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Synergistic effect of antagonistic bacteria WH1G and prochloraz
against strawberry anthracnose

GU Chunyan, SU Xianyan, YANG Xue, ZANG Haoyu, CHEN Yu, WANG Xuefeng

(Institute of Plant Protection and Agro-Products Safety, Anhui Academy of Agricultural Sciences, Hefei 230031, China)

Abstract Toxicities of 8 fungicides and Bacillus amyloliquefaciens WHI1G against strawberry anthracnose were
tested in this study. The mixture of the fungicide with the strongest toxicity and antagonistic bacteria WH1G was
detected for its laboratory toxicity and control effect in the fields against strawberry anthracnose. The results
showed that the toxicity of prochloraz was the strongest among 8 fungicides with the ECs, value of 0.045 3 mg/L.
It could effectively inhibit the mycelia growth of C. gloeosporioides under lower dosage, and was compatible with
strain B. amyloliquefaciens WH1G. 1.0X10" cfu/mL WHIG could strikingly inhibit the growth of C. gloeospori-
oides with the inhibition ratio of 89%. By combining 0.045 3 mg/L prochloraz with 2.3X10% cfu/mL B. amylolique-
faciens WH1G fermentation broth at the volume ratio of 5:5, the toxicity ratio and the control efficacy were
1.432 and 69.94% . respectively, prior to the rest of the tested reagent combinations. The control efficacy of
compound biopesticide was 67.91% against strawberry anthracnose in the field, which was better than that when
each of them used alone. Meanwhile, the amount of prochloraz was reduced by 50% compared to that when used
alone. Therefore, the combination of prochloraz and strain WH1G can not only reduce the usage of chemicals,
but also promote the biocontrol efficacy.
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20.0 g FIZEMIK 1 000 mL) , 76 16 5 16 15 5% 7 44
28 CHiEzE,

A2 2579 B 2GR0 5 dk RUR B 7T
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Table 1 Manufacturer, type and concentration of

9 different fungicides

gl AR5
Fungicide Manufacturer
97 Yok fif i TC . _
prochloraz 97% TC WL R T A R )
96 %6 # ik FH #Rmk TC

difenoconazole 96% TC VR AL T AT R

98 Vo FANENE TC
fluazinam 98% TC

97 Yo FRIME TC
epoxiconazole 97% TC
97 %% J% M i TC
tebuconazole 97% TC
95 Y0 i Bk SC
myclobutanil 95% SC
95 Yo BEBE A TC
boscalid 95% TC

97 Yo ML MR L] iR TC
pyraclostrobin 97% TC

50 Yo Bkt e WP
prochloraz 50% WP
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LA AR AL T AT PR 7]
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J PR T AR AL T A R

TLIFHEARAL AR AT BR A 7]

1.2 #AFFEAWNE

R 22 A KRS AR 97 V6 i fif
Ji 2454 8 Atk 24 00 e ) 5 A [R) A R vk B 250 1
PDA FAi, Jor 97 Vo R iz J57 24 98 06 JRUIE i Jii 24
16 PDA 15 5% 3 b i 2 90 6 5 vk B 012 0. 025,
0.05,0.1.0.2.0. 4 mg/L; 97 Y BFFMEIE 24 [ 97 % 1%,
B2 (R B EE M 50T 0. 1,0, 2,0, 4,0. 8,1, 6 mg/L;
96 o ATk FY IR W JEL 24 1 B BE TR R 1823k 0. 125,
0.25.0.5.1.0.2. 0 mg/L; 95 % BE e 525 .95 %
I BT A S 7 791 B 97 90 A Tk R G I 24 1) A B e
Witk 1.0.2.0.4.0.8. 0,16. 0 mg/L. f B &5 M IH
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FHTCHEK G BE LA 3 it 1. 0 X 10" efu/mL, % AI°F
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TEBGRAZYFA A REE R ARk PR | U i X
BEDAEIA P R 22 A5 R H A 5 ) 00 1 1 P 7Rk
JEETT I BEAT R SR BIFL R R A A L ECs0 20931
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Table 2 Toxicity determination of 8 different fungicides to the pathogen of strawberry anthracnose

#il BARIIE  RDGREC) o SR mge L
Fungicide Regression equation Correlation coefficient 95% confidence interval of ECso
Bkt iz prochloraz Y=7.033 7+1.513 7X 0.948 3 0. 045 3 0. 031 2~0. 065 8
SR 31, difenoconazole Y=6.589 2+1.541 1X 0.997 0 0.062 7 0. 051 3~0.076 7
FANERE fluazinam Y=6.589 2+1.541 1X 0.996 4 0.093 1 0.084 1~0.102 9
FFFME epoxiconazole Y=5. 437 0+0. 821 2X 0.975 0 0.2937 0. 225 2~0. 382 9
T tebuconazole Y=5. 364 9+1. 038 2X 0.992 8 0. 445 2 0. 385 9~0. 513 6
H& A M myclobutanil Y=4.337 9+1. 245 8X 0.999 1 3.400 2 3.219 0~3.591 6
MR ik i fiE pyraclostrobin Y=4.0857+1. 211 0X 0.988 7 5. 688 2 4,449 7~7.271 5
BEREFA % boscalid Y=3.994 1+0. 769 8X 0.949 7 20. 261 5 9.984 7~41.115 4

2.2 fRIRMFRATE WHIG BERX EERER
I 4 R RE

2 PRI I (P 1) %« 9 T 2 I AT

WHIG TR O SRR RN 11 71 22 ) A2 1A 0

FHEE R Y EER S EE N 10X 10" cfu/mL

s o o A T 22 A K A o S s 896

WHIG CK

1 WHIG X E& & ER & IMEEE
Fig. 1 Antimicrobial activity of the WHI1G strains

against strawberry anthracnose

2.3 LEAFIXREM S MATE WHIG £¥iEtE
SN E I E

A e 00 5 R A P B e % R X 3 ol
P25 B T WHIG v T2 S 52 i (3 3)
AR AT e 3 A 2550 S 2R Bl I WHIG 1Y
FHANE R B » 575 50 50~100 mg/L i, 4E
By BT 32 BEIE A A 5 e A AR S 1% -5 A= 7 687 1) 1 7%
Phd - 4 BB ik 200 mg/L iy AR B B AT Al
PATE AR U O % i P B 255 1 790 ) Jo o 56
9 150 mg/ L i Az B e A2 b Al LAIE # AR L H

£ 200 mg/L B & 25-F A b BT DA K fE HE RS
MR AR BRIV 80 5 T A 9 e~ L 25 il 5 55 4
150 mg/ L i AL iy BT B v EE X BECAT v 2>, (ELA)S AT
PIA G AHAE 200 mg/1 i T8 7% B 1™ 5 2 5200
LRBTBIE 3 24 70 0] BB AR T F) 400 1 S8CR S
A= B B ) AR A L R DR Y 5 A= B WHILG
HATERC.

®3 3IMLFBFIRREMFITE WHIG B ERKaIm"

Table 3 Effects of 3 different fungicides on the growth of
antagonistic bacteria WH1G

Ly A~ L
an R e TER
Fungicide Pesticide St?te of Bacteria
concentration bacteria growth content
WS 50 +++ 2. 03X 1010
prochloraz 100 TFaEaE 1. 74X 1010
150 +++ 1. 03X 1010
200 +++ 9.93X10°
ST BRI 50 +++ 1.87X 101
difenoconazole 100 e 1. 27X 101
150 +++ 9. 89X10?
200 A 8. 23X 108
S 50 +++ 1. 891010
fluazinam 100 +++ 1. 54X 101°
150 ++ 2. 48X 10?
200 a4 1. 98X 107
CK — = 2. 18X 1010

D +++RRERKIER; +HFRRER, BN HEERD; +
FRARKZINE], WIHEEER D . A B S E.
+-+-+. WHIG grew normally; +-+. WHI1G could grow, but
the number of colonies was less than control; +: Growth of
WHI1G was inhibited. the number of colonies was less. All val-

ues were average.
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2.4 WEEERRSRIEMSFHAE WHIGC SEXES

REREMNBESSE NN

2.4.1 AEBH WHIG X ¥ % 5O & 63 40 €
BAFR) WHIG X B4 5 T Y 75 7000 7 45 51

(FOFEH.GHER 1. 0X10°~1.0X10° cfu/mL

(9 WHIG R RER3 5 JE N 1 24 — %2 59 il 75
TR AE 28. 7% ~83. 5% Z A, Y& 1. 0X
10° cfu/mL B}, I =55, M 83. 5%, WHIG gy
H e B ECs ol 2. 3X10° cfu/mL.

R4 EBHE WHIC WEESRKERENSHNE"
Table 4 Toxicity of antagonistic bacteria WHIG to the pathogen of strawberry anthracnose

AP WHIG WX EL (XD i/ % MHJLFRME YD Ay Ee
e /cfu » mL ! Logarithm value of Inhibition Inhibitory probability . X ECso/cfu » mL™! r
Bacteria content concentration ratio value Regression equation
1. 0X10° ® 28.740. 19 4,437 8 Y=0.392 6X+2. 447 3 2.3X10° 0.996 0
1. 0X106 6 39.140. 18 4,723 3
1. 0X107 7 60. 510. 35 5. 266 3
1.0X108 8 71.8740. 48 5.976 9
1. 0X107 9 83.5+0. 57 5.974 1

D Al P, R,
All values of inhibition ratio were average.
vk B 2 5 AR 3 AT W WHIG & B xt &
HEREREANKAEE NN E

MG DL BB 45 2R 4 0. 045 3 mg/ L (BREE K
52.3%X10° cfu/mL MR IEN ZEAFE WHIG
BRI A AR B T IE L DU e A 7 ). A5 AR A
25 R ke 5 WHIG ARFR L 3510 723,64,
5:5.4+ 601 3= THF A BERAE T SEBr B G SO 73 )
51, 28%.58. 64%,69. 94% . 68. 56%.52. 53%,
A Y IARFR LG Ry 50 SET, BEROVE FH coi » B VR AR
Icht . PRI IE PR K A e A0 A B i WHILG IR R HE
55 W B L R AR LL .
2.5 WREERSHBIEMIFRATE WHIG EEFIHE

e ESRERIBR

$7 0. 045 3 mg/L HYBKEERE S 2. 3X10° cfu/mL
ISR TERS ZERUAT R WHIG BB HK 5 SIRFR L i 47
S THRAE RPN T 55 . &0t 3 2 )5
A H B FERCR . G55Ra13% 6 iR 25 FI X B/NX
FERE DI SR iRk 33. 78, & b
FRAGRAETERN 10. 84, X B BEHIEIR 1Y B R 4 »

%6

The same below.

2.4.2

S 67. 9105 oA 53 o BRI DR f Je R VE ) 25 LT
B WHIG B M4~ BRI B O S A

x5 BRIEMEFEME WHIG 5IKE RS By
BEERERENRKESNHNE

Table 5 Co-toxicity of Bacillus amylolique faciens

WHIG and prochloraz to the pathogen of strawberry

anthracnose

B 7 e T 1 B Y
Actual inhibition Expected
rate

AL

Toxicity ratio

Vigeew: * Vwric

V prochloraz * VWHIG o
procoras inhibition rate

10:0 49. 50%0. 38 49. 50 1. 00
9:1 46. 644-0. 29 49. 37 0. 945
8:2 48. 9040. 24 49. 24 0. 993
7:3 51. 28=+0. 31 49.11 1. 044
6:4 58. 64+0. 17 48. 98 1. 201
588 69. 94=+0. 49 48. 85 1. 432
4:6 68.56=+0. 51 48.72 1. 407
3:7 52.53=%0. 28 48. 59 1. 081
2:8 46. 7340. 21 48. 46 0. 964
1:9 47.3240. 15 48. 33 0. 979
0:10 48.207%0. 19 48. 20 1. 00

FREMZFRATE WHIG 50 8% 2 8 B 7 3 B & s w80 H BB g R Y

Table 6 Control effect of the mixture of Bacillus amylolique faciens WHI1G and prochloraz on strawberry anthracnose in the fields

AbF  Treatment #Fi  Dosage

WitETe %k Disease index Biizk/ %  Efficacy

Bt iz +WHI1G prochloraz+WHI1G

Bk e prochloraz 0. 045 3 mg/L
WHIG 2. 3X105 cfu/mL
CK —

0. 045 3 mg/L+2. 3X10°¢ cfu/mL

(10. 8440. 03)cC 67.91 aA
(15.9640. 19)bB 52.75 bB
(16.954=0. 12)bB 49. 82 bB

(33.7840. 24)aA —

D St i B M. RISV R AR A R NG FREFRORTE P<<0. 05 K V2257 B3 bR TREFRORTE P<<0. 01 KPR B .

All values of disease index were average. The different lowercase and capital letters in the same column showed significant difference at P<C

0. 05 and P<C0. 01 levels, respectively.
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1 SRy B 2320k A= B B85 (R B A~y 245 70 2 T A
S Y3 ] 7 36 5 A BIER AR . = N e K
FH [a] By 2% 95 ik 45 2 2% BH . WK &5 % (0. 045 3 mg/L)
SR HMEATE WH1G(2., 3 X 10° cfu/mL)
B 5 SR B L S AT B, % R R A I 1) B
il WY o A 14 K L BRI Ll 1. 432, H ] B
BRI 67. 9100, B R 3 & F 9 A B3 1Y)
B v RS o HLAE ) A Ak 2 o 28 WK i i 1 it P
AR IE i B —2 . UOB A AR Y — k24
(] BJ5 76 SR W% A 4 5 B 96 80 1) (] B 8 A R0
AR 2E 250 W R S 45 2R ™ b R A IE I 1Y)
RIRHE T —FhA R T AT I 5 2 B E 2 R A
.

T WFIT s R R A4 255004 B T/ i
TAE Y va Ml B SR PR v 1 45 Tl B A5 5k 0 A= B 1R &
FEAE AT | FH 1) B AR Sk At o DA T B 4 b 2 47
HEVIBAYER o AR XS A B G A W i 22 Ak L
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