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Advances in understanding the antagonistic mechanism of Bacillus against Fusarium

BAI Yanan'?, ZHOU Rong’, YU Yue®, YAN Xinli?, BU Yuanqing™”", DAT Chuanchao"

(1. College of Life Science, Nanjing Normal University, Nanjing 210023, China; 2. State Environmental Protection Key Laboratory of
Pesticide Environmental Assessment and Pollution Control, Nanjing Institute of Environmental Sciences, Ministry of Ecology and
Environment, Nanjing 210042, China; 3.Jiangsu Collaborative Innovation Center of Atmospheric Environment and Equipment Technology,
Nanjing University of Information Science & Technology, Nanjing 210044, China)

Abstract: A variety of mycotoxins secreted by Fusarium cause plant diseases, such as Fusarium wilt, Fusarium head blight, root rot, and
ear rot, resulting in significant crop production losses. Chemical control is an important means to prevent and control Fusarium, but the
sustainable development of agriculture is severely restricted due to the problems of Fusarium resistance and environmental pollution. The
use of biological control agents in disease management provides an effective, safe, and sustainable means of controlling plant diseases
caused by Fusarium, with far-reaching advantages over chemical control. The most widely used organisms in biocontrol agents are
members of the genus Bacillus. These species provide plants with an effective regimen for controlling the invasion of infectious agents by a
variety of mechanisms. As an excellent biocontrol agent, Bacillus species have been widely studied to antagonize Fusarium infections
through niche competition, the production of antimicrobial substances, the induction of plant system resistance, and the development of a
healthy rhizosphere microbiome, but these studies have rarely been reviewed. Therefore, this paper summarizes the mechanism whereby
Bacillus antagonizes Fusarium from the above four aspects, and provides a reference for research into the prevention of Fusarium disease
by Bacillus in agricultural production.

Keywords: Bacillus; Fusarium; metabolite; mechanism

Wi B #:2022-10-10 R A#:2022-12-08

PEB BT LY (1998—) , L, ZRUEIR T, A L S0 2E , WA WAL S S PR R AT . E-mail : yananbw@163.com

HEEEE: Ul E-mail:byq@nies.org; #if&#  E-mail : daichuanchao@njnu.edu.cn

BRI AT IRAR AN 5 R PR O B M %0 H 5 [ 5K TS AT E (2017Y FDO800705)

Project supported: Rural and Agriculture Environmental Protection Project of Ministry Ecology and Environment; The National Key Research and
Develepment Program of China(2017YFD0800705)



m@g 2788

VRETR Rt Y F41EF 128

WEE A I R , A% BRI C 2 e 2
ERORIRRAR A o 73X 48 A A5 FCRG JEAA S A Al 22
T IREER B R SRR L R A A
SELR A AR R T EAR T EL I 2 T Aol
(5 JE o JFCrP ph B 00 RT3 B R A 280 /N A AR
T ARG i R B KRR g 45 i T S A I
G A, L 8 2 T A0 0 7 A R i S ) 2
ENOOFIQLIES i 353 3 AEWN Y /s

SRRAL IR — 2 T 0 A (Y BAT BB B 2200k
FLRR R LA, o BT (/R KA R E AE
A i A P AR YRR AESE) A 2
LAY (4 e /N RT3 WA 22 Bl O N1, B4t T
[[NEEEENN SN Sl T SN
POl 9t TR 2R A5 A T O T LA L T K 0
55, X SEEUR N 1E 8 1R e i AR 1015 5 R,
516 FAEY AN bR E S R A A AN e
ErY AR, S BUE ERYIE SR, R R
TESHTT T RO, iR 760 R 00 SR il | 7 4 2K g A~
T 2 2 T 5 2 R e A A AP0 0 LB, T e e
NG A A T18 AR A B R 2 B B
FIZ R E (RLARHL 25 FEFIK S5 AREEA R
(48 IR A 5 A R SR, SR A AR =5
JB5 LB ARE G 25 22 Bl %, 3 1 EA P ZE A
T2 [ e A T A 3 e LA iy g ) TR 22
AR TS A6 AN A I 33 il DAAE g v bl ¢
HAFE ZAF JF BBl 25 FK HEE AR SR PR A
SERABIATAL R, — BRI S E, 0 2 7 A )
AT 28 A, 7 B 5 R A S AR 0 ) 7 D
T T A SR AR R AL L R TR
B L2 77 0 TN B SR BT 3 7 L i
L UNG VR 2 ISE VIR Y Ik 7/ I o= = =
SFEOZ RN o P BEF BN b ARG A
1o U B L S A, LR 70 T 22 R AL BRI 19
BRI LL g i AR ATE 5 B RE DR it (9 A= ) 22
el EEe . I, fE b = AR 25 AT
FrE e ACAh RO E BUR , PR 470 2% 7 A L 3 T
T35 BRI B R e A B 5 A 1) A% 3 L]
KA AL AW S A ISR 2 5% B BRI T5 T, Ik
o AAA e B i EL SR S0 T A B T2 i AR
21 5 S AR o 5 R AN TR T PR A

A=A 25 D IR I A 2 AT R 7 i JCER
X9 D TR R S R SR SRR AL IEAE BB AR T T A5
FBIA  HAZ O B AEE A A B R R R PR AR 2

1% WHART]

B AT R A E SR T R A AR $R
i AR A S, SN st TR AR AR P B
AR TR IR W R s el 3 I TR ) S5 S DR B A AR )
B 52 IR R . LA A= B TR HL 5 B e
S RN BRI ) DL RO BRI e S . HATR T
T BT 14 A2 75 T 2 2 AT T MBI R, 25 £
PR DR AT R BSGTRS PRAE0  24 80 , T LA A 17 36 4
AL T HAA SR . — D5 T, X RDRE T (8 2 AT
T AE RS 2 3 AR I IREE 25 5 55— J7 T, WAL A=
BRMMAEERE , EA M T B b IR E A 1 B
R, AR 2 R ) A R B IR 2 PR
F o [RI ZE AT B R B S PR R B D3RI A , 2
RIS SR 1 7= W R R A 0 T ) R 2 TR
P BT PRI I3 7 A 2 LA BT P 5 A ORI DR
PR A B AT B

SEAUAT AT — P s AR A KAt i, BT
ML R 5 TR B 15 PP X
B AN BE AL AR SR ), R B AR ) 3R BB
WFE SR I, e BERTIIR 5 B, 32 R e AR R
Y M 34 98 A SRR A2 AR AR W B TR 32
P, SN T 9t 1 5 RS A A 00 35 7 36 FAR FH B
BETo QA I BFTERIE A RS A AR 2F
TERT B AR TEHs 2AAT B2 VUSRI 28 T 45 2
ol 25 FAT R AL A e A AR S O AR TURY IR E
) 28 G2 B0 10 20 3 AR B A R 2 0 A 0 Bl At T 5 |
A A D 3 AT 1 AR ZF AT T S B R £
R IIHLA C 8 2 05T, (A L HIAR D5 2 250k
PRIt , AR ST LA 4 T3 T %) 25 FRAT T8 435470 e 10 14 1)
PR 25 (18 1), LU B Tt — 25 A0 Al ik
Ay A A A BT o

1 FEfRESFNEFINRES

M Tk = [ AR BHR (AN [ AR ) | Al — 3R bg
FIRY AR o A ol DAL Bl A ) =2 TR A 25 RS 5 4 A
BV o 389 8 FH 25 AR ST S AR R A T Y
A A 2 2 AT TR A AR e A T f e ) S e 2%
PER FERR IR PR, BR A0 IR 4 2R B R RO A1,
S v 2 B T Y S TR S IR T A B T R AR 2R O
WA AL A= B T s S RE ) LA By TR AR
AITE IBEF1, MAREIAR 28 20 S8 v 0 B S 2RPR
AHLIR A D ZURE A AT B 05 S 2R FUAF TR 0 A 1L S
IO, 38 AP A 5 B 1) s st — e i T 2R 4
FF B AE R RGE (9 A ROE 7 D98 A BB IR



2022 12 A

FIES 45  ZFARAT IR RS DU IR B L] i 5 ok g

2789

= i
Sy
- i
* 5 P HLL A
* SRR
+ Huh
® s
BB (s gL |
= Casrmnit) owbbmm )
it | (B W — WET) (B
EEED @Dem) " w3 | i
- ) s
- ISREK T T
=0
/ ISR ‘\.
| a0 . ;
IR PO R
a ¢
s
L B /

B 1 ZFRFERREEAIE

Figure 1 Antagonistic mechanism of Bacillus against Fusarium
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