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Abstract: [Objective] The objective of this study is to evaluate the application potential of microbial volatile compound
benzothiazole on Botrytis cinerea, and to provide a valuable information for further exploitation and utilization. [Method] The
sensitivity of 73 B. cinerea isolates in Shandong Province to benzothiazole was measured by mycelium growth rate of sealed dishes

method. The sensitivity differences among different regions and phynotypes of B. cinerea isolates (resistant and sensitive to
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carbendazim, procymidone, pyrimethanil or boscalid: Car®, Car®, Prc®, Prc5, Pyr®, Pyr’, Bos®, Bos®) were compared. The
combination efficiencies on B. cinerea of benzothiazole with carbendazim or boscalid were determined. The protective and curative
effect of benzothiazole against cucumber gray mold, and the effects of benzothiazole at different doses and fumigation times on the
pathogenicity of B. cinerea were determined on detached cucumber leaves. The mycelial morphology of B. cinerea treated by
benzothiazole was observed with scanning electron microscope (SEM). [Result] All the tested B. cinerea isolates were sensitive to
benzothiazole, range of ECs, from 0.38 to 1.08 pL-L™', with a mean ECs, value at 0.62 pL'L'l. There was no sensitivity difference
among different regions. All the phynotypes of isolates (Car®, Car®, Prc®, PrcS, Pyr®, PyrS, Bos®, Bos®) were sensitive to
benzothiazole, suggesting that there was no cross-resistance between these fungicides and benzothiazole. In the range of 0.1-3 pL-L™
of benzothiazole, mycelia were more sensitive than spores to benzothiazole. The inhibition rate of 2 pL-L" benzothiazole for
mycelial growth, germ tube elongation and spore germination was 86.12%, 55.15%, and 19.30%, respectively. It is suggested that the
sensitivities of different growth stages of B. cinerea to benzothiazole were different. There was no synergism when benzothiazole
combined with carbendazim, and which active ingredient performed the main antifungal activity depended on the concentration and
proportion of each compound in the mixture. The synergism of benzothiazole combined with boscalid was obvious, but the exact
field practical application method, efficacy and mechanism of synergism remains to be further investigated. The result of in vitro leaf
test showed that benzothiazole had protective and curative effect against cucumber gray mold, and the curative effect was superior to
the protective effect. The curative effect of 2 uL-L™" benzothiazole against cucumber gray mold was 91.01%, which was higher than
the control fungicide boscalid at 300 mg-L™ (78.90%) and the protective effect (48.25%). Benzothiazole could significantly reduce
the pathogenicity of B. cinerea mycelia on detached cucumber leaves, and the inhibition level was positively correlated with the
concentration of benzothiazole. The results of SEM images indicated that benzothiazole caused large alterations in mycelial
morphology of B. cinerea, showing a wrinkled surface and anomalous branching of the terminal mycelia. [ Conclusion]
Benzothiazole has high toxicity to B. cinerea in different regions of Shandong Province, which indicates that benzothiazole could be
applied as a fumigant for controlling gray mold.
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Table 1 Sensitivity of 8 B. cinerea phynotypes in Shandong Province to benzothiazole

BRI Eil/3 6 ECs (uL-L™") ECoo (LL-L™)

Phynotype Number of isolates [ Range SEH{E Mean i [Fl Range PRI Mean
LU RGE R Car® 69 0.38-1.08 0.60 3.57-6.39 435

L1 RIBUK R Car’® 4 0.49-0.86 0.59 4.05-5.14 4.52

B R B Prc® 60 0.38-1.08 0.62 3.57-6.39 4.43

Ji5 A R A B P 13 0.47-0.85 0.60 4.03-5.78 4.67

R B BR Pyr® 59 0.38-0.91 0.62 3.57-5.80 4.42

W B S U b Pyr® 14 0.47-1.08 0.61 3.75-6.39 457

I T 4 e A R Bos® 6 0.47-0.63 0.56 4.07-5.14 4.42

I P B AU T R Bos® 67 0.38-1.08 0.63 3.57-6.39 445

R: Ptk B Resistant isolates; S: FUBEFE Sensitive isolates; Car=% 1% & Carbendazim; Prc=/f #F Procymidone; Pyr=M%#[{% Pyrimethanil; Bos=
WE P 14 1% Boscalid

F2 WHREFREMXREBRHE X R FFER AU

Table 2  Sensitivity of B. cinerea isolates of different regions in Shandong Province to benzothiazole

Hh s B E ECso (WL-L™") ECyo (uL-L™)
Location Number of isolates il Range 5 Mean #iiFFl Range SV 4494 Mean
BF R Ji'nan 18 0.39-1.08 0.69 3.57-6.39 4.59
Hidlj Weifang 16 0.48-0.71 0.56 3.63-5.38 4.44
3¢ Laiwu 15 0.47-0.91 0.61 3.98-5.78 4.43
Z% % Taian 7 0.48-0.77 0.65 4.18-4.52 443
BF7* Jining 7 0.49-0.66 0.56 3.75-4.47 4.17
38k Liaocheng 6 0.38-0.94 0.69 3.82-5.55 4.48
YT Linyi 4 0.48-0.69 0.60 4.00-5.39 4.65
BT Total 73 0.38-1.08 0.62 3.57-6.39 4.45
B 2 5 % Carbendazim W 1514 Boscalid
3 5 Jf:WEM: Benzothiazole 3 75 Jf-WEME Benzothiazole
100 B %75 R +2E - WEM Carbendazim+ Benzothiazole 100 S i -+ 24 g Boscalid-%—Benzothiaéz:le
90 A a 2 9 B

3] Inhibition rate (%)

% Inhibition rate (%)

0.5 2 4 8 0.1 1 5 20
%14 R Concentrations of carbendazim (mg-L™) WE % B 1< ¥ Concentrations of boscalid (mg-L™)
B i A P bR e R . A AR SRR IR Duncan GBI R R ZE7ER K AE P<0.05 /K P EREFE. TH

Data in the figure were mean+SE. Different letters in the same group indicated significant difference at P<<0.05 level by Duncan’s multiple range test. The
same as below

2 FIFEMS5ZER (A) HEMER (B) MEREBFEMHKEEN

Fig. 2 The combination effect of benzothiazole with carbendazim (A) or boscalid (B) against B. cinerea
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Fig. 3 The effect of benzothiazole on the pathogenicity of B.

cinerea

Table 3 Protective and curative effect of benzothiazole against cucumber gray mold

il isa Billee {9745 H Protective effect 1HITVER Curative effect
Treatment Dose (L1 LR b FRBER K B
Lesion growth (mm) Control efficacy (%) Lesion growth (mm) Control efficacy (%)

AR 0.5 19.10+0.66 16.23+0.73f 15.24+0.17 40.63+0.25d
Benzothiazole 1 14.81+0.43 35.0940.52¢ 5.830.45 77.34+0.47c

2 11.84+0.33 48.25+0.41d 2.34+40.12 91.010.18b

4 9.52+0.14 58.33+0.19¢ 0.00+0.00 100.00£0.00a

8 1.65+0.25 92.98+0.33a 0.00+0.00 100.00£0.00a
WE LR % Boscalid 300 mg-L! 3.68+0.64 84.21+0.78b 5.4240.22 78.90+0.43¢
X 4 Control — 22.85+0.32 — 25.66+0.28 —

R PR TR UER . RISV 7R84 Duncan OB SRZEIEREAE P<0.05 /K25 W3

Data in the table were mean+SE. Different letters in the same column indicated significant difference at P<<0.05 level by Duncan’s multiple range test
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Fig. 4 The effect of benzothiazole on the mycelial morphology of B. cinerea by scanning electron microscopy
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