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Table 1. Colletotrichum isolates used in this study

SRR RAELA R B B

Isolate Host Location Collection date
MC2 Mango Fangliao, Pingtung Jun. 2015
MC3 Mango Wufeng, Taichung Jun. 2015
MC4 Mango Fangshan, Pingtung Jun. 2015
MC6 Mango Fengshan, Kaohsiung Jun. 2015
MC9 Mango Yuching, Tainan Jul. 2015
MCI10 Mango Zuozhen, Tainan Jul. 2015
MCl14 Mango Yuching, Tainan Jul. 2015
MC17 Mango Nanhua, Tainan Jul. 2015
MC22 Mango Fangliao, Pingtung Dec. 2015
MC23 Mango Fangliao, Pingtung May. 2016
MC25 Mango Nanhua, Tainan Jul. 2016
MC26 Mango Yuching, Tainan Jul. 2016
ACl1 Avocado Danei, Tainan Jan. 2016
AC2 Avocado Shueili, Nantou Sep. 2016
BC1 Banana Caotun, Nantou Oct. 2015
BC2 Banana Meishan, Chiayi Nov. 2015
FCl Fig Lukang, Changhua Jun. 2015
FC2 Fig Linnei, Yunlin Jul. 2015
IC1 Indian jujube Yanchao, Kaohsiung Mar. 2015
JC3 Indian jujube Liouguei, Kaohsiung Nov. 2016
SBC1 Strawberry Guoshing, Nantou Dec. 2015
SBC4 Strawberry Shanhua, Tainan Jan. 2016
SBCS Strawberry Dahu, Miaoli Jan. 2016
SBC7 Strawberry Dahu, Miaoli Mar. 2016

it 33 FHEERIVE Ry AR o2 L BLEAZER] - 15
Folls B A MR SE BB E B R EE B 3 5
Frtee oo RSB ES (R
) o PHEEREE KR 1) DA ] 25 AL A
P%H (sterol demethylation inhibitors, DMIs)
R ¥ - H K B TR SN BN P %5 (quinone
outside inhibitors, Qols) Z F4AFL N IFIE
Be%H (SEFELb#H, strobilurins) » FER B

GER I 2E  (benzimidazoles) ° it 35 3% 7 &
% BEAE PRSI ZE] (multi-site) 5 4 8 -
Hogkor @ 11 JE BB IE B 22
(specific-site) @ o ¥ BRI 2 B 1A 3
gt 21 - IFEAEAREER - AT LN Ry B
P B2 i B 5 - Bl i oA 5 e S As
RE PR TH R & BE T R e A H 2 T ZE {5
F - B0an - AR S R IEAESR RN < 22
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Table 2. Fungicides used in this study

Fungicide Formulation FRAC code" (ng g;?r;?e)z)
Azoxystrobin 23% SC 11 115
Azoxystrobin 20% + difenoconazole 12.5% 32.50% SC 11,3 108.3
Bordeaux mixture 72% WP M1 1500
Boscalid 12.8% + pyraclostrobin 25.2% 38% WG 7,11 253
Carbendazim 41.7% WG 1 209
Carbendazim 24.5% + hexaconazole 10% 34.5% SC 1,3 115
Carbendazim 8.6% + prochloraz 23% 31.6% SE 1,3 105
Cyprodinil 37.5% + fludioxonil 25% 62.5% WG 9,12 313
Difenoconazole 24.9% EC 3 166
Dithianon 42.28C M9 352
Dithianon 12% + pyraclostrobin 4% 16% WG M9, 11 107
Fluazinam 39.5% SC 29 198
Fosetyl-aluminium 80% WP 33 667
Fosetyl-aluminium 40% + oxine-copper 40% 80% WP 33, Ml 667
Iminoctadine triacetate 25% SL M7 267
Iprodione 23.7% SC 2 296
Kasugamycin hydrochloride hydrate 3% 43% WP 24,1 430
+ carbendazim 40%

Kresoxim-methyl 44.2% SC 11 250
Mancozeb 80% WP M3 550
Manganese prochlorate 50% WP 3 83
Metconazole 9% SL 3 120
Metiram 80% WG M3 1600
Myclobutanil 40% WP 3 1000
Oxine-copper 40% WP Ml 267
Polyoxins 50% SG 19 167
Polyoxins 5% + oxine-copper 45% 50% WP 19, M1 500
Prochloraz 25% EW 3 100
Propineb 70% WP M3 1750
Pyraclostrobin 23.6% EC 11 79
Tebuconazole 25.9% EW 3 173
Tetraconazole 11.60% EW 3 77
Thiabendazole 41.8% SC 1 418
Thiabendazole 18%+ oxine-copper 35% 53% WP 1, M1 442

" Fungicide Resistance Action Committee (FRAC).
% Use rate represents the active ingredient concentration in a label recommended on crops.
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(round) & C. acutatum #5571 » HAb 23 £k



78 EEEREERIRE H 6

®"= - HAEBYNEBEREARERZECERTRR
Table 3. Label, off-label and extension use of fungicides for controlling anthracnose diseases of
various fruit crops"

Fungicide Mango  Avocado Banana  Fig  Indian jujube Strawberry
Azoxystrobin + + + + + —
Azoxystrobin + difenoconazole + + + — — —

Bordeaux mixture — — — — _ _

Boscalid + pyraclostrobin

Carbendazim

Carbendazim + hexaconazole
Carbendazim + prochloraz
Cyprodinil + fludioxonil
Difenoconazole

Dithianon

Dithianon + pyraclostrobin

o+ o+t
!

|

|
HoH W

|

|

Fluazinam

Fosetyl-aluminium

Fosetyl-aluminium + oxine-copper

H-

H-

|.F
|
|

Iminoctadine triacetate

|
|
H,
|
|

Iprodione
Kasugamycin + carbendazim

Kresoxim-methyl

HoH

Mancozeb
Manganese prochlorate

Metconazole

4+ +

Metiram

Myclobutanil

Oxine-copper

Polyoxins

Polyoxins + oxine-copper

Prochloraz
Propineb
Pyraclostrobin

+ + +

Tebuconazole

Tetraconazole
Thiabendazole — + — — _ _
Thiabendazole + oxine-copper + - — + — +

1 . . . . .
)+ , registered (non-extension use); =, registered (extension use); —, non-registered.
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Table 5. Effects of fungicides on conidial germination of Colletotrichum isolates collected from

mango
o Germination rate (%)1’2)
Fungicide
MC2 MC3 MC4

Azoxystrobin 100.0+£0.0 a 100.0+0.0 a 100.0+0.0 a
Azoxystrobin + difenoconazole 100.0£0.0 a 100.0+0.0 a 100.0+0.0 a
Bordeaux mixture 100.0+£0.0 a 100.0+0.0 a 100.0+0.0 a
Boscalid + pyraclostrobin 100.0+0.0 a 23.8+1.3 f 100.0+0.0 a
Carbendazim 100.0+£0.0 a 79.8+0.6 d 100.0+0.0 a
Carbendazim + hexaconazole 100.0+0.0 a 90.5+0.5 ¢ 100.0+£0.0 a
Carbendazim + prochloraz 100.0+0.0 a 100.0+0.0 a 100.0+0.0 a
Cyprodinil + fludioxonil 100.0+0.0 a 100.0+0.0 a 100.0+0.0 a
Difenoconazole 100.0+£0.0 a 100.0+0.0 a 100.0+0.0 a
Dithianon 0.0+£0.0 ¢ 0.0£0.0 h 0.0£0.0 d
Dithianon + pyraclostrobin 0.0£0.0 e 0.0£0.0 h 0.0+0.0 d
Fluazinam 0.0+£0.0 e 0.0£0.0 h 0.0£0.0 d
Fosetyl-aluminium 100.0+0.0 a 100.0+0.0 a 91.0£0.4 b
Fosetyl-aluminium + oxine-copper 0.0£0.0 e 0.0£0.0 h 0.0+£0.0 d
Iminoctadine triacetate 0.0£0.0 e 0.0£0.0 h 0.0£0.0 d
Iprodione 100.0+0.0 a 100.0+£0.0 a 100.0+£0.0 a
Kasugamycin + carbendazim 100.0£0.0 a 0.0£0.0 h 100.0£0.0 a
Kresoxim-methyl 97.5+0.5 b 100.0+£0.0 a 100.0+0.0 a
Mancozeb 0.0£0.0 e 0.0£0.0 h 0.0+£0.0 d
Manganese prochlorate 64.0+1.4 d 52.8423 ¢ 83.0+1.8 ¢
Metconazole 92.0+0.8 ¢ 0.0+0.0 h 83.3+14c
Metiram 100.0+0.0 a 0.0+£0.0 h 0.0£0.0 d
Myclobutanil 100.0+0.0 a 100.0+0.0 a 100.0+0.0 a
Oxine-copper 0.0£0.0 e 0.0+0.0 h 0.0+0.0 d
Polyoxins 0.0+0.0 e 0.0+0.0 h 0.0+0.0 d
Polyoxins + oxine-copper 0.0£0.0 e 0.0£0.0 h 0.0+£0.0 d
Prochloraz 100.0+£0.0 a 100.0+0.0 a 100.0+0.0 a
Propineb 100.0+£0.0 a 0.0+£0.0 h 0.0+0.0 d
Pyraclostrobin 100.0+0.0 a 100.0+0.0 a 100.0+0.0 a
Tebuconazole 100.0+0.0 a 92.8+1.1 b 100.0+0.0 a
Tetraconazole 100.0+£0.0 a 100.0+£0.0 a 100.0+£0.0 a
Thiabendazole 100.0+0.0 a 19.8+0.6 g 91.5£1.0b
Thiabendazole + oxine-copper 0.0+0.0 e 0.0+0.0 h 0.0£0.0d

Control (water) 100.0£0.0 a 100.0£0.0 a 100.0£0.0 a
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Table S (continued). Effects of fungicides on conidial germination of Colletotrichum isolates
collected from mango

o Germination rate (%)1’2)
Fungicide
MC6 MC9 MCI10

Azoxystrobin 40.5+0.5 k 82.0t1.1 ¢ 63.01.3 g
Azoxystrobin + difenoconazole 46.5+0.6 j 100.0+0.0 a 96.3£0.9 b
Bordeaux mixture 45.5+1.3 ] 100.0+£0.0 a 100.0+£0.0 a
Boscalid + pyraclostrobin 0.0+0.0 p 100.0+0.0 a 0.0£0.0 o
Carbendazim 90.0+0.4 a 92.3+1.1 ¢ 21.5+0.6 1
Carbendazim + hexaconazole 70.3£09 g 90.8+0.5 ¢ 43.5£1.6 j
Carbendazim + prochloraz 73.8+1.1 ef 100.0+0.0 a 49.8+2.2 1
Cyprodinil + fludioxonil 91.5£1.0 a 51.5¢1.7 £ 94.5+1.7 be
Difenoconazole 32.5+1.01 100.0+0.0 a 855425 ¢
Dithianon 0.0+0.0 p 0.0£0.0 h 0.0£0.0 o
Dithianon + pyraclostrobin 0.0+0.0 p 0.0£0.0 h 0.0+£0.0 o
Fluazinam 0.0+0.0 p 0.0£0.0 h 0.0+0.0 o
Fosetyl-aluminium 86.5£2.5 b 95.3£09 b 92.8£1.4 cd
Fosetyl-aluminium + oxine-copper 0.0+£0.0 p 0.0£0.0 h 0.0+£0.0 o
Iminoctadine triacetate 0.0+£0.0 p 0.0£0.0 h 0.0+0.0 o
Iprodione 80.8+0.5 ¢ 100.0+0.0 a 90.3+0.5 d
Kasugamycin + carbendazim 78.5£1.2 cd 52.5¢1.6 f 67.0£1.5 f
Kresoxim-methyl 71.8£1.0 fg 90.0+£0.4 ¢ 0.0+0.0 o
Mancozeb 0.0+0.0 p 0.0+£0.0 h 0.0+0.0 o
Manganese prochlorate 57+1l.10 39319 ¢ 91.0+1.3d
Metconazole 72.8£1.1 fg 0.0£0.0 h 19.8+£0.6 1
Metiram 0.0+0.0 p 0.0£0.0 h 0.0+£0.0 o
Myclobutanil 39.5+0.9 k 85.8+0.9 d 19.8+0.9 1
Oxine-copper 0.0+0.0 p 0.0£0.0 h 0.0£0.0 o
Polyoxins 0.0+0.0 p 0.0+0.0 h 0.0+0.0 o
Polyoxins + oxine-copper 0.0+£0.0 p 0.0£0.0 h 0.0+0.0 o
Prochloraz 81.0+0.4 ¢ 100.0+0.0 a 91.5+1.0 cd
Propineb 0.0£0.0 p 0.0+£0.0 h 0.0+0.0 o
Pyraclostrobin 16.8+0.5 n 100.0+0.0 a 0.0£0.0 o
Tebuconazole 76.5+0.6 de 82.5+1.2 ¢ 10.8£0.5 m
Tetraconazole 62.5+1.2 h 100.0+£0.0 a 53.3x1.8 h
Thiabendazole 53.3+1.3 1 100.0£0.0 a 39.0£1.4 k
Thiabendazole + oxine-copper 0.0+£0.0 p 0.0+£0.0 h 0.0+£0.0 o

Control (water) 80.5+£0.6 ¢ 100.0£0.0 a 100.0£0.0 a
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Table 5 (continued). Effects of fungicides on conidial germination of Colletotrichum isolates
collected from mango

Germination rate (%)1’ )

Fungicide
MC14 MC17 MC22

Azoxystrobin 100.0+0.0 a 63.0+1.3 g 71.5¢1.0 g
Azoxystrobin + difenoconazole 100.0£0.0 a 62.0£0.8 g 90.8+0.5 be
Bordeaux mixture 100.0+0.0 a 92.3+1.3b 100.0+0.0 a
Boscalid + pyraclostrobin 0.0+0.0 ¢ 49.8+0.6 j 86.5+1.6 d
Carbendazim 100.0+0.0 a 89.8+0.6 be 91.5+0.9 be
Carbendazim + hexaconazole 100.0+0.0 a 87.0+1.1 ¢ 91.8+0.9 be
Carbendazim + prochloraz 100.0+0.0 a 100.0+0.0 a 92.8+1.1 b
Cyprodinil + fludioxonil 100.0+0.0 a 100.0+0.0 1 89.8+0.6 ¢
Difenoconazole 100.0+£0.0 a 45.0£1.9 k 81.8409 ¢
Dithianon 0.0£0.0 ¢ 0.0+£0.0 1 0.0+£0.0 i
Dithianon + pyraclostrobin 0.0£0.0 ¢ 0.0+0.0 1 0.0+0.0 1
Fluazinam 0.0+£0.0 ¢ 0.0+£0.0 1 0.0+£0.0 1
Fosetyl-aluminium 100.0+0.0 a 100.0+0.0 a 76.8£1.4
Fosetyl-aluminium + oxine-copper 0.0£0.0 ¢ 0.0+£0.0 1 0.0+0.0 i
Iminoctadine triacetate 0.0+£0.0 ¢ 0.0+0.0 1 0.0+0.0 1
Iprodione 100.0+0.0 a 91.5+1.0b 71.5£1.0 g
Kasugamycin + carbendazim 100.0£0.0 a 100.0£0.0 a 100.0£0.0 a
Kresoxim-methyl 100.0£0.0 a 51.5+£0.6 j 89.8+£0.6 ¢
Mancozeb 0.0+£0.0 ¢ 0.0+£0.0 1 0.0+£0.0 i
Manganese prochlorate 92.0+0.91 b 77.8+1.9 ¢ 72.3+2.0 g
Metconazole 92.8+1.1 b 92.3209 b 23.0£1.3 h
Metiram 0.0£0.0 ¢ 0.0+£0.0 1 0.0+£0.0 1
Myclobutanil 100.0£0.0 a 81.8£0.9 d 90.8+0.5 bc
Oxine-copper 0.0+0.0 ¢ 0.0+0.0 1 0.0+0.0 1
Polyoxins 0.0+0.0 ¢ 0.0£0.0 1 0.0+0.0 1
Polyoxins + oxine-copper 0.0£0.0 ¢ 0.0£0.0 1 0.0+0.0 i
Prochloraz 100.0+£0.0 a 100.0+0.0 a 100.0+0.0 a
Propineb 0.0+0.0 ¢ 0.0+0.0 1 0.0+0.0 1
Pyraclostrobin 100.0+0.0 a 62.0+1.1 g 81.0+0.7 e
Tebuconazole 100.0£0.0 a 72.8+1.1 f 100.0+0.0 a
Tetraconazole 100.0+£0.0 a 58.8+0.8 h 90.5+0.5 be
Thiabendazole 100.0£0.0 a 55.0£2.11 92.5+1.2 b
Thiabendazole + oxine-copper 0.0+0.0 c 0.0+0.0 1 0.0+0.0 1

Control (water) 100.0£0.0 a 100.0£0.0 a 100.0£0.0 a
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Table 5 (continued). Effects of fungicides on conidial germination of Colletotrichum isolates
collected from mango

Fungicide Germination rate (%)1’2)
MC23 MC25 MC26

Azoxystrobin 100.0+0.0 a 56.3£2.4 h 100.0+0.0 a
Azoxystrobin + difenoconazole 100.0£0.0 a 100.0+0.0 a 100.0+0.0 a
Bordeaux mixture 94.5£1.8 b 92.0<1.1 be 97.8+0.6 b
Boscalid + pyraclostrobin 100.0+0.0 a 81.3+0.5 d 100.0+0.0 a
Carbendazim 94.5+1.7 b 62.0+£0.9 g 100.0+0.0 a
Carbendazim + hexaconazole 100.0+0.0 a 93.8+0.9 b 100.0+0.0 a
Carbendazim + prochloraz 100.0+0.0 a 100.0+£0.0 a 100.0+0.0 a
Cyprodinil + fludioxonil 100.0+0.0 a 100.0+0.0 a 100.0+0.0 a
Difenoconazole 100.0+0.0 a 100.0+0.0 a 100.0+0.0 a
Dithianon 0.0£0.0 f 0.0£0.0 m 0.0£0.0 e
Dithianon + pyraclostrobin 0.0+0.0 f 0.0£0.0 m 0.0£0.0 e
Fluazinam 0.0+0.0 f 0.0£0.0 m 0.0£0.0 e
Fosetyl-aluminium 96.0+0.9 b 100.0+0.0 a 100.0+0.0 a
Fosetyl-aluminium + oxine-copper 0.0+0.0 f 0.0£0.0 m 0.0+£0.0 e
Iminoctadine triacetate 0.0+0.0 f 0.0+£0.0 m 0.0+0.0 e
Iprodione 100.0+0.0 a 84.3+1.7d 100.0+£0.0 a
Kasugamycin + carbendazim 100.0£0.0 a 90.8£0.5 ¢ 100.0+0.0 a
Kresoxim-methyl 100.0+0.0 a 24.8+0.9 j 100.0+0.0 a
Mancozeb 0.0£0.0 f 0.0£0.0 m 0.0£0.0 e
Manganese prochlorate 100.0£0.0 a 100.0+0.0 a 100.0+0.0 a
Metconazole 20.0£0.4 e 12.8+1.11 7.8+£0.6 d
Metiram 0.0£0.0 f 0.0£0.0 m 0.0£0.0 e
Myclobutanil 100.0+0.0 a 30.3£2.5 1 100.0+0.0 a
Oxine-copper 0.0+0.0 £ 0.0+0.0 m 0.0+0.0 e
Polyoxins 0.0+0.0 f 0.0£0.0 m 0.0£0.0 e
Polyoxins + oxine-copper 0.0+£0.0 f 0.0£0.0 m 0.0+£0.0 e
Prochloraz 96.3£1.0 b 76.3£0.9 e 82.5+0.3 ¢
Propineb 0.0+0.0 £ 0.0£0.0 m 0.0+0.0 e
Pyraclostrobin 100.0£0.0 a 100.0+0.0 a 100.0£0.0 a
Tebuconazole 100.0+0.0 a 92.8+1.1 be 100.0+0.0 a
Tetraconazole 100.0+0.0 a 70.3+£0.9 100.0+£0.0 a
Thiabendazole 89.840.6 ¢ 21.3+1.1 k 100.0+0.0 a
Thiabendazole + oxine-copper 0.0+0.0 £ 0.0+£0.0 m 0.0£0.0 e
Control (water) 100.0+£0.0 a 94.8+1.8 b 100.0+0.0 a

Y Meanzstandard error (n=4). Mean values within a column followed by the same letters were not
significantly different at 5% level by Fisher’s protected least significant difference test. Percentage
data were arcsine-square-root transformed prior to analysis.

? Refer to Table 1 for isolate information.
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Table 6. Effects of fungicides on conidial germination of Colletotrichum isolates collected from

fruit crops other than mango

Fungicide

Germination rate (%

)1,2)

ACl AC2 BClI

Azoxystrobin 100.0+0.0 a 100.0+0.0 a 89.0+0.9 def
Azoxystrobin + difenoconazole 96.5+1.0 b 100.0+0.0 a 84.5+0.6 gh
Bordeaux mixture 85.5+0.6 £ 100.0+0.0 a 90.3+0.5 de
Boscalid + pyraclostrobin 5.0+0.4 k 100.0+0.0 a 11.3+£0.5 m
Carbendazim 90.8+0.5 de 100.0+0.0 a 64.8+2.9 k
Carbendazim + hexaconazole 91.8+0.9 cde 100.0+0.0 a 77.0+2.4 1
Carbendazim + Prochloraz 85.8¢0.9 f 80.5+0.5 ¢ 97.0+0.4 ab
Cyprodinil + fludioxonil 93.5+1.2 bed 96.8+0.5 ¢ 70.0£1.1 j
Difenoconazole 92.8+1.4 cd 80.8+0.5 ¢ 95.8+0.9 b
Dithianon 0.0+0.0 1 0.0+£0.0 h 0.0+0.0 n
Dithianon + pyraclostrobin 0.0+0.0 1 0.0£0.0 h 0.0+0.0 n
Fluazinam 0.0+0.0 1 0.0+0.0 h 0.0+0.0 n
Fosetyl-aluminium 93.8+1.2 bed 100.0+0.0 a 94.3+0.9 be
Fosetyl-aluminium + oxine-copper 0.0£0.0 1 0.0+£0.0 h 0.0+£0.0 n
Iminoctadine triacetate 0.0+0.0 1 0.0+0.0 h 0.0+0.0 n
Iprodione 94.8+1.9 be 100.0+0.0 a 100.0+0.0 a
Kasugamycin + carbendazim 93.6+1.3 bed 100.0+0.0 a 81.0+1.5 h
Kresoxim-methyl 100.0+0.0 a 100.0£0.0 a 94.0+0.9 be
Mancozeb 4.5+0.3 k 0.0+0.0 h 0.0+0.0 n
Manganese prochlorate 78.8+2.7 gh 4.8+03 g 97.3+0.5 be
Metconazole 5.5+0.3 k 90.5+0.5 d 24.5¢2.3 1
Metiram 0.0+£0.0 1 0.0+£0.0 h 0.0£0.0 n
Myclobutanil 19.8+£0.5 j 100.0+0.0 a 87.5+1.9 efg
Oxine-copper 0.0£0.0 1 0.0£0.0 h 0.0£0.0 n
Polyoxins 0.0+0.0 1 0.0£0.0 h 0.0+£0.0 n
Polyoxins + oxine-copper 0.0+0.0 1 0.0+0.0 h 0.0£0.0 n
Prochloraz 94.0+1.1 bed 49.0£1.3 f 100.0+0.0 a
Propineb 0.0+0.0 1 0.0£0.0 h 0.0+£0.0 n
Pyraclostrobin 25.5+0.6 i 100.0£0.0 a 74.8+0.5 i
Tebuconazole 80.5£1.8 g 100.0£0.0 a 94.3£1.3 be
Tetraconazole 96.8+0.9 ab 100.0+0.0 a 96.8+0.5 ab
Thiabendazole 89.3+09 ¢ 97.8+0.6 be 81.3+1.1 h
Thiabendazole + oxine-copper 0.0+£0.0 1 0.0£0.0 h 0.0+£0.0 n
Control (water) 75.5+£0.0 h 98.3+09 b 86.3+1.3 fg
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Table 6 (continued). Effects of fungicides on conidial germination of Colletotrichum isolates

collected from fruit crops other than mango

Fungicide

Germination rate (%)1’ 2

BC2 FC1 FC2
Azoxystrobin 97.0+0.9 ab 90.8+0.5 be 89.8+1.3 fg
Azoxystrobin + difenoconazole 96.0+0.8 ab 47.5+2.8 kl 97.8+0.6 ab
Bordeaux mixture 94.3+0.9 bed 58.5+2.8 1 75.5+1.6 k
Boscalid + pyraclostrobin 23.0+1.11 13.0+1.1 0 10.8+0.5 n
Carbendazim 89.3+2.6 ef 84.5+1.3 de 92.3+1.4 cdef
Carbendazim + hexaconazole 85.842.3 fg 84.4+1.2 de 90.5£1.7 ef
Carbendazim + prochloraz 95.8+0.9 be 42.0+2.4 m 85.8+1.2 gh
Cyprodinil + fludioxonil 94.8+1.1 bed 94.0+1.1b 96.0+£0.8 abc
Difenoconazole 95.8+0.5 be 78.0£1.1 fg 95.0+£0.6 bed
Dithianon 0.0£0.0 j 0.0+£0.0 q 0.0+£0.0 o
Dithianon + pyraclostrobin 0.0+0.0 j 0.0+0.0 q 0.0£0.0 o
Fluazinam 0.0+0.0 j 0.0+£0.0 q 0.0+£0.0 o
Fosetyl-aluminium 96.3+0.9 ab 66.3+1.3 h 94.8+0.5 bede
Fosetyl-aluminium + oxine-copper 0.0£0.0 j 0.0+£0.0 q 0.0+£0.0 o
Iminoctadine triacetate 0.0+£0.0 j 5.5£0.6 p 0.0+0.0 o
Iprodione 100.0+0.0 a 100.0+0.0 a 100.0+0.0 a
Kasugamycin + carbendazim 90.8+0.5 de 85.3+0.9 de 89.8+0.6 fg
Kresoxim-methyl 95.0£1.5 be 44.541.2 Im 80.34£2.5 ij
Mancozeb 0.0+0.0 j 86.3+1.1 cde 90.8+0.5 def
Manganese prochlorate 96.8+0.5 ab 73.8+0.9 g 85.842.1 gh
Metconazole 23.0+1.6 1 13.0+1.1 o 39.5+3.8 1
Metiram 0.0£0.0 j 0.0+£0.0 q 0.0+£0.0 o
Myclobutanil 63.3£2.6 h 52.343.0 jk 82.3+0.9 hij
Oxine-copper 0.0£0.0 j 0.0+£0.0 q 0.0+0.0 o
Polyoxins 0.0£0.0 j 0.0+0.0 q 0.0+0.0 o
Polyoxins + oxine-copper 0.0+0.0 j 0.0+0.0 q 0.0£0.0 o
Prochloraz 100.0£0.0 a 89.0+2.0 bed 88.8+1.6 fg
Propineb 0.0+0.0 j 16.5+0.6 o 16.3+0.9 m
Pyraclostrobin 93.3£1.3 bede 27.842.2 n 83.5+£1.3 hi
Tebuconazole 91.8+1.7 cde 56.3£2.0 ij 89.3+0.9 fg
Tetraconazole 100.0+£0.0 a 31.5#3.0n 88.3+1.9 fg
Thiabendazole 84.8t1.8 g 82.0+£0.9 ef 94.3£0.9 bede
Thiabendazole + oxine-copper 0.0£0.0 j 0.0+£0.0 q 0.0+£0.0 o
Control (water) 100.0+£0.0 a 78.8+1.1 fg 78.7+£1.0 jk
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Table 6 (continued). Effects of fungicides on conidial germination of Colletotrichum isolates

collected from fruit crops other than mango

Fungicide

Germination rate (%)1’ 2

IC1 JC3 SBCI
Azoxystrobin 96.5+0.6 abc 6.3+0.6 n 16.8+0.9 1
Azoxystrobin + difenoconazole 96.3+0.9 abc 50.3+0.6 1 90.8+0.5 be
Bordeaux mixture 41.3+2.7 k 94.8+1.7 b 100.0+£0.0 a
Boscalid + pyraclostrobin 0.0£0.0 o 10.0+0.8 m 86.5+1.6 d
Carbendazim 36.3+0.9 m 68.3+0.6 91.5+£0.9 be
Carbendazim + hexaconazole 92.5+1.8 cd 83.8+1.3 d 91.8+0.9 be
Carbendazim + prochloraz 96.3+0.9 abc 74.5+12 ¢ 92.8+1.1b
Cyprodinil + fludioxonil 88.0£2.3 ef 48.240.9 i 89.8+0.6 ¢
Difenoconazole 96.8+£0.5 ab 61.5£1.0 g 81.8¢09 ¢
Dithianon 0.0£0.0 o 0.0£0.0 o 0.0+0.0 j
Dithianon + pyraclostrobin 0.0£0.0 o 0.0+0.0 o 0.0£0.0j
Fluazinam 0.0+£0.0 o 0.0£0.0 o 0.0£0.0 j
Fosetyl-aluminium 97.3+0.5 ab 62.3+09 g 76.8+1.4 £
Fosetyl-aluminium + oxine-copper 0.0+£0.0 o 0.0+0.0 o 0.0+0.0 j
Iminoctadine triacetate 25.5+0.6 n 0.0+£0.0 o 0.0+0.0 j
Iprodione 97.3£0.5 ab 41.842.3 j 71.5¢1.0 g
Kasugamycin + carbendazim 61.8+0.9 1 90.8+0.5 ¢ 100.0+0.0 a
Kresoxim-methyl 80.8£2.1 g 90.5+£0.5 ¢ 89.8+£0.6 ¢
Mancozeb 0.0+0.0 o 0.0+0.0 o 0.0+0.0 j
Manganese prochlorate 100.0+0.0 a 37.3+1.7k 723420 ¢g
Metconazole 3.840.5 o 16.3+1.0 £ 23.0+1.3 h
Metiram 0.0+£0.0 o 0.0£0.0 o 0.0+0.0j
Myclobutanil 63.0+1.6 1 95.5+0.6 ab 90.8+0.5 be
Oxine-copper 0.0+0.0 o 0.0£0.0 o 0.0£0.0 j
Polyoxins 0.0+0.0 o 0.0+0.0 o 0.0£0.0j
Polyoxins + oxine-copper 0.0+0.0 o 0.0+0.0 o 0.0£0.0 j
Prochloraz 100.0+0.0 a 553+1.1h 100.0+£0.0 a
Propineb 0.0+0.0 o 0.0£0.0 o 0.0£0.0 j
Pyraclostrobin 95.8+0.6 be 68.5£0.6 81.0£0.7 ¢
Tebuconazole 89.8£1.5 de 60.0£3.6 g 100.0+0.0 a
Tetraconazole 39.3+0.9 Im 80.8+0.5 d 90.5+0.5 be
Thiabendazole 67.8+1.7 h 31.8£09 1 92.5£1.2 b
Thiabendazole + oxine-copper 0.0+£0.0 o 0.0+0.0 o 0.0+0.0 j
Control (water) 57.5¢1.3 ] 100.0+0.0 a 100.0+0.0 a
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Table 6 (continued). Effects of fungicides on conidial germination of Colletotrichum isolates
collected from fruit crops other than mango

Germination rate (%)l’ 2

Fungicide

SBC4 SBC5 SBC7
Azoxystrobin 100.0£0.0 a 91.8+£2.0 de 100.0+0.0 a
Azoxystrobin + difenoconazole 100.0+0.0 a 95.340.8 cd 100.0+0.0 a
Bordeaux mixture 94.5+1.8 b 80.5+0.5 h 97.8+0.6 b
Boscalid + pyraclostrobin 100.0£0.0 a 31.8£0.6 j 100.0£0.0 a
Carbendazim 94.5+1.7b 100.0+0.0 a 100.0+£0.0 a
Carbendazim + hexaconazole 100.0£0.0 a 100.0+0.0 a 100.0£0.0 a
Carbendazim + Propineb 100.0+0.0 a 100.0+£0.0 a 100.0+0.0 a
Cyprodinil + fludioxonil 100.0+0.0 a 92.0£2.0 de 100.0+£0.0 a
Difenoconazole 100.0+0.0 a 93.5¢1.7d 100.0+0.0 a
Dithianon 0.0£0.0 d 0.0£0.0 k 0.0£0.0 d
Dithianon + pyraclostrobin 0.0£0.0d 0.0+0.0 k 0.0£0.0d
Fluazinam 0.0£0.0 d 0.0£0.0 k 0.0+£0.0 d
Fosetyl-aluminium 96.0£0.9 b 95.0£1.0 ¢ 100.0+0.0 a
Fosetyl-aluminium + oxine-copper 0.0£0.0 d 0.0+£0.0 k 0.0£0.0 d
Iminoctadine triacetate 0.0£0.0 d 0.0+0.0 k 0.0£0.0 d
Iprodione 100.0+0.0 a 86.0+1.1 g 100.0+0.0 a
Kasugamycin + carbendazim 100.0£0.0 a 100.0+0.0 a 100.0+0.0 a
Kresoxim-methyl 100.0+0.0 a 100.0+0.0 a 100.0+0.0 a
Mancozeb 0.0£0.0 d 0.0+£0.0 k 0.0+£0.0 ¢
Manganese prochlorate 100.0+£0.0 a 74.5+2.2 1 100.0+0.0 a
Metconazole 0.0+0.0 d 0.0+0.0 k 0.0+0.0 d
Metiram 0.0+0.0 f 0.0+0.0 k 0.0£0.0 d
Myclobutanil 100.0+0.0 a 91.0+0.6 ¢ 100.0+£0.0 a
Oxine-copper 0.0£0.0d 0.0+£0.0 k 0.0£0.0 d
Polyoxins 0.0+£0.0 d 0.0£0.0 k 0.0+£0.0 d
Polyoxins + oxine-copper 0.0+0.0 d 0.0+0.0 k 0.0£0.0 d
Prochloraz 96.3+1.0 b 100.0+£0.0 a 82.5+0.3 ¢
Propineb 0.0+0.0 d 0.0£0.0 k 0.0+£0.0 d
Pyraclostrobin 100.0£0.0 a 93.0£2.3 ¢ 100.0£0.0 a
Tebuconazole 100.0+0.0 a 96.0+0.8 ¢ 100.0+0.0 a
Tetraconazole 100.0+£0.0 a 81.5¢1.0 h 100.0+0.0 a
Thiabendazole 89.8+0.6 ¢ 87.8£0.9 100.0+£0.0 a
Thiabendazole + oxine-copper 0.0+0.0 d 0.0+0.0 k 0.0£0.0 d
Control (water) 100.0£0.0 a 98.5£1.0 b 100.0+0.0 a

" Meantstandard error (n=4). Mean values within a column followed by the same letters were not
significantly different at 5% level by Fisher’s protected least significant difference test. Percentage
data were arcsine-square-root transformed prior to analysis.

2 Refer to table 1 for isolate information.
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Table 7. Effects of fungicides on mycelial growth of Colletotrichum isolates collected from

mango
o Mycelial growthl’ D

Fungicide

MC2 MC3 MC4 MC6
Azoxystrobin +++ +++ +++ +++
Azoxystrobin + difenoconazole +++ ++ ++ ++
Bordeaux mixture +++ +++ +++ +++
Boscalid + pyraclostrobin +++ +++ + 4+ + +++
Carbendazim ++ + + + 4+ 4+ +++
Carbendazim + hexaconazole + + — + _
Carbendazim + prochloraz — — — —
Cyprodinil + fludioxonil + 4+ + + +
Difenoconazole ++ ++ — +
Dithianon +++ +++ +++ +++
Dithianon + pyraclostrobin +++ +++ +++ +++
Fluazinam + ++ + 4+ +
Fosetyl-aluminium +++ +++ +++ +++
Fosetyl-aluminium + oxine-copper +++ - +++ —
Iminoctadine triacetate + — + +
Iprodione +++ +++ +++ +++
Kasugamycin + carbendazim +++ - +++ _
Kresoxim-methyl +++ +++ +++ +++
Mancozeb +++ +++ +++ +++
Manganese prochlorate — — — _
Metconazole + — — +
Metiram +++ +++ +++ +++
Myclobutanil + + + + + + ++
Oxine-copper ++ ++ ++ ++
Polyoxins +++ +++ +++ +++
Polyoxins + oxine-copper +++ +++ +++ ++ +
Prochloraz — — — _
Propineb +++ +++ +4++ +++
Pyraclostrobin +++ +++ +++ +++
Tebuconazole +++ +++ +++ +++
Tetraconazole +++ +++ +++ +++
Thiabendazole +++ + +++ +
Thiabendazole + oxine-copper +++ ++ +++ + +

Control (water) +++ +++ +++ +++
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Table 7 (continued). Effects of fungicides on mycelial growth of Colletotrichum isolates
collected from mango

Myecelial growth"?

Fungicide

MC9 MCI10 MC14 MC17
Azoxystrobin +++ +++ +++ +++
Azoxystrobin + difenoconazole ++ ++ ++ ++
Bordeaux mixture +++ +++ +++ +++
Boscalid + pyraclostrobin +++ +++ + 4+ + +++
Carbendazim +++ +++ +++ +++
Carbendazim + hexaconazole + + + + +
Carbendazim + prochloraz - - + —
Cyprodinil + fludioxonil + + + ++
Difenoconazole + + + 4+ + +
Dithianon +++ +++ +++ +++
Dithianon + pyraclostrobin +++ +++ +++ +++
Fluazinam + + + + +++ ++
Fosetyl-aluminium +++ +++ +++ +++
Fosetyl-aluminium + oxine-copper ++ ++ +++ ++
Iminoctadine triacetate + + + 4+ +
Iprodione +++ +++ +++ +++
Kasugamycin + carbendazim +++ +++ +++ +++
Kresoxim-methyl +++ +++ +++ +++
Mancozeb +++ +++ +++ +++
Manganese prochlorate — — 4 _
Metconazole — — ++ +
Metiram +++ +++ +++ +++
Myclobutanil + + + + ++ + 4+
Oxine-copper +++ +++ ++ + 4+
Polyoxins +++ +++ +++ +++
Polyoxins + oxine-copper +++ +++ ++ +++
Prochloraz — — — —
Propineb +++ +++ +4++ +4++
Pyraclostrobin ++ + +++ +++ +++
Tebuconazole ++ +++ +++ 4+ 4+
Tetraconazole +++ +++ +++ +++
Thiabendazole +++ +++ +++ +++
Thiabendazole + oxine-copper +++ +++ +++ +++

Control (water) +++ +++ +++ +++
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Table 7 (continued). Effects of fungicides on mycelial growth of Colletotrichum isolates
collected from mango

Myecelial growth"?

Fungicide MC22 MC23 MC25 MC26
Azoxystrobin +++ +++ +++ +++
Azoxystrobin + difenoconazole +++ ++ ++ ++
Bordeaux mixture +++ +++ +++ +++
Boscalid + pyraclostrobin +++ +++ +++ + 4+ +
Carbendazim +++ +++ +++ 4+ 4+ 4+
Carbendazim + hexaconazole + + + 4
Carbendazim + prochloraz — — - _
Cyprodinil + fludioxonil +++ — + + _
Difenoconazole ++ ++ + +
Dithianon +++ +++ +++ +++
Dithianon + pyraclostrobin +++ +++ +++ +++
Fluazinam ++ + +++ ++
Fosetyl-aluminium +++ +++ +++ +++
Fosetyl-aluminium + oxine-copper — — — —
Iminoctadine triacetate + + - +
Iprodione +++ +++ +++ +++
Kasugamycin + carbendazim +++ +++ +++ +++
Kresoxim-methyl +++ +++ +++ +++
Mancozeb +++ +++ +++ +4++
Manganese prochlorate — — — _
Metconazole 4+ 4+ — _ +
Metiram +++ +++ +++ +++
Myclobutanil ++ ++ ++ +
Oxine-copper +++ + ++ ++
Polyoxins +++ +++ +4+ +++
Polyoxins + oxine-copper +++ +++ +++ +++
Prochloraz — — — —
Propineb - +++ +++ +++
Pyraclostrobin +++ +++ +++ +++
Tebuconazole +++ ++ ++ ++
Tetraconazole +++ +++ + 4+ + + 4+ +
Thiabendazole +++ +++ +++ ++
Thiabendazole + oxine-copper +++ +++ +++ +++
Control (water) +++ + 4+ + + 4+ + 4+

Y Diameter range of colony after 5-day-growth on potato dextrose agar: + -+ +, more than 4.0 cm;
++,2.1t04.0cm; +,0.1t02.0cm; —, no growth.

2 Refer to table 1 for isolate information.
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Table 8. Effects of fungicides on mycelia growth of Colletotrichum isolates from fruit crops
other than mango

1,2)

. Mycelial growth

Fungicide

ACl1 AC2 BCl1 BC2
Azoxystrobin +++ + + + + + +
Azoxystrobin + difenoconazole + + ++ ++ + 4+
Bordeaux mixture +++ +++ +++ +++
Boscalid + pyraclostrobin ++ +++ +++ ++
Carbendazim + +++ +++ ++
Carbendazim + hexaconazole — + + — 4
Carbendazim + prochloraz — — - _
Cyprodinil + fludioxonil + + — + + 4+
Difenoconazole + + + 4
Dithianon + 4+ ++ +++ +++
Dithianon + pyraclostrobin +++ +++ + + ++
Fluazinam + + + + 4+ 4+
Fosetyl-aluminium +++ +++ +++ +++
Fosetyl-aluminium + oxine-copper +++ - — +
Iminoctadine triacetate + — — ++
Iprodione +++ ++ ++ +++
Kasugamycin + carbendazim — +++ + +
Kresoxim-methyl ++ 4+ ++ 4+ ++ + + 4+ +
Mancozeb +++ +++ +++ +++
Manganese prochlorate + — — _
Metconazole + + + — + 4+
Metiram +++ +++ +++ +++
Myclobutanil + 4+ ++ — + +
Oxine-copper +++ ++ ++ +++
Polyoxins +++ +++ +++ +++
Polyoxins + oxine-copper +++ +++ +++ +++
Prochloraz — — — —
Propineb +++ +++ +++ +++
Pyraclostrobin +++ ++ ++ + 4+
Tebuconazole ++ + + ++
Tetraconazole +++ +++ ++ +++
Thiabendazole + ++ +++ +
Thiabendazole + oxine-copper + +++ +++ ++

Control (water) +++ +++ +++ +++
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Table 8 (continued). Effects of fungicides on mycelia growth of Colletotrichum isolates from
fruit crops other than mango

1,2)

. Mycelial growth

Fungicide

FC1 FC2 JC1 JC3
Azoxystrobin ++ +++ +++ +++
Azoxystrobin + difenoconazole ++ + + + + + +
Bordeaux mixture +++ +++ +++ +++
Boscalid + pyraclostrobin +++ +++ +++ + 4+ +
Carbendazim + 4+ + + +
Carbendazim + hexaconazole + + + +
Carbendazim + prochloraz — — - —_
Cyprodinil + fludioxonil ++ ++ ++ +++
Difenoconazole + + + 4
Dithianon +++ +++ +++ +++
Dithianon + pyraclostrobin +++ +++ +++ +++
Fluazinam + 4+ + + +
Fosetyl-aluminium +++ +++ +++ +++
Fosetyl-aluminium + oxine-copper ++ ++ - —
Iminoctadine triacetate +++ +++ — —
Iprodione +++ +++ +++ +++
Kasugamycin + carbendazim + + + —
Kresoxim-methyl ++ +++ + 4+ +++
Mancozeb +++ +++ +++ +++
Manganese prochlorate — — - _
Metconazole + 4+ + + + 4+ + +
Metiram +++ +++ +++ +++
Myclobutanil ++ + + + ++
Oxine-copper +++ +++ +++ +4++
Polyoxins +++ +++ +++ +++
Polyoxins + oxine-copper +++ +++ +++ +++
Prochloraz — — — _
Propineb +++ +++ +++ +++
Pyraclostrobin +++ +++ +++ +4++
Tebuconazole +++ +++ ++ ++
Tetraconazole ++ + ++ + +++ + 4+ +
Thiabendazole + + + +
Thiabendazole + oxine-copper + ++ + +

Control (water) +++ + 4+ 4+ + 4+ + + 4+ +
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Table 8 (continued). Effects of fungicides on mycelia growth of Colletotrichum isolates from
fruit crops other than mango

Mycelial growth"?

Fungicde SBC1 SBC4 SBC5 SBC7
Azoxystrobin +++ +++ +++ +++
Azoxystrobin + difenoconazole + + +++ + + + +
Bordeaux mixture +++ +++ +++ +++
Boscalid + pyraclostrobin +++ +++ ++ +++
Carbendazim +++ +++ +++ +++
Carbendazim + hexaconazole + + +++ + + + +
Carbendazim + prochloraz + + — +
Cyprodinil + fludioxonil +++ +++ + + ++
Difenoconazole ++ +++ + +++
Dithianon +++ +++ +++ +++
Dithianon + pyraclostrobin +++ +++ +++ +++
Fluazinam + + + + 4+
Fosetyl-aluminium +++ +++ +++ +++
Fosetyl-aluminium + oxine-copper + + + — + 4+
Iminoctadine triacetate +++ +++ + + 4+ +
Iprodione +++ ++ +++ +++
Kasugamycin + carbendazim +++ +++ +++ +++
Kresoxim-methyl +++ +++ +++ +++
Mancozeb +++ +++ +++ +++
Manganese prochlorate + + — +
Metconazole + + ++ ++ +++
Metiram +++ +++ +++ +++
Myclobutanil +++ ++ ++ ++
Oxine-copper +++ +++ +++ +++
Polyoxins +++ +4+ +++ +++
Polyoxins + oxine-copper +++ +++ +++ ++ +
Prochloraz + + — +
Propineb + -t +4++ +++ +++
Pyraclostrobin +++ +++ +++ +++
Tebuconazole ++ +++ +++ +++
Tetraconazole +++ +++ +++ + 4+ +
Thiabendazole +++ +++ +++ + 4+
Thiabendazole + oxine-copper +++ +++ +4++ +++
Control (water) ++ + ++ + ++ + ++ +

" Diameter range of colony after 5-day-growth on potato dextrose agar:+ + -+, more than 4.0 cm; +
+,1t04.0 cm;+, 0.1 to 2.0 cm; —, no growth.

2 Refer to table 1 for isolate information.
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Molecular Identification and Fungicides
Sensitivity of Colletotrichum Isolates from
Various Fruit Crops in Taiwan

Chung-Hang Duan'", Hui-Ru Pan', Chun-Chung Wang'

Abstract

Duan, C. H., Pan, H. R., and Wang C. C. 2019. Molecular identification and fungicides sensitivity
of Colletotrichum isolates from various fruit crops in Taiwan. Taiwan Pestic. Sci. 6: 71-104.
Anthracnose caused by Colletotrichum spp. is a prevalent and severe disease on fruit
crops in Taiwan. For years, fungicides have been mainly used for controlling this disease
and the resistant isolates seem increasingly widespread and thus need to be investigated for
managing resistance. Twelve Colletotrichum isolates from mango (targets for major uses
of fungicides) and the other 12 isolates respectively from avocado, banana, Indian jujube,
fig and strawberry (targets for minor uses of fungicides) were tested in vitro to determine
their sensitivity to 33 anthracnose-controlling fungicides. Based on conidial morphology,
23 isolates were C. gloeosporioides species complex and only one was C. acutatum species
complex. Species identification of these isolates by using polygenic sequences of ITS,
GAPDH, ACT, TUB2 and ApMat revealed that C. asianum (9 isolates) was the dominant
species of mango isolates, while C. siamense (2) and C. scovillei (1) were also found. In
addition, C. fructicola (3), C. musae (1), C. siamense (5), C. theobromicola (1) and C.
tropicale (2) composed the species of the 12 isolates from other five fruit crops. With their
use rates, the effective fungicides to inhibit conidial germination were different from those
to inhibit mycelial growth. In conidial germination test, dithianon, fluazinam, iminoctadine
triacetate, mancozeb, metiram, oxine-copper, polyoxins and propineb were effective to

inhibit the vast majority of tested isolates, while azoxystrobin, Bordeaux mixture, boscalid,
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carbendazim, difenoconazole, cyprodinil + fludioxonil, fosetyl-aluminium, hexaconazole,
iprodine, kasugamycin hydrochloride hydrate, kresoxim-methyl, metconazole, manganese-
prochlorate, myclobutanil, prochloraz, pyraclostrobin, tebuconazole, tetraconazole and
thiabendazole hade no effect. In mycelial growth test, only the fungicides with active
ingredient of prochloraz were effective and no effect for the rest except metconazole and
fosetyl-aluminium + oxine-copper for half of the mango isolates were inhibited by them.
This work indicates the effective fungicides are consistent against Colletotrichum isolates

no matter what their origins.

Key words: fruit, Colletotrichum, fungicide



