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Table 1. Botrytis cinerea isolates collected from strawberry for this study

Isolate Colony type? Origin Collecting date
S2 Conidial Shanhua, Tainan 2018.03.26
S3 Conidial Shanhua, Tainan 2018.03.26
S4 Conidial Shanhua, Tainan 2018.03.26
N1 Intermedial Neihu, Taipei 2018.03.17
N3 Conidial Neihu, Taipei 2018.03.17
Gl Conidial Guoxing, Nantou 2018.03.19
G3 Intermedial Guoxing, Nantou 2018.03.19
G5 Conidial Guoxing, Nantou 2018.03.19
G8 Intermedial Guoxing, Nantou 2019.03.15
G10 Intermedial Guoxing, Nantou 2019.03.15
D1 Conidial Dahu, Miaoli 2018.03.22
D3 Intermedial Dahu, Miaoli 2018.03.22
D5 Intermedial Dahu, Miaoli 2018.03.22
D7 Sclerotial Dahu, Miaoli 2018.03.22
D9 Sclerotial Dahu, Miaoli 2018.03.22
D10 Intermedial Dahu, Miaoli 2018.03.22
D11 Conidial Dahu, Miaoli 2018.03.22
D13 Intermedial Dahu, Miaoli 2018.03.22
D15 Intermedial Dahu, Miaoli 2018.03.22
D17 Intermedial Dahu, Miaoli 2018.03.22
D19 Intermedial Dahu, Miaoli 2018.03.22
D20 Intermedial Dahu, Miaoli 2018.03.22
D21 Intermedial Dahu, Miaoli 2018.03.22
D23 Conidial Dahu, Miaoli 2019.03.12
D24 Sclerotial Dahu, Miaoli 2019.03.12
D25 Sclerotial Dahu, Miaoli 2019.03.12
AVAl Conidial Wufeng, Taichung 2019.03.05
GX1 Conidial Guanxi, Hsinchu 2019.03.12
GX2 Sclerotial Guanxi, Hsinchu 2019.03.12
GX3 Conidial Guanxi, Hsinchu 2019.03.12
GX5 Intermedial Guanxi, Hsinchu 2019.03.12
GX7 Conidial Guanxi, Hsinchu 2019.03.12
ST1 Conidial Shihtan, Miaoli 2019.03.12
ST4 Intermedial Shihtan, Miaoli 2019.03.12
ST6 Intermedial Shihtan, Miaoli 2019.03.12
ST7 Conidial Shihtan, Miaoli 2019.03.12

D Colony type: ‘Conidial’, ‘Sclerotial’, and ‘Intermedial’ indicate that the main fungal structures of the colony on

potato dextrose agar plate were conidia, sclerotia, and both conidia and sclerotia, respectively.
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Table 2. Fungicides and food antiseptics used in this study®

Chemical Formulation FRAC Use .rate Labeled for
code?  (ugai/ml)?  strawberry?
Azoxystrobin 23% SC 11 115 Yes
Benomyl 50% WP 1 167 No
Boscalid 50% WP 7 333 Yes
Carbendazim 41.7% SC 1 209 No
Cyprodinil 37.5% + Fludioxonil 25% 62.5% WG 9,12 313 Yes
Fluopyram 25% + Trifloxystrobin 25% 50% SC 7,11 125 Yes
Fluxapyroxad 30% SC 7 60 Yes
Iprodione 23.7% SC 2 237 Yes
Isopyrazam 12.5% EC 7 62.5 No
Mepanipyrim 40% SC 9 133 Yes
Metiram 80% WG M3 1600 Yes
Myclobutanil 40% WP 3 133 No
Polyoxins 50% SG 19 100 No
Procymidone 50% WP 2 250 Yes
Pyraclostrobin 23.6% EC 11 80 Yes
Pyrimethanil 37.4% SC 9 250 Yes
Thiabendazole 41.8% SC 1 418 No
Thiophanate-methyl 70% WP 1 700 No
Thiram 80% WP M3 800 Yes
Calciun propionate N/A N/A 2000 N/A
Potassium Sorbate N/A N/A 2000 N/A
Sodium benzoate N/A N/A 2000 N/A

1 N/A: not applicable.

2 FRAC: Fungicide Resistance Action Committee.

3 Use rate represents the recommended active ingredient concentration on a product label for disease control, but
the food antiseptics concentrations were set at 2000 pg/ml and adjusted their pH values to 4 with acetic acid.

4 Registered for controlling strawberry diseases in Taiwan.
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Fig. 1. Phylogenetic analysis of strawberry isolates of Botrytis cinerea based on concatenated
gene sequences of the RPB2, HSP60 and G3PDH. This analysis was performed by
Bayesian inference method using TOPALi version 2.5. The numbers above nodes
indicate Bayesian posterior probability. MUCL 87 is the ex-type strain. Scale bar=0.05

substitutions per site.
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Table 3. Effect of fungicides and food antiseptics on conidial germination of Botrytis cinerea
isolates collected from strawberry

Germination rate (%)% 2

Chemical
S2 Gl D23 W1 GX1 ST1

Azoxystrobin 100.0+0.0 a 100.0+0.0 a 100.0+0.0 a 100.0+0.0 a 96.540.6 bcd  100.0+0.0 a
Benomyl 100.0+0.0 a 100.0+0.0 a 97.5+0.5 bed  100.0+0.0 a 95.3+2.2 cd 92.3+0.9 d
Boscalid 100.0+0.0 a 100.0+0.0 a 0.0+0.0 g 0.0+0.0 h 97.3+0.8 abcd  0.0+0.0 g
Carbendazim 100.0+0.0 a 100.0+0.0 a 97.540.5 bed  100.0£0.0 a 99.0+0.4 ab 91.8+0.9 d
Cyprodinil + Fludioxonil 100.0+0.0 a 0.0£0.0 e 0.0£0.0 g 96.0+0.8 ¢ 95.5£1.0 cd  100.0+0.0 a
Fluopyram +Trifloxystrobin  100.0+0.0 a 0.0+0.0 e 96.0+0.7 cd  100.0£0.0 a 89.3+1.7 f 0.0+0.0 g
Fluxapyroxad 100.0+£0.0 a 100.0+£0.0 a 90.5+0.6 e 0.0+0.0 h 91.840.9 ef 83.840.5 ¢
Iprodione 100.0+£0.0 a 100.0+0.0 a 91.8409 e 96.3+0.6 de 98.8+0.5 ab 100.0+£0.0 a
Isopyrazam 88.3£0.9 b 97.8+0.5 b 97.0+0.9 bed 0.0+£0.0 h 90.8+0.8 f 93.3+0.8 d
Mepanipyrim 100.0+0.0 a 97.2+0.5 b 100.0+0.0 a 99.3+0.5 ab 98.3+0.3 abc ~ 98.5+0.3 ab
Metriam 53.0£2.6 ¢ 273422 d 38.0+1.2 f 723+1.7 g 22.8+2.2 h 19.3+2.5 f
Myclobutanil 100.0+0.0 a 90.5+0.5 ¢ 100.040.0 a 97.840.8 bed  53.8+1.7 g 98.3+0.9 abc
Polyoxins 98.840.9 a 97.840.9 b 100.0+0.0 a 100.0+0.0 a 100.0+0.0 a 100.0+0.0 a
Procymidone 100.0+0.0 a 98.0+0.7 b 95.5¢1.0 d 82.0+0.8 f 100.0+0.0 a 97.5+1.2 be
Pyraclostrobin 100.0+£0.0 a 100.0+£0.0 a 99.0+0.4 ab 98.0+0.4 bc 100.0+0.0 a 92.5+1.6 d
Pyrimethanil 100.0+0.0 a 100.0+0.0 a 96.3+0.9 cd 96.8+0.8 cde  100.0+0.0 a 100.04+0.0 a
Thiabendazole 100.0+0.0 a 98.840.5 ab 97.840.6 be 98.0+0.7 be 94.3+0.9 de  100.0+0.0 a
Thiophanate-methyl 100.0+£0.0 a 98.8+0.3 ab 97.84+0.6 be 99.3+0.3 ab 96.5£0.5 bed  96.0+0.9 ¢
Thiram 0.0+0.0 d 0.0+0.0 e 0.0+0.0 g 0.0+0.0 h 0.0+0.0 i 0.0+0.0 g
Calciun propionate 0.0£0.0 d 0.0£0.0 e 0.0£0.0 g 0.0+£0.0 h 0.0£0.0 i 0.0£0.0 g
Potassium sorbate 0.0+0.0 d 0.0+0.0 e 0.0+0.0 g 0.0+0.0 h 0.0+0.0 1 0.0+0.0 g
Sodium benzoate 0.0£0.0 d 0.0£0.0 e 0.0£0.0 g 0.0+£0.0 h 0.0+0.0 i 0.0£0.0 g
Control (water) 100.0+0.0 a 100.0+0.0 a 97.0+0.4 bed  100.0+0.0 a 100.0+0.0 a 100.0+0.0 a

1) Mean+standard error (n=4). Mean values within a column followed by the same letters were not significantly different at the 5% level
according to Fisher's protected least significant difference test. Percentage data were arcsine-square-root transformed prior to analysis.
Data were taken 24 h after treatment.

2 Refer to Table 1 for isolate information.
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Table 4. Effect of cyprodinil+fludioxonil, thiram, and sodium benzoate on conidial germination
of Botrytis cinerea isolates collected from strawberry

Conidial germination rate (%)"

Isolate? Cyprodinil+Fludioxonil Thiram Sodium benzoate Control
D1 D4 D7 D1 D4 D7 D1 D4 D7 D1
S2 100.0+0.0 N/A N/A 0.0£0.0  0.0£0.0 0.0£0.0 0.0£0.0 0.0+0.0 0.0£0.0  98.8+0.8
N1 90.0+0.7 N/A N/A 0.0£0.0  0.0+£0.0 86.5+0.8 0.0£0.0 0.0+0.0 0.0£0.0  96.3+0.5
Gl 0.0+0.0 82.3+1.1 92.3+1.1 0.0+0.0  0.0+0.0 4.0£0.4 0.0+0.0 0.0+0.0 0.0£0.0  97.8+0.7
G10 92.0+£1.6 N/A N/A 0.0+0.0 95.840.7 N/A 0.0+0.0 0.0£0.0 0.0+0.0 100.0+0.0
D1 96.0+0.7 N/A N/A 73.0£1.1 94.5x1.5 N/A 0.0+0.0 0.0£0.0 0.0+0.0 100.0+0.0
D10 95.0+1.1 N/A N/A 0.0£0.0  0.0£0.0 0.0£0.0 0.0£0.0 0.0+0.0 0.0£0.0 100.0+0.0
D15 97.8+0.5 N/A N/A 0.0£0.0  0.0£0.0 0.0£0.0 0.0£0.0 0.0+0.0 0.0£0.0 100.0+0.0
D23 0.0£0.0 95.01.1 N/A 0.0+0.0 96.3+0.7 N/A 0.0+0.0 0.0£0.0 0.0+0.0 100.0+0.0
W1 96.0+0.7 N/A N/A 0.0£0.0  0.0£0.0 97.3+0.6 0.0£0.0 0.0+0.0 0.0£0.0 100.0+0.0
GX1 95.5+0.8 N/A N/A 0.0£0.0  0.0£0.0 0.0£0.0 0.0£0.0 0.0+0.0 0.0+0.0 100.0:+0.0
ST1 100.0£0.0 N/A N/A 0.0£0.0  0.0£0.0 0.0£0.0 0.0£0.0 0.0+0.0 0.0£0.0 100.0:+0.0
ST6 93.5+1.1 N/A N/A 0.0+0.0  0.0£0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0  93.5+1.1
S3 92.0+0.8 N/A N/A 0.0+0.0 94.3+0.7 N/A 0.0+0.0 0.0£0.0 0.0+0.0  94.5+0.6
S4 0.0+0.0 95.8+0.7 N/A 0.0+£0.0 13.5£0.9 64.8+1.5 0.0£0.0 0.0+0.0 0.0£0.0  95.8+0.7
N3 66.3+0.7 N/A N/A 0.0+0.0 94.8+1.1 N/A 0.0+£0.0 0.0£0.0 0.0+0.0  96.3+0.7
G3 0.0£0.0  0.0£0.0 28.3+0.7  0.0£0.0  0.0£0.0 82.8+1.2 0.0£0.0 0.0£0.0 0.0+0.0  96.0+0.6
G5 100.0£0.0 N/A N/A 0.0+0.0 85.8+0.7 N/A 0.0+£0.0 0.0£0.0 0.0+0.0  96.3+0.7
G8 97.8£0.2 N/A N/A 0.0+0.0 98.0+0.6 N/A 0.0£0.0 0.0£0.0 0.0+0.0  98.3+0.4
D3 100.0£0.0 N/A N/A 0.0£0.0 4.3+0.4 91.840.7 0.0£0.0 0.0+0.0 0.0£0.0 100.0+0.0
D5 94.5+1.5 N/A N/A 0.0£0.0  0.0+£0.0 52.8+1.0 0.0£0.0 0.0+0.0 0.0£0.0  96.0+0.7
D7 92.3+0.7 N/A N/A 0.0£0.0  0.0£0.0 0.0£0.0 0.0£0.0 0.0+0.0 0.0£0.0  96.0+0.7
D9 99.3+t04 N/A N/A 0.0£0.0  0.0+0.0 23.5t1.1 0.0£0.0 0.0+0.0 0.0+0.0  97.0+0.8
D11 97.540.6 N/A N/A 0.0+0.0 82.0+1.7 98.0+0.4 0.0+0.0 0.0+0.0 0.0£0.0  97.3+0.6
D13 100.0+0.0 N/A N/A 0.0£0.0  0.0£0.0 0.0£0.0 0.0£0.0 0.0+0.0 0.0£0.0 100.0:+0.0
D17 0.0£0.0  0.0£0.0 93.8+t1.3  0.0£0.0 0.0£0.0 62.3+0.5 0.0£0.0 0.0£0.0 0.0+0.0  98.0+0.6
D19 97.3+0.6 N/A N/A 0.0+0.0 95.840.7 N/A 0.0+£0.0 0.0£0.0 0.0+0.0  98.0+0.4
D20 93.0+1.1 N/A N/A 0.0+£0.0 63.8+1.3 65.8+1.7 0.0£0.0 0.0+0.0 0.0£0.0  96.8+1.0
D21 73.0£1.1 N/A N/A 0.0+0.0 43.8+1.7 48.8t1.1 0.0+0.0 0.0+0.0 0.0£0.0  95.8+0.7
D24 0.0+0.0 91.8+0.7 N/A 0.0£0.0  0.0+£0.0 24.5+0.6 0.0£0.0 0.0+0.0 0.0£0.0  96.5+0.8
D25 86.8£0.6 N/A N/A 0.0+0.0 87.0+1.1 N/A 0.0+£0.0 0.0£0.0 0.0+0.0  95.8+0.7
GX2 95.5£1.6 N/A N/A 0.0£0.0 31.3+0.8 91.840.7 0.0£0.0 0.0+0.0 0.0£0.0  97.0+0.5
GX3 96.3+0.7 N/A N/A 0.0£0.0  0.0+£0.0 50.5+0.6 0.0£0.0 0.0+0.0 0.0£0.0 100.0+0.0
GXS 0.0+£0.0 933%12 N/A 0.0£0.0  0.0£0.0 92.8+1.0 0.0£0.0 0.0+0.0 0.0£0.0  96.0+0.8
GX7 97.3+0.6  N/A N/A 0.0+0.0 48.8+1.0 42.8t1.2 0.0+0.0 0.0+0.0 0.0£0.0  97.3+0.6
ST4 49.5+1.3 55.0£1.1 97.8+0.5  0.0£0.0 89.0+0.8 N/A 0.0+0.0 0.0£0.0 0.0+0.0 100.0+0.0
ST7 95.840.7 N/A N/A 0.0+0.0 95.8+0.7 N/A 0.0£0.0 0.0£0.0 0.0+0.0  97.5+0.6

D Meansstandard error (n=4). N/A: not applicable. Data were taken 1 day (D1), 4 days (D4), and 7 days (D7) after treatment,
respectively.
2 Refer to Table 1 for isolate information.
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Table 5. Effect of fungicides on mycelial growth of Botrytis cinerea isolates collected from

strawberry

Fungicide Mycelial growth'-?

S2 Gl D23 W1 GX1 ST1
Azoxystrobin +++ +++ +++ +++ +++ +++
Benomyl +++ +++ +++ +++ +++ -
Boscalid +++ +++ +++ +++ +++ +++
Carbendazim ++ +++ -+ +++ 4+ -
Cyprodinil + Fludioxonil ++ + ++ +++ + +
Fluopyram + Trifloxystrobin ++ ++ ++ ++ ++ +
Fluxapyroxad ++ +++ +H+ ++ +++ +++
Iprodione ++ ++ +++ + ++ +
Isopyrazam ++ -+ ++ ++ ++ +
Mepanipyrim +++ +++ +++ +++ +++ +++
Metriam +++ +++ +++ +++ ++ +++
Myclobutanil ++ ++ ++ ++ + ++
Polyoxins +++ +++ -+ ++ -+ +++
Procymidone +++ -+ +++ + -+ +
Pyraclostrobin 4+ +++ 4+ 4+ +++ 4+
Pyrimethanil +++ +++ +++ +++ +++ +++
Thiabendazole +++ +++ -+ +++ +++ -
Thiophanate-methyl +++ +++ -+ +++ 4+ -
Thiram ++ + +++ +++ + +++
Control (water) +++ +++ +++ +++ +++ +++

1) Diameter range of colony after 3-day-growth on potato dextrose agar: +++, > 4.0 cm; ++, 2.1 to 4.0 cm; +, 0.1

to 2.0 cm; -, no growth.
2) Refer to Table 1 for isolate information.
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Table 6. Effect of food antiseptics on mycelial growth of Botrytis cinerea isolates collected from

strawberry
Mycelial growth?
Isolate?
Calcium propionate  Potassium sorbate Sodium benzoate Control (water)

S2 +++ - - -+
N1 + - - ++
Gl ++ - - -+
GI10 +++ ++ - ++
D1 + - - +++
D10 ++ - - T+
D15 ++ - - +++
D23 4+ +++ - -+
Wi + - - +++
GX1 +++ - - ++
ST1 ++ - - +++
ST6 ++ - - 4+
S3 + - - -+
S4 + - - +++
N3 +++ - - -+
G3 ++ - - A
G5 + - - T
G8 ++ - - A
D3 ++ - - 4+
D21 + + - +++
D24 +++ + - +++
D25 ++ - - T+
GX2 + - - i
GX3 ++ - - T+
GX5 +++ - - .
GX7 + - - T+
ST4 + ++ - +++
ST7 + - - T+

1) Diameter range of colony after 3-day-growth on potato dextrose agar: +++, > 4.0 cm; ++, 2.1 to 4.0 cm; +, 0.1
to 2.0 cm; -, no growth.
2) Refer to Table 1 for isolate information.
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Sensitivity to Fungicides and Food Antiseptics
in Botrytis cinereafrom Strawberry in Taiwan

Chung-Hang Duan!”, Guan-Ying Chen'

Abstract

Duan, C. H., and Chen, G. Y. 2020. Sensitivity to fungicides and food antiseptics in Botrytis

cinerea from strawberry in Taiwan. Taiwan Pestic. Sci. 9: 99-116.

Botrytis cinerea isolates with resistance to multiple chemical classes of fungicides have
been detected frequently in many parts of the world. In the present study, 36 representive
isolates of B. cinerea collected from strawberry fields in Taiwan were used to investigate
their phylogeny and determine their sensitivities to the 19 botryticides and 3 food antiseptics.
The phylogenetic analysis of B. cinerea isolates revealed that 21 of the 36 tested isolates
were identical in concatenated sequences of the RPB2, HSP60 and G3PDH genes (DNA-
dependent RNA polymerase subunit II, heat-shock protein 60, and glyceraldehyde-3-
phosphate dehydrogenase, respectively), while the others had 1 to 4 base pairs differences.
Fungicides with their use rates or acdifying solutions (pH 4) of food antiseptics (2 g/L)
loading in microtiter plate were employed to estimate their inhibition on B. cinerea isolates
based on conidial germination and mycelial growth. In conidial germination tests, only
thiram could inhibit all the tested isolates, while boscalid, cyprodinil + fludioxonil,
fluopyram + trifloxystrobin, fluxapyroxad and isopyrazam could also inhibit few isolates,
and most of them were fungistatic. Acidifying solutions of food antiseptics including
calcium propionate, potassium sorbate, and sodium benzoate were fungicidal to the conidia
of all the tested isolates. In mycelial growth tests, all the tested fungicides and calcium
propionate had almost no inhibitory effect; conversely, sodium benzoate followed by

potassium sorbate was very effective in inhibiting the mycelial growth.

Key words: strawberry, Botrytis cinerea, fungicide, food antiseptic

Accepted: September 24, 2020.
* Corresponding author, E-mail: chduan@tactri.gov.tw

! Taiwan Agricultural Chemicals and Toxic Substances Research Institute, Council of Agriculture, Taichung
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