFE 200 mmol/L &R JHiriE T AR R A7 G 2 S T
YRR FE R . ARSI 4 BREA
AN TR KV [ 260 A Bl AR A S 002 A AR P B9 T
PEAE T, FFEERMa T I REAS AR B AL UE b 5
FhFug R LA, X S5H AR R —E
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¥ Z URe AR A, R R AR ] A P [
HAMERT, R 3G5E HAR IR R AR K R RICR O
FERECIRE L 1 Pk DU 2/ FT 7 (Bacillus
velezensis, B1)fl 1 4% % B4 (Sreptomyces spp.,
A1), 2 TR EA R R 0™ TAA BET,
AR A1+B1 AT ¥ I b 35 07 £ 2
b2 VAR O NN AL VA 3 N AL VA
PRARVCRE N B . AL R 4 BRi
AR A A TR R L TR O 52 G TR R o 2k i
RAGE B T — A i 5 SR Y DB 5 T 1] o

4 Z

MOBT 4B R B R X > 4 o
4 BREA TR ER | [ 2 T HLIERE 1 0 TAA
w0 o S 2 A 1 (Bacil lus rugosus)
Y8, Bl [KZE AT I (Bacillus aryabhattai) Y35.
i £k ZE A AT 7 (Bacillus halotolerans) Y46 Flrd
BEh AL A (Hal omonas alkaliantarctica) Y4-20,
HOhBRR Y35, Y46 1 Y4-20 i HA B RE T .
4 PRIATEZR A T B REAS [A] 2 B 4 v 70 S
TR MY AR, HhwEtk Y8 X Fh 7 iy
R A RBOR IR
{E& STk it R

WRAZ . SEOHRAE, BB, EIRZH,
BESCEE XIEg . RAFSCE, iR, K
R SRR TR, BIRF. WERS;
WRACRL: Bl TR0 6: BERT ;s B
WBHE S, FafFmEags, w60, Fudr. $2ig
&, WEIES; DR, HR, AT,

EE R w R AFERH

5 7 W] 24 JCATAT ] BE 23 32 WA AR SCRI i i A
e T s sl A KR
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