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The mechanism of PGPR regulating plant response to abiotic stress

WU Guo-giang , YU Zu-long, WEI Ming
School of Life Science and Engineering, Lanzhou University of Technology, Lanzhou 730050, China

Abstract: Salt alkali, drought and other abiotic stresses are important environmental factors that limit plant growth
and yield. Plant growth promoting rhizobacteria (PGPR) , as beneficial microorganisms colonizing plant roots, have
been shown to have a capacity for use as biological agents, thereby harnessing their functions for human benefit. This
methodology has advantages compared to traditional agricultural chemicals, including low cost, high efficiency, and
environmental protection. PGPR have been documented to not only promote plant growth and crop yield, but also to
significantly improve the tolerance of plants to abiotic stress. In this study, the definition and types of PGPR, their
biological functions and their role in plant response to abiotic stress such as salinity, drought, high and low
temperature, and heavy metals were reviewed, and future research directions were also explored. The results from
this study provide a foundation for further research on PGPR mediated plant stress resistance and the development
and application of these biological agents.
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AW, AR 2 T04E R BRI T 52 38 W AR AE 9™ 29 30042 36 78, FL31] 2050 4F, £l FH 7K 75 5K A e 8 —
F 00 AR AL IR K B T AE B R R R 5026 IR K BRI EE Z M E R 2 — I AR AE KL & 4
SFEK B 70% , BT A [A) AR A A AR XY R K & 43 A DL ROK SR A — B8R T R0k, S 8UEY ™ &
JUE MR RS E T RS S EEY B RS T . AR m Ak (R A R R 29 AR ) Y A, 4 ek B b T AR
3t 1042 hm®, T 3 B2 T 5 1 R Ak de o ™ 1 B K 2, 32 3T 142 hm?, 2y 4 [ AT AR Y
25% ,FF H i TR A B E L , Al DX 4 o 2B R Ak In) B H 25 0, T UM R A PR AT RS R R R
V2 ER A3 XA ) BB B 30 RS B AR BUE AR R E S BOE T R R TR S AR
B3 A W) A By R A 0 RS P B E T PR R GE U R R SRR A R R (R T i AR SR B AL
il R R A A K ARl A kT R R 8 B I B 6 R T AR AR T N AR 2 1 R A 1 A R b
P TAEY 7 i (E A 0T T X 9 gt o R P B8 2 3 B0 22 A 3 T, X DA 4 R AR S R 0 T RR S R AT L AR IR
BRI T BN O R AR e A SRR — Tk R DR, R 20 LA IR AR | A e A R B A I R R i ke
XA [R] R — S  SE RAE ) AT AR R T HE AR (R A W A K S R ORI SRR ) B P T T T AR
FIY S R AR B 4 v 2R KA W T R EL 2 O 5 BOE W R E B TR AR RS 5 Y B AR R g TR
o Z2 PR FHAIL T T - 98 25 0 5 B0k R 00 AL 4 2 RIS A 0 W 3 i) 07 S 7 A A 2R AR

Lorenz Hiltner 7E i iR & RHE P 2 5 40 TR AH T 0C R B B A& T “ MR BR (rhizosphere ) ”—1a] , BJVAR 3 [} iz 2
PO W 2 M S A AR N 25 S I S, O R AR B AT 25 AR W ek R 1 A B R R AR B
FAEANTE E T Gl AR RO R S M RUE Y P TR R RS RGP RO FE R KA
B BT BB X R ) A K S B N A AT T I I A A 2 A TR o R R A ) R R B BB R 2 06~
5% X RE YA G A A A EL B X AR A e R Sl A 0 Mol 30 A R T 42 1 U R P Y — 25 2% 40 TR Bk FR
hy W) MR PR AR AR T (plant growth promoting rhizobacteria, PGPR)™™ ., 4 PGPR & 5 T A W AR P it , 2 (it 25 W5 9y i
T B OC R 58 IR T, IF 4 W R R Rk A AR A DA 1 R A K R R a8 B At . dn v R IR
(Serratia) CDP-13 F A7 [8 0 % fif W 1 38 . 7 7 Bk 28 1 Fnms| e 20 12 O Rl #12  1- %0 i 30 N e -1- R R (1-
aminocyclopropane-1-carboxylicacid , ACC) it 2z B 1% 1 (4 58 7 , 76 $h /B 38 5 235 32 L/ 57500 (09 VE HI DA A 24042 4 /7
AR B Y AR K R R R B — Rl 2 AR 2 R e N T IR S A A 7 R S —
B AR AS RN €5, T 15 YL 8 L AE IR . PGPR A Ay 2 e 250 L R 10 ol A 0 ME AR SR UL, T LA /0 Ak 2 ok 245
FALRE A9 . Wang %50 9% & B, A B8 ZEJAT B (Bacillus subtilis) B VA S0 087 48 = + vl i ok
Yy o 5 i S B g A W R R O P A i 2 TR I e A AR 1 32 ( Brassica chinensis) WA K FAE Y
fo WL ER WY, A Y B S AR D AR A A O AR A B R AR T RR S R R T A B R 1. AR R
Geor Mt T PGPRFNIE AR 7 DI AR S AR AR o) 157 336 356 Jolk 380 v 9 49 P, R 32 400 sl A7 7 ) il R HE R SR AT 5 i 7t 2R AT
JREE DU by A= 0 ) 0 ) 48 AR b T Aer 2 kR B AT A A A
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PGPR 7E e #F A 9 A= K AE v i D0 38 S AR R A W IE R0 00, & B 28 o E PRt s o . HET A8
PGPR A 20 Z Ff , i % W 09 3 2 40 45 2F 8 4T & )8 (Bacillus) | i 5 M B J& (Pseudomonas) | W ¥ & J&
(Enterobacter) 5 T A # J& (Klebsiella) AA 56 8 /R 151G H J& (Burkhoolderia) MVY 8 S & (Serratia) % (2 1) .

Horpr, 25 AR T8 2 i 32 R W AR KA R A0 T, e T REAE AN [R] 0 A= ) R0 AR A= 4 BR300 T e 72 6 e
07 ik PR TR 2R RRE R of R R R T
2 PGPREYEWFINeE

PGPR i 2 B4 ok (] 422 09 VF ot B H S8R 58 AR R 26 K DL A R e ™ (18 1) o B4 2 e g
PGPR G B M A Y 3R, 502 26 W [ &L Vs i AR e 0 25 O 00 - 38 ™ B 28 3 A 0 38, ] e P A ) 7 A
8 A= FOE AR A 0 38 25 A 25 AR R L TRLHE 1R R 38 2 PGPR AEWS 5 515 IR N A R GobE P ik uli p= A= — s fh 24
Wy I (G A 2 A ) B — S HL At 114 4 FH AL 1 [0 422 b 42 0 A 40 A A s =



5 33 55 6 1) b 2R 2024 4F 205
®1 PGPRMER HIfE
Table 1 Types and functions of PGPR
2 i g 2% 3CHik
Genus Species Function References
ZEFUAT T I8 Bacillus AN ZERAT I B, subtilis i AP AT E . Induce plant resistance, and regulate [19]
plant hormone.
PR R Pseudomo- [ AR B H Pseudomonas azotofor- 7= LA 224 | 2 AN ] EEPEBE R =45 . Production of extracellular [20]
nas mans polysaccharides, indoleacetic acid and soluble tricalcium phosphate.
IR T B Azospi- BV B B TA Azospirillum brasilense [ 0, 7 R AR B A 2 L ACC B2 13|V £ B FIK A B . Nitro- [21]
rillum gen fixation, production of iron carrier, extracellular polysaccharide, ACC
deaminase, indoleacetic acid and hydrolase.
[ Z 8 Azotobacter  DLIGIE A Azotobacter beijerinckii [ %0, e R4, 72 4R K 26, Nitrogen fixation,, soil improvement, and [22]
production of auxin.
SR ANIAE Klebsiella il 98 vi T A0 Klebsiella pneumoniae [, 77 2 R RII| W 2,12 . Nitrogen fixation, production of ammo- [23]
nia, iron carrier and indole acetic acid.
[ FT i J& Enterobacter ST # Enterobacter aerogenes [E & B, P A K R ACC B & B F ek 214 . Nitrogen fixation, phos- [24]
phorus dissolution, production of auxin, ACC deaminase, and iron carrier.
WHFE B Arthrobacter 32 FF I Arthrobacter pascens B W 2% o Synthesis of indole acetic acid. [25]
A5 2 R AR G 8 B A1 58 B IR S B Burkholderia vietna- 5% . Nitrogen fixation. [26]
Burkhoolderia miensis
HKEEAT B Paeniba- RIS ZEMFT T Paenibacillus mucilagi- & AP BB E K % . Forming biofilm, phosphorus dissolu- [27]
cillus nosus tion and production of auxin.
P R E Serratia & B VD 7R QT Serratia grimesii [ & B kA 42 K . Nitrogen fixation, phosphorus dissolu- [17]
tion, production of iron carrier and auxin.
TEOFF IR Achromo-  ABEICEFTH Achromobacter xylosoxi- 7% ACC i & # . Production of ACC deaminase. [28]
bacter dans
IR B Rhizobia B[ K AR IR TR Rhizobium alamii P48, Production of extracellular polysaccharide. [29]
NNFFREIE Acineto-  LIRANEIRTF I Acinetobacter johnsonii VA S EETE I, 0l 1 . Regulating soil enzyme activity and improv- [30]
bacter ing soil quality.
FEREAT T Alcaligenes  ZE7P=H8AT B Alcaligenes faecalis PR R, MR E FEWL . Production of auxin, phosphorus disso- [31]
lution, and improve nutrient absorption.
BERE A Streptomyces T EEEETH Streptomyces microflavus R FEWYL . Improve nutrient absorption. [32]
S JE Aeromonas KU B Aeromonas caviae PR 8 R HEE SR . Improve soil and promote nutrient absorption. [33]
1Z 1 J& Pantoea W2 T Pantoea agglomerans [ % Bk =4 K . Nitrogen fixation, phosphorus dissolution, and [34]
production of auxin.
TR R Micrococcus 5 B WK Micrococcus yunnanensis EEFRITTRE M. Improve the absorption of nutrients. [35]

2.1 PGPRAZ# & 8440

A (nitrogen, N) 2 HY) A K B p R EE LG EFROTR  HEY AR KT 72w B G NN 5350
Y, RN E R AR R TR S AP NSRS R AR AU AI(N) S FIERATE,
7R B Bl A 4 R WMROR T A A T T RCTR R A R TR & R 22— J2 2E W 11 A (biological nitrogen fixation,
BNF) , R KA B N FE AR R fi] Sl 3 09 B8 8 a0 (22 NH, ) B A SR B2, IF e AE 0 40 i T & 4% Fb 2B
Yoy Y HA A AR X R R AR A VR 0 R BR i AR B 32 R [ A JE (Azotobacter) (A v IR &
(Burkholderia) | [& Z Y2 € 1 J& (Azospirillum) FUARE 7 J& (Rhizobia) 55 , o b A 98 B A 1 205k 7 55 R At 1 280 B AN
Ii] , G ook VAF 98 W -6- B B2 & Biff (trehalose-6-phosphate synthase) 3 Kl ozsA |, # 4K 5@ 2 11 (heat shock protein) %
groEL 1B 1 (chaperone) FE I c/pB K% 5% 15 A ¥ (transcriptional regulator) J& K rpoH 55 I 3 [z v 35 R 78
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Fig. 1 PGPR biological functions

UP: J& 24 # Ineffective phosphorus; OP : 45 #L#§ Organic phosphorus; IP : TE#L# Inorganic phosphorus; AP : 47 & Available phosphorus; SM : 435" 1)
J5i Soil minerals; SP: 7] ¥ #£ #1 Soluble potassium; NO: £ #L & % fk # Organic nitrogen oxides; IAA : 2L K % Indole-3-acetic acid; CK: 41 it 53 24 %
Cytokinin; GA : 77 % 2 Gibberellin; ABA : Jii 7% 2 Abscisic acid.

Ak A2 rp AR . Mahmud 4% 3 PGPR 5 4 9 AR 2 1A A (4 AR 8 I 5 T 8056 I ( BN Fndf) i 5 A
O K A g A A B N R S IR A 2 (N ) DT 8 23 S0 9 N A AR 9 B R o T 9 3 W 7 R (Saccharum
officinarum) 42 i[5 & 7 RB867515 1 RB92579 nl % jin + 4 1 BNF fh A A LR . PGPR i Al 3 i J2 i 1k AE
¥ NO, 1B R F 2 4K, 7 Ak NO,, FF S A g8 I o NH, . 4h , PGPR 3 GRS /D w7 1 4 14 68 2 A4 3
P9 A7 2500 A 1 AR 40 X NAR AR, LT3 2 B2 M R e T NI 25 RIS S S 45 R 3R W] MR BR PGPRE 5 A= 9y [
R T2 NS Ak S AR AR AT ) BUE 30 vh A 45 AR
2.2 PGPR# &5k a9 1 A
% (phosphorus, P) 2 AH Y 4 KM E B B @ 000K TR S — REFRTTR R bl & 2 4/E /Y.
TP PR EE LR RP R ARARAC, Y P2 3 — MRS R G e . R AR A RS TR
A% P B Ak 1 mT AR A 0 W AR Y TE B R R JE X 0% % 5 41 7T (phospate-solubilizing bacteria, PSB) , Ho A 14 9 2
AR TR ICRT I PR S, AL G TC LW R NSV P A LB R L AR PRI AN TR, PSB AR 43 R (TEHL) B
B A ILEBE . X T 09 PSB IR 4017 ML 23 W6 Bl DA Ay 2 W 19 5 1 1) S BE AL . RS e B T K A
IR & A B ( Tsukamurella tyrosinosolvens) G818 i 40 W FL IR . 5K IR | 5 IR 55 £ B A HILIR K ¥ W , Mo 42 1 48 4F
(Arachis hypogaea) WA K7 o A HLEE B9 8™ A6 I 308 43 & B0 28 S [ 0 ol 198 63 , e o ol TR T %) K e T & A= 12
Benbrik 25 BF 58 26 I, B6 A 122 A BRI B DN13-01 85 & B2 AT & (Sphingobacterium suaedae) TAT J& /N2 H1FT
(Bacillus purnilus) X 22 F1¥E#E ZEH0AT B ( Bacillus cereus) 263AGS 1] VLA i3 7= A= 2 M R0 B ME 0 1R B ol B 338 A8
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31 72 FL ) Xt - A 1 W, A B P PR I A L A B B B A BT R L 2E SR B RV B IG T S
U B8 R HIAS [] 14 56 W 4 AN a] il 2 46 D T B JE AL B L IR F Al POk . B R W), MR (Liquidambar
Sormosana) B Fr A3 i 43 B9 A VB TR L 0T I S B H AR () 2R R 5 bk v O B AR R LA B R R N 1 &) (4 BE
BE) R B INAN T B , B R AR AR AR ROR

2.3 PGPR 3 3% 4769 7

B (potassium, K) 2 AH Y00 T 19 KL IC R XA 10 A48 K & & RN 0 A S AR ) o R & e Y,
JE A AR K A FE R R R - b n] Bl A ) B A 0 K i A R i RER A Y KB E R o B
SEHT R T A A R . £ R A AE DK A KBS Ak T3 K PGPR, FR R ¥ 4 41 B (potassium-
solubilizing bacteria, KSB) , H G 48 K A %I 20 K 4k 5 %808 S P W e A1) 1T 0 Ko KSB 9 9% K HIL il 7™
AT AR RS A pH A (R S SRS A RN . Meena 55X KU i BIL I (09 B 58 2R WL LE IR 1 2 BE
PR = BEAE R AN T 400 0 100 M — ke 150 0% 335 35 0 ), % 9% 6 pH (8 S 38 IR KRB I o DP9 3R W) L fE TR 3 2R 10
2 Bl KSB A8 8% il (Solanum Lycopersicu) R I AE K S50, bk e b T RR L RO o 76 (ol B X 42 o 2 J6 6T
B MZ4 KM 1 UL ZF A 5 ( Brevibacilluse) KM2 5 AN e T g 80 T AH LE L 45 0 MZ4 (KM AT KM2 350 1 4k 755 48 |
I 22 ) R OK A Bk e i 2R DB BRI SR 3 B A MZ4 R KM 2 ] I 25 8 i K
2.4 PGPRAHE @ E#E

H# ) ¥ K (phytohormone ) J& 5% W 45 ) A= iy JL-F- Bt A J5 11 9 £ 2245 5 143, AR B T — A EL IR 9 Vi 3 )
2%, LA A W7 AR Ak B SR B PR A A AR KR & B, PGPR AT LU i B3 20 WA R 40 3 2% s R T RS A B
BER A, WA R A K, MY R £ A 4 K E (indole-3-acetic acid, TAA)  4i Jfd 4 % & (cytokinin,
CTK) .4~ % % (gibberellin, GA) FJIit % W2 (abscisic acid, ABA) %,

TAA & f FE MR A K 2B v AT 25 Rl 0 A K A2 . R 280 PGPR 4 R 1k A [R] 19 i 45
SRR A B IAA S 5K R E R K m 7 IAA ) PGPR B B R0 T 846 B4 (Medicago sativa) 5
BT RN B (C) VEUEERR DA FIA MLIR 1Y & & T H B 48w T AR . PGPRAFMY IAA &5
0] ) A ) P U TAA 9 4, PGPR S5 AE W38 1 TAA ol 2 908 B B A 56 R TAA 76 ok B T £ 00 30R 4 00 A AR 1
R, 70 5 W BT 2 3R 00 AR RS S8 AR 0 TR B, SRR A AR R T A B Wl BT R 7R LR O
(Arabidopsis thaliana) 1 HEFP TCEFF B SBLEZ M T IAA {5 514 5 ML AL, 2028 T AR 9 4 K 4y SR, AT i
HERR A & F . PGPR 4: I M TAA I8 AE W 28 W 381 4% 08 X A 0 A G 1 9 52 ) o 4o BT £ 25 400 4T 18 (Bacillus
aryabhattai) T61 ] Lh4G J8 TA A R A #E R R AR Y A2 4G, I REARZE A0 i rb 9 P — 1% (malondialdehyde, MDA ) % % Fl
P A AL TG P, 8 KR R4S (cadmium, Cd) & A W A0 T B, DN 22 fif /K R Cd ilra ™'

CTK Z&—F il T Al R/ 2R, i THI YOS kA R EE M HIRIR %L
Foft £ F S B A S A, 7E AR B AR S RN . PGPRAERZ IR CTK (5 514 52 5 W B 22 D RE (8 5 , iF
RV /DA W BB o 0B FR 9 G AR PRI B ( Pseudomonas fluorescens) G20-18 BEE i 52 ) CTK A5 5 B 1 T AR
ARG I8 T & B B (Pseudomonas syringae) U AT RE™ . FB4r PGPR 6 BE A i CTK Sk A A48 9 i 1o =l A=
Yyt o AET SR R CTK MY Al 5 28 460 FT 68wl 384 ik (Platycladus orientalis) B ZE 1) T 5 A 302
HEREY R K, Park 25748 7 CTK B9 BT [G 2E 460 4T B SRBO2 45 F T K 5. ( Glycine max) , i 15 H A 1 9 2
3Tt

GA BRI ERKMME EEDITZEELRPAEROMEN  wfES AR, 2484 %H 100
Z R ARF L1 GA. A DB PGPRAE™ L GA, XHE MW 4 KA — @ W ™. Lee ™ & B, 2R 18
(Enterococcus faecium) LKE12 7T 38 3 43 W5 22 Ff 45 K4 (49 G A's 3 Bl 35 1F 5 018 2 Fh /K R 28 19 1 8 AR i i fig
B35 #ITR ( Cucumis melo ) 9 by 138 FIAR K | ] i 33 Jon ff 26 R0 4% 38 & ik . AR, PGPR 45 B G As UL B 28 fiff 3 B2
P SZ I o FE = A R R I ZE F AT TR ( Bacillus tequilensis) SSBO7 il i3 & WA [A] 4544 119 G As DA #F (1 2%
( Brassica pekinensis) 4 i A4
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ABA JZ A Y) i 24 RSS20 B ORI R ) e 52 W o R T SRR A s e AEAR Y A ROR F O
FRORRR IE 5 A 7= 1 R ™Y . PGPRGE i3 A B 37 H 4 h ABA R RS, 1 s ke 9 17 X il 360 1) 8 g, JR A 1AL 4
AR U UE R ZE AT B (Bacillus amyloliquefaciens) RWL-1 38 £ A % ABA FT 5 25 12 55 7K R A8 AR 1 A2 K8
WA T KRS ER B aE AP E . PGPR ™4 ABA A A S A 4 S AL G TR S T S8 4 6 1k L 08 K A R L R AIR 7R
[ # 3 . Cohen 55 78 8l mg I+ i 45 Fh ™= ABA 1 EL VG [ 088 B Sp245 m] el A8 AR 45 440, 1 400 ma I 26 9 i ] e o)
HWOLE MOGORI 6 R | 325 M iy i 24
2.5 PGPR& R %k &R

B (iron, Fe) YA KA T AR YT TR 7245 Fhan i i 72 bR AR, A48 P 0 2 3% 100 A= ) 5 J AN
JeBERAE . Feil & LR S A B X F 4 T L3 B Y k15 . PGPR BB & WX Fe
FLA 15 55 0 0 MR 43 7 i Ak R MAOR A A A A KRB FR I . Fe 24K (iron carrier) X FRIE 2k 3, J& /b 9 i
i AE 4% # K BK & B (non-ribosomal peptide synthetase, NRPS) i 42 fl NRPS 7t 57 (1) #k 2% /& & 5 i (NRPS-
independent siderophore , NIS) i& 2 43 W K 4> F A WAL G . Singh 5 & B 3¢ [ CSRS12 38 2 =2
BRARAR BB T 8¢ 5. (Vigna radiata) WMAREC AR AIZEK IR B3m 7T HAY & AL PGPRIBRETESE Fe 1f
0T XA ) WM Fe b T 1 AR T o 2O BB I AN 2= R BOSK B (Microccucuce yunnanensis) 1 68 5% Wi A I
(Pseudocydonia sinensis) 41 i AR &8 2K 74 2 iR if (phenylalaninammo-nialyase , PAL) i& ¥ By KL & ¥ & & AP B R
W B i B 38 )i i (ferric-chelate reductase , FCR) 16 1 55 Az $U A= 4b 2 80, 48 5 ik Fe 2514 S ARG X Fe 19 R H
BOES IEA , PGPR 1A B 3 7= 4 Fe 2R ARG 5 A 4 IR DT AR L W W ac (10 8 01 o 7R84 Fh 7= Fe 204 1Y 2
FAT B 0T 38 10 3 75 36 4 48 (reactive oxygen species, ROS) i Bk B 7K 3 DL % Bl 2008 Fn o] 35 M4 ) B 22 [ IR MDA
Na FTCL 14 £ 2 DT 2 fift 5 Il 20 XA R 2 < 100 5 i 48t v =
2.6 PGPRAEA A kA28t A

PGPR 7] AE kA8 4 A A1 18 700 55 min 17 Sl A= 9 e 38 DR 09 3% 390, DA el st p o 2B K R . PGPR K &=
A A AR R W R & M HLAE A ) (volatile organic compounds, VOCs) AT $& =5 48 4 (59 0 390 P al AiE 5 4 40 16
AR WE RZERATF I (Bacillus megaterium) BOFC15 G815 T 0L jg J7 7= A4 2 M, i A=y s 38, o A8 4R R 4544
FE =% & BE )1 IF REE B & — ¥ (polyethylene glycol, PEG) % S/ T S Wi T 80 i 3 & A0 i 52 0E i ABA 75
WY A — 2 PGPR AT R A A 49 3 TG 2 50 Ok 4 a0 R 4 A KORG8 i Al A W W38 RO S . Ahmad S0 3R B
Tl R 9 TR AR B B T % ik D 38 X 2k L ( Vigna radiata) % K &R A AR R (CO,) [A] £k 38 26 0 A F1 52
MNTIT B 5 05 B A8 K o3 I IR At 4 3R & b, 03 B 11 s 7 B . IR R SR PGPR ] LA &%
b TR 3B A5 T A ) A R

3 PGPR £ 48 ¥ Wi iz 1% 15 B 18 o B 16 A

AR ST & T AR Y I 3a s £ T 5 A o I R RN I 4 B MR X A BRAE ) AE K R A )
FEAE R RS 0 e R R R R TR . PGPRAE Ry — 28 R B8 A U R AN B, o 7E ks i )
A K RN i AR AR W 30 T K 45 3 AR Y. I PGPR A: W2 Th e 549 BAF RE 0 45 55 2 Rk 9 A 4= 0 i
30T 22 PR SRR B FEARAE W aa R RS PGPR AR AL R 25 E A A e & (£ 2) .
3.1 PGPR#ZZ A Mt

R 2R A A B Y AR R R E E R AT EE A R, BR PGPR g
VA R K IR U R AR, s B E R R SRR FRAADEA BE T FEIE MDA & &, T
i R P AR PTER  3E B BB Y. Shultana 257 & B4 B 2F F60FF 7R 10b BT EG 2F #61FF 5 BSW 22 1T 240 3% 46 38
KR B A A R RN 3R S W o 3 o 2 b I TR R R PR AR T SR B8 R OK A MDA &L RS T B E RS A
(IR 0 1 L R ) R T A TG 1k o iF — 2B R o R B, SR Wt N KRS X NP UK Ca #l Mg 1 W SC i 35 m 1
39.88%~276.47% . Din % "VHFE K B, B 3L IR ZEUFT B PMLO 38 i B Ak A 9 [ i Ah 22 8 (extracellular
polysaccharides, EPS) J# ™ A= VE Ak 2445 515 /N2 26 48 e B 9 & R AR K, PMILO 77 A2 1) EPS JE B 7E AR R
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Table 2 Role of PGPR in alleviating plant abiotic stress
AR A4 Y30 FE AR BRAR 2E T LELY LIRS PGPR#LHl YEFIRCR 2% ik
Abiotic stress PGPR Plant species PGPR mechanism Action effect References
FhHran 5L G [ U T Azospirillum brasil- 3% Corian- PN PRI, Regu- AW m N, /==& & . Increasein [ 100]
Salt stress iense drum sativum lating antioxidant enzyme ac-  biomass and yield.
¥ BR[E A Azotobacter chococcum tivity.
NIRRT A, johnsonii EXKZ mays VY ARG . Regulat- MR T 43R, F7 /0 W N . [30]
ing soil enzyme activity. Improved soil health and increased
nutrient absorption.
FRIER ZFJAT I B, tequilensis KHEO. sativa  HEFFBE V. Maintain O T AR TR . Tm- [97]
Bl (G 2E AT B, aryabhattai osmotic balance. proved biochemical characteristics
and nutrient absorption.
R % 2R T 1 Bacillus methyllo- /N2 T. aesti- 77 IAA ACC AR MRS KR MEK StaaREWHE  [101]
trophicus vum Z B, Production of IAA,  ZFHEN, Significant increases in ger-
ACC deaminase and extracel- mination rate, root cap length, photo-
lular polysaccharides (EPS).  synthetic pigments, etc.
F R ZEHIFF B B. megaterium INFET. aesti- 7= TAA . Production of KER MWEREEARKRSHEISAE  [102]
vum IAA. E#E % . The growth parameters
such as germination rate and root cap
length have significantly improved.
BV S| DL 3T 2R M0AT B8 Bacillus velezensis WIBk Juglans re-  FEERERIK FALER s T HLHLE] . Improved stress  [103]
Drought fARVE R ZETRHT T B. amyloliquefaciens  gia FITAA. Production of iron  resistance mechanism.
stress carrier, hydrogen cyanide
and TAA.
Wi ZEAHT T8 B, subtilis FMi S, Lycoper- 7 ACC AR MR mK AR & i FH& MDA M H,0,%  [104]
sicum F. Production of ACC de- = F#{K. Proline content increases,
aminase and reduce ethylene ~ MDA and H,O, content decreases.
(ET) levels.
W SUBR MM TR Pseudomonas putida KK Z mays  VANACE ST RO N B AL L G A A ET  [105]
LA, Regulating metabo- Fk YK . The expression of su-
lism, signal and stress re- peroxide dismutase, catalase and ET
sponse gene. were reduced.
[& ZUB PRI P azotoformans INZE T, aesti- 7o EPS TAA FAliE s A KR A O RZSCRE4HE  [20]
vum fi =45, Production of FR¥A W E SR . Physiological in-
EPS, TAA, and soluble tri- dicators such as growth traits and pho-
calcium phosphate. tosynthetic pigment efficiency have
significantly improved.
[y 437 K MR T R, alamii WK B. chinen- 77 EPS. Production of EPS. ZX¥BA: #3840, Increased stem [29]
sis biomass.
DI HME P. fluorescens it Mentha WGP . Regulating en- IS PEALEEY & f W #4855, Sig- [106]
fRVE R ZETRAT I B. amyloliquefaciens  hyplocalyx zyme activity. nificant increase in enzyme activity
and total phenolic content.
5L B it FF AR I T AN ALY T AR B, A PR M R A [107]
Temperature  Pseudomonas brassicacearum T. aestivum VAT AE Y BT A AR A S R S . Significant
stress Production of high molecular  increase in seedling fresh weight, an-

weight heat-resistant proteins
to regulate plant antioxidant

enzyme activity.

tioxidant enzyme activity , proline and

protein content.
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23 Continued Table
AL LW 0 YT AR PR A A TR LRV RUES PGPRA#LHI YEFRCR 27 ik
Abiotic stress PGPR Plant species PGPR mechanism Action effect References
I B2 30 LR 2 AT TR K FSIAAABA. Production  HiBRZEK EEADESGEREE [80)
Temperature  B. fequilensis G. max of IAA and ABA. I FE 2 . Significant increase in
stress plant stem length, biomass, and pho-
tosynthetic pigment content.
IV ZEWRAT & Bacillus fusiformis ESP S TR A AR MY BER YR MY E AbiE [108]
ERIE 2E U B Bacillus sphaericus Z. mays 2= JLZSEy MRk, Dis- fLEEY L . Permeases, phenols,
solve phosphorus and produc-  plant hormone and antioxidant en-
tion of gluconic acid,, phytohor-  zymes were up-regulated.
mone, catechol and iron carrier.
M5 R AR BE W Trichoderma harzianum — 3% 7= ACC & . Production HFEWANL JEA1EM JEMm AR [28]
ABETC KT Achromobacter xy- Ocimum sanc-  of ACC deaminase. FLEEN, = hE 2 5 . Increased nu-
losoxidans tum trient absorption, photosynthesis,
starch and proline accumulation, re-
sulting in increased yield.
ELEME  SIAFFEE. aerogenes IKFE P TAA VR . Pro- JEAEHINESE . Enhanced photosyn- [109]
Heavy metal O. sativa duction of IAA, nitrogen fixa-  thesis.
stress tion, and dissolved phosphorus.
SR 2 FAT LA HTE FEIE MDA FIROS IR . s bR AYHUEALAE S, BB FRK [110]
Paenibacillus mucilaginosus M. sativa Reduce the accumulation of T & k#ifji. Improve the antioxi-
AR B Sinorhizobium meliloti MDA and ROS. dant capacity of plants and significant-
ly reduce oxidative damage.
AN Acinetobacter beijerinckii NG FEIAA KR AR . AR LR kiR . Up- (111
F A= $E 5 K B Raoultella planticola G. max Production of IAA, salicylic  regulation of metabolites and reduc-
acid (SA), and metabolites.  tion of oxidative damage.
PNAFREE P. fluorescens o] H %% PR R E IR ACCIRAE 25 S s R 5 s [112]

R B B Pseudomonas

Helianthus ann-

uus

fif , % #% . Production of aux-
in, iron carrier, ACC deami-

nase, and dissolve phosphorus.

B

stem diameter, chlorophyll index,

Increase in stem height and

and biomass.

T, A O 30 A AR 4 B B, 0 M 0 WM N I 38 5K B g, RS /N G i & 2F R IRE K DA B R %
WA W N . Shabaan 557 B 5% 26 W1, 45 Fh 29 X 2 FF 1 SUA-14 0] 3 o 4l 9E 00 35 8% 35 90 0 (NP R KO (19 1
W, M Na ' E AR RE 55 A HE R AR L, IR | 2 P Tl T Al 6 % R I R 0 S 0 S 4R R L MDA i R bk
() A 05 S 3 R AIC, O 308 1 - S 3 R R A R IR A R AR A AT I R A R R ) A 3R A AR B, TR T
R ER 0 A BE JT o Lee 257 FE 200 mmol- L NaClF A B A 7 TAA B B K ZE /715 PNS9, 4 /N2 i &
KA 2 R0, 5 R 2 P X IR L, PNSO b BN /N E 1 & 28 3 MR K S5 A K S 8O W F # I E K2
JEAT B PNS89 0] FH AR A W AR KL 28 i b ot o AR BF 9% & B, #E 100 mmol- L' NaClhif F | 18 % 2F # F1 14
T [V AR P A A AR I A A A K R (e B B S A G £

(Bacillus siamensis) 0] §E M

(Onobrychis viciaefolia) B R = AR IR S TS TR MEEA WA XN & &, RN e
B P R A 1 R AN R R RO R R ) o X BB g IR SR I R T R PG PR 865 38 2 ke AR AR A 40 9 Ab

BRI MY RAES IR FUK S Wk g B Akt T A5 22 O X0 R R e e ) 2 BER S
Xof 2 JoI A8 (R BB T, 55— T TR T A M R A (R A — 2D % A AR Ak A R
3.2 PGPR# & at F ik

T 5 30 23 X A W) 1 S O i 3E

, B i A )

SR AYIIE S Az AN A B 2 A Bl 45, AT B2 M AR 4 2B R
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B, PGPR BEIE VA 8 BT 5 U A R I B (B AR & M (ethylene , ET) 7K P 5 S 470 4 £ Bl 180 32 48 5
VEH s AE Y (e T IR EE v (AR AFRE 01 0 Rashid 55738 1 422 0 a] v i R B0 09 B R 28 FUAT 78 AT 35 4 /)
2 AH PR B ARXT &Kt SR a b RIS b3 T DL RO R i, BE AR MDA & A RS T S an )
INFE i AR . ACC [t 2 A] 43 T 2038 N 7 A 9 &4 o Gowtham %5 R Y 7™ ACC I 2 14 Ak
ZEILFF T SF A8 BRAK T i (19 E'T /K-, 44 e Bt S P Wt 046 1, A 477 3% kA ke 5222 1 52 i 3 %) S0 Ab A 405, 2 A vk
Ao BRI T R R I 2R L SOD R T IR Il % 13 4 1k #) B (aseorbateperoxidase, APX) i ¥4 fir £ /&,
MDA & &t 20w B R 3 RIS, & K i 0 3 B N . Ansari 80 & B AU BRM Y FAPS HLA ™ 4 EPS.
TAA FADE M IR =45 9 BE 71, JF R B Hh ACC &M1& M, 76 T R0 544~ FAPS I AE W) IR 75 B o 3 ot
RE W /N I A R DB (O R ROR G AR BRAE AR A BB MR/ 1 T R a2 R S (R 1 BT R R W e
RIS FL T B R R e A s RN, R R & i E S, CAT . SOD & ¥ MDA & i i B, It
Hb FAPS 4 B EPS A B8N 439 43 (0 B AR DLk 308 @ Ve, OF DRAe A3 ) 16145835 1 7K 34, DT 8 o 1 52 31
TR 3R 5 WU . Chiappero 55 BIF5¥ & B, 78 1 52 30 H2 B0 2 O BB M B W CSA17 o R g VE B 2F JAT T
GBO3 ] LA Bl 35 g8 fa A8 Wk DL 8010 B0 o , £ 5 A A I 3 o L 3 o ROS R, T A 2B 1 o 45 P s o 4o il
B 1 1B £ B SOD I M RLE B & B39 0, i MDA 5 i g F R AL, X s 45 R W, PGPR @ i 7= A A KAy
D]~ I8 58 e S b G T SV AL, e i e 40 5 3 WSO 24 45 A v 1 K o, DT o A 0 R K R ek R 3
Tl B2, 3E— 2 1 SR AR A Iy % SR 6 1Y fE
3.3 PGPR #2345 4 %702 w8 04 w5 b

e it ik 2 T RN TR ) S A A A A R I T PR DR 3, R S AR ) A B A AR e AR R T
TR 40 240 i PR L PN 5 o 2 10 00 35, IR L 2B 0 T P 2 1 6 B A0 TR AR O A R TR A T A ) 4 AR 1
AN AT PR A B K R E i B I, DT B4l B AE TS . PG PR BE A R 4 AR A 0 3R AR
Yy, 44 0 e S R AN AT U M RE i L O A R R BT Ak T O T P DA T R R AL A X AR i I R R T A2 PR
Kang %5 & B0, 5 L P12 T AT B SSBO7 H A B5 19 7= £ GA TAA (ABA[WRE Sy, 7T B 3548 i R O AR 22K R
Wi R R B RO B i, 7EIUP A T R SSBO7 AT 5B 4R v ok T AR P P I S #T R (jasmonic acid, JA)
FISA ik, W2 NN o R ABA M7= As SRS L, R O REME 25K AR PG A AR IA B
FHRE T R IR 0 PR A BN R o Ashraf S50 R B, AE 45 °C e R P04 AR T S0 B0 T nT i
PR R A S AT AR 1 R T A A S M AR S OK & i B T g AR R 2 G R i SR R A T A i —
A R G g v R T 38 X R OK A AR 0 B R, 5 R R R R L, T ORAR RN 25 Y K B K fef ER 3 A B R 38 L ik /- SOD
APX I CAT Wit th B 3 158 . Tha 55 & BUTE 4 "CA M BF I ZE 0T B Y J4 FNERJE 2F J0 AT B Y I5 Al 5@ 2o 7
A BB Cn Il 2 R R L SRR AT SRR ) AR (W TAA CGA R ABA) (3 38 W) BT AT 41k i (G
PAL .SOD FI CAT) , #5555 K AH MR Y A8 1R A= ) 3k, 348 W R8I R A 5 /K 7 R MDA 3 &5, 2 985 AR B 2 & i, T
553 FORILPT Wl 51 1498 335 W 38 0 S Ak Wt o 78 ikt B2 R0 I ¥% 2R AT B8 ( Psychrophilic bacillus ) 1.1
] 8 5 AR P R Ak Ll A T ABA R BT ok AR Tk R AR R R R AR, DA B A /N A ARV W R g AR
R 5 R e FOR B, e S AR PR G SR T SR — % R R TR SAL T EE R S R, RS R
W1, PGPR W] LASE & 5 Bl 08 1o AL 0 3R 8 A8 4 R i3 ) o A5 1 I PIL Ak, 18 58 A ) e S0 8 0 M L AT A 4
G fif AV it 1R VG AL 0 118 R R R )
3.4 PGPR# &GS £ 425 Wit %M

AR A (Cu) HE(Ph) B (Cd) % (Cr) (R (Hg) Ff (As) %5 i A i 3875 e gl Ry 2 i 7 b 4 K 3R
B a2 — XS AR AR R GE A T 47 S 1 N A R AL BT K AR U T A S A e 2 R A ) Y AR
K AR A FEA . PGPR AJ LU job 5% i AR ) 1A 9 RS 2R P R R Ak R I DL AR ) 3R S B0 T A R
TR 45 A SR A . Pramanik 48" 20 5 Bl — #k B A 7= TAA VR B LA CC B0 6 1 %5 42 A4
PR OF A Bt 5 4 B RE S B0 S AT R K6 763 g+ L' CAd i 44 F L K6 n 42 15 /K A5 19 o B8 3 il 35 1
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e R B A 5 TR A E BT R A e T R SRR A 5 T R A R 5 B R O T ORIIE
Fi 43 R B AR T 4l v A% Cd i Wi, 3 A2 8 T Cd Wi K AF 40 1 1 A K o Husna 55 RF5E R 3L, 16
1200 mg- L~ "8 43 J@ (5K R #h AR AR £8 ) W30 R, A ST i C5 A A 37 55 ZK T CO 2Bl th it AU (B 264 o
ST 2R R AN AR T ) MU ) R (TAA CSAFIGA) , I 3R 0 H 7 A il 12 0 RS T gk 2 I 19 B ), 42 P e
AR 2 R B AR 0 B 7 A S A T R VBT 7 A 1 i ROS e/ S AL 40 07  TAA T SA o 2y i 35 7+ L it — 20
0 R L A R SR JLRE 6% T AF b 7E CroRT As Jihaa T RAFAER . 78 Cullhil FHEA B AT ™ TAA (k3K
TR ACC i Z T LA SR B BE 1 19 2 ' MR B B P22 RV B T 72,6 359 %8 1) H 2 19 A2 A 35 2, S5 R FEFR AR LE
PIRk PGPR AT 35§ i i) H 8 A9 25T 2R R 2 R & i, i B 4R % 1 K P . Ca Fe fll Zn 55 5 57 W) it
W, BE— 5 2R i T Cu P 3a X AE ) A 25 73 % 1 . Dk, PGPR BRI 1 [ 40 VR Wl 40 6 A 0 93 3R MR35
W5 A AL, B0t 0 A K R IR WAL, B4 v A B T R 5 41 0 S P IO 98, o — 200 348 i A ) ) T J I3 114
MRS 52

4 RE

PGPR B F e 4= 5 H I RE 2 RE , 16 Wi AR 1) 3900 358 k3, £k 6 A 00 20 v 0 4 36 B B/, R S Bl AT 45 2
KRR AT OB AR 2 — K A S B v A B B RS o R, H RG24 R S X PGPR BB 52 i 7 T H o B
S5 S FLINRE L, 2 K B T R o) RS A 0 o R A DA T v A S PR SR A D T BB L (1S PGPR 7R AR Y 52 2 v 1Y
7 32 B BRI o AT 9 AL B A SR AR A B, 4 PG PR ] #4556 A FH AR 2 00 98 1 62 A B A T8 4
J38h , PGPR XA [R] A W 70 47 308 i A r 110 0 2 WL A 2 105 A A e S A, MG o o o o S A AL o R 0 A 0 A u
PO B3 W A ] 2 S PR A TR, i 5 IR A o 25 A PRBLAL © A BB S8 R /4 JA X PGPR Y58 /] L
MELTR 377 Wi T« 1) AT i 37 BOR X B 2 PGPR Al 2 K H I REHEAT 124 , LB & PGPR B4t 2E AL &2 5 HAl
PGPR [8] 9 AH H 0 5C 28 5 2) R TS I A1 5% S 20 A 1 o 20 55 A o T Bt — 2R R PGPR Y IR AL, 48 75
TEAN R 9 b e 0t 2 RE B9 5 1 5 3) B2 K PG PR B 28 1 2 RE O S, 1 ) BLAT w8 AL BT 300 M ) B0 — PG PR T Pk =
4G PGPRB Bk, LLAR A A S A W0 00 300 1) e (R 2 & ) ol e 2 1170 sl o 22 W MERL , ol 3l o Je 48 b B AR B 1 R
PGPR WU B , 75 OR 47 4t Az B I P8 09 [R) )t ml A e i g IR 0 B 52 24 9 £ JH 2% 10 O I T B ol s B v o B A2
W H AR % e, B 22 PGPR B2 1 5y B8 K i 7 396 353 Jilh 3 649 44 T ATL K 9 1 W1, A B2 S IR AR A Wy M 3 0T 5 488 136
BTS2 I b e VR ™ Bk KOs Al A 4 ol Tk A2 1 418 43 1) JEL B RLRR 8 o
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