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Table 1. The list of Botrytis cinerea isolates obtained from infected fruits of strawberry in Guoshing, Nantou county,
Fengyuan, Taichung county and Hsinpu, Hsinchu county 

Host plant Place Number Isolate
Time 

of collection
Strawberry Guoshing, 110 GBS0-11~GBS0-16,GBS1-11~GBS1-14, 2006/01/17

Nantou GBS1-21~GBS1-24,GBS1-31~GBS1-34, 2006/04/06
GBS1-41~GBS1-44,GBS1-51~GBS1-54,
GBS1-61~GBS1-64,GBS1-71~GBS1-74,
GBS1-81~GBS1-84,GBS1-91~GBS1-94,
GBS1-101~GBS1-104,GBS2-11~GBS2-14,
GBS2-21~GBS2-24,GBS2-31~GBS2-34,
GBS2-41~GBS2-44,GBS2-51~GBS2-54,
GBS2-61~GBS2-64,GBS2-81~GBS2-84,
GBS3-11~GBS3-14,GBS3-31~GBS3-34,
GBS3-41~GBS3-44,GBS3-51~GBS3-54,
GBS3-61~GBS3-64,GBS3-71~GBS3-74,
GBS3-81~GBS3-84,GBS3-91,GBS3-92,
GBS3-94, GBS3-101~ GBS3-104,GBS3-22

Fengyuan, 23 FBS0-1, FBS0-3, FBS0-4, FBS0-5, FBS0-C, 2006/01/16
Taichung FBS0-D, FBS1-1, FBS1-3, FBS1-4, FBS1-5,

FBS1-6, FBS1-B, FBS2-4, FBS2-6, FBS2-A,
FBS2-D, FBS2-E, FBS2-F, FBS3-3, FBS3-4,
FBS3-6, FBS3-A, FBS5-2

Hsinpu, 19 SBS1-11~SBS1-14, SBS2-11~SBS2-14, 2007/04/09
Hsinchu SBS2-21~SBS2-24, SBS2-32~SBS2-34

SBS2-41~SBS2-44
Total 152
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strobilurin (kresoxim-methyl)
(azoxystrobin) (pyraclostrobin) 

Table 2. Comparison of sensitivity among Botrytis cinerea isolates obtained from different strawberry fields to kresoxim-
methyl, azoxystrobin, and pyraclostrobin

Fungicide
Collected Response to fungicide (%) 1

place 1 g/ml 10 g/ml 100 g/ml 500 g/ml
Kresoxim-methyl Guoshing 0.0 0.0 0.0 6.4

Fengyuan 8.7 17.4 21.7 34.8
Shinpu 0.0 0.0 0.0 0.0

Azoxystrobin Guoshing 0.0 0.0 0.0 3.6
Fengyuan 0.0 0.0 26.1 47.8
Shinpu 0.0 0.0 5.3 21.1

Pyraclostrobin Guoshing 0.9 23.9 100.0 100.0
Fengyuan 47.4 82.6 100.0 100.0
Shinpu 5.3 21.1 100.0 100.0

1 The ratio of over 50% mycelial inhibition. 
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Table 3. Sensitivity of mycelial growth and spore germination of Botrytis cinerea isolates to three strobilurin fungicides 
EC50 ( g/ml) 1

Location Isolate Kresoxim-methyl Azoxystrobin Pyraclostrobin
mycelium spore mycelium spore mycelium spore

Fengyuan FBS0-D 56.11 28.67 >500 71.12 20.37 36.59 22.16 1.55 0.68 8.46 1.68
FBS0-5 2.06 0.96 >500 465.91 106.54 > 500 4.82 1.43 42.38 3.94
FBS1-6 > 500 >500 > 500 > 500 23.56 2.45 427.15 101.42
FBS2-4 28.20 3.48 >500 131.44 28.39 > 500 < 1 30.84 2.82
FBS2-6 < 1 >500 67.28 32.96 > 500 < 1 27.68 1.86
FBS2-E 280.74 74.42 2 122.57 45.67 > 500 < 1 7.51 2.11

Guoshing GBS0-15 283.11 165.0 477.07 130.05 11.80 1.55 4.39 1.44 < 1
GBS1-81 > 500 >500 > 500 > 500
GBS3-91 91.58 41.25 >500 349.74 115.02 > 500 1.24 0.19 31.52 3.18
GBS3-11 > 500 >500 > 500 > 500 18.57 2.21 392.34 72.81
GBS3-83 > 500 >500 > 500 > 500 16.72 1.96 364.23 83.95

1 EC50 : Effective concentration of the tested fungicide at which inhibition occurs at 50% mycelial growth of B. cinerea
2 : Non determination
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Table 4. EC50 values for 22 single-conidium isolates of Botrytis cinerea from single infected strawberry fruit in Guoshing,
Fengyuan and Hsinpu assayed for sensitivity to  kresoxim-methyl, azoxystrobin and pyraclostrobin

Location Isolate
EC50 ( g/ml) 1

Kresoxim-methyl Azoxystrobin Pyraclostrobin 
Guoshing GBS0-11 126.95 82.43 >500 6.58 1.82

GBS0-12 223.78 125.29 >500 4.70 1.39
GBS0-13 204.38 90.29 >500 4.49 1.20
GBS0-14 58.65 15.57 >500 5.03 0.90
GBS0-15 283.11 165.00 477.07 130.05 4.39 1.44
GBS0-16 237.13 153.16 >500 6.13 1.51

Fengyuan FBS0-1 < 1 435.44 238.18 5.13 1.23
FBS0-3 > 500 163.12 33.30 3.89 1.76
FBS0-4 59.49 23.28 454.39 103.13 4.98 1.38
FBS0-5 2.06 0.96 465.91 106.54 4.82 1.43
FBS0-C > 500 >500 6.25 1.52
FBS0-D 56.11 28.67 71.12 20.37 1.55 0.68

FBS1-1 > 500 >500 55.62 19.56
FBS1-3 > 500 >500 68.25 21.82
FBS1-4 > 500 >500 7.15 2.11
FBS1-5 > 500 >500 75.12 23.36
FBS1-6 > 500 >500 23.56 2.45
FBS1-B > 500 >500 1.49 1.28

Hsinpu SBS2-41 > 500 151.58 56.23 < 1
SBS2-42 > 500 390.13 199.58 2.58 1.12
SBS2-43 > 500 361.04 132.68 2.23 1.05
SBS2-44 > 500 235.23 154.30 1.79 0.59

1 EC50: Effective concentration of the tested fungicide at which inhibition occurs at 50% mycelial growth of B. cinerea

cyt b (%) 

Table 5. Similarity (%) of partial cyt b gene of five Botrytis cinerea isolates compared by Clustal W program in
Workbench 3.2
Isolate GBS0-15 GBS1-24 GBS2-34 FBS1-3 SBS2-23
GBS0-15 - - - - -
GBS1-24 81 - - - -
GBS2-34 85 82 - - -
FBS3-3 81 100 82 - -
SBS2-23 84 81 99 81 -
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(kresoxim-methyl, Km) (azoxystrobin, Az) (pyraclostrobin, Py) 
Botrytis cinerea cyt b 129 143 

Table 6. Mutation and deduced amino acid substitutions in the partial sequence of the cyt b gene in isolates of Botrytis
cinerea with different responses to kresoxim-methyl (Km), azoxystrobin (Az) and pyraclostrobin (Py) 

EC50 ( g/ml) 1 Sequence in codon
Isolate Host Place (amino acid)

Km Az Py 129 143
GBS0-15 strawberry Guoshing 283.11 165.00 477.07 130.05 4.39 1.44 TTC (Phe) GGA (Gly) 
GBS1-24 strawberry Guoshing > 500 > 500 38.53 7.31 TTC (Phe) GGT (Gly) 
GBS2-34 strawberry Guoshing > 500 > 500 40.84 8.80 TTC (Phe) GGT (Gly) 
FBS3-3 strawberry Fengyuan 2.01 1.17 83.17 51.96 < 1 TTC (Phe) GGT (Gly) 
SBS2-23 strawberry Hsinpu > 500 > 500 15.03 1.90 TTC (Phe) GGT (Gly) 
1 EC50: Effective concentration of the tested fungicide at which inhibition occurs at 50% mycelial growth of B. cinerea

5 cytochrome b NCBI Botrytis fuckeliana (AB
262970) SBS2-23 SBS2-34 GBS1-24 GBS0-15 FBS3-3 

QoI 
Fig. 1. The amino acids sequences variation in partial cytochrome b gene among seven Botrytis cinerea isolates. GenBank
accession number AB 262970 is B. fuckeliana sequences in NCBI. Isolates of SBS2-23, SBS2-34, GBS1-24 and GBS0-15
were resistant to strobilurins, and FBS3-3 was sensitive to strobilurins. The arrows of 129 and 143 were reported that
mainly corresponded with resistance to strobilurins, and others showed minor relationship with resistance of QoIs.
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ABSTRACT

Chen, L. S. 1, Chung, W. C. 2, and Chung, W. H. 1, 3 2009. Sensitivity of Botrytis cinerea of strawberry

to Strobilurins (QoIs) in Taiwan. Plant Pathol. Bull. 18: 89-99. (1 Department of Plant Pathology,

National Chung Hsing University, 250, Kuo Kuang Rd., Taichung 402, Taiwan; 2 Taiwan Seed

Improvement and Propagation Station, Hsinhse, Taichung 426, Taiwan; 3 Corresponding author, E-

mail: wenchung@nchu.edu.tw Tel: +886-2284-0480 ext 356 Fax: +886-2285-4292)

Gray mold of strawberry, caused by Botrytis cinerea, is one of most important diseases in filed

and postharvest. Quinone outside inhibitors (QoIs), broad-spectrum fungicide, is an inhibitor of

mitochondrial respiration to decrease ATP production. However, QoIs do not register for controlling

gray mold in strawberry in Taiwan. Three QoIs fungicides including kresoxim-methyl, azoxystrobin

and pyraclostrobin were tested for their efficacy on inhibition of mycelial growth of 152 Botrytis

cinerea isolates. Among fungicides tested, 100 pyraclostrobin g/ml inhibited the mycelial growth of

all tested isolates; whereas kresoxim-methyl and azoxystrobin only inhibited 9.9% and 12.5% isolates

which 50% of mycelial growth was inhibited even the concentration are more than 500 g/ml. Thus,

the QoI resistant isolates might exist in field. Analysis of cytochrome b (cyt b) gene revealed that 5

QoI less sensitive and sensitive isolates did not show mutation at codon 129 or 142 in cyt b gene.

Consequently, the codon 129 or 143 in cyt b gene might not the major resistant mechanism to QoIs in

B. cinerea of strawberry in Taiwan. 
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