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Research progressin the control of plant diseases by the
combination of Bacillus and fungicides

HUANG Huijing LUO Kun’
College of Plant Protection, Hunan Agricultural University, Changsha, Hunan 410128, China

Abstract: Bacillus spp. contains a variety of antagonistic bacterias of plant pathogens, which can be
widely used in the control of plant diseases. However, the use of biocontrol bacteria alone for biological
control is often unable to achieve a better control effect due to the influence of environmental factors, and
the control efficiency can be improved by combined use with low-dose fungicides. The research status,
control effects and research methods of integrated control of plant diseases by the combination of
biocontrol Bacillus and fungicides were reviewed in this paper. The combined use of Bacillus and
fungicides can not only ensure the control effect, but also can greatly reduce the application of chemical
pesticides.
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Tablel Mechanismsof action of Bacillusand fungicides

YERIBL

BiiG A+ Mechanisms of action
Factors of prevention  X3% 54 X 2F FE A
To the pathogens To the host plants
A SN AN EE SR A0 R 37 G RGHUES SRR M5
Fungicides By affecting the structure of the cell wall*¥ and By inducing systemic resistance (by inducing the
destroying the permeability of the cell membrang™ synthesis of pathogenesis-related proteing™)
i 2 AT 0 i 1 At g 20
By inhibiting the formation of toxing™® By reducing the sensitivity of plants to pathogens
S 2 1 A )
By affecting the synthesis of essential proteing™”
T AR S RE RS
By inhibiting respiratory metabolism and energy
synthesis*®
Az B AT s AR B RGHME
Biocontrol Bacillus ~ Competitive effect Induced systemic resistance, ISR
HiAEM {RHHEYIA K
Antibiosis Growth-promotion effect

K, KEZFHURIFE A KRBT BT, SR
JE R G N B . W T KRS RS BT Y
i S R, 23R 10 RSP G 10 BRSO
SEHAT B R ) ERRE 7 A gk 1, A L A i e R
e 7 ZE AT A —FheR LRSS . EAESE
FITARAR R 435t — Rk MR ZEFAF 1, 4% K S
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IR R RE ST, BT AEIBRARY,
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A B 2E TR TR A AR 8T 7 4 v AR A 2 R
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B B T L AN B A, IS IR
FALR A B 2 AT B R LA . Nikoli¢ 25 LA
TR TR AE B X 2 Bk R TE Ry 2 AT I (B
amyloliquefaciens) 5 —#k e /NEAIFTF I (B pumil) ki
F% LB WP IR IR T PR, T A5 R ORLER 4
(Crude Lipopeptide Extracts, CLES)X} T 7 {4 i 1

(Pseudomonas syringae) A Bl 175 F?. Dimki¢
SEAE SR IR SEIX 3 R AT IR R 5 LI W
CLEs F#HFRMmIEHER . FIWER A IR EER
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XU A A K
24 FFESHM(Induced Systemic Resistance,
ISR)

Bl XA S PO AR BR ARSI 4
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SEBKTH Tz (9744 N 56.10%) 4 B B4R =Y, Kim 45
B TERy ZE AT ICK-12 Bkk 5 R B RIS
X/ NEIRERIEATRR , LI AE SRR ICK-12 T
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PR s T — 2R, HIREXT KRS SRR S B
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HSE T HERH S — PR DA AT 7 5
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FH, BRI S i ROt P R B R B B B TR
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Table2 Specific formula and control effect of the combination of Bacillus and fungicidesto prevent plant diseases

Strains Fungicides Concentration/Dose of biocontrol Diseases to Control effects
bacterias and fungicides control
Bacillus methylotrophicus TA-1 Fluopimomide ~ 10° CFU/mL & 50 g/hm’ Tomato gray Field control effect
mold 70.16%*)
Bacillus amyloliquefaciens Almuri 500-fold dilution of fermentation broth of Fusariumhead Field control effect
JCK-12 JCK-12 & 4 000-fold dilution of Almuri  blight 91.009%41“%
Bacillus megaterium c96 Carbendazim 10° CFU/mL & 10 pg/mL Fusarium crown Greenhouse control effect
and root rot of  84.0006""
tomato
Bacillus subtilis Bs-916 Jinggangmycin 10" CFU/mL & 2.5% Jinggangmycin Rice sheath Field control effect
4.5 kg/hm? blight 82.10%-82.30%2
Bacillus subtilisHMB-20428  Azoxystrobin 108 CFU/mL & 0.080 pg/mL Grape downy Greenhouse control effect
mildew 98.9296*%
Bacillus subtilis Czk-1 “Gen Kang’ 6.46x10" CFU/mL & 0.625 3 pg/mL (7:3) Rubber red root Vitro culture control effect
76.66%
2.33x10° CFU/mL & 0.052 2 pg/mL (7:3) Rubber brown  Vitro culture control effect
root 89.32964
BacillusamyloliquefaciensB15 Nativo 10mL/L & 1.5¢g/L Head rot of Field control effect
cabbage 78.55%
Carbendazim 10mL/L & 2 g/l Field control effect
75.75%*
Bacillus subtilisH158 Azoxystrobin  10® CFU/mL & 56.25 g.a.i/hm? Rice sheath Field control effect
blight 83.60%
Pyraclostrobin Field control effect
81.50%
Trifloxystrobin Field control effect
79.10%™"
Badillus subtilisNJ-18 Kresoxim-methyl 5.0x10" CFU/mL & 225 g.a.i/hm? Rice sheath Field control effect
blight 92.7%—100.00%
Bacillus subtilis Cio1 Prochloraz 10’ CFU/mL & 0.1 mg/L Fusarium Vitro culture control effect
oxysporum wilt 94.96%*%
of banana
Bacillus subtilisRB14-C Flutolanil 30 mL fermentation broth of RB14-C &  Damping-off of ~Greenhouse control effect
94 pg flutolanil (per basin) tomato 70.00%
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IR I . FH ]I 56 GIE T Hb AK 25 84T 1 (Bacillus
lichenifor mis) &2 i % e Ji X J5% 465 15 97 9 1 Bl 3%, HH
[l R4T 1% 74.29%

4 FHHAE SRR E IR T %

TEHATA BT 5 R R R B i, et
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P8 | IEPRE B ARSI S i) 55 2% 09 A= 7 R 2R AT
. TR K RSO . T e 1 22 4
FACHR I G5 2 B AR 1A 2 T R i B
it 524k, A B TR S 2RI B T
PP AR TR 251, 4 e 26 B TR D BT R A i Pkt
A G A AR SC B . Chen %5 DLW TR 45 B 1 51 i
(Atmospheric Pressure Plasma Jet, APP)/E Jyif 75 5t
i 36 Y — PR RE 7 A2 R LA R EO R A% Bk T TR
(Fusarium graminearum) =LA 5 A= B4 BE FRG 5 2F 1
RSB TRRE , AT B — AR Fir i 4 A B v T
Aolh A,

TEARARM 25 LE B RAR ST, AR I Ty i@ L A4S
R0 (8 R0 B A s IRE ) AR . H
[ 50 R PP T bk 5 % T 7910 52 T 70 S B 97 2 DA B
P25 18) AR T S s A B SR I i o DAk
BT I TR 24 v R TG Y LRy 28 5 R
BT FERNCY 25 2 b B 43 A AU B L Uit
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PO R s TR e A s T [R50 o i s /D i
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J7 XRS5 A sk 7 o £ 37 R 4 S B
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TEREIR EBG T, BEE N SRR R G
T XWARHRR, VFZHBZIE AR & . 5
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A%, FTBESE M T AR | 25 AT e A
I R LA B e 5 52 2 ) P TR 3R S e oy
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SE [ FRI R0 — S SRR R . SE 0 I8 U S
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