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(I B, Wl A 21 4 3R G 1, SO AR R i TG T 15



154 LRI I NI <3 4

944 %

S Z AR B, T S0

HREE R 3 DG B S — s B AR ek i A )
W S, Has sh e DAEAR KRR EE Bk 1T eErEmE £
A N A1 5 4 1, s e L0 M. X
(132 Bl AR 2 R BLR < W B 9K S i i s P A
IVARIGE B HES AT shPE . iR 7R 7 I TR i 8
BMTE BIs s BAEYARTE , SR G AR A, ik
AL SRRSO ) L8 e R g
FEUR B T AH SE L R (A fiLC R motA) B B2k 5L 2 BE
A o T B AR o 1 W s o e Ah, W Eh
PEA B TR R TR MR AR EYJE , [8 IHE
Rl 28 H A WU IS, 15 s IR AE A ) f 5 2R B8 Lk Y
AE ST, DT $i g SR g e ) %4

Wi i B 2 7R 3 3 TG TR A 35t 1% 78 S N I R
FHECRALHI IR Z 2 . IS R IR A
APtk 09 3 A iR Hawaii 7996 , B8 a] ¢ 11 B & 5 )
A Pk ES5-1 T2 % . ESS-1 B bk 43 W4 A0 2 11
RipV2, i U RAR ) 800 fioh 2 4 93 (effector-trig-
gered immunity , ETT) i C ST ST/ SINRGT J =
FHOCHE U TVE A i B A0 SINRGL
H LA & SIEDS1-SISAG101b & & &, 42 ¥F H 4k 26S
R P A A, DT A 50 A 00 A S S 2

iR IR $ i UG TR AR AR ) 20 i rh AR B S
FITTAE P 200 o 1 0 I ) B DD ARG o i 2 7 B il
R 72 A IR0 B 1 Rip 55 48 9 4 2 1 ot 42 il AH B
YERD B 1 y-2 2 TR A IR HAE A B %
BB E SRR, A8 1 9 D TR BB, R 5 | AR )
2 o DRI AR T e A A R O R T T i 4 R A
PIHUisRE I I B R
1.3 WMBFREBRENEEAR

TETCAE FHW AT ai B2 2R 307 3 TG TR A
ISR IR PTG R AR 1 2, A B A%
R BE Rl B R T AR R A TR B
TR A IRAR . e D R T AR BT I ) - 4 P A A
YR g B4 T AE BRI AR S RA T ald o LI
LR o 2 AR ) 3 TG o 1 1 1 s R A, ol
TERS AR AT AU AR A8 B9 A Y 184 vT e 3 BAd
Y52 05, ol s it TR 3 ok AR A B 2R R ER A 4 AR A
o SR T TR IEORE B K B ML TT Rk s i R 1 2
. ek, RS R T3 LG R A B o Hh R K I Bl
A HE I R G AE SR AL R, HRefeir 23618 &
VE) AN A R R R 25 23 vh o 9, B 22 ] 8 DAVE AR e
T A A Y 9 A R P AT 2 B, T

02 Z1% (A 478 AP0 A A SR X 4 ol AR 8 7 0 4 2 Z
1 R A B A A B E 2

2 EYRGEH TR

Xt PR R BT G 9T, FERET LR 34
W < T I SR, BH T A5 4% SR AR, DL i
PSR . FEFRE, A B IR T vk — B N
WL REIR AR T B, G i 2, 5
N T A AP Bk i, B AR G e A PSR i
FE L T8 T RO F 4, RE A% B4 T U A T
8 A= AR, T Ak 35 R sl o s i i Y B
(R o BRI, 3 46 Ak 24 ) I v R 24 5% 3 A 1 10 £ i
SO, ALFE 75 YL - HERK IR AR IEEB A 25 U W IF
Wk e B R G,

LT, AR WAk 238 5 o R SRR U8 0 A= W il
TG AL FE AL P AR 7= 0 R A 4 2 B, PR
S fif e H AR A, X R AR AR P RS AR /N A )
AR 25 Bl 0 g B R B A i A sk 0 L gl Ak
PULE AR A AR = P 0 —Fl Bl T T A
Vi E B . AR R BTIG TE, BEER P AR R
IR+ B R FIAERW 2. #HERETS
30S KA FE P Y 16S rRNA 254, B 5F mRNA #Y
TF B B, S B0 T R A R R, 2 4 T AT
T A A T R A R T A A N R IR
AR =W, T 38 3k 410 ) 20 B AR R S K AT )
B4 S I A DG S M 5 A PUR M w2
Fe T MR RIBTIATY . RYIEYEPIE Y R,
TR W R AN A G2 R AR A B TS . W
1 12 HH TG 5 30 5 57 2 T A4 L S 245 A R 410 i 4
L Py == 82 T A B >k 400 i) 400 71 2B A, 7E SEBR AR b 1
XS ARG B BT A RO T 60 %Y HERAEA
R 0 R R 7 B IR 20 A B LpxB LA
T4 R A s B B RCR
3 ERHEYREE R
31 EmEBEEHR

F X AR R 03 EC B ELAA RSBV F s
YIBiiA A, A R A FRe AR S AT
HAE LS 25 Ry H A H Sl 226 &
FEAM P B AEHME 5 4 50 3 DA SRS TR 5 [ 42
00 ) R AR ) A K S A A AR M DL R
AR PR A S BRI (B 1) . 53X 2 FpL i 2 40
TR, DIl 4R  B A RO



Improve plant resistance

%5 SR S FRRI A Y BRI TS R 155
///// ity By gy
Diseased Healthy

against disease
i
Spraying

LR
Soil addition

© WA

Inhibition of biopesticides

B

- ~— ' KillInhibit = o »
Ty AL oo@

) e O MEREMUEY
} Phage infection %%ﬂlLysis
&p E e i oy
U

% I 11K Bacteriophage \
las)
D g,f !W A 514 Y Beneficial microbes

/ BB IR G Ralstonia solanacearun
J’ AL B4 Biocontrol bacteria

©.° L2 Biopesticides

%°® 510 Prebiotics

‘ JEA A9 Predatory protists

O MBI~ i
o _o ¢ Regulation of metabolites in rhizosphere
A i3

%‘ éi;ijj Recruitment

© A ari R BRI
The synergistic inhibitory effects of
P beneficial microbes

’/;’J} Antibacterial substance

® A

Antagonistic bacteria

»

@ HEAREE

Directly consuming pathogens

‘::7

B 1 EYEHEEERILEIE

Fig. 1 Diagram of the biocontrol m

AN 3 A B kR 2 R 3 e IR A T el
R N TE 0 A A7 5 B0, R T BRI TR A B o
2 IR B B0 B R, DT A 380 A A i 19 &
R B RE (L) BER AR R 30738 DGR 4 40
i 5 240 B R 5 (2) 4080 RE 2 R S e L 7 A &R
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AR FEAR SRR AR R T
PR 7R 330 B Y 2 11 5T B i, A A A=
K5 %Y, M E i T bt e 2 R
Y K oy Tk e S R, © O BITTR
Hilidia 19 A B AN T o Rl R 2E AT R (B, subtilis)
i VE B 28 AT 8 (B. amyloliquefaciens) £ D1 3 1T 2§
WUFF T (B. velezensis) S5 7EAM ] 2 it MH =L 55
B SR 75 A h R B B RN i,
il VE A 2 BT TR R T o 7 A 45 M R W R
IR 3738 LG TR 1 EPS 4306 S A= W 4 BRI B, BH 1 32 A
TE T A R A 5 o i T B 2E MR B D2WM
R AR W AT ARSI St Rk 27 7K 7 30 EG R 1) 400 i e

echanisms for plant bacterial wilt
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2 FR RIS I vk I AR AR R R A S
BRI BRI R A D BT OB g R W e R A
AW AR Y B (Amoeba) i B W (Flagellates ) F1 £F
EH(Colpoda ciliates) 55 , BEAT BRART A AR 105
e A AR 2 T O] LG i A A
B IR S 3 [ A 50, 3 e ] 422388 I B SR T )
T B I8 (Lysobacter) FVEE 5 1 J& 55 10 32 )5, 18 58 X
9o L TR AR . RIS, 15 AT 8 (Arthrobacter) R
JLT i & (Chitinophaga) 42 #E A2 /K 3518
AR MVEH B2 T A A 2 0D X S T I 4
o XA SEEE T AR AR PR YU RE TR 454
AR R G & RS

[ 2400 ) 3= 58 2 15 AR B B 0 B AR AL ik
SRR S 2 TR 3 A U ) T R N A A T AR
FEY) F B BB A RE 7 o 4, A UE K 28 BT R PMIB
05 RE f% 3 5 ALY 1Y B8 28, 4w B8 A AR I DL
Mg 1. MR BRAE AR 7 (plant growth promot-
ing rhizobacteria, PGPR) il i # I £ ¥ (ethylene,
ET) MR (jasmonic acid, JA) {5 5 18 % , 75 47
W= A R g P (induced systemic resistance, ISR)
AT 8 58 o B T ) S ) R G
(52 , R T8 1 0 RE 2 R S I 7 T ik ] T
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Table 1 Biocontrol bacteria inhibiting bacterial wilt
e NETIE) S o Z:7% 3k
FPk Strain Applied crop J3 AR Application effect Reference
AT AR TCP2011036 B LA G2 R A PR 28007 XA R A B IR S R ik 31 1 82.8 4 [62]
Acidovorax wautersii TCP2011036  Capsicum annuum L. (ZFIL55)
- - FRAT R0 JH T R A AR 2R SR BR £ e b Sl - A B AL A i
i) Ws-10 1 S S R '
Baz‘z’ﬁiﬁiﬁf?ﬁidem WS-10 Nz'mzianimliaz'um I B R L BB SR R B, MR AR [63]
Htonuecan T ‘ TRk 72.02% AR
i VE R 25 MUAT B PMBO5S Fli FLA B R 500 AR 14 AR T AR G 43 R (PAMP)fil & 1 41 [45]
Bacillus amyloliquefaciens PMBO5 — Solanum lycopersicum 1. 22N (PTT), HETT 4 i 7 i % 5 Rl btk (Ropkiatss) 7
FORUERD 2 AT I LH23 B4 [i] B B AR B - 3 vt i LH23 BRI A WA HUIE 2R iy iR (64]
Bacillus amyloliquefaciens 1.H23 Solanum tuberosum L. RCR55AF) 85.1% F1100 %6 (£ i45)
FRVER 2 AT D2WM B BBk D2WM 7 AR 1 KBS AR ZE LA 1) Macrolactin A, BESS AR5 J5 [44]
Bacillus amyloliquefaciens D2WM Lactuca sativa 1. A AR RE | DT AT ARG 2203 1) R A (B ki)
AT YPP-9 Fili FAT G M E B T AR PR SR T, 6 T 50 7 A A BT e A (65]
Bacillus fumarioli YPP-9 Solanum lycopersicum 1. 63.7% (F5#%iX55) )
A2 M CLB-17 S B e PR BT e R 8 ) R A U, XM 7 A 1) A P B (661
Bacillus subtilis CLB-17 Nicotiana tabacum L. %UCREF]76.99 % (FARIAL)
M F2E AT I WIB0S02 i ELA S 22 P T B RE T, X 2 00 T R 04 A B VA RER K (67]
Bacillus subtilis WIB0802 Solanum lycopersicum L. 68.25% (FEARIAI)
VUSRS 25 AT 11 E9 L 7 A B A: R (bacillaene) e AT R AR RS R W8 [ I R4 L 0 [68]
Bacillus velezensis E9 Nicotiana tabacum L. FERR I AR KIS PEAR 64.8 %0 (FH )5
DL 2R UAT 78 2014 WK-N14 Fomi FAT R TR R AR IV T, X 55 05 14 A= B s 4k 2] [69]
Bacillus velezensis 2014WK-N14  Solanum lycopersicum 1. 55.80% (FEARIXIE)
BRI B A 55 7 22 Gturin A)FERERZE AL 5 W BE 8 A ST U B
US4 2 MU 13 EM-1 G IR Y3 DGR B o Xy O 3 g 4R g AR AR i Al A [70]
Bacillus velezensis EM-1 Nicotiana tabacum .. A Z By S AL TG T6PE | S — 25005 AR P B0 1 R , DT B ik,
JOXAIRLZ IR il QA IR e ) Rkt
A e R PR IR TX-1 il BB IZ WG , BR0% ™ A 5 MBS B A AR [71]
Burkholderia cepacian JX-1 Solanum lycopersicum L. X§ 7 A5 hliis i 4= P B A BORIA ) 55.03 % (HR)RES)
HOFF I | TRM1-10 Eiiin R RA I TR0 T A B vA 2 B R . 4 10° [3]
Flavobacteria sp. TRM1-10 Solanum lycopersicum 1. CFU/g B, HXF T 75t 5 Ak 09 il 25 i 38 3t (7008
PO IE XCS1 G ELA TR AR R 0 LR 1 &2 A I A I (VOCs) g [72]
Pseudomonas fluorescens XCS1 Nicotiana tabacum L. J3 X HBCF AT 04 B VA RO IR B T 56.1 %0 (F5ARI5)
FOLI MR 2P24 FAli ZARBENE P A 2, 4- T ZBRAEIRIR =l EUR RS 2 M UE Y (73]
Pseudomonas fluorescens 2P24  Solanum lycopersicum L. XFZ it At 04 B 1A SR8 5 63.0 %0 (FEARIAE)
il 5545 1 MO1 i FAT 07 SR TR MR 14 A= e IR RGO ROR . AR AT A (74]
Streptomyces lydicus MO1 Solanum lycopersicum 1. i KIRRIEME T 41.8% (FA%iA5)
e HERE 1 69-1 G B 2 AR R AR A A A AN, LR AR R A B BT RO [75]
Streptomyces spectabilis 69-1 Nicotiana tabacum 1..  60.42% (H[A1A5E) X
HERE B JE UT4A49 Al LB A0 2, 4- ZORUT ZEAR AR 2 4 0T AT [41]
Streptomyces sp. UT4A49 Solanum lycopersicum L. TMHIVERT . A5 T a0 75 A0 I AR IART 78.5%0 (Fkiss)
R B T T e AT R AR R PO G VR FIAR G D R RE BRI A 4 5 S 7R 1
MRS CraZ0) o IR A0E ) AT DA A KT OB T B2 (76]

T BEVE T T A I A o X LE TR PR BE (R AAE)
PR IR . BT, JORE I AR A ELEA
JEUERT , (H REAEAR W) Ao s T8, oy 40 2R 267, DA T 410
T IR I A . UK, o I S TR RE ) TR R o 4

SRR, T LA S R R DU S, 8 ST 2
(1) 22 15 R SC B AR AL A ) 0 7= A5 o, AE 0L re
It (Arabidopsis) %R0 JCEOR LAY 0 B2 /R i £
BRI AT S 5 0 7 R A W B I 5 A 3 A 5 B9 B T
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Fk SRR T BT TE
3.2 MEEBREMAT RETBREHESHRE

I TR 44 (bacteriophage ) J& 48 % [ 1B YL 4 T . EL TR
K AREEIE B 7 PR, A SRR 5 | e 1 32 40 i 24
fif o W PR LA T2 22 ) 0E R B R R
PE | BB 06 45 B 0 1) 4 g i T 1T AN X A 40 B LAt 345
B ey A iz (|1,

I Py (A 45 T D o1 7 T ) FBIL R 49 Sk 26 25
AL 2N 2T A ASHLA 32 2 2 0 TR A Ao 3 5
o L AT 1140 5 ke o) LB, o Y B e D TR B
IR — 5 A I W B A OV FH R0 |, 12 9 )i T
A FL N A P9 B, 24 it I B ol R ) L 2 ) 6
(922 35, DA TIT A8 A s D 81 T A 40 J e JXUJRG: 051
B kg P55 v 8 4 0 TR R R Y R A 2 —
W P AR AE A B2 R 30T EC R 1 A iy i R B B
KB VR A1, A R I B4 (tailed phage)
F22 4R 1 R 44 (filamentous phage ) BEAS R 5715 Hi 1M 5]
IR GRS R e [G TR, A= A L4 A 3, A 1
FRRE RGOk E N H B, R4 S350 w7,
ATk B 7 il RS R iE IR A i H i . H A
O 48 4 Fh BB R Y i B2 7R 17 38 TG TR 179 Wk TR 1A
@RSL1,PE204, ¢RSS1 #l gRSM3, ¢RSL1 J K B
Wi TR AR, 7 3 730 7 A B YA TP R I R4 Y
73, BB 5 I AR 2 IR S TG R Y 22 A BN R
(fn 1290 3 %1) 52580 PE204 J& T 4L it v 4 R W T
1A, 3 AT AR B I BE AT R BEL L 75 A Y & e
@RSM3 2y 22 R W TR A4, 58 78 Bk @RSM3-AORF 15
B S5 i orf 15 SE N REWE FHLiE pheA FER B DI RE ,
FOmRN R Bl TR B 7 B 2 I AS 5 | kS 7 it
RERR AR ZERE AR MR, 2R T IR oRSST B
SRS R B LG R Y pheA B FRGR I 42
FHHG2 s, R HEus H

T3 —J7 1, W R A 5 iR R 3 R 2 ]
X R WAL T AW ALt f v MR ARAS W i AL
HH BT 184 G SR s AN 1k sk ML, i i R 2 2K B EG R
W3 Vel 2 J 9t 1) B T B ISP W AR i il o (H
2, MRS R s TR AR AR, 20 E AR A fE T A
B 7 Z (]8R AU | 35k bR AET 25 S SO B0 1 7 F
Ao A R T R, R R A T i R 2 R 7 3 G R
14 BB AR SO BE 11158

PR T 240 TR 0T I TR AR KB Ak TR e 5
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Research progress on biological control of bacterial wilt
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Abstract Bacterial wilt, caused by Ralstonia solanacearum ,is a soil-borne disease that poses signifi-
cant challenges for control due to its strong stress resistance and diverse transmission pathways. Preventing
and managing bacterial wilt is difficult because this pathogen evolves rapidly , and has a wide host range.Bio-
logical control, recognized as an eco-friendly and sustainable strategy , has emerged as a crucial approach for
managing bacterial wilt.In order to clarify the complex interactions among pathogenic bacteria, plant hosts,
and biocontrol strategies, and to promote the effective management of bacterial wilt, this article reviewed re-
cent advances in the biocontrol of bacterial wilt from three aspects: the inhibitory effects of biological me-
tabolites, such as antibiotics and methyl gallate , on R. solanacearum; the control of the pathogen by bacte-
ria and fungi through antagonistic actions, as well as by bacteriophages employing specific lytic strategies ;
and the suppression of pathogen over-proliferation and disease manifestation at an ecological level through
the regulation of microbial communities. Additionally , we discussed the multiple challenges of biocontrol, in-
cluding microbial activity, the complex genetic diversity of pathogenic bacteria, the frequent occurrence of
complex diseases, limited resources of biocontrol agents, and high economic costs.It was proposed that the
future biocontrol of bacterial wilt should focus on improving control efficacy and application sustainability
through the construction of synthetic microbial communities , phage-prebiotic combinations , synthetic biolog-
ical transformations , and comprehensive management strategies.

Keywords bacterial wilt; Ralstonia solanacearum; biocontrol bacteria; bacteriophage; biocontrol

mechanisms ; synthetic microbial community ; prebiotics
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