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Isolation, identification, and plant growth-promoting effect
evaluation of a saline-alkali-tolerant rhizobacterium Paenibacillus
polymyxa TaRb44

BU Fan', HAN Sining®*, ZHU Rengui', YUAN Yujin', YU Weiwei', GU Yilin'", WANG Yuanhong""

1 College of Horticulture and Landscape Architecture, Tianjin Agricultural University, Tianjin, China
2 Sinochem Modern Agriculture Co., Ltd., Beijing, China

Abstract: [Objective] To screen and identify the plant growth-promoting bacterial strain with
saline-alkali tolerance and evaluate its functions. [Methods] The rhizosphere soil of wheat was
collected from different saline-alkali regions, and the highly efficient saline-alkali-tolerant bacterial
strain was isolated by enrichment under saline-alkali condition and dilution coating. The antifungal
spectrum and plant growth-promoting effects of the isolate were evaluated in vitro, and the
nitrogenase activity was measured by an ELISA kit. The strain was identified based on the
morphological, physiological, biochemical characteristics and phylogenetic analysis. The effect of
the strain on wheat growth under salt stress was investigated by a pot experiment. [Results] A
highly abundant bacterium with saline-alkali tolerance was enriched from rhizosphere soil and
designated as TaRb44, which could grow normally under 3% NaCl and pH 10.0. Strain TaRb44
showed strong antagonism against soil-borne pathogenic fungi such as Fusarium pseudograminearum
causing wheat crown rot, Fusarium oxysporum f. sp. niveum causing watermelon Fusarium wilt,
and Fusarium oxysporum f. sp. cubense causing banana wilt, as well as Botrytis cinerea causing
gray mold of postharvest tomatoes. Further tests showed that strain TaRb44 produced a variety of
plant growth-promoting substances such as siderophores, amylase, and cellulase, and it had
nitrogen fixation activity with the nitrogenase level of 65.50 U/L. Finally, the strain TaRb44 was
identified as Paenibacillus polymyxa, which significantly promoted the growth of wheat seedlings
and increased the root biomass under both salt stress and non-salt stress conditions.[Conclusion] In
this study, P. polymyxa TaRb44 was obtained with much excellent properties such as disease
prevention, plant growth promotion, and saline-alkali tolerance. It serves as an elite strain for
developing new microbial fertilizer and soil amendments in the future.

Keywords: saline-alkali tolerance; antagonism; plant growth-promoting; Paenibacillus polymyxa

R AL R — A H ™ R A A )
HET, 23R4 9.5%x10° hm? (Ehm, 29,54k
HiTE AR 10%, H PABHAE 1.0x10°-1.5%x10° hm? £
R R R EP RS E, AR
PR E &, KIREHR AL, L
FEWEK BT RN . M ERZE R R A K B

FRFR, P T2 T R HX LSk
Jo ok P, AR T RS K R A T E KR
2, esh, A4 1750 T3 hm? (4 HE 37 1
FeEhmifengsgm . Y L HEER I pH ST, fE
i Bz 52 B 1 R R FE YR RIE S E K,
FEAR L2 o A ML & 1, FHASVEYI AR 2%

http://journals.im.ac.cn/actamicrocn



1500

BU Fan et al. | Acta Microbiologica Sinica, 2025, 65(4)

A SR AR 3 WS R, T R e H
ARKER, RBUTR TR, £251.

TR B b o A PR, O T R R 7
FUR XT38 B b AR PR A = L 4R
FVEY B BAEEANE, —HUCE, RE
ERTEHIE I, ISR S E S, 4R
KER BB, AR AR ATV HE R
PR A 205 LAk BTH i i s . i AR
VAR WROR . SR, Z DT E AR — 1Y Ry BR
PE, UHAEI T TR TR, T IRK%E
PRk, JET KR T RR A9 3k ik i 76 3 52 2 4% K
BRI, o 2 Bl 28 4 R 51 T i R B
R B A AR DR IE R SRS B A, TR
R ) FH 22 0 B AR 2R 2 A i e 2,
T, ERE NS G DU
5 CUMGE R AHZSG, Hrp “DIAPiEs” 1y
U AE R A Y F R BT A IR B A AR
= fit 4= B (plant growth-promoting rhizobacteria,
PGPR)AEGS BB IRPRIRES, 4 = VR xS R el it
PIHRHT T, Ha T b A 4 i o e SR A i
R,

PGPR Fi-Eal HINRELAE, WHH TIT AR
TENERE . SR AR Y R SR
Huy, MFRMERZ 8 PGPR WG A # R
(Bacillus spp.). {0 Hl 1% J& (Pseudomonas spp.).
[ % 1R B & (Azospirillum spp.). R H )&
(Rhizobium spp.), LA A& (Trichoderma spp.).
T B J&@ (Penicillium spp.) %5 2 F 3¢ 4 #1071,
PGPR I /MM HLER . WEERER . LIERE . 1Y)
PRSI, BRI pH. M B IEIE ) .
PRHEVEY A, 2 M4 A 0 0k 396 158 1) i 3 i
FER KT R, R PGPR BB 42
R TTOKRE . KL R KEL KR
G2 FAEYI i, JEOREY) S 52 B a4
P33, B S0 % B PGPRs M H A & IR

P4 actamicro@im.ac.cn, 7% 010-64807516

TEER W30 25 PF R A g SRR 0 & HAT e dE A 5
AR N B AT — bk B RAF T R e
(¥ £ 2 J0 AT 14 Bachu 85, JF-7EER G 38 45 11
R AR TR BRI WESE R,
PR R R 2 AU i 0 A ATLTR P I - 8 pH
Z 5 R, ek LIRSS R Y
H: 0819

2 5595 ZE f KT TR (Paenibacillus polymyxa) J&:
— Bl A TR AURE T i 22 ER R A
EAER . B T SRR AL B2 T T T
R o AP AT A H B Sy e e 4 M RE 1
— R, JE—JEn e TN A A f
AR . 2R F AT R RERE ™ 2R 2K
W EH. SRR . B MOt RS
S B A WRE RO, TR A
Z TS FRAT 1 A A 2 B AR B A Al A 1 K
HWIBIG 2 A . Luo PR KL, £ZF
FEEFAUAT IR T AR AR T L SR ANE S
Yo AL PR o, O 205 A el
WAL . EAMREIESE, % R |
TORZERLIE G . FAAZEN . LRI T Z A
IFil o D 2 P AR 0 A 3 A R 0 BT A A
SR HAL, %ISR RIS BRI HE A AR K
S (R7/E S 7/h e e S 3T A LB
4 pH R LT 4P ITERAE, BT R IR
WS TR R AE B0 R B AL . $2 TV 4 s 6 ol
B J7 i B — g B, SR, %R
TELR L P R 777 ThT A 5 5 o AT A 18 AT A
XA, T Bt — 2P AN & e R

AT R R AT AR | Fr R
F/R AR XA EROB I /N AR PR+, 20
AT — PR EA A 2 i ER R RE ST AR PR e, 3
aod A B A TN 2R G kAl 3 B 2 oy A
i 20 N 1 = NN [ e 7 B s VS VO B8
FEER B0 T XoF /N2 i A 2B e BEATBAIE, L



NS | A A, 2025, 65(4)

1501

S0 8 R PR R B i A T el B R i 2 (488 19
[Lapu AR IBE SN T

1 M5

1.1 ##

VA 529, W BRI EREA R

RSERTONE R T AR g A=2:1:1, B
S1JE K4 T HAR 6.5 em AEZLT, H R
MBS R RER R, MR E TEEE T
BigR o

BRI (Fusarium pseudograminearum)
I 00 B 46 B 78 JIN & AL B (Fusarium oxysporum f.
sp. niveum) . {85 A0 B i L AL R (Fusarium
oxysporum f. sp. cubense). JX ] % {f (Botrytis
cinerea) s HAS S50 % 53 B ARAT

LB [E AR i (g/L): B 10.0, ¥Rk
¥r 5.0, ALHN 10.0, BEERY 16.0, FHITARPRAN
WA E R LB ARG SR 2k LB Hige gk
ARG, M T4 BRI 5% 5 3% NaCl 1Y
LB W ARRT 73 . 16 LB {577 3 b i A & Ak ol
30.0 g/L, FT Mt oA i) 4 s PDA IR
(g/L): £ 200.0, #i%HE 20.0, K 16.0,
FHF455 i L A 1) B 3% RGBS
1.2 TIEMARRRE

SRS 2023 4R AN 2024 AENE A KT, 1
K, WAL . B4R R AR XA R
B DX R AR /NAE AR PR T HEAEAS o SR T RO %
TRHLHREFEAR L) 500 g, TRATJEHF LK%
TRAF T 4 °CURFE R, HI T #h sl A= M iy
I3 S o
1.3 WEEREYNERTE

Ty LIELBRZERT . MRS, PRI
2 g FERINAJKA 18 mL Jo A= BHER 7K (19 = FA
H, FEEIR TR 60 min, ff + 351 08T
AR KA, BB 2 min J5 1 mL _LYEWR,

A 9mL % 3% NaCl, pH 9.0 () LB 45 55 5
Wi, FE 28 °C, 200 r/min Z51F FE5 5 48 he FfiS
1 mL K5 98 W FE B 8 FP 2] 9 mL BT A9 %
3% NaCl, pH 9.0 i LB ikt ek, 7EAHIA]
MR #E 48 h, A 3K, LUE Lk
W), EEREFRENRERES 10 5 ERRER
1070, AR BE R BRI A5 B 100 pL 8 5) 0k 4 T
LB Fil, &F 28 °CIERIIF TR FE 48-72 he
RYE P IETEA . B0 25 S5 Pk s AN [R] 1 R 5
FIRIRAi s 3% . 4ifb )5 0 B RR B T80 °CUKA
W ORAE, JF kI =F B e s W R TS 22
IR IIE
1.4 BEFKIT SRR AE 7 E

43 ) B AR 5 NaCl /9 LB IR 15 5% 3 il
20% ) NaCl %, 5% THESPI kit E
R, EARIIRZE 1 s B A LB
BR SR 20% 11 NaCl %5 BC il AH LY. NaCl i
() LB Y578, TR —iEhae ) ; S5k
INEE A L pH 209 7.0. 8.0, 9.0,
10.0, 11.0. 12.0 Ay LB MWK 7256, FF K
BT R

PR EUHT 2 R0 26 15 57 1 B MR B TR Y5 AP T LB
WA R FRFE P, 16 28 °C . 200 r/min £51F F 1537

#Fz1 AEINaCLKERILBi&IAEFFE

Table 1 LB liquid medium with different NaCl
concentrations

c¢(NaCl)/% LB liquid medium  20% NaCl

without NaCl (uL)  solution (uL)

0 5000 0

1 4750 250

3 4250 750

4 4000 1 000

5 3750 1250

7 3250 1750

9 2750 2250
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Figure 1  Determination of ODgyy absorbance after

diluting the culture liquid by 10 times after 48 h. **

indicates significant differences (P<0.01).
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Figure 2 Growth of strain TaRb44 cultured in shake

flasks at different pH conditions for 48 h. ** indicates

a significant difference at P<0.01 level.
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Figure 3 Growth of strain TaRb44 cultured for 48 h
under 3% NaCl and different pH conditions.
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Figure 4 Plate antagonism assay was performed to
determine the inhibitory effect of strain TaRb44 on
pathogenic fungi. A: F. pseudograminearum; B: F.
oxysporum f. sp. niveum; C: B. cinerea; D: F. oxysporum

f. sp. cubense.
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Figure 5 In vitro test of plant growth-promoting traits of strain TaRb44. A: Siderophore production; B: Amylase

production; C: Phosphate solubilization; D: Nitrogen-fixing; E: Protease production; F: Cellulase production.
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Figure 6 Morphology of strain TaRb44 after streaking

on LB medium.
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Figure 7 Phylogenetic tree of strain TaRb44 based on
the 16S rRNA gene sequences. Bootstrap values
based on 1 000 replications are listed at the branching
points; The accession number in GenBank of each

strain is given in parentheses.
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Figure 8 Effects of strain TaRb44 on wheat growth under different salinity.
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Figure 9 Growth indexes of wheat under different salinity levels after soaking with strain TaRb44. The data are

presented as the mean values of five replicates, with mean+SD; ** indicates a significant difference at P<0.01
level.
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