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TABLE 1. Colletotrichum isolates of grape used in this study

Isolate Origin Date collected
GCl1 Xinshe,Taichung Aug. 2014
GC10 Erlin, Changhua Jul. 2015
GC12 Xihu, Changhua Jul. 2015
GCl15 Xihu, Changhua Jul. 2015
GCl18 Sinyi, Nantou Jul. 2015
GC19 Xinshe, Taichung Oct. 2015
GC27 Juolan, Miaoli Jul. 2016
GC28 Xihu, Changhua Jul. 2016
GC31 Juolan, Miaoli Dec. 2016
GC37 Dacun, Changhua Nov. 2017
GC39 Dacun, Changhua Nov. 2017
GC40 Sinyi, Nantou Nov. 2017
GC41 Juolan, Miaoli Nov. 2017
GC42 Xinshe, Taichung Nov. 2017
GC43 Xihu, Changhua Jun. 2018
GC44 Erlin, Changhua Jul. 2018
GC46 Erlin, Changhua Jul. 2018
GC48 Dacun, Changhua Jul. 2018
GC50 Juolan, Miaoli Aug. 2018
GC51 Xinshe, Taichung Oct. 2018
GC55 Dacun, Changhua Jun. 2019
GC57 Sinyi, Nantou Jul. 2019
GC59 Sinyi, Nantou Jul. 2019
GCo1 Xinshe, Taichung Oct. 2019




Btk © C. aenigma (ICMP 18608) ~ C. fructicola ICMP 18581) ~
C. siamense (ICMP 18578) ~ C. tropicale (CBS 124949) fz C.
viniferum (GZAAS5.08608)" ¥ « 43477 J7 75 2R HEEH BT A
(Bayesian inference method, TOPALI version 2.5) °
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752 (iminoctadine triacetate) ~ {83 & (iprodione) ~ FLHLAK
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prochlorate) ~ 5 (metiram) ~ BRE52E (oxine-copper) °
PrR}LZE () (polyoxins) ~ BEFEHI (prochloraz) ~ 7 &
(pyraclostrobin) ~ 552 (tebuconazole) ~ 4% (thiabendazole)
FHELZ (3% (thiophanate-methyl) ~ 758Ut (thiram) %5 (R ) - &%
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) HEMENZ 1DERIER R (R=) AR 2
TEFE o Rt EER > B2 Bir U2 DA S B8 2 88 /KOFs 188 22 JH 1 R it
R () < MIEE: > H49 nLESREERM A M E M ER 2
73 (well) » FFRIAL pLEEAE R 2 78780778 (1x10° spores
/ mL) > BEDRE o SSLAHENE R0 A SR /K 7 iR B R
B o PRTHE TR 2 f i i e A DLES B (parafilm, PM-996) PARZK
FEBOEENESE (24~28C) « 2NFE o RHERSNN 2R AR
S HIBATA BRI 2 2% F5 R b S EIRERE R 24°C
TR ERAE o 24/ R o AR EAREE PR B R .
FHRIH4AEAE - FEEFTR200(EM T - LA ERFRR M T35
o BPRH T EH YRS METEZE T (One-way analysis
of variance, ANOVA) » 7= FLE5 QR /KAE - RIS pRIR L > 7= R
T E T /N 2= EOHIES (Fisher's protected least significance
test, LSD, 5%) °
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TABLE 2. Fungicides used in this study

Use rate
Fungicide Formulation FRAC code' (ug ai./ml )
Azoxystrobin 23% SC 11 115
Boscalid 50% WG 7 333
Carbendazim 41.7% SC 1 210
Cyprodinil 37.5% + 62.5% WG 9,12 313
fludioxonil 25%
Dithianon 42.2 SC M9 352
Fluopyram + 50%SC 11,7 125
trifloxystrobin
Iminoctadine triacetate 25%SL M7 267
Iprodione 23.7% SC 2 296
Kresoxim-methyl 44.2% SC 11 250
Mancozeb 80% WP M3 550
Manganese prochlorate 50% WP 3 83
Metiram 80% WG M3 1600
Oxine-copper 40% WP M1 300
Polyoxins 50% SG 19 167
Prochloraz 25% EW 3 100
Pyraclostrobin 23.6% EC 11 80
Tebuconazole 25.9% EW 3 173
Thiabendazole 41.8% SC 1 420
Thiophanate-methyl 70% WP 1 700
Thiram 80% WP M3 1000

! Fungicide Resistance Action Committee (2019).
?Use rate represents the active ingredient concentration in a label
recommended on gra.
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(ITS ~ GAPDH ~ ACT ~ TUB2 ~ ApMat) Bf s R EITER S »
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TABLE 3. Percent identity of the given gene sequences between Colletotrichum isolates from grape and the reference cultures

Percent identity (%)’

Isolate' Species Reference culture” ITS GAPDH ACT TUB2 ApMat
GC1 C. viniferum GZAAS5.08608 99.4 98.2 98.2 99.4 98.7
GC10 C. viniferum GZAASS5.08608 99.6 100.0 99.1 100.0 99.9
GC12 C. tropicale CBS124949 99.5 98.2 99.6 99.7 100.0
GC15 C. tropicale CBS124949 99.1 97.8 99.7 99.9 100.0
GC18 C. viniferum GZAASS5.08608 99.4 98.2 98.2 99.4 98.7
GC19 C. viniferum GZAAS5.08608 99.4 98.2 98.6 99.3 98.7
GC27 C. viniferum GZAAS5.08608 99.4 99.6 98.2 99.4 98.8
GC28 C. viniferum GZAASS5.08608 99.4 99.6 98.2 99.3 98.7
GC31 C. viniferum GZAASS5.08608 99.4 99.1 98.6 99.2 98.7
GC37 C. viniferum GZAASS5.08608 99.4 99.1 98.2 99.0 98.7
GC39 C. viniferum GZAASS.08608 99.4 99.6 98.6 99.3 98.7
GC40 C. viniferum GZAASS5.08608 99.4 99.6 98.6 99.6 98.8
GC41 C. viniferum GZAASS5.08608 99.4 99.6 98.2 99.2 98.3
GC42 C. viniferum GZAAS5.08608 99.4 98.2 98.2 99.4 98.8
GC43 C. viniferum GZAASS5.08608 99.4 99.6 98.2 99.3 98.7
GC44 C. viniferum GZAASS5.08608 99.6 100.0 99.1 99.9 98.8
GC46 C. viniferum GZAASS5.08608 99.6 100.0 99.1 99.9 100.0
GC48 C. viniferum GZAASS5.08608 99.4 99.6 98.6 99.3 98.8
GC50 C. viniferum GZAAS5.08608 99.4 99.5 98.6 99.4 98.8
GC51 C. viniferum GZAAS5.08608 99.4 99.5 98.6 99.4 98.7
GC55 C. viniferum GZAASS5.08608 99.4 99.6 98.2 99.2 98.7
GC57 C. viniferum GZAASS5.08608 99.4 99.6 98.2 100.0 98.7
GC59 C. viniferum GZAASS5.08608 99.4 98.2 98.63 99.2 98.7
GCol C. viniferum GZAASS.08608 99.4 98.2 98.2 99.4 98.7

' Refer to TABLE 1 for isolate information.

? Reference culture: ex-type or authentic culture of each Colletotrichum species.

® Percent identity: identity between each gene sequence of the isolate with that of the reference culture in percentage ratio. Genbank accession numbers
of reference cultures are JN412802 (ITS), IN412800 (GAPDH), IN412793 (ACT), IN412811 (TUB2), and KJ623242 (ApMat) for GZAAS5.08608, and
JX010264 (ITS), 1X010007 (GAPDH), JX009489 (ACT), JX010407 (TUB2), and KC790728 (ApMat) for CBS124949. ITS: complete rDNA - ITS; GAPDH:
glyceraldehyde-3-phosphate dehydrogenase; ACT: partial actin; TUB2: /3 -tubulin; ApMart: Apn2-Matl-2 intergenic spacer.
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Fig. 1. Phylogenetic analysis of the isolates of grape ripe rot pathogen
and their closely related species of Colletotrichum based on the
concatenate sequences of ITS, GAPDH, ACT, TUB2 and ApMat
genes. This analysis was performed by Bayesian inference method
using TOPALI version 2.5. The numbers beside nodes are Bayesian
posterior probability. Culture accession numbers for each reference
species are C. aenigma (ICMP 18608), C. fructicola ICMP 18581),
C. siamense (ICMP 18578), C. tropicale (CBS 124949), and C.
viniferum (GZAAS5.08608). Refer to TABLE 1 for grape isolate
information.
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MR - RS E B FRRZ PRV B B
S B EY AR - B oy AR VD ER RO BRSOl IS o0 8 R
E o BRE R > RIERE (Colletotrichum spp.) BIEZEH] 2 —
U220 o BTN 2 4 R HAARE C. gloeosporioides » HE H
BB HP AT G AN —EE S HREE R ZEY
FER 2 22 B2 E Y - ST ISR E 2 E A B S
EA ZAEMTELERTER 28R > 140 > C. acutatum ~ C. aenigma ~
C. capsici ~ C. citri ~ C. fructicola ~ C. godetiae ~ C. hebeiense
K.C. viniferumEC0 40425558960, LSS QA C. siamense ~ C.
tropicale .. C. viniferum S FfE g™ Y « He» ZPIC.
viniferumiz VG H - Rz EEELE a4 o (FhE &
JEIR B R AL « T4 B AE 2 4 4 R B K R A B e 5 Py
S > FERPIIRFE IR - HAECRIER T (548
Kby GR= -~ EBl—) - Bt R - 2 EWEREHREE
FEAEEETE - HEEE FGELLC. viniferum BN 2% » B
C. tropicale Al Bttt F e 1" > FEBINANERS i A S R
HZHIEE(18) » C. viniferum{XFZEIRGC1 KC. tropicale X
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TABLE 4. Effect of fungicides on conidial germination of 12 Colletotrichum

isolates from grape

No. of isolates with germination rate (%) of '

Fungicide 0.0 1.0~39.0  40.0~79.0  80.0~100.0
Azoxystrobin 0 1 1 10
Boscalid 0 0 1 11
Carbendazim 0 0 0 12
Cyprodinil + fludioxonil 6 0 2 4
Dithianon 12 0 0 0
Fluopyram-+trifloxystrobin 0 2 1 9
Iminoctadine triacetate 11 1 0 0
Iprodione 0 1 0 11
Kresoxim-methyl 0 0 0 12
Mancozeb 12 0 0 0
Manganese prochlorate 0 0 0 12
Metiram 12 0 0 0
Oxine-copper 12 0 0 0
Polyoxins 11 0 1 0
Prochloraz 0 0 1 11
Pyraclostrobin 0 0 2 10
Tebuconazole 0 1 0 11
Thiabendazole 0 0 2 10
Thiophanate-methyl 0 0 1 11
Thiram 12 0 0 0
Control (water) 0 0 0 12

" Germination rate on water agar plate 24-hour at 24 °C after fungicide
treatment.

FREREGC12 FREFFEMERE (detached) "Bl # & R E L HE
RN (FE > RER) - ARAMIFTHEREEER - 25
i EA T o AT(S LR B fol » RIFEE 49 AT 2 BRE A RESE AN
ST RE A B FEE ST AR -

AHFRE Ry i R 1 20k B B3 975 T 369 28 22 2 0 T A% 1 7 2 7 IR
M AR FELAA T3 5 R 4R R e BN ARk
TR o T BT S P R e R T B A T TR B R M
B o iEfEsBnds L BHIHIRE (BCy) H@E =L 2 45
Fo BB ERARASTEE R - I AR AR FATEi S K&
NTT RS AR T fif [ B A R B ZE DR S T Y ST (dose-
response relationships) HIERE » Rl 2 AERET FH s J5 B
FEBIEEMINYBNRE S IE b o] RES AR E MR IERFAV BN 88 1L - 38
i b BEEE PR T > 2R E B RS AR A [F 4R
BRI RS H ST R R Y RERE L
MRS AT RE Y > MR REREDRETAZR 2B
%(16, 17,18)

AU 5 58 A i 2 S 9 7 5 5 2 S A 7 s R
FTHFIRE Bt RAIEE LA EETHR s 2 5
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TABLE 5. Effect of fungicides on mycelial growth of 12 Colletotrichum

isolates from grape

No. of isolates with colony diameter (cm) of '

Fungicide <0.1 0.1~2.0 2.1-4.0 >4.0
Azoxystrobin 0 0 0 12
Boscalid 0 0 0 12
Carbendazim 0 7 3 2
Cyprodinil + fludioxonil 0 6 5 1
Dithianon 0 0 0 12
Fluopyram-+trifloxystrobin 0 0 0 12
Iminoctadine triacetate 11 0 0 1
Iprodione 0 1 10 1
Kresoxim-methyl 0 0 0 12
Mancozeb 0 1 7 4
Manganese prochlorate 11 1 0 0
Metiram 0 3 7 2
Oxine-copper 0 5 7
Polyoxins 0 1 7 4
Prochloraz 12 0 0 0
Pyraclostrobin 0 1 8 3
Tebuconazole 0 5 4 3
Thiabendazole 0 8 2 2
Thiophanate-methyl 0 9 1 2
Thiram 0 0 2 10
Control (water) 0 0 0 12

' Diameter range of colony on potato dextrose agar plate S-day at 24 °C after
fungicide treatment.

TR e BOF AR AR 0 RO IEERY - FHE L BIRSMERE
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dehydrogenase inhibitors, SDHIs) %85 il 7 8 i A 25 L A i %
33212859 o H AR S fd K SRR C. gloeosporioides$t
BRSO (R0 R e BUF A AR DR o OO o B SR BE BT Y 75 S 9
(C. acutarum) BT BEF T $ERL M B AR 6 BUZE A gk
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R 20008 ~ 13 52 T R 35 e i i 5 S T 0T 1) 20 T SRS S L 1 B
SRAERBURDIME  Ma-4z0UR R 20K - $E807000 ~ 15 - iS5

TG RS SR S B R S SR R B T T 3 R R T -
550 FOIRIER 13757 B fkes B 28 T R I T G A S v
FEEBUEEMED o BhAh > BRAMNIRER R R I A
(Dithiocarbamate fungicides) sl ET: 5 IER YA SEER] - 1
JaE i i 25 B AL HI R0 A (DMITs) 2 BE e hr th ok R gem: - H
2 B 2 R AT PR B R R I PR 2 T3 - RE— AT R
PRI R TRV EET (6) - St S n & sm i E A P i — &
a8 -

RS EE RN E 48 SRR I bR (R R (FF) > ek
)8 % BEE AR S50 - B DL i (R e S B G B S By
() - RIBEEEIZE > (REE (F) ZDRe 0 EIHIRGETm
[Epancstichme ez ol iIp skt So =gl AN A i e A
iR R AR 28 (appressorium) » RIS B EUm AE T BV
o AIHEZENE o AN FEEERE - F B R
2T R SHEIER » RN EE L LB R IEIR T
TEARARGE I _ENFEE » FERR D R - RN RS2
LR BB RN AR 8 S HIHIT T3 28 - (HIF 385 1% SR
T B RN Z R EEIEA o WS EERE
ZHEIRSGR B - Ay A VB (GC18 ~ GC19) Bgisz
M FEIB G/ EE T B SR AUA T A E TS -
BPRGC122A4 1 S HIE 87 K C. tropical e EITE » AU
R R ORRL R () 2Rl RBEAFERER I - 28
BT EER - RIZEFFEZ20UC. rropicaleffts > 1BREE M °

REAIHI B 4 4 RV EERIE AT A /D - (S5 ks
JH (imidazoles) Z #E5a L ~ BEVERISR BAIE (guanidines) 2 5¢
BOFEITE o FLr B sE A IR SRR B R 4R A R R R R
ILELER A S MERARZE— 2 10 72 (BT R [F R T Al
SERRREIIRIER 2 > BANAEDII GRS - £
BRge o BLEETEHT (imidazolesH ) [E]Ja [ B5 25 B AL LA 7 JE
BRSP4 1558 A1) (triazolesiH) - {H 3% BEPIG S 1151 F2
R R &4 BB 5 2 EH - wT RAE EI/E R # A [E £
BT AT e R LRGSR HY 72 S 1T S 5 00 R B P SR MR R B Y 5
EAREIRER « 1FHE R R R E TR 425
N EIME M| ZE TR 5 B S0 880 - (HANBR/ DR [EIE AR I 227
HL2EE Pl AR [E)1F FE AR SR [ ZE R R o] /F Ry BE0H « T e 24
TR ME— S BRI R B 70 T 38 2 LB 45 A RV SR - TEA
HIREHENPTE LR G EERIIPIARUER - EEEE -

KWL B EF A AN N B A 2 EHUEEE (multiple
fungicide resistance) BR5 - iz LR EET 2% o B REF FIH I SE ] -
BA RS B B 53 A 38 2 B U R L B 4 4 Ry 8
FITESEA P 2R E o il & ST B RN W32
AR &4 RIVEERGAREIE R - A Re e B MR E I 225
THRE - MEAATEDIEEE B E B L - S5 —EEER Mg H &
HH{SE 2 S0 i 1 IR B 3 o B o AR Pt > (A 9R 3
T fiEEm e R R I S~ BETIAT S PIEER] (DMIs)


user
刪劃線



user
刪劃線



user
刪劃線
晚腐

user
註解
delete


SRR A Y R SR T Ry B T M R ST T I 75 6 SRS SR
ARC BT > AR LM I B IR E AR B A B HLig sl
Pk 25 25 b 1 PP B BRRG A PRI ZE T - B Ioe Fo—THLELRS
TE R HIZERIR S 2 2 A DUEE L e i o4 S 2 e 1t - IR
R FE R LIBAR A A DR R RE B SR 2 7y T 45 R T BE ELRH
Mo NN FISERIA R [FRY 53 7450 o o H AR AV 7F R
[ o A LEEER GRS 2 R o IR i me il ERITIT A S R
HyEEL (B RIEERIGE RIS - DRI 7S A S R B Ay 20 R 4%
12 o (HEZEE RIS S - R FRER RS EhiaEE
NI - B2 SRR biEE R - &0 JIEEEH
HYSRME ATy IE SR U B 2 3 2 T ] B 5 ERILL/D R 2R Bty
P TEE PR EE R Ry A RIS 5 B PRI AR S8 2 B 25 TRE A
A P i {550 P 505 W 45 MR 0 5 DA R EL A AR 70 eI i1 2
HEHBEEEE -

0

ES |
AR TEIR AL % A 103 F-8.4.186-PL(3) 34
BRlDY © LR -

51 SRR

1. Alahakoon, P. W., Brown, A. E., and Sreenivasaprasad, S. 1994.
Cross-infection potential of genetic groups of Colletotrichum
gloeosporioides on tropical fruits. Physiol. Mol. Plant Pathol.
44:93-103.

2. Ali, M. E., Hudson, O., Hemphill, W. H., Brenneman, T. B., and
Oliver J. E. 2019. First report of resistance to pyraclostrobin,
boscalid, and thiophanate-methyl in Colletotrichum
gloeosporioides from blueberry in Georgia. Plant Health Prog.
20 (4):261-262.

3. Ali, M. E., Hudson, O., Waliullah, S., Cook, J., and Brannen, P.
M. 2020. Sensitivity of Colletotrichum isolates collected from
strawberries in Georgia to pyraclostrobin, a quinone outside
inhibitor (Qol) fungicide. Plant Health Prog. 21(1):69-70.

4. Anemyous; 2020. Plant Protection Information System. Taiwan
Agricultural Chemicals and Toxic Substances Research Institute,
Council of Agriculture, Executive Yuan. Taichung. Retrieved
from https://otserv2.tactri.gov.tw/ppm/ (June 10, 2020) (in
Chinese).

5. Anonymous, 2018. Agricultural Statistics Yearbook. Council
of Agriculture, Executive Yuan (R.O0.C.), Taipei, 350 pp. (in
Chinese).

10.

11.

12.

13.

14.

15.

16.

17.

18.

Vol. 62 No. 4, 2020 29

Arauz, L. F. 2000. Mango anthracnose: economic impact and
current options for integrated management. Plant Dis. 84:600-
611.

Cai, L., Hyde, K.D., Taylor, P. W. J., Weir, B.S., Waller, J.
M., Abang, M. M., Zhang, J. Z., Yang, Y. L., Phoulivong, S.,
Liu, Z.Y., Prihastuti, H., Shivas, R. G., McKenzie, E. H. C.,
and Johnston, P. R. 2009. A polyphasic approach for studying
Colletotrichum. Fungal Divers. 39:183-204.

Cao, X., Xu, X., Che, H., West, J. S., and Luo, D. 2017.
Distribution and fungicide sensitivity of Colletotrichum
species complexes from rubber tree in Hainan, China. Plant Dis.
101:1774-1780.

. Carbone, I., and Kohn, L. M. 1999. A method for designing

primer sets for speciation studies in filamentous Ascomycetes.
Mycologia 91:553-556.

Chiangsin, R., Wanichkul, K., Guest, D., and Sangchote, S. 2016.
Reduction of anthracnose on ripened mango fruits by chemicals,
fruit bagging, and postharvest treatments. Australas. Plant Pathol.
45:629-635.

Chung, W. H., Ishii, H., Nishimura, K., Fukaya, M., Yano, K.,
and Kajitani, Y. 2006. Fungicide sensitivity and phylogenetic
relationship of anthracnose fungi isolated from various fruit crops
in Japan. Plant Dis. 90:506-512.

Damm, U., Cannon, P. F., and Crous, P. W. 2012. Studies in
Mycology 73: Colletotrichum: complex species or species
complexes? CBS-KNAW Fungal biodiversity centre, Utrecht, the
Netherlands. 215 pp.

Duan, C. H. 2015. Microtiter plate for evaluation of plant
extracts and oils against Uromyces appendiculatus and Botrytis
cinerea. Plant Pathol. Bull. 24:67-75. (in Chinese).

Duan, C. H., and Hsieh, W. H. 1990. Pathogenicity of
Glomerella cingulata on Kyoho grape. J. of Taiwan Agric. Res.
39(2):113-120. (in Chinese).

Duan, C. H., and Hsieh, W. H. 1991. Inoculum sources of ripe
rot of grape. Plant Prot. Bull. 33:275-282. (in Chinese).

Duan, C. H., Chang, C. K., and Wang C. C. 2017. Fungicides
and postharvest heat treatment to control anthracnose disease of
mango. Taiwan Pestic. Sci. 3:65-78. (in Chinese).

Duan, C. H., Pan, H. R., and Wang C. C. 2019. Molecular
identification and fungicides sensitivity of Colletotrichum
1solates from various fruit crops in Taiwan. Taiwan Pestic. Sci.
6:71-104. (in Chinese).

Duan, C. H., Pang, H. R., and Wang C. C. 2018. Identification,
pathogenicity and fungicide sensitivity of Colletotrichum

isolates from five fruit crops in Taiwan. Taiwan Pestic. Sci. 5:91-


user
刪劃線
Anonymous,


30

19.

20.

21

22.

23

24.

25.

26.

27.

28.

29.

30.

J. Plant Med.

111. (in Chinese).

Farr, D.F., and Rossman, A.Y. 2019. Fungal Databases, U.S.
National Fungus Collections, ARS, USDA. Retrieved from
https://nt.arsgrin.gov/fungaldatabases/ (June 01, 2020)

Forcelini, B. B., and Peres, N. A. 2018. Widespread resistance
to Qol fungicides of Colletotrichum acutatum from strawberry
nurseries and production fields. Plant Health Prog. 19 (4):338-
341.

. Forcelini, B. B., Seijo, T. E., Amiri, A., and Peres, N. A. 2016.

Resistance in strawberry isolates of Colletotrichum acutatum
from Florida to quinone-outside inhibitor fungicides. Plant Dis.
100:2050-2056.

Freeman, S., and Shabi, E. 1996. Cross-infection of subtropical
and temperate fruits by Colletotrichum species from various
hosts. Physiol. Mol. Plant Pathol. 49: 395-404.

. Freeman, S., Katan, T., and Shabi, E. 1998. Characterization of

Colletotrichum species responsible for anthracnose diseases of
various fruits. Plant Dis. 82: 596-605.

Guerber, J. C., Liu, B., Correll, J. C., and Johnston, P. R. 2003.
Characterization of diversity in Colletotrichum acutatum sensu
lato by sequences analysis of two gene introns, mtDNA and
intron RFLPs, and mating compatibility. Mycologia 95: 872-895.
Hsieh, W. H, and Duan, C. H. 1984. Investigation on fungicide
tolerant strains of Collectotrichum gloeosporioides causing ripe
rot of grape. Plant Prot. Bull. 26:33-39. (in Chinese).

Hu, M.-J., Grabke, A., Dowling, M. E., Holstein, H. J., and
Schnabel, G. 2015. Resistance in Colletotrichum siamense from
peach and blueberry to thiophanate-methyl and azoxystrobin.
Plant Dis. 99:806-814.

Hyde, K. D., Cai, L., Cannon, P. F., Crouch, J. A., Crous, P. W.,
Damm, U., Goodwin, P. H., Chen, H., Johnston, P. R., Jones, E.
B. G., Liu, Z. Y., McKenzie, E. H. C., Moriwaki, J., Noireung,
P., Pennycook, S. R., Pfenning, L. H., Prihastuti, H., Sato, T.,
Shivas, R. G., Tan, Y. P., Taylor, P. W. ]., Weir, B. S., Yang, Y.
L., and Zhang, J. Z. 2009. Colletotrichum-names in current use.
Fungal Divers. 39:147-182.

Jayawardena, R. S., Hyde, K. D., Damm, U., Cai, L., Liu, M.,
Li, X. H., Zhang, W., Zhao, W. S., and Yan, J. Y. 2016. Notes
on currently accepted species of Colletotrichum. Mycosphere
7(8):1192-1260.

Kuo, K.-C. 2001. Sensitivity of mango anthracnose pathogen,
Colletotrichum gloeosporioides, to the fungicide prochloraz in
Taiwan. Proc. Natl. Sci. Counc. 25(3):174-179.

Lei, Y., Tang, X. B., Jayawardena, R. S., Yan, J. Y., Wang, X.
D., Liu, M., Chen, T., Liu, X. M., Wang, J. C., and Chen, Q.

31.

32.

33.

34.

35.

36.

37.

38

39.

40.

41.

42.

X. 2016. Identification and characterization of Colletotrichum
species causing grape rot in southern China. Mycosphere 7(8):
1177-1191.

Leu, L.-S., and Chang, C.-W. 1985. Histological study of
Colletotrichum gloeosporioides on grape fruit. Plant Prot. Bull.
27:11-18.

Li, M. L., Lin, Y. S., Chiang, Y. J. 2019. Categorization of
Mode of Action of Pesticides. Taiwan Agricultural Chemicals
and Toxic Substances Research Institute, Council of Agriculture,
Executive Yuan. Taichung, 40 pp. (in Chinese).

Lin, C. P., Tsai, J. N., and Ann, P. J. 2019. Preliminary
report of Colletotrichum viniferum and other new species
of Colletotrichum sp. as grape ripe rot causing pathogens in
Taiwan. Plant Med. 61(2/3):74. (in Chinese).

Lin, C. P., Tsai, J. N., Ann, P. J., and Chen, P. R. 2017.
Investigation and management of grape disease in recent years.
Plant Med. 59(1/2):53. (in Chinese).

Liu, F., Wang, M., Damm, U., Crous, P. W., and Cai, L. 2016.
Species boundaries in plant pathogenic fungi: A Colletotrichum
case study. BMC Evol. Biol. 16:81.

Lou, P. S., Huang, Y. J., Chung, W. C., Cheng, A. S., and
Chung, W. H. 2010. Application of PCR-RFLP in detecting
benzimidazoles-resistant isolates of Colletotrichum
gloeosporioides from mango in Tainan area. Plant Pathol. Bull.
19: 255-260. (in Chinese).

Moreira, R. R., Hamada, N. A., Peres, N. A., and May De
Mio, L. L. 2019. Sensitivity of the Colletotrichum acutatum
species complex from apple trees in Brazil to dithiocarbamates,
methyl benzimidazole carbamates, and quinone outside inhibitor
fungicides. Plant Dis. 103:2569-2576.

. Noireung, P., Phoulivong, S., Liu, F., Cai, L., Mckenzie, E. H. C.,

Chukeatirote, E., Jones, E. B. G., Bahkali, A. H., and Hyde, K. D.
2012. Novel species of Colletotrichum revealed by morphology
and molecular analysis. Cryptogam. Mycol. 33:347-362.
O'Donnell, K., and Cigelnik, E. 1997. Two divergent intra
genomic rDNA ITS2 types within a monophyletic lineage of the
fungus Fusarium are nonorthologous. Mol. Phylogenet. Evol.
7:103-116.

Pan, F. Y., Huang, Y., Lin, L., Zhou, Y. M., Wei, R. F., Guo,
W. F., Yin, L., and Lu, J. 2016. First report of Colletotrichum
capsici causing grape ripe rot in Guangxi, China. Plant Dis.
100:2531.

Pearson, R. C., and Goheen, A. C. 1990. Compendium of Grape
Diseases. APS Press, St. Paul, Minnesota, USA. 93 pp.

Peng, L-J., Sun, T., Yang, Y.-L., Cai, L., Hyde, K. D., Bahkali,



43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

A. H., and Liu, Z.-Y. 2013. Colletotrichum species on grape in
Guizhou and Yunnan provinces, China. Mycoscience 54:29-41.
Peres, N. A. R., Souza, N. L., Peever, T. L., and Timmer, L.
W. 2004. Benomyl sensitivity of isolates of Colletotrichum
acutatum and C. gloeosporioides from citrus. Plant Dis. 88:125-
130.

Phoulivong, S., Cai, L., Chen, H., McKenzie, E. H. C.,
Abdelsalam, K., Chukeatirote, E., and Hyde, K. D. 2010.
Colletotrichum gloeosporioides is not a common pathogen on
tropical fruits. Fungal Divers. 44:33-43.

Ramdial, H., Hosein, F. N., and S. N. Rampersad, S. N. 2016.
Detection and molecular characterization of benzimidazole
resistance among Colletotrichum truncatum isolates infecting
bell pepper in Trinidad. Plant Dis. 100:1146-1152.

Rampersad, S. N., and Teelucksingh, L. D. 2012. Differential
responses of Colletotrichum gloeosporioides and C. truncatum
1solates from different hosts to multiple fungicides based on two
assays. Plant Dis. 96:1526-1536.

Rojas, E. 1., Rehner, S. A., Samuels, G. J., van Bael, S., Herre, E.
A., Cannon, P. F., Chen, R., Pang, J., Wang, R. W., Zhang, Y.,
Peng, Y. Q., and Sha, T. 2010. Colletotrichum gloeosporioides
s.1. associated with Theobroma cacao and other plants in
Panama: multilocus phylogenies distinguish host-associated
pathogens from asymptomatic endophytes. Mycologia 102:1318-
1338.

Secor, G.A., and Rivera, V.V. 2012. Fungicide Resistance Assays
for Fungal Plant Pathogens, pp. 385-392. In: Bolton M., Thomma
B. (eds) Plant Fungal Pathogens. Methods in Molecular Biology
(Methods and Protocols), vol 835. Humana Press, New York,
USA.

Sharma, G., Kumar, N., Weir, B.S., Hyde, K. D., and Shenoy, B.
D. 2013. The ApMat marker can resolve Colletotrichum species:
a case study with Mangifera indica. Fungal Divers. 61:117-138.
Silva, D. N., Talhinhas, P., Vdrzea, V., Cai, L., Paulo, O. S., and
Batista D. 2012. Application of the Apn2/MAT locus to improve
the systematics of the Colletotrichum gloeosporioides complex:
an example from coffee (Coffea spp.) hosts, Mycologia 104:396-
409.

Staden, R. 1980. A new computer method for the storage and
manipulation of DNA gel reading data. Nucleic Acids Res.
8:3673-3694.

Torres-Calzada, C., Tapia-Tussell, R., Higuera-Ciapara, 1.,
Martin-Mex, R., Nexticapan-Garcez, A., and Perez-Brito, D.
2015. Sensitivity of Colletotrichum truncatum to four fungicides

and characterization of thiabendazole resistant isolates. Plant Dis.

53

54.

55.

56.

57.

58.

59.

60.

Vol. 62 No. 4, 2020 31

99:1590-1595.

.Tsai. J. N., Ann, P. J., Hu, C. Y. and Cheng, S. F. 2006.

Evaluation of fungicides for suppression of mycelial growth and
conidial germination of Colletotrichum species isolated from
mango, pomelo and banana fruit. Plant Pathol. Bull. 15: 39-54. (in
Chinese).

White, T. J., Bruns, T. Lee S., and Taylor, J. W. 1990.
Amplification and direct sequencing of fungal ribosomal RNA
genes for phylogenetics. In: M. A. Innis, D. H. Gelfand, J.
J. Sninsky, and T. J. White (eds.), PCR protocols: a guide to
methods and applications. Academic, San Diego, CA, USA. pp.
315-322.

Whitelaw-Weckert, M. A., Curtin, S. J., Huang, R., Steel, C.
C., Blanchard, C. L., and Roffey, P. E. 2007. Phylogenetic
relationships and pathogenicity of Colletotrichum acutatum
isolates from grape in subtropicl Australia. Plant Pathol. 56:448-
463.

Wong, F. P., and Midland, S. L. 2007. Sensitivity distributions
of California populations of Colletotrichum cereale to the DMI
fungicides propiconazole, myclobutanil, tebuconazole, and
triadimefon. Plant Dis. 91:1547-1555.

Wong, F. P., de la Cerda, K. A., Hernandez-Martinez, R.,
and Midland, S. L. 2008. Detection and characterization
of benzimidazole resistance in California populations of
Colletotrichum cereal. Plant Dis. 92:239-246.

Yan, J.-Y., Jayawardena, M. M. R. S., Goonasekara, I. D., Wang,
Y., Zhang, W., Liu, M., Huang, J.-B., Wang, Z.-Y., Shang,
J.-J., Peng, Y.-L., Bahkali, A., Hyde, K. D., and Li, X.-H. 2015.
Diverse species of Colletotrichum associated with grapevine
anthracnose in China. Fungal Divers. 71:233-246.

Zapparata, A., Da Lio, D., Sarrocco, S., Vannacci, G., and
Baroncelli. R. 2017. First report of Colletotrichum godetiae
causing grape (Vitis vinifera) berry rot in Italy. Plant Dis.
101:1051.

Zhang, Y., Xu, H., Jiang, S., Wang, F., Ou, C., Zhao, Y., Ma,
L., and Li, Y. 2018. First report of Colletotrichum truncatum
causing anthracnose on the berry stalk and the rachis of Kyoho
grape (Vitis labruscana x V. vinifera) clusters in Hebei, China.
Plant Dis. 102:2040.



32 J. Plant Med.

ABSTRACT
Duan, C. H.," and Chen, G. Y. 2020. Molecular identification and

fungicide sensitivity of Colletotrichum isolates from grape in
Taiwan. J. Plant Med. 62(4): 23-32.

“Corresponding author, E-mail: chduan@tactri.gov.tw

Ripe rot of grape caused by Colletotrichum spp. is a prevalent
and severe grape disease in Taiwan. It always incurs great losses
due to its fast dissemination by heavy rain in summer. Identification
of the pathogens based on morphological and molecular characters
indicated that C. viniferum was the dominant species and C.
tropicale was the minor one in our culture collections. Chemical
control followed by fruit bagging is the main measure to control
this disease. Therefore, the effective fungicides are vital for the
success of the disease control. In this study, we used microtiter plate
method to evaluate the inhibition effect of the fungicides against the
ripe rot pathogens. The results showed that dithianon, iminoctadine
triacetate, mancozeb, metiram, oxine-copper, polyoxins and thiram
were consistently effective to inhibit conidial germination of the
pathogens, while only iminoctadine triacetate, manganese prochlorate

and prochloraz were able to inhibit their mycelial growth.

Keywords: grape, Colletotrichum, fungicide





