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Synergistic Control Effect of Bacillus pumilus AR0O3 and Fungicides Against
Tobacco Bacterial Wilt
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Abstract: To explore the potential of the control synergism of B. pumilus AR03 combined with seven tested fungicides against
tobacco bacterial wilt, the toxicity of seven fungicides and ARO3 strain against Ralstonia.solanacearum and the bio-compatibility of
fungicides with AR03 were measured by the improved inhibition zone method and the plate colony-counting method, and the
synergistic effect was determined by the Horsfall method. The results of in vitro toxicity test indicated that seven fungicides and
ARO3 all exhibited a good inhibitory effect on the growth of R. solanacearum, and the virulence of seven fungicides were
trichloroiso cyanuric acid>chloroisobromine cyanuric acid plus copper sulfate>thiodiazole copper>bromothalonil plus cuppric nonyl
phenolsulfonate> Metalaxyl plus thiram> thiadiazole zinc>Zhongshengmycin, and the half-maximal inhibitor concentration (ECso)
ranged from 101.02-212.70 mg/L. B. pumilus ARO3 also had a good inhibition rate (26.13%-73.54%) in a dose dependent manner at
the concentration from 1.0><10° to 1.0>10° cfu/mL. Results from the bio-compatibility test showed that AR03 had good
biocompatibility with thiodiazole copper, Metalaxyl plus thiram, thiadiazole zinc, while thiodiazole copper performed the best. When
the test concentration of 100 mg/L, the number of colonies was greater than 1><107 cfu/mL. The mixture of thiodiazole copper
(ECs0=175.21 mg/L) and ARO3 (ECs0=6.84><10° cfu/mL) in the volume ratio of 5 5 behaved a notable inhibitory and synergistic

effect against R. solanacearum and yielded an Ir value of 1.482. The results of in vivo experiment showed that the control effect of
the combination was significantly higher than that of thiodiazole copper and ARO3 strain treatment alone. More importantly, the
usage volume of thiodiazole copper in the mixture was half of the single agent, which greatly reduced the use of chemical agents.
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Table 1 Toxicity of tested fungicides against R. solanacearum
ECsy/ R?
Treatment Virulence regression equation (mg'L Determinate coefficient
52% y=1.471x-3.096 135.04 0.964
52% chloroisobromine cyanuric acid plus copper sulfate SP
3% y=1.694x-4.135 212.70 0.976
3%zhongshengmycin WP
40% y=2.202x-7.113 201.37 0.984
40%thiadiazole zinc SC
35% y=2.443x-8.427 187.38 0.987
35%Metalaxyl plus thiram WP
20% 20%thiodiazole copper SC y=1.788x-5.115 175.21 0.966
42% y=1.287x-1.690 101.02 0.941
42%trichloroiso cyanuric acid WP
25% y=1.727x-4.954 187.34 0.968

25%bromothalonil plus cuppric nonyl phenolsulfonate ME

2 ARO3
Table 2 Toxicity of B. pumilus ARO3 to R. solanacearum

ARO03
ARO3 concentration/(cfu-mL™) Colony diameter/mm Inhibition rate/%
1.0x10° 13.37+0.79b 26.13
1.0x10° 11.63+0.84b 35.75
1.0x107 7.75+0.92¢ 57.18
1.0x108 5.43+0.69d 70.00
1.0x10° 4.79+0.74d 73.54
CK 18.10+1.22a

+ »=0.05

Note: Value within each column with different lowercase letters signifies significant difference (p=0.05). The same below.
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2.2 ARO3 3 ARO3
3 7 ARO3 Table 3 Effects of tested fungicides on the growth of
antagonistic bacteria AR03
ARO3
Mass Bacterial Colony
ARO3 Treatment Concentration/ growth number/
100 mg/L (mg'L") (cfurmL™)
52% 25 ++ 0.36x10%
100 l’l’lg/ L - 52% chloroisobromine cyanuric ? 80 0.26x107
acid plus copper sulfate SP x -
ARO03 150 x -
200 X _
ARO3 ) 3% 25 ++ 0.21x108
100 mg/L - 3%zhongshengmycin WP 50 + 0.11x10°
100 0.12x107
ARO03 150 mg/L 150 x _
200 x _
ARO3 40% 25 +++ 0.35%10°
200 mg/L 40%thiadiazole zinc SC 50 +H 0.29x10°
100 ++ 0.93x108
150 1.07x10°
200 X _
ARO3 42% 25 + 2.08x10°
42% trichloroiso cyanuric acid 50 + 3.16x10°
23 AR03 W 100 x 123x10°
150 X —
200 x _
4 25% 25 ++ 1.66x10°
25%pbromothalonil plus cuppric 50 + L17x IOZ
V Vars=7 3 6 4 nonyl phenolsulfonate ME 1(5)8 1.02x10
X J—
5 54 6 53.39% 72.71% 200 X _
9 25 ot 1.07x108
73.92% 55.92% 6 4 55 e , - o e
35%Metalaxyl plus thiram WP :
100 ++ 1.23x107
150 + 1.07x10°
V Varos=5 5 200 x _
20% 25 +++ 2.82X108
2.4 ARO3 20%thiodiazole copper SC 50 +H 1.99X108
100 +++ 0.95X 108
5 ARO3 150 ++ 6.45% 10
200 + 1.15X10°
10.67 CK ++ 6.16X10°
ARO3 477 AR03 ““++77  AR03 [
ARO03 e ARO03
68.77%
Note: “+ + +” means good growth, “+ +” means normal growth, “+” means
56.39% 55.22% able growth, “><” means no growth.
4 ARO3
Table 4 Co-toxicity of thiodiazole copper and ARO3 to R. solanacearum
4 - Varos

Colony diameter/

Actual control

Theoretical

Viviodisote copper = V'aro3 mm effect/% control effect/% I
10:0 7.97+0.66 50.25 50.25

9:1 8.19+0.54 48.87 50.21 0.973
8:2 8.28+1.03 48.31 50.17 0.963
7:3 7.47+£0.82 53.39 50.14 1.065
6:4 4.37+0.67 72.71 50.01 1.454
5:5 4.18+0.74 73.92 49.88 1.482
4:6 7.06+0.93 55.92 49.75 1.124
3:7 8.11+0.42 49.37 49.62 0.995
2:8 8.16+0.65 49.04 49.49 0.991
1:9 8.28+0.97 48.32 49.36 0.979
0:10 8.03+0.96 49.88 49.88

CK 16.02+1.32
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5 ARO3 96.40% 91.00% [21]
Table 5 Control of tobacco bacterial wilt by combination of
ARO03 and thiodiazole copper in the greenhouse
Treatment Disease index Actual control effect/%
5:5 10.67+0.22¢ 68.772.69a
Mixture
20% 14.90+0.73 b 56.39=1.87b
20%thiodiazole copper SC
ARO3 15.30+0.69 b 55.2242.15b
B. pumilusAR03
CK 34.17+0.45 a
PENG [
3 100 mg/L B-001
[17] B-001
_ 30%
ECso 170.07 318.57 mg/LL
(18] [17]
3% 72%
80% 13 Bs2-4
3%
[19]
25% i ARO3 1.0><107 cfu/mL
20% XQ 72% >0%
4% i
5 3
200 mg/L
7 55
7 68.77%
ECso 101.02
212.70 mg/L
(6]
[17-19]
[6,23] ARO03
[12]
e gy o TA-1
TA-1  10® cfu/mL 4
50 g/hm? 7
70.16% KM [0
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