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Abstract: The rhizosphere microbiome is one of the key determinants of crop health and an
important factor regulating crop interactions with biotic and abiotic environments. Plant
growth-promoting rhizobacteria (PGPR) interact with crops and soil in complex ways through
chemical communication to promote crop growth. This paper reviewed the growth-promoting
mechanism of PGPR on crops, the interaction between PGPR and crops and its application in
agricultural practice, and the development trend of the application of PGPR in agricultural
practice was also prospected, aiming to provide new ideas and theoretical support for the

application and research of PGPR in future.
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Figure 1 Schematic diagram of dissolved phosphorus.
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Figure 2 Mechanism of potassium solubilizing bacteria.
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Figure 3  Nitrogen fixation schematic.
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IAA and ACC deaminase promotion. A: The process that takes place in the PGPR. B: A process

that takes place at the seed or root surface of a plant. C: Effects on plants.
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Fz1 PGPREEBFHHIN A
Table 1

Application of PGPR in biocontrol

Beneficial bacteria Pathogens Mechanism Application field References
Bacillus Fusarium oxysporum Increasing of defense enzyme activity and ~ Control of tomato wilt [63]
amyloliquefaciens up-expression of defense gene in plant
induced
Botrytis cinerea Lysis of pathogens and secretion of Control of postharvest gray [64]
antagonistic substances mold on green bean
Fusarium Secretion of antagonistic substances Control of wheat scab [65]
graminearum Schw
Bacillus subtilis  Rhizoctonia solani Increasing of defense enzyme activity and ~ Prevention and treatment [66]
secretion of antagonistic substances soil-borne diseases of chili
Fusarium oxysporum Increasing of defense enzyme activity and  Control of tomato wilt [67]
secretion of antagonistic substances
Helminthosporium Secretion of antagonistic substances Control of Cephalosporium [52]
maydis maydis in maize
Sclerotium rolfsii Increasing of defense enzyme activity and ~ Prevention and treatment of ~ [68]
secretion of antagonistic substances peanut sclerotium blight
Xanthomonas oryzae Secretion of antagonistic substances Control of Xanthomonas [69]

pv. oryzae
Penicillium expansum,

Botrytis cinerea

Apple bitter rot

Bacillus velezensis Fusarium

graminearum Schw

Bacillus mycoides Fusarium oxysporum

Bacillus sp. S. sclerotiorum,

R. solani

Penicillium digitatum
Pseudomonas Aphanomyces
fluorescens euteiches Dreehsler
Lysobacter sp. Colletotrichum

fructicola

Arthrobacte sp.  S. sclerotiorum,
R. solani
Rhizopus nigrican, Fusarium oxysporum
Trichoderma
pseudokoningii
Trichoderma sp.  Pseudomonas

solanacearum

Rhizoctonia solani

Colletotrichum musae

Secretion of antagonistic substances

Secretion of antagonistic substances and
up-expression of defense gene in plant induced
Lysis of pathogens, secretion of antagonistic
substances and increasing of defense enzyme
activity

Secretion of antagonistic substances
Up-expression of defense gene in plant
induced

Increasing of defense enzyme activity

Secretion of antagonistic substances

Up-expression of defense gene in plant
induced and secretion of antagonistic substances
Up-expression of defense gene in plant
induced

Increasing of defense enzyme activity and

secretion of antagonistic substances

Competing with pathogenic bacteria for
nutrients and space, changing environmental
conditions and secretion of antagonistic
substances

Secretion of antagonistic substances

Secretion of antagonistic substances

oryzae pv. oryzae
Control of apple blue mold rot, [61,70]
apple grey mould and tomato
grey mould

Control of apple bitter rot [71]

Control of soybean root rot [62]

Control of tomato wilt [72]

Control of sclerotinia of lettuce [73]
Control of postharvest green  [74]
mould in grapefruit

Control of pea root rot caused [75]
by Aphanomyces euteiches
Control of pear anthracnose [76]
Control of sclerotinia of lettuce [73]

Control of cucumber fusarium [77-78]
wilt and botrytis cinerea

Control of fusarium wilt of [79]
tomato
Control of rice sheath blight  [80]

Colletotrichum musae in banana [81]
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BT 51.55%H1 52.66%. 32 IWF5T kIR,
UL ZE AT 7 WC3-3 . ZEFEAT I MM2-24 Fil
MY4-25 A] iR (A . 47 4 Rl BRI
i S5O A A AL RE AT L EA TR AR 53X 3 Bk
F AT LS 2 PPO. POD. CAT i B #7251k ;
BRI T WC3-3, MM2-24 fil MY4-25
A3 24 h 5 B BOR BB R B R0 B R
83.33%. 58.33%F1 66.67%, ##Bi%5 5N
48.28%. 34.78%F01 30.30%. XEHF5E K PGPR
FEAM A 7= H i 1 PR L T e AR S 4%
1.23 HMRIIE

FE A A AR AR A s i RS
H A, 7] BEAF 7 — XA P A K AR L A
UG 38— i T B e v i e
W1 DT 35 Y 0 R A 40 1 4 3 L R e A
Py ke 1) B B Bl . 2SR A B, BOR
R TR 22 B B T A ) R S o Rk I A T
nahAc FEffHHEh ZA 05 TS0 F5 2 )
WF5E & B, A v 70 B4t PT  E n HL
4R EWE 0 T A ) S A A LTS
VIR Re I AE I A5, T T E AR
Pb. Cd FEMSLM PR, $Em TS0
s VTR WERRS R B, FERBR A Y A
HE— G WY, SEATE YRR —&
RIS )15 Ambust RSB, RA R
SA3 WA AR RTENE PR, AR R H I M)
T 28 T R 1R A A 6 1 2L ROk 1 5 20 T X A
MAE A ME, RT3 o B A P S R4
R e P i 7, 3 AT LIAG R4 2 f A )
ARKEREI LB TR A
SCBGFRHT, SA3 LB T UG A AL FLA IS Y 4
e, B ORI R AL B P K S
1.2.4 ZRRIEEYHE

FEY)TEHEA A A R IR E T 5L #har .
FEVR PR L S S PSR AR R ), XAl

YT (0 R EEAE A it o X R AR AE P b aE i
W ZF MY IS AR EL
FlE v, FTRESXTEY ™ i1l B Rk .
AWFFEIUES PGPR s i At (B AL R 4)
MAEROEE B RGP VEY B2 A4
ISR N 4§ G L /BB URa X 7)) ATt /R IE |
AR OCE . SERTIFsE KB, PGPR E
Wy FEE ) T BSCALE R AP R 40 e 32 Al A 1 R AE W 3
JRE B XEEMNIEMY, PGPR & fA1E
TR BRI AEAG Y AR FRIE A= 1 SR 254 DA it
JEJ1. Ansari ZEBOFS R, BER S AR A
B FAPS [/NZRERRTE TR ia ALK, HAE
KIatk. oG aRBEE . Pra bEsE e A
AR A B T RIE AT,
FAPS WA YRR & & B 3558, I HaE ok 1% # T
BRI R S B I S TR AR AT TR AR R 2
B, UETIA R A/ N2 AR AR I T R B . Ansari
SO A, TEERMRA AT, RN
AT FABLO (/22 , HA K SHHAD 550
HAER . &SR R RIAE P 4L 20 il =R A
KRR AR, 35 HOR RN /N2 3
KRN FABLO A B T2/ N2 AR NaCl
it ERAFSEEM, PGPR J&—FA 5% iR
A=Y A, ¥ PGPR 51 A AR AE =
G PGPR X T U S T AR A Wy B i 45
Al 1 kWL T T R B

2 WMEMGREDES

W s s, WA SRS Z B EAR
BNE R, —T7ih, Wl o — e Qi 5
Fr A AR A, TR R T IRZEE A
WiiEds s —Jria, XA Y vE B
HE SRS SE I T A S, shEMEY A
B e LR FIN B RE 7 A AR A5,
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2.1 HEYIRFR S W3R BR8N

A 3 10 () AR 40 T R A A AR 2 X
AR, — 7, R WY 15 S MY
B YIRS, AR SEA s A P e A A
NG 25 T 5 SO 2 1 40 T 3 A A
Wy B 28 SRR i sh i i A 0 B 3R RN S8 A
B, LA SR s R A R A R R,
FEIXF SR 53 WRMSCR 5 55— 1T, AEPIAR 2R 4%
WA HP A S T R A S AR R 3R R R AR A
OEIVERT, DA XHAE 9 7= A AN R g 5 g 12790921
2.1.1 BFEm

R ZR 5 W RE I AN R A, N A
K AR BESE R = A, X SR AR ) R A
R T H, T AR AR 2 24 4 AL 0 F 1
YIRS P B IAR 2R 431 ) 38
b B ()RS | 1 R b 3T Bl A AL/ 2 3
-4 8/ W E A . ARBRTEE ) TR (1 4N
AR S ), ) H2 O PR B2 03 30 (2R
oo BEE )RR A JE B SR S,
M FE 16 52 50R P Xiong ZF 5y %0,
YIRS WA DL (INREAR IR . FRMRR . #f
9 T NI PR 56 ) Bl o A1 2 TR P A L ek
PEFIE FHAA S50t A0, FASE00 S il 2R 1R AT
P KLBMP 4941 Al gt b R IWFLR, Hswot
HAER, YEIBE RS, 5 5R IS E
Fra AL, J897 Na/KFass, 8 Boessh
fif i . Feng %V 2800 583 0F 58 #) PGPR
Pk SQRO 1 98 FH 2 23 W9 (1 3t i 43 v 25
SE 39 ik 2E5 B FIRT 5 Rk 0k i, A6
RIEERR . AVLERANE, D E AN bz
AR B R R, McpA FE 61 T
A HUBR A FE /R , 1 McepC F 217 5T & LR ,
X 2 ML AT 2R TE SQRY FIRL PR a1k P i
HEMEM. Liv EPWR A, #IR R 550
P ) -2 ZUBE T DUSEIT ZE AT 1R SQRY A5 5%

SRS AMER, 9T SQRO MIMIESE, iAfE
2 H5R SQRY MAEW I A, 1568 p-f 7L Ak
A SQRY HH HAE AWM EEAE S
2.1.2 FFHEM

FEYIAR R W B W TIE, FRSeAR R 45
WA 2 XA AR B B LA K PR B R i B A
AR, WAl IR RENEREE . W
Z 0O R B, VAR Eh A AR R AW Y
SRR PR R R X A AR K R A S AE
., JF H BB & AR A A i 1 & B R N
AN kA AR R, EkE
0.05-0.50 mmol/L JE[I, HEEAEZRHM A
I 0 0 R 15 5 B BE e B B B R s B
PR LB, XTERIEIEWER . PR ER AA
TR BB AR 1 P AR Ll ) B 1 e L A TE A
T RO 22 4K, T LR B TR AL
Okutani " F5E J TR, KGR 28 400 A S 45 il
2% R AR ZR DX A 2R 1 R A 7 AR o A
F s 5K RCEFEPSIRF ST 2 R, 8 JTORR 28 230 9 T iR
BALEYANEE TR . MREEER . FER
S ) AT A 9 I P AR TRk T TR LT Rk, AT
B TR SR TR 5 A 75 DO WF o R B, DR
R 2270 WA P BT TR . 2R Y R R PR T X 40 7 e
LR SO AR UEVE R, [ 20 TR Rh A E 2 4
PR R, DTGB I A ™ A AN RS
2.2 REREI X RIED B0

FE ) B R 2R oy - S B 43 3 A W AR A5 R
BT R AERIREE, R, XA A A
SRR GETEAR I LR, 3 3 P R A R I
G HAth R A Y i AR K S D S A )
HRZR o 20T AT 3 a0 0 SR e A 2T 24 2% i 4 £
) 20 PR , A i 00 T A 0 200 L T R i
N e AR 40 240 e g O otk P TE AR B 1Y
TEFHZ Z RN R RZI, QSR . &
5, X FARPRE A E YD, HEYIAR 2R
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Prje EEME TR AT APl
TEFH S PGPR X M) i 2 el () B Atk 1T 1k
PiJE PGPR {ERIMIAR B FH Ay Se o 26, B
AL PGPR A S0E S A AR WML ) S Hi A0
BE. MEFE R PGPR = &80R] Rk IR AT i A
IR RE I B, AN E R AR R S A
RG22 o A, B IA A TR (R B TR
MR I R A SR B, B3
AN A T AR, TS e T
ARFR S A, B R B O Dol A 0 2o AR AR %
L) 7= A A b A RE R B2

3 BRAEME R 5B B DA

Bl B A & R AR S p e, IR AR
AT K AN ER B, R A T Rt R e 3
e B, AT bR — e fh 2= kL . 2y
KAR R ARAEY - AR, LA X AEY
f 7 i RS i A = T oK . — D, AR AR R
AP F ARV RIS s — i, K
1t P Ak 2 RERE 2 1 IR - S A W i 2 P O
SN B A L e R 5 T TR 1 A
YIDIRE . BEIRARAEY) 5 A s B AR S
EYIZ A SRR RN ik, AR T
Tt P Ak 2 BB L A 24T ™ A= 1 7 T 5 T
[l m R AR = A s, TRk T A
FUFI A et o 8 ok A 0 R 790 g FH ARl 52
B2 S E T S, SEBRIIERT, Uk
W o AR AR MmN NSRRI F AR AP 7
FEh ks, [WRHRE ks IR, Rtk
SO it FF LU TS 7 7 2 ) i o

HHT, AR 75 YD A
A A5 SR AR AT B T 3 i o R AR
) PGRP i1 ZFh ik 2 I 2 J7 i elss A VE ) K
HAKIFEE, Chen IR R, X/
FRERG /N2 = g o] R & = B

B, 2R B GA TR R e A T AR VR A
KIS 1 HEER T ; Sarabia 2O SE T AR PR
BEXHA 9 AE K 0 P8 0 R R L oKk FH AR S
ARG AR R VE D A A iy, 455k BRAR
Bree B B8 23 FORMAR A AR R A K, B
R (R T AR PR (B 338 i - 480 7 5 Zhai 1Y
WF9E K B, A AILIE AL A0 B A 40 B 591 R B A5 i
REAT RO AR s bR & . iE g, AR
PR, Xt A B T R A St A 3 B Y
BGEAET; B A SRR fL # e 1o 3
FWFFEXT S, TR AR EORIRE, W HIE A
ftahE | it AR IE . i SR R GR L L AR
AHE, 255 R IR P T R A B R OR G
APPSR B E AR, T LR IOR oK e
pH. AL B Rsc ksl . . SR
I, RUABEDREAAF T ERWER, @
B3 T WM A H A R R Ak 9] T ; Shen 451
DRI, AP R B FORIR R 2
AR . BERSESmEEWNIN, ZRAEMY A
BRSPS T Z2MEY SR, URER
AR YN SRR IR, SR T A N IR
MT2Wamyitt, MR ER, RIHEEHET;
BIRSS5HTHYERETHZ LR, K
LTI R, B G MR TR,
AT RGN T 98 A A K AE W0iE P s Ghazy
SRR KB, PR AT B A PR OK AR A
A 2 2 12 = Hopt S (L TS 1 (CAT .POD #1 PPO)
DI M-S R AR S PR &

Shah 25U M5 % B, FH ZF AT B Ab B 7
REPE = Al Bl T O A 238 . A T 6 BRI bk
B R BEER A K S MR T
Xof s Gt FH A TR R e B, AR T A 2
JEAL, S5 VC FE . RIEMHEE AR L
oy W, R R R A
UMb v AR A 7 1 R B A5 5 Shen 251
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W B, FrEERATE Ml6 M4 4 2E A fT i
M44 UG TE 3 P Py ad B rpoxt FOK 4l v 1)
PeAEROR Bl s Xiong PR L BL, B A
KLBMP 4941 n]fig it b A= W (ke i 4 R 1
E, INmidssEEER, Bhng &y n &
I, R R R BT EER TE P IR Na'/K”
fads, #hiE EocE a8 %E; Cocetta

%2 PGPRZERI FHINA

SN0 fep 1) B 0 A SR A R B, AR AR &)
B SEW], it R W R A B T 4
FRO I B B8 IR N R A R A R
Ve A A TR R A K B, )
PR 4 e N Az, Hrh R 2
B AT, H AT PGPR ZEAO i 1o 4
BLANFR 2 PR, XEEWFSEA A TIRA T R PR

Table 2 The application of PGPR in agriculture

Latin name Application field References
Bacillus sp. Tomato, sugarcane [34,106]
Bacillus amyloliquefaciens Tomato, oilseed rape, lettuce [60,63,108]
Bacillus velezensis Soybean, cucumber, chili [15,62,95]
Bacillus licheniformis Chili [49]
Paenibacillus polymyxa Chili [49]
Bacillus paramycoides Bean [42]
Pseudomonas putida Bean, arabidopsis, chili [15,42,50]
Sinorhizobium meliloti Cucumber [32]
Bacillus massiliogorillae Corn, lettuce [40]
Bacillus badius Corn, lettuce [40]
Burkholderia pyrrocinia Tea [41]
Pseudomonas sp. Tea, wheat, chickpea [51,109-110]
Bacillus subtilis Corn, tomato [52,64]
Pseudomonas koreensis Corn [52]
Bacillus flexus Lemon, chili [15,55]
Stenotrophomonas rhizophila Oilseed rape [60]
Rhodobacter sphaeroides Oilseed rape [60]
Bacillus safensis Pigeon pea, corn, arabidopsis [100,105]
Cryptococcus flavus Corn [102]
Solicoccozyma aeria Corn [102]
Citrobacter sp. Corn, Paeonia lactiflora Pall [105,111]
Paenibacillus pasadenensis Lettuce [108]
Pseudomonas syringae Lettuce [108]
Burkholderia cepacian Chili [15]
Pantoea sp. Wheat, chickpea [110,112]
Ochrobactrum sp. Wheat [112]
Herbaspirilum sp. Paeonia lactiflora Pall [111]
Klebsiella sp. Paeonia lactiflora Pall, sugarcane [34,111]
Azotobacter chroococcum Barley grains [113]
Azospirillum brasilense Barley grains, corn, tomato [113-115]
Pseudomonas fluorescens Tomato, poplars [25,115]
Serratia marcescens Wheat [109]
Streptomyces chartreusi Sugarcane [34]
Trichoderma harzianum Tomato, carrot, cucumber [116-118]
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A B, A PGPR R 2= TR FI AR 25 1)
BB TS %,

4 K2

PGPR 1% 2 Bt 2 5% M) JFLC P i) 255 S 17 0 222 [
R, WRERMRENCENESZ —, PGPR H
b A RS B P B AR 2R 4306 ) I ) AR
PRaf s, PR A e kA 7 e pE N F
FEHANE A DO EhR i IR BARBE AR, A
IR A O B B LSRR e ™, B
1 3 TR I PGPR 7R W MR bR Y E Al
BT, IT4ER, KF PGPR ZEAHMIAR bR €
FANLEEC B T8 ik, (H il TAE Y AR BR Y
5P ARAENE Z4E, PGPR ELbR
4 1 R I AN LR AR AR 2R 20 i Al PGPR
SIPIYESR PGPR 7E A AR T 2 B8 1 A {7,
PR L | BN, ARb 2R, MELLBE
Rz, (5% PGPR 7EAH AR b5 0 o 5l 5
R, BRI R TE R .
U, FIASER TR, EILRA . B sk dl M
HE TR AR S PGPR WEGALE, TN
it PGPR WY, BEAEAR ML AR 7 vl 1) 28 L 52
HEHEM.

TE RO K, XA P E R T R
B, 0 HwiH E s 40l 52 B 0 ATk
FUBLRN, AT RO RIRR, B T4
W AT HRFEE R R . R T s B A A IR R 1Y
YER i, i T KA R, 30 )55 B —Fpox)
AT JOE R AT RS W ff Y . PGPR
PR H S FLAR AR AR B i Th e i 22 381 )12 56
AN PGPR Zhak 45 AAHIE, WFovRB, ZF
PGPR 3[R it FHI 5 Ak 7 0 AR, 360m 744
ZFerE™ ) Rk, PGPR HFIZEAR A=
IR fEE— SB[, 12 PGPR 7E =R %0
AR A T RAFss, {H PGPR A9 H

(] o7 FH SR Bl A - SRR At R 355 R 3R
AL, RS2 50 B BESCR R 471 PGPR W+
FEF [ B (5 P A5 SR AR e M40 25, X T BB 2 T
FH i) -+ R R BT AR X &2 241, AR F 5L B P 7S
SREER . B, TR WIFEE T
IR 28 (I - 32T 5545 KOV IS5 1 3 55
X} PGPR W52, 82 PGPR 7ER 8 IAEiH i)
KA, 9iik PGPR TE K 24 PR 58 v a8 1 o
AN, 7% PGPR TEA Z+ Y H [a] 3R 55T  3>2F
F 89 R R A M B AE W RE TR nfe] 55l AW
PGPR M EAEM, LUAANAEZAIH PGPR LI
Sy RAEVEFIR ML EZ AR . A5, TR
YEZETE PGRP SRR AT ZHHA, 24
W2 PGPR MIKA5E, PAEYE PGPR BV LE N
o BEERFEE AR KRR, DA
AIRRSE KRBT, 84y FIH PGPR A i
Felk, PR A FREE . IROREHT R AE YA R
BAEDT
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