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Benzimidazole and N-phenylcarbamate Fungicides

Byung Sup Kim*, Tae Hun Lim, Eun Woo Park' and Kwang Yun Cho
Pesticide Screening Center, Korea Research Institute of Chemical Technology,
Taejon 305-606, Korea
'"Department of Agricultural Biology, Seoul National University, Suwon 441-744, Korea

ABSTRACT : The gray mold fungus, Botrytis cinerea, was isolated from several vegetable
crops in 1994 and 1995, and the resistance of these isolates against some fungicides was ex-
amined. Among 713 isolates collected in 1994 the percentages of resistance against ben-
zimidazole (Ben") and dicarboximide (Pro ) fungicides were 85.6% (610 isolates) and 34.9%
(249 isolates), respectively. However isolates showing resistance against both benzimidazole
and N-phenylcarbamate (Ben"+NPC ) fungicides were not detected Flve hundred and twen-
ty isolates were collected in 1995, and the percentages of Ben®, Pro~, and Ben"+NPC® were
61% (317 isolates), 41.2% (214 isolates), and 2.9% (15 isolates), respectlvely Minimum in-
hibitory concentration (MIC) of carbendazim, procymidone and dlethofencarb to these resis-
tant isolates was over 1,000 ug/ml. Among 15 isolates of Ben"+NPC®, three also showed
resistance to procymldone, a dicarboximide fungicide. In addition, all Pro isolates except
one were found to be Ben".

Key words : fungicide resistance, benzimidazole, dicarboximide, N-phenylcarbamate, Bo-
trytis cinerea.
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Table 1. Responses of Botrytis cinerea isolates isolated from various locations to several fungicides

WeletslA Al 114, 423, 1995

No. of Number of isolates resistant to

Year Crop Location isolates Pro- Ben+ o NPC+  Ben+
tested ~ Benomyl cymidone Pro* NPC MBC® NPC+Pro

1994 Tomato Kimhae 67 67(100)" 60( 89.6) 60( 89.6) 0( 0.0 0(0.0) 0(0.0)

Strawberry  Puyo 41 27( 65.9) 11( 26.8) 11( 26.8) 14(34.1)  0(0.0) 0(0.0)

Nonsan 106  105( 99.1)  35(33.0)  35( 33.0) 1(0.9) 0(0.0) 0(0.0)

Taejon 120 95(79.1)  19(158)  19( 15.8) 25(20.8)  0(0.0)  0(0.0)

Gongju 213 160( 75.2) 1( 05) 1( 05) 53(24.8) 0(0.0) 0(0.0)

Subtotal 480  387( 80.6) 66( 13.6) 66( 13.6) 93(19.4) 0(0.0) 0(0.0)

Cucumber  Puyo 121 121(100 ) 121100 )  121(100 ) 0( 0.0) 0@©.0) 0(0.0)

Nonsan 45 35( 77.7) 2( 44)° 2( 44) 10(20.2) 0(0.0) 0(0.0)

Subtotal 166  156( 94.0)  123( 74.1)  123( 74.1) 10( 6.0) 0(0.0) 0(0.0)

Total 713 610( 85.6)  249( 34.9)  249( 34.9) 103(14.4)  0(0.0)  0(0.0)

1995 Tomato Puyo 157  102( 65.0) 82(52.2) 82( 52.2) 63(40.1) 12(7.6) 0(0.0)

Strawberry ~ Nonsan 258  180( 69.8)  111( 43.0)  112( 62.2) 79(30.6) 1(0.4) 1(0.4)

Cucuber Puyo 105 35( 33.3) 21( 20.0) 21( 20.0 71(67.6) 2(1.9) 2(1.9)

Total 520 317( 61.0)  214( 41.2)  215( 41.3)  213(41.0) 152.9) 3(0.6)

* Ben+Pro=benomyl+procymidone.

® NPC=N-phenylcarbamate (diethofencarb).

¢ NPC+MBC=NPC+carbendazim.

® Percentage of resistant isolates in parentheses.

Table 2. Response types of Botrytis cinerea populations to carbendazim, procymidone and diethofencarb and minimum

inhibitory concentration (MIC)

R b Number of MIC (pg/ml)
esponse type . Isolate -
isolates Carbendazim Procymidone Diethofencarb

SSR 308(25.0) BY-04 1~10 1~10 >1000
SRR 1( 0.1) P94-2 1~10 100~1000 >1000
RSS 450(36.5) DJ-06 >1000 <1 <1
RRS 459(37.2) BY-22 1000 >1000 1~10
RSR 12( 1.0) SDT-17 +1000 <1 >1000
RRR 3( 0.2) YC-44 >1000 >1000 >1000

* Minimum inhibitory concentration (MIC) test was examined on PDA media incorporated with each fungicide.
® Responses of isolates to 10 pg/ml of chemicals in order of carbendazim, procymidone and diethofencarb. S : sus-

ceptible, R : resistant.
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