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B E:IHFFY LELEBARE—AN2REFE, WEHADRTFGEREARMIT LG RREY,
1) 4o LM AR R PE 4 B (plant growth-promoting rhizobacteria, PGPR). iX S5k A 44t a5:8 it f & 4942
A W B IR A SR st A A K. [ B &9 ] 76k b B & 3 a4k A &9 PGPR, A5 A
A e, AMELBbE R eI RAZE LA, [F5] A BES R A S R%EM
Mo [X P A AR MPAR IR 38 P 0% ko — AR 2 sk 4m ) Bachu49; i@ it A 3 A& 32 A 4F A= 16S rRNA
AB MR BEARST LA TR, AR ZAY RS R I AN E AR Bachud9 6947, B R, &
B IR LB AR 1-RBILIR A IR -1-F B (1-aminocyclopropane- 1-carboxylate, ACC)HL &5 Fo 4k 2%,
IR REFRA R, RA o M35 RIS EF A& Bachud9 FAFELMBRMEMR NN ; REDH
i 2GR M AR A 2R ARG, [4R] AR LA P 5k
B3 — AR A Bk B AR Bachud9, £ 16S rRNA A HE F ol kst o r 52 A% 5 i B
(Alkalibacterium); H# Bachu49 A B 5. A HBEF= 5k 73| %k T8 (indole-3-acetic acid, 1AA)
FRAGS, TAELZRE 0-160g/L. pH7.0-11.0 8954 TAK, ZHL LA —T RIS, £
pH 8.0. 9.0 #= 10.0 #9454 T, BaRESH A 9.75%. 15.56%F= 20.60%. F&A XI 2 R & 0 H 4k
Bachu49 T VA B FR#MH I, BRAELBMBALH ToAE %K, £F, £ pH8.0. 2 mmol/L NaHCO;
8 B AT, AT T Bk Bachud9 BEMldd-adiRK. MRS E . S Efrt h RS AH T
239.86%. 1 952.83%.389.71%F7 91.23%; £ 15 g/kg ) 2 M XM T, 2R TEH E I T 10.14%,
A 30 g/kg 69 AR A ST, ERAL LS T EHARG AT 42.04%. 23.14%F= 40.91%.
[ 41 Alkalibacterium sp. Bachu49 B 4 B 9@t 3 sk 5 12 A& 68 7), 4845 B LSt A4 £ 3 s ki
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Isolation and functional identification of a growth-promoting
rhizobacterial strain of Alkalibacterium

ZHANG Xiaoxia', WANG Yi', SU Ping®, YANG Xinping’, DAI Jinping®, LIANG Zhenpu *?

1 College of Life Sciences, Henan Agricultural University, Zhengzhou 450046, Henan, China

2 Agricultural Science Research Institute of the 14th Division of Xinjiang Production and Construction Corps,
Kunyu 848116, Xinjiang, China

3 Institute of Applied Microbiology, Xinjiang Academy of Agricultural Sciences, Urumgqi 830091, Xinjiang, China

Abstract: [Background] Soil salinization is a global problem, and there are a large number of
undeveloped functional microorganisms in the rhizosphere of salt tolerant plants, such as plant
growth-promoting rhizobacteria (PGPR). These microorganisms can help plants resist salt alkali
stress and promote plant growth through their own growth promoting functions. [Objective]
This study screened plant growth-promoting rhizobacteria (PGPR) with salt-alkali tolerance and
evaluated their growth-promoting effects, aiming to provide candidate strains for the
development of microbial fertilizers for saline-alkaline land. [Methods] A bacterial strain
Bachu49 with salt-alkali tolerance was isolated from the rhizosphere soil of wild Tamarix
chinensis in Kashgar Prefecture of Xinjiang. This strain Bachu49was identified based on
morphological, physiological, and biochemical characteristics and 16S rRNA gene sequence.
Multiple media for functional identification were used to examine the growth-promoting effects
[solubilizing potassium, fixing nitrogen, solubilizing phosphorus, synthesizing indole-3-acetic
acid (IAA), secreting l-aminocyclopropane-1-carboxylate (ACC) deaminase, and producing
siderophores] of Bachu49. The Petri dish with two compartments was used to examine the
production of volatile acid substances by Bachu49. Finally, the effects of Bachu49 on the
growth of Arabidopsis and maize seedlings were analyzed by plate and pot experiments,
respectively. [Results] A strain Bachu49 with salt-alkali tolerance was isolated from the soil
samples. This strain was identified as Alkalibacterium sp. and named Alkalibacterium sp.
Bachu49. Strain Bachu49 had the effects of fixing nitrogen, solubilizing organic phosphorus,
and synthesizing TAA. It survived within the salt concentration of 0—160 g/L and pH 7.0—-11.0
and showed the ability of reducing alkali. At pH 8.0, 9.0, and 10.0, the alkali reduction rates of
Bachu49 were 9.75%, 15.56%, and 20.60%, respectively. Strain Bachu49 promoted the growth
of Arabidopsis and maize seedlings under salt-alkali stress. Specifically, at pH 8.0 and 2 mmol/L
NaHCOs;, inoculation with strain Bachu49 increased the root length, number of lateral roots,
fresh weight, and number of leaves of Arabidopsis by 239.86%, 1 952.83%, 389.71%, and
91.23%, respectively. Inoculation of this strain increased the underground fresh weight of maize
seedlings by 10.14% in the presence of 15 g/kg salt-alkali, and it increased the aboveground
fresh weight, stem diameter, and plant height of maize seedlings by 42.04%, 23.14%, and
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40.91%, respectively, under 30 g/kg salt-alkali stress. [Conclusion] Alkalibacterium sp. Bachu49
has excellent salt-alkali tolerance and plant-growth promoting effects under salt-alkali stress.
This study provides a candidate strain and a theoretical basis for the future development of
specialized microbial fertilizers for saline-alkali soil.

Keywords: Alkalibacterium; plant growth-promoting rhizobacteria; saline-alkaline land; growth

promotion; Tamarix chinensis

RO P R R Y R S R T
2 g/kg, pH>8.0 Ay L4 HATRERZAA 10 /2 hm?
AR, 3 B ER B S AL 142 hm?,
FEMTERE. TE . Wb, NS, EHK
AL IX 3 b B e AR H R X R
M TR RIS 1 336.1 J5 hm®, 2495 4 [ SR Al it &
TR 36.8%, &3 b ik Ml 2
T 5 22 (R b XY R T R s b X 8 4
IR B DX AR Ml S 8, S Joe N A S PRI AR 3 L T
ARSI, F 28k b R 4 R A Ak i il G
e AT R, iR
AL AR I A Y RSN, SRR
SERE IR, T H S EE R A, WA
P AT DR sk X 1 37 B 7 JE I
H A X £ w8 136 207 X FE L Y e R
Peo AF SR IERAEY S RIEIX R, Hid,
A el R S AR A e R RN e )L
PP ek R SR o Ak — SE i A, N
W% . EAE . BEMIAE R kR I A B
Tt HIEAE Y ZRENE, BRI Ly AR
U B ek RS e S A ) rh
PN SRR ISAE DB R], R IAR PRI S
SEPAE PR, DA A F Bl R SR At i B AT

W MR bR A2 A= B (plant  growth-promoting
rhizobacteria, PGPR)J& 48 AENE &5 TAHMIAR PR | i
AR — KA 0w, Al Dodd A 3
W 7= - IR Be-1-FR 2 (1-aminocyclopropane-
1-carboxylate, ACC) i 24 i . ERAAFIAH Y IR
57 FORAE VR e Fh i i A K

fif £R 58 PGPR AT LLHS By 4 <7 Eh i 3 A K
PUHL, B an i U R AR F O i
R . VAR R TR ) R S B v i 0 g i
bk, BeRR ALY R A AR A RE U,
T 2 A ) FE SR BB R B b i AR IR . Btz
A, FEER O L A PGPR AT LI UE 3 A PSR
W o, e ATy, MeE IR b,
NI AR L 3 0 R A A TS0 DR, 2 LA i
LA AL A AE 9 PGPR F i sl A= P i 7
YA B TR ek B . R A T

g L R B 14 i (Alkalibacterium) 2 J& T 27
FER A — BT, HA B i it et
TR T R K T IREE R
J& (Tamarix chinensiS)EEMIARME ), 2 L7 1 3
Y. BB R SR ERRE Sy, T E
BB RUEVD . PREEK L . B MR S e
JEPA AT g MHT B AR R IR XA X AR
WA BR A rh 43 e i 3 B Tt $R 58 /E FH ¥ PGPR,
X HHEAT 5328 SO RE % 0E . F I ISP LA 28582
RIS PG R R P 2 A 8GR, DU i —2
P2 PGPR (11 8 54 A= AL B4 LAy, IRy 3k
FROLIT AT PGPR AR I & £R it % B P e
BHEAEB R SIS HE A

1 MR5r%

1.1 #&

T AR S O s AR SR B IR X AR B
I PR 38 . FORFF M8 £ 62 5, W A Bris
G F RO AR A BR AR . B I+ R
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IEHE WA ST, ARSI ST B, &
%5 [ (Sreptomyces) sp. A537 (RAE T AR
1.2 EFHE

AR R LB 15 7R (g/L) : AR 11 ¥R 10.00,
FE R 5.00, G4k4N 75.00, pH 9.05 1/2 MS
Bigid(g/L): MS Bi3#3%E 2,37, THEHE 10.00, ik
15.00; fEARETI S B Ak . TOHLEFRAE | 52
SIMA PR FRIL . B RS IR . hERRER
YR 5 IR | ADF K59 514 K 75 (chrome azurol
sulphonate, CAS)% 77522 SCHR[23-28] AL il -
1.3 EERXFIFNEE

16S rRNA BLK P 1514, A= T A TR (E
B ABRA 7] 5 2xphanta Max Mix, F§ AU
MEBEAE IR A IR AL B A AAR, w2y
AL AR A RA A s MS Kig, b E
HEYIEARARA A . EIRIRG R4, K
SRR AIRA A Hfims, T8
KHIRBHE AT PCRAL, dbat K AR RRAR YT
A FRA FL
1.4 MEEEHXRASE. dik

S g Bl R I ACEEAT 45 mL KR
ZEFRELES, WIEIRY 2 min J5FEIR
FE 2-5 min /19 LR W IS WY
BB R, 55 107,107, 107,107,
107, 107 We BERR B 1) - B BT, SRS K HVR A
F LB AR 323 30 oCHE IR F7 40 b 8] 8 55 5%
48 h, PRBURRIEA . B 5 K/ N B 75 F
11 3 Whgealifh . feals ke f + LB
IR EE, 30°C, 180 r/min 535 & ODgoo [H-N
0.6-0.8, HX 500 puL FH¥ 5 500 pL 50% H &5 Lt
RA G E T80 °CIR-AE4 .
1.5 HE#k Bachud9 fUEE
1.5.1 TH %k Bachud9 B 7S4F1E

W AR IR 5L s SRR JEAT 3 T4kl
fbIG, AT 109 tRatiss Rk, P —kk

5N Bachud9, 432153 E R Bachu49
AT LB BAREEFRIE L, 30 °CHEE K46 E
ISR 7d, WERIEIEARE, JFRHHE 2R
Yy A L BEXT T R Bachud9 19 241 iP5 3
Frifk— 2P HgE .
1.5.2 4k Bachud49 B IR 1L 45

{81 2R AL A % Rk Bachud9 14 4= B A= 1k 4y
PEAT Y€, AR HARE . . CRILEE . B
BEOARME . BTHAARESE, IR IR A e S5 RS
B R DLANE R G T ) PRI AN B R AE
1.5.3 H#k Bachud9 (I FEMFLE

K 16S rRNA JE[H 3 519 27F (5'-AGA
GTTTGATCCTGGCTCAG-3")#l 1492R (5'-GGT
TACCTTGTTACGACTT-3")ik4F PCR, PCR J%
WA ZR (25 ul): WK (ODgoo 0.6-0.8) 0.5 pL,
2xphanta Max Mix 12.5 uL, [, Fi#5149(10 pmol/L)
% 1 puL, ddH,O 10 uL, PCR b &4 95 °C
5min; 95°C30s, 60°C30s, 72°C 2 min, 35>
PG 72 °C 5 min, PCR =¥ 1%35 NG AL I
L PKOR I 5 26 A T AR TR (i) e A FR A
Al o D P 45 R AE NCBI s )& b E 45
BLAST [RI U5t X434, FIH MEGA 11 #4 %
RGERKEW .
1.6 E#k Bachud9 {4 58 J1E R EF RN E
1.6.1 AXHLEE. BEVEE. FEEHINNE

¥ PR Bachud9 435200 T I LB 55 57
H o SR AL RS I B R R AR AN T s R
Hr, 30 CCHIRBE A F B 57 8-9 d, WL
JE Bl A B g 7 A B, 7™ A 375 W P ULk A
WA IS . A HLBE . e AEe ).
1.6.2 E&. 9 ACC BEBRE N E

APk Bachud9 43 5142 Fh T Bl 25 D1 o & 3%
FRILA ADF i3k, 30 °ClH IR 5 34 7 &
BigF 8-9 d, HLAE 3 Uk, USRIk AE W 72
M A=A, T B B Ak B T A o3 ACC
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AWEEST
1.6.3 FEEREIAREE IRNE

Atk Bachud9 #EFP T CAS Kigidkr,
30 °CPERRTFAEE B H 5% 89 d, WAL V& A
FUE A RENS = A g (B WA R, 4 7= A 1 W el )
TIEBH T AR A = kR M RE T .
1.6.4 47 7hME| R Z E% (indole-3-acetic acid, IAA)
RE BN E

% 1 Salkowski #2: X} etk Bachu 49 F3- 05|
CTRWRE T HEA TINE FREL LAA ArdfEdd 10.0 mg,
FATE/K BV i Ji FZRIBK E 45 2 100 mL, Bl
J5 PR ZE IR R R, FCRLHR BE 43590k 10, 20,
30. 40, 50 pL/mL AUARHAER . HX 2 mL FRifER
FEIMAZEARFRRY Salkowski (A, G
30 min J&5 , H 85BN BETHAE 530 nm AL
EAT HE T, AR I 45 SR B0 22 1l B o i 28

PR R Bachud9 ¥V AT LB A
ReFedkrp, 30°C, 180 r/min fHIRIRGHEE 14 d,
F3P 24 h B2 mL RAE , 14 000xg #.0> 10 min,
B3 A AT Salkowski ' {8 38R G Ak
L, B30 min J5 578 %8N HOEEETHE
530 nm P AL IEAT H A AT o S BRORE I A B
MR35 TAA &
1.7 FELZMER MY RN E

FEIE B Bk Bachud9 275 7= A= 4 K& R
Y, ANSLER 0 H LT (pH 6.8-8.0)ik kA T

WME o BT LB RS IR,
FE R B 1 57 L — 3 Fh i A% Bachud9, 55 —1ill
AL EE, 6 ANER L 30 °CHE B SR 48 h 5
W R FRIL B0 R 5 A (A harfa,
1.8 THELBE SIRIMIE

¥R Pk Bachud9 #2810 T LB W IARE F 5,
30 °C ., 180 r/min £ 3% % ODgo fH N 0.6-0.8, #f
R TRLE B 9 3L pH (BN 9.0, NaCl 40518 0.,
20, 40, 60, 80, 100, 120, 140, 160. 180

1200 g/L, VAKASTEAT pH, EHMEN 0 g/L
[EFRR 0(-)I LB AR5 g 57,
30 °CHER IS FRAR B B 152 . B0 24 h ST bk
Bachu49 M B K/, AR E] &
E 3 W, BOLEE
1.9 iR EE SR E

F Atk Bachud9 70 T LB WA R,
30 °C, 180 r/min ;3% % ODgo fH N 0.6-0.8, #f
BRIV LA 2% it 43 R 2R W By 75 g/L,
pH{E# 7.0, 8.0, 9.0, 10.0, 11.0, 12.0, 13.0
) LB A 35 5,30 °C L 180 r/min 1537 4 d.,
T 24 h 52 A3 66 BE TN 5 B ODegoo fH
I LAMERL pH {E AR A R LB W A8 57 5
SRR, REASEEELS RS WE 3 K, WO
BIAE.
1.10  E#KRPERLAE D A9 E B

A3 HIAE pH 8.0, 9.0 1 10.0 AY LB W AAR; F7
FErP 4Rl ODgoo fH 4 0.6-0.8 Y Bachud9 Bk,
30 °C. 180 r/min ¥55% 4 d, %M 12 h B 0.5 mL
FR T 4 000 r/min 2.0 5 min, B F3E M pH it
I8 TR pH A . ARHE AR T BRI

n % (%)=(pH —pH = )/pH i 100 (1)
K e n Y ERREIREE 15 pH sk & BERT S
FREN pHAE; pH b A5 B Y pH {E..
1.1 EFAEELEERE

K IR Uk R T 4 cCrkFiBfL 3 d
.

R 5 TR AT 2L T B 6T 40 i T R kT 57 R Y
R 2E B 57 5 1/2 MS 855 35 3L Eh i iha
ZM, A3 Ak R Rk pH {EE R 5.8 . pH {H I
>4 8.0 .pH{ELJ A 8.0 3/l A 2 mmol/L NaHCOs ,
pH 1E#4 8.0 I:HIA 100 mmol/L NaOH . pH {# 7
4 8.0 I A 2 mmol/L B NaHCO; 1 100 mmol/L
) NaOH (5 b msiifri8 5 & #% pH 5.8 .pH 8.0,
pH 8.0+2. pH 8.0+100., pH 8.0+2+100), S5

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



4622 (YIS Gk

Microbiol. China

KA Al RUZ B SR BE) 172 MS [ AR
FEHE, TEREREFRIUEHR 6.0 cm Ab4371 b BRT-F 4D
FASTRI T3 VIBEREEEE 1.5 cm ALY 172 MS 1555
FEFAy, A 2 mL LB FlfAR; 3R 3E, LB [EA5;
FEHI M ERN M Bachud9, FANEEFRIM
Flr 20 BIEITFIF, BASM 3 RER. T
22°C. 12000 Ix. JGHEFIHA 16 h/8 h, AHXHE B
50%35 5% 10 d Gt m T iR | BF SR
BLIE R A
1.12 ERPBHRE XK

FOR ARG AR & Eh WA W A T I 85
AR B8 3R A 101 IR, 121 °CK
P 20 min, HET2H; TR A ERHA WA K
IKFFEAEER NaHCO; . H i £E NaCl 4% B iz 1)
L] PEATECH . AR A F A X R ER R
i} 52 FE B IR I 45 P, ARSI WL T 3 Mk
(S ER S D7 K= o sl 7 1)) I A DIV 3
FERR A BRI W, (EER e B 3R P ik
8IS 15, 30 145 g/kg., WBC A A SRR 1
S REHY 37 g, 2T S emx5 emx6.5 cm B 1
e R AR L R AR S R . K —
B E 62 5 EKFIF, #BAIREHN 1 cm A

1 HEi#k Bachud9 BIFZ7SHEE
RIEA. C: HREEL T Bachud9 Y IATE &
Figure 1

iy BHAHEE 10 MEE .

¥4 Bk Bachud9 B0 F LB IR EE 7R3,
30 °C .. 180 r/min }5 3%, A RMEE A 10° CFU/ML,
SR I TR VRO R 10 35 T PR A T 7

BRI iR R, [ A Bk S K it i
5 mL [E#k Bachud9 AR W, HEFE 7 d it
1, PUKHEEBEF/KEHEE TR, 14 d 5
Ve EOKAR R, IR0 M - 6 RN T e A
KL HARFE R o

2 ERSHM

2.1 E#k Bachud9 FETEHER
2.1.1 ¥k Bachud9 BT

AR IR B R TR 2T 3 kL ali
fbIG, AT 109 MRaEE FEm bR, Hob 1k
4 Bachu49, M IHEPRTE LB Hifi ik RIS,
KM EEIESZRE . AaEm, Wik
NGHENRETE, ZPERIE 1A), E 2R E L
REIR AL, FILEE Bachud9 S 24 G
PER (B 1B), i HLR B #iPk Bachu49 ZHf S5
FRIR, T2, K/ R (1.5-2.5) umx(0.7-21.1) pm
(K 1C),

A: FFk Bachud9 FIEEIES. B: F22 YL 4 T # Kk Bachu49 19

Morphological characteristics of strain Bachu49. A: Colony characteristics of strain Bachu49. B:

The Gram staining result of strain Bachu49. C: Morphology of strain Bachu49 by scanning electron

microscope.
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2.1.2 F#k Bachud9 BUEIRE LIS MER
PE Kk Bachud9 o] LUF FH R . AR T

RVl . A IE IR A I ME— AR IR T AR A
H A= A b A R ae 1, WA = A AL FTK
fif Ve R I BE T (3R 1)
2.1.3 E#k Bachud9 FI FEYMFLEELER
P25 5 87, Bk Bachu49 1) 16S rRNA
BRI R B EEN 1455 bp (GenBank 5:5g
5 0Q993071), fEZk BLAST 455 o5, Wk
Bachu49 5 g b 1& ik 771 J& i A X R Pk NBRC
103243 (NR114242)76 % K FR e ile, MHRIE N
99.38%, FHURIEH MK T129-2-1 (NR0O41575)FI
024-2 (NR113154), A58 99.45%Fi
99.31%, KT 16S rRNA N FHHE T RE
RKER, 458 E/R, Bk Bachud9 5 IEE G
B J& (Alkalibacterium) 3t ab— A~ K9 4 32 (] 2)
i b, A E Bachud9 kg EL g ik 18 s
(Alkalibacterium) it , 1 Hein 44 Alkalibacterium
sp. Bachu49.
2.2 B ¥ Bachud9 FI{EERE NN EL R
XITR R Bachud9 H9%EWE . e . A . ™

IAA. 7 ACC W2l . F kA RE Jy 1T 1
o MR TAA PRUES IS TAA PRiERTZE N
y=74.6x-2.53. Z5 R EIR, FEk Bachud9 HA i
AU FEF IAA B EMEThRE, Ha
W IAA B9 ER 8.14 ng/mL (K 3. & 2).
2.3 E# Bachud49 FFiELAMEEMEYIRMN
M E 45 R

H 2R R A5 1 T R L, R
KT IR RAE ., ESAPHLN LB Bk
B(pH 9.0, SIUAEE) FIERI R Bachud9, 57
3% 48 h Jr B3R ILAT AT (0 (1 4A); 45 24 h il
FUCE, R R A iE G (& 4B), iRl
M5 IR 5T 2 (& 4C), R # Bachud9
FERE SR R = AR T R R I
2.4 ¥k Bachud9 RYTHELMI R BE 1M E LS R

£ pH 9.0 12T , Itk Bachu49 £ NaCl
WEES 0-160 g/L 1Y LB Vil AT K, H
W, 24 NaCl ¥R 80 g/L A K i (3 3).
Fikk Bachu49 7£ pH 7.0-11.0 9 LB -4 b 3¥ya]
DI, 7€ pH 7.0 24 F KR #BmRAF(GR 3. % 4).
Kk, Btk Bachud9 ELAT K479 SRkt Ak

&1 E#k Bachud9 FHEXHMEVEIRE UM ELE R
Table 1 Physiological and biochemical analysis of the strain Bachu49 and related species
Characteristic Strain A. thalassium A. pelagium A. putridalgicola A. kapii
Bachu49 T117-1-2"032 T143-1-1"7% T129-2-1"7% T22-1-2"0%
Starch hydrolyze - ND ND ND ND
Catalase test + - - - -
Oxidase test - - - - -
Only carbon source tests
Glucose - ND ND ND ND
Fructose - ND ND ND ND
Galactose - + + + -
Saccharose + ND ND ND ND
Xylose + - + -
L-arabinose + - + + -
Citrate test + ND ND ND ND

+: FEPE; —: FAME; ND: Jo¥dE
+: Positive; —: Negative; ND: No data.
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2 BT 16S rRNA EEFIHZRIEK Bachud9 ARG L ER 55 N% 5 N EKAY GenBank % 5%
Ty O3S ERYECTN bootstrap {H, AURIISREAAIGERTE—RAMER bR R 2N P22 570900 SR E
Figure 2 Phylogenetic tree of strain Bachu49 constructed based on 16S rRNA gene sequence. The GenBank

accession number of the strain is indicated in parentheses; The numbers on the branch are bootstrap values,
representing the probability that the taxa will be clustered together; Bar: Nucleotide divergence.

3 Btk Bachud9 (REBESMELR  A: MAVIBEREST; B: FIREAETT; C: BIZEREAIBATEXSIE
Figure 3 Determination results of the growth-promoting ability of strain Bachu49. A: Phosphate solubilizing
ability; B: Nitrogen-fixing ability; C: Nitrogen-fixing ability negative control of strain A537.

%2 Htk Bachud9 RERENNELER 2.5 Bk Bachud9 BYFERRRE SN E LR
Table 2  Determination results of the growth- RABR SC I 45 2B, HAk Bachu49 £ pH

promoting ability of strain Bachu49

8.0.9.0 A1 10.0 HFREHI R 43518 9.75% . 15.56%

Function Result

Inorganic phosphorus solubility - F1 20.60% (£ 5)

Orgam-c pho.sphate. solub.llllty + 2.6 %HE Bachu49 Xﬂb‘iﬁ%fﬂ Eﬁki 'll/V E"]
Potassium-dissolving ability - ,

Iron-producing capacity - %ﬁ ﬂl'ﬂ]

IAA-producing capacity + 2.6.1 ¥k Bachud9 X HIFETTE KR
Nittogen fixation capacity ’ 16 pH 8.0+100 mmol/L NaCl ffjfipitl 41
ACC deaminase-producing ability -

+: Functional; —: Non functional. T, *Hiﬁfﬂ:XﬂLﬁﬁgﬂ(K:}%) , BERP A R Bachu49
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4 Ttk Bachud9 F=HELMEBMYRNEE A WS 48 h IWEFRIL; B: BifRMAZLL)5 g

R 24 hy C: BiFRILARLT Jo A 1 i &

Figure 4 The identification of producing acidic volatile substances of strain Bachu49. A: The result after
cultivating 48 hours; B: 24-hour open placement after the culture dish turns red; C: Unexposed placement

after the culture dish turns red.

£ 3 B+ Bachud9 gUTHEh RE
Table 3  Salt tolerance of strain Bachu49

= 4 =4k Bachud9 AU BE
Table 4 Alkali tolerance of strain Bachu49

NacCl concentration (g/L) Result pH Result

0(-) - 7.0 -+

0 + 8.0 -+

20 ++ 9.0 ERT—

40 ++ 10.0 ++

60 AR 11.0 +

80 -+ 12.0 _

100 +++ 13.0 _

120 IR —. Ak +: ZEK H ODgy<0.3; ++: ODgyo 0.3-0.5;
140 o +4++: ODgoo» 0.5-0.8; ++++: ODgyo>0.8

160 + —: The strain does not grow; +: Growing and ODy(<0.3; ++:
180 - ODjg9, 0.3-0.5; +++: ODggp, 0.5-0.8; ++++: ODgop>0.8.

200 -

- AEK; 4 AKHBEEER<03 mm; ++: WikHER
0.3-0.5 mm; +++: [H7% HAZ 0.5-0.8 mm; ++++: FE A
1%£>0.8 mm

—: The strain does not grow; +: Growing and colony
diameter<0.3 mm; ++: Colony diameter, 0.3—0.5 mm; +++:
Colony diameter, 0.5—0.8 mm; ++++: Colony diameter>0.8 mm.

LR T EAR K . MR B H | fif F R0 4
507 A G (FS), B R 4y 5
239.86%. 1 952.83%. 389.71%FH1 91.23%. 7
pH 8.0+2 mmol/L NaHCO; fHa 4F T, 5%t
HR LA L, 320 Bk Bachud9 40U FE 7 AR % |

%5 BI¥ Bachud9 HIPEREAE
Table 5 Alkali-reducing ability of strain Bachu49

pH Alkali-reducing rate (%)
8.0 9.75
9.0 15.56

10.0 20.60

MR A = 4 BT, FLAOR K i i
23.59%, WEEIEINF N 150.31%, 7£ pH 8.0+
100 mmol/L NaCl+2 mmol/L NaHCO; 61 5544
T, R E M Bachud9 BIHIEG IR K48 m T
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AN Y Y < oolllm LW | 1@ (LM L
b ¢ d e a b c d e

Different saline-alkali stress conditions Different saline-alkali stress conditions

UL L T TLE LA L L T
I T N
Different saline-alkali stress conditions Different saline-alkali stress conditions

E 5 Bk Bachud9 EREEMME RS T UEITREER A XBREITMRAZN; B: X
W AR KW ; C: XU F T FE A5 ; D XHUR I A 8520, a: pH 5.8; b: pH 8.05 c:
pH 8.0+100 mmol/L NaCl; d: pH 8.0+2 mmol/L NaHCOj3;e: pH 8.0+100 mmol/L NaCl+2 mmol/L NaHCOs;
*. P<0.05; **: P<0.01; ***. P<0.001; ****. P<0.000 1

Figure 5 Effects of Bachu49 on growth of Arabidopsis under different saline-alkali condition. A: Effects on
lateral roots of Arabidopsis; B: Effects on lateral the root length of Arabidopsis; C: Effects on fresh weight of
Arabidopsis; D: Effects on the number of Arabidopsis leaves. a: Medium condition pH 5.8; b: pH 8.0; ¢: pH
8.0+100 mmol/L NaCl; d: pH 8.0+2 mmol/L NaHCOs; e: pH 8.0+100 mmol/L NaCl+2 mmol/L NaHCOs;
*: P<0.05; **: P<0.01; ***: P<0.001; ****: P<0.000 1.

39.41%, Zf L Jrik, Ttk Bachud9 7EERGHMMGA WA, BEIN2HK 15.66% (P<0.01). 7E 15 g/kg
AU REM A TR AN AR LT, HEA  MPRASOET, M T Bachud9 B A RS |

TR SR EIRERIN, BmEh 28.64% (P<0.001)
2.6.2 Ek Bachud9 3 E K4 KIS0 1 18.55% (P<0.01). 7t 30 g/kg fIMIEZMET,

TR R R 6. K 7), HET R T Bachud9 IR FORRS . A M b fF R
STHRZL, AP ERE Bachud9 M EKRIEARIMM DA T EEERIA BN, BS54 40.91% .
AT A RIA RN, FEE: 23.14% (P<0.01). 42.04%7#19.71% (P<0.05). 7
B E LT, M T Bachud9 EW I EK 45 g/kg WAL, M T Bachud9 HHK
b b RN e A BN, ARy RO ECK M BLRERIM, BN 17.94%
60.87% (P<0.001)F1 122.30% (P<0.000 1); #kE  (P<0.05).
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B 6 Pk Bachud9 £ ERAEKE BB FZ M T ERBIEEER
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o LA || [[H |8
0 15 30 45

Different saline-alkali concentration (g/kg)

O CK

AN —

Py A I Y A A
0 15 30 45
Different saline-alkali concentration (g/kg)

A TR M B AR B

XF KT 6 T 520 Ce X EOKZEMLA R 3 D: X EOKRBR G R REIE . *: P<0.05; **: P<0.01; ***.

P<0.001; ****. P<0.000 1

Figure 6 Effects of Bachu49 on growth of maize under different saline-alkali concentration. A: Effects on
the aboveground fresh weight of maize; B: Effects on the underground fresh weight of maize; C: Effects on
stem diameter of maize; D: Effects on shoot height of maize. *: P<0.05; **: P<0.01; ***: P<(0.001; ****;

P<0.000 1.

3 WwE5E&#

AR, BlFEMORSZ PGPR MK HE, %
FHA VY AR . R S A A 5 5
WA BT, SR HATKZ % PGPR Z4h
AR F . WARE RS E, JFH
XEANR SR Z T iz adE N, PERE S 23] 4
e pH A . REEAMESER MY Ha  Hh H
A 0 B B AR PR B AE I PE PGPR il B AR 4
EH, BREA RIS PGPR WEIH . SR
JEAS (R BF 2 R R

ABIE 5T IO SR 4R R B i DX Bk P 4%
WIAR PR - 3 v B 3] T — BRI 3k o0 A TR
Alkalibacterium sp. Bachu49, %[tk a] 76 $h vk
JF 0-160 g/L. pH 7.0-11.0 B & FEK, H
AR TR £ 5 RE ) HLRE R 2 M i, R
PeTt T HAEAR I T W EAFRE T o T ER I Bl
7 J& (Alkalibacterium) & 5§ J& T 2 76 FF 14 20
(Bacilli)¥L#T % H (Lactobacillales) A #T & &
(Carnobacteriaceae) ] —2 41 1% , H R XCFrEER
WE T A R RO SR B, A R AR S B
RVRSEE . R 0 A= 7 K, DLCR AR A
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Bachu49

7 E# Bachud9 X EXKGPERREMER 0.

F1 45 g/kg

15. 30 Fl 45 g/kg 43l FmERBHE N 0. 15, 30

Figure 7 Effects of Bachu49 strain on maize seedlings. 0, 15, 30 and 45 g/kg represent saline-alkali

concentration at 0, 15, 30, and 45 g/kg, respectively.

T kv A R T 1 g A AL A TR ok
I 56 T Eh & 15 12 J& (Alkalibacter i um) 7& £ 5 i
R X FE AR A=A RIS A A DG HGE o PR P
Bachu49 7] LIAT %50 s ik B A fiE A= R E I M4 2
PRSI FR A IR, AT 3K W 77 o
ABFFEXT bR Bachud9 (48 A= hREHEAT T
WSE, 458 SRk Bachudd BAFEA . BA
PLBEFI 200 TAA AR AETIRE. PR KN, H
A A B S0 PGPR REM K2 SR A FE LN
FE AT LAR BT X, $t e Al 0 X 8L R R K
RIPE IR A P B R TR M
BORBHEYTTENESR TR, FEEE
S A A 400 P 5 R AT 24 A2 B 2 M A 0 1) A 4K
HARWMER PGPR, 7] LUK 8 b (i 2
EREON R AT LA R I X, 4R v R X Y
WRE ST, DLS B BERE A A K G H g
IAA ER—FREYER , AT LU SRR 1Y
WY 4, PRI 2R DL RAR BIIE A, PRI ik
TAA (B RE AT AR S0 UERE 9 A 4 /R AT,
IEAN, ASHIFSE B B 15 77 45 S B , TPk Bachud9

RERE P A RS PR VIR R Ve . A IS IS Vi 5%
RO, MRPRAE A 7 A ) — S R PR ) T e
eI BIR IR fEE SRR MEK . Ryu MK
WF5E &% PR B 25 /A 14 (Bacillus subtilis) GB30
01 BH 75 7 FT 4 (Enterobacter cloacae) JM22 ] L)
FE I — L6 45  PE) BoR A A o AR K . H it
HEM R Pk Bachud9 77 A 144 & 1 R V4 Joa vl g
TE AR RE 7 M 2 fif - SRR a8 v R R — e 1Y
YER, B  f2 50 A ML A 1r
E—2PUESE

H1 T PGPR WIE RN TS, HATE A
KZ R NG AR T PGPR 248 T1EZ
o ARz e A ) B 20 DL T AR RS R 3 40
3T —FRE A BWLY3X-6, Ffx%fHA A
b TR E RO AS ) i i o B 0 A A A i
15 7 EE, 2RI & A BWLY3X-6 J& T [k
R A2 5 TR AT (Klebsiella variicola) , ¥ Hi4%
PR RESEPEER, X 2 P A AN
AR W R R T, JUHOEAR K X R
FALE, SRR T 43.5%M 54.6%. #5254
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e T 4 BRECR W BE )RR (MR R TR B
(Pseudomonas) peitk , i il SHEE BT Lb (i S 4L
AORI I E T HE R SR A RO, AR ERIX
4 ARV A AN (LR I 35 15 I B 08 R Ak v A |
T, JFHEX - R AR A
AHIEmEm, & HETXF PGPR MBSk
2, BATA VR 22 A2 0 b 1 ) A e A A ek
i BA WARFR B - N RCR B X
TR 5 YRS A3 AR Xo) 3 6k 45 0 iy P 355 1) 3
NEPEREZE T R B 2 A 5 e T I i R B A
JEA B A RS S R,  di H XAR  A b
HAT B8 R AT R, JFX PGPR B %
HEATY SO MR T 21 BT 0 A0S TR ) SR

g5 b, AR BRAEE /R AR X A X
B A RERIAR B - S v i R Y T — AR R iR A=
P Bachud9; Z58TEA2E . AR 16S
rRNA JEH 781 L X 45 5, e 28 HoM g £k
Ve I Jm A 51, FEAr 44k Alkalibacterium sp.
Bachud9. IZ AR HA A A LB . 700 TAA
PR RNVERRYE SR SRR SE Z R RE T, RE
FIH 22 i st 5B 4 i ER w52 1k, X4
BT R KRB EAT RAF AR AEVE . AN ST 4
SRXT PGPR WA BTIRSAT T4 58, Nit—2Pubil
REAS 30 o7 b B R 55 (%) T2 0 i A B 1L T 3 4K
P, A0 B R H & A W ISR 2 T
AEEMNHNE . J520R s — 2P X HAR AL
B TR R Sy T T R ESE
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