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Research Progress on the Promoting Effect of Rhizosphere
Microorganisms on Plant Growth Under Salt Stress

LIU Qiang, LI Xian-zhen, YANG Fan, YU Zhi-min "
(Schl. of Bio-Engin. ,Dalian Polytech. Uni. ,Dalian 116034 )

Abstract  Soil salinization threatens approximately 20% of irrigated cropland globally. Conventional physical and
chemical remediation methods are limited by high water consumption, significant costs, and environmental risks. Rhi-

"

zosphere microorganisms, often termed as the plant’s "second genome," enhance plant salinity tolerance through mul-
tidimensional synergistic mechanisms, which offering a sustainable and efficient strategy for saline soil amelioration.
This review delineates plant salt tolerance mechanisms and systematically elucidates the role of rhizosphere microorgan-
isms in regulating this tolerance, including regulating ion stabilization, maintaining osmotic balance, defensing oxida-
tive stress, modulating phytohormone network, improving rhizosphere microhabitat and activating nutrient element.
Additionally, the review further discusses the current applications in main crops, such as rice, wheat, maize, soy-
bean, and vegetables. Meanwhile, to address persistent challenges such as inadequate microbial field stability, pro-
nounced host — microbe interaction specificity, and constraints in technology dissemination, future research should pri-
oritize; deepening the interaction of the "plant genotype-root exudate-microbial function" interaction mechanism; uti-
lizing synthetic biology to design functionally complementary Synthetic Microbial Communities ( SynComs) ; enhancing

inoculant stability by integrating materials science; and developing smart agricultural technologies for precise applica-
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tion. These integrated strategies are anticipated to facilitate rhizosphere microbe-mediated technologies for saline-alkali

land reclamation and large-scale deployment in sustainable agriculture.

Keywords soil salinization; salt stress; rhizosphere microorganisms; crops; salt tolerance
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Fig.1 The multidimensional mechanisms of rhizosphere microbiome in regulating plant salt tolerance
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Table 1 Mechanisms of rhizosphere microorganisms” application in different crops
e 2%
YER) T bk FEFIHLHI ik
/NFZ Pseudomonas fluorescens Serratia liquefaciens . Bacillus subti- V77 TAA &1 , Bl 442 & & [42]
lis Bacillus megaterium
AMF Bamit g E o MR b BRI PRSE,H [77]
LTS v T
Azospirillum brasilense Bacillus subtilis PEFECEVER, JE 4 R & i FIE A K% [78]
Halomonas BSSM328  Kushneria BSSM27 P m R FRARAI T B R BB e IR R R ACRFTRR [79]
ERI AR, BT R A AN S N A R
FK  Azotobacter Azospirillum PEPEMFCE PO ARG R — B B e [80]
Streptomyces spp. TN S A T R 2 [81]
Pseudarthrobacter Acinetobacter . Pseudomonas JEHE EPS [82]
Bacillus Aryabhattai strain PM34 MO EAL B A L K 35 - [83]
Bacillus anthracis PM21 VA ZAR A= BB R AR KRR GA JAA R, [84]
BRAR AR EPS B K
IKAE  Methylobacterium oryzae strain CBMB20 W ACC B Z M M s> 2 M e A [85]
Bacillus haynesii 2P2 Bacillus safensis BTLS Brevibacterium B A ALBEEVE | 288 & ik, H 4 2 RSE A VE [86]
frigoritolerans W19  Pseudomonas fluorescens 1001
Gammaproteobacteria Bacillota ,Actinomycetia J AR B 1 W) R Y LAk S N [87]
KE  Ensifer sp. GMS14 H It A A B TR [88]
Bradyrhizobium Enterobacter PR FEHTEE AT L BEAR SRR 75 14 1 ROS 5 dak [89]
FAi Azorhizobium caulinodans . Piriformospora indica BB EATIKOT [90]
Bacillus subtilis CNBG-PGPR-1 P ZARIEAR N ROS W BRIE [91]
Pseudomonas aeruginosa HG28-5 AR T Na* /K * FaZS R ABA {5538 [92]
#JN  Bacillus cereus BC56 AR AR & B I A M G S Rk 1 [93]
e
Serratia fonticola (SIT1) e AV P i S8 O , 1 4L A5 [94]

FRARI R A SRR R AR B ISR
RE B Y &R R A R0 B e
J AWK RE A BB gT R B R AR B
T Wy BT TG 18 8 3 197700 ) 245 T LA Ay o5 R 7K A
TR ER MR B A0 % . Il U, Pseudomonas A1 Kleb-
siella S5 AR B A Az T 1 3o 52 Wal AL ) PN 3R K F-
7R ACC i 2 FNHT A AL il 55 22 FP L] , £ i 1
ERYEF I T AR Ak 3T AR
BB (Quorum Sensing, QS ) & Gt H i 42 A4 1H
AR SPERIRE IS N1, TEFR AT WE L SE IR F
B ( Stenotrophomonas rhizophila ) DSM14405T Y
QS ARG TGk 15 T HAK R PR 19 5E
BHRET , )44 E K R A 1 R [l 9 R B ik
A= Wy 2 R AN TR KRR i o 7 A TR R A 8CR . ol
WA E [ICEF AT I ( Bacillus haynesii) 2P2(T4)
REFE KRR il COST A A Na ™ 7, $55

MZE+H ; Pseudomonas fluorescens 1001 ( T7 ) AJ 14
KR AN PB1 B4 A AL S 1, v/ R P38 i
I SR FE KRR B 5 R BB I 4
PN AE B AwOcstrebl BY/KFERERR , TTISFEIEH
SER A I ZR AT HERRAR FOE SRR AR AR
EESUESE S P D DR R 7 i SR S
A BRI it T BA A [ S R s B A A 2 75
BEPRF Ty ), BRRE 22 R B4l e M A A5 ORI
R R RN i — AR
3.2 REEEYENEFEFRNA
INENVER R IR BB B R 2 —, HAp
TS = AR R ERA Y P R s, 2016
A BRI P IR FRZY 2.2 44 hm® | A4 G0
U 30.7% , 7824 740 ¢, S EW AT R
26.3% "' EER AR BN 1 KR
Fa R R R R B A DL R R AR K 2
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BT FEERIIAAETT, B /INZE Mt T B AL
TR R ZREER R A RO B TR
Foy b 2 T R (B IR PTGk 60.7% ) | e 27 5 AN
HAEWE R T 26.29% 1

AR B f A W3 mT 3 3k 22 48 B P W] HL A A 550 5%
fift/NAZ ER A, S HE D BRI W R AL A i PR
W J& ( Pseudomonas spp. ) . 19 ¥F & J& ( Arthrobacter
spp. ) M AMF 45 BIFFE I 55 M T4 AR 8 7 £
BB T 77 A TAA RO T Rt HA 7 g 105 g L 2
Pt 2T 4 2% il M A U v I L 1 e, T
Shy A 58 A B Y Gl A Wy e b R B T N A b
r [105] o JR B BT AT B (Arthrobacter protophormi-
ae) SA3 T f @ TAA & & E{K ABA/ACC &
L, DURRY ETH 5 %38 #241 CTR1 Al DREB2
B AT A5 RN TR RPN AMF 5
INEMRFRILE SR 3 R B8 SR W, e Eh
30T B9 AR T RE 3 FE 7 1 ) AR R
Huang %577 W58 R W, HeFh AMF RS W 25 ok 3%
R R /N AR AR A A B |G R R T AR
KARPR R R a MR b SR 2K
B N A RN R T (b Na ™ HE
K* &% Zn Fe Cu Mn FEHIETTH)

SR, BA— a1 s 18 5 O 22 0 — A ] 4 AL
il DORE R RE A BT B RSB T B TR as-
TR I 255 - S B0 1) 22 308 % P ] 45, B Sk
T A TR T AT HE T AR S N
Zhu FE17 DG AR B R A A A Th A S 177 Rk
PIAE AR BE , I DR 11 R B TR AR AL 5
AR o %S BURE iEE ol B R R R
AN IR EE R ARAMAIETG ), JFREE7
T IAA G, SRR R I, B AR AL I,
PR R T
3.3 REREVEREKFEFRNA

FRAUR N BN EYRIE, L2 F
bR RS BB T JFORHE SRR B R, 4
BRAAGEAR W 7K B I R | R A T 5RT 1 SR 5
AU T K A 7 1 SR R R OO T ok
JEXER S HUR VR, 24 R ) 100 mmol/L
A2 E R ORI AYA

FEER G &4 F |, PGPR X oK AR K B AR
e HEVE b 25 JRAT 1T L B VAT TR AT AMF
SFoe KM RUE I SERE, HEFh PGPR T £k SUA-

14 AT DU RUCHRE o T KR PR A i | AR s D B 2R
FHAFAE KA, 10 RE 3 SRR B - 1 v il 1 26 1R il
SIREM TG S 95 2 ZF AT T ( Bacillus
thuringiensis) PM25 REf% A W48 £ 1Y TAA | ACC
I S AR R EPS 155 5 1 S 1 SR T R AL il
RGN T, PR TF B KA R AE £ BB A 55 1 i 52
AESI . A PGPR WNEH BT B I8 ( Mucilagini-
bacter sp. ) ILREML AR R E5H $ 5 K AE R
I8N B9 AH XF /K 43 & & ( Relative Water Content ,
RWC) "™ AMF 7EER P38 R A] LU 3 52 5 7 5
M AR AR A 1 YA 0 i DR A Tl ke 2
FHEWIHERRE T L 2 AMF Rl PGPR Bk 4 4 Fh
IF, 35 A AT L A 4 R K P 8 R R A R
WOR I B - SR AR R A R 3 R A
TR AR a1 X — R LR
WY, R 0 1 TR BT AN I 2 ) BE 1Y) T o &
o TR ARAE A R AR PR A= Pz 0 S RE AT Ak
Bt i H AR R A i A AR AR S B aR
KAk,
3.4 REBEMEXSHEFRER

RN ]y 4 ik fe 1 2R R AR EY) , g
B ER AL E B 00 B AR AR R R R
TEid 2 20 AL R R G- T2 40% ,H H
R BRI SR AT R P EOR ER AT P
HECURHEZ AR R I — AN 2 R
Pp/ TR s RYE R O ) 315 B Sl NS ST VA
BARRRLE AR ORAE RO Bk T ) i SR
PRI SZF , e A P BOs=

TERR B 2 AR PR A= ) 403 8 o O B 1Y)
A2 i F £, HErh OGS ) RE 2R W 2R LA
MR & | ZF AT 3 s FIARIE 78 ( Rhizobium spp. )
EyL 3 NN IS W2 oy - &N 00 I
LY TR AR R 2 AT TR ] e e o IR DR (A
TAA) PRI F BT (a0 Na* 1 CL7 ) iz 4 LA K3
SEATCSE AL P, PR R BT R R T EhBE T, 10T
GB35 FR 10 F AR G DB T £ it F Sk 7 b 4
BET 8 T B AR B ( Rhizobium sp. ) SIA2
g ( Hydrogenophaga sp. ) SLA8 REMS I A
FEUGWCRIHL K /Na* H, BRI BE 5 4R
K A RAFER REREY S
A=W S e AT DA - S AR ) AR RIS
PE,EGE TRy (IR AW E i, ARt
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B SN E R NAR LT (1 2 A= R R ) o R
X R NAREERRE , 3 AR 22 o 02 P g XU HLAT
BRI RN, SR R 7.7 A NI
BFRARRE R HOR B (2
N R TR T B ) B R
Iy BRI E T SRR AR AR KA B (AR
KRR B 2 Bl /b ) | B 5% I 35 43 W i 2
B, A=A e R IR R AL | T AR
il N R N B ER Y AS -A eB r=E
JBT, G RAR AT 9 S AR A 52 14 i TR s s S 12, ik
AR ER LR T

ST A B, $EFR S R BEAT TR ( Sphingobacterium
sp. ) BHU-AV3 3 ifi, AR Na ™ 5 i 1 35 [
I, PUAARBERE PR3 5, ROS 7K A, ARl L
W2 S B, R qRT-PCR ESEAHSE 2R F R R %
S R N o R I PN (= SR e R )
AOEAEICAR o RS A s A R Tz,
i 23 (B B i T ( Pseudomonas aeruginosa ) HG28-5
LR ABA ARG S 1 S HESF Na ™/
K28 s Pt AL BTG 1, 32T 1 7 i £6 B
1 AR AR Ay A SRR P a] i B
VR R S KA BE, AMF 5 PGPR B
() VR ATk — 20 4 v B I T ARG 5 R0 4
Fai R Luan 61 R ST RERA Y 5 R
Wb TR B 1 BT (AN A AL
BT A RLBE AN ) | OUR S R 3e E
AR PIIRER T AR AARR T 5

4 B Z

ERIIE 2 B Y 22 BT M BB R R
LA B A0 %5 22 F A B0 AR R s A 4
T DI ) 45 35 8 T (I R I S A A
PEZS AR B AR (A0 Na* AMHE/K T R AL
i) A ALBEE (U SOD  POD | CAT #i E L R 5t
BOE) MEES (I ABA AN SR FLEH S JA
SE D) STER VA I e 2 L Q1 2T 1R 2
WA TE P AR TE 1) T 78 37 70 28 AR B (il 7 ity
WS ERB RN R WM EITTRES) GERNEN
il , W E TP ER AR T, S ER A AR AT
FRELM AR TT 5

SRR B CAE P g i 5 R ARG 1 i —
KPR, 55, PGPR FI AMF 2814 Wy 1 H
[ PAEE TH TG R S DI Re e e AN 2 | 32 sk
4328 [l S M pH % 8l KoK 4y sh A5 AR Ak 2 R 2
2y, FEELR =R E R LR L AE R R T
(R e T K B E I EAE
PR N FREE, 91140 AMF X 15 3 1R YLl
R AR BN B TS B3 R ARSEE, R AMF
HARTE/ N S KE P2 e R ERE R, H
) 11 B335 22 50 300 ot A R Bl A P 1) 4 FAR
(40 flg22) KX A “ BN F A&, IR WA
TR P AR B B RE S P R = A
I T e 32 BH, P X 7 SRS 2 %
JRAR A 25 S 18, HLBZ KRR G IE B, SR S
HON HRILT

RRG U F AR, AR FIELLT =
AHEREGERE AL BT 2 T, IR AR AE i
PRI U -AR RS- A W D e ” — AL 5E ,
S B (AN 3R ) (R (AN SR ) M
T 42 IR SR R AU SR E Prka A 48
B A S Rt X 3 N2 I FEN ) STER )
B DX 1 A 40 - 2 0 3 07 TR 3, R R i BT
SOS IIETEMY) KB HMHRGE 51k is KL 5 HA
IR 520 A A A A R e, — T 1 R LB
FHIE Y 19 36 R 41 4 4 3R G i SOS IR IR0 R
FI R SR, DL TR AR I & Pl 4 v A 5
1) R IR AL 5 o5 — 7 THT T 45 4 B4 L 2
SIFTE AT SOS 3428 HH & A A5 5 P 20
FEBCAR B Z 1, TR B IR it
F 7% P 21 ) BE R R AR A IR I 4% 52 i T
REAE AN P RELL &, 504 MBS0 SR A R
A B B, DT A2 2 A 0 A, 1 R T
PEN IR RT AR R BT TORE Y B bk, a3 N
i A (U0 CRISPR-Cas9 ) X 13 A Wy EA 7 164
REARAFL P %o T2 T A 1 A S 7 T I, 18 58
FFERR B 00 22 58 BE 77 5 AT R A G H R an 1 e 4%
JERER  TC AL 45 W 0 = SRR ) 1) S s 5
SRR M 20 B 1N P SRS AR N S B
R N ST — B A IRWRE e E A
Kempy K 4 ek A R IR IR R, Dt R
li] , O A 2 E BT — A N I Eh B R T 2R
AR 9 2 4 T RS PR ]S, 25 SR R I /N 22 4
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