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22 - MBCEZER Rl BRI DU ZEMETTEIZ B (Fungicide
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B RCRIETT 2 Bzt DA AR R U A
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TABLE 1. The host tea cultivars and collection sites of Colletotrichum spp. isolates

Species Isolate Tea cultivar GPS coordinates Location Altitude (m)
Colletotrichum aenigma HC23 TTES No.17 N24°49'31", E121°10'18" Hsinchu County 333
C. camelliae NPO1 Chin-shin Oolong N24°56'28", E121°43'29" New Taipei City 222

NP03 Chin-shin Oolong N24°56'28", E121°43'29" New Taipei City 222
NPO7 Chin-shin Oolong N24°56'28", E121°43'29" New Taipei City 222
NPOS Chin-shin Oolong N24°56'28", E121°43'29" New Taipei City 222
NP16 TTES No.12 N24°57'39", E121°43'22" New Taipei City 570
TY21 TTES No.12 N24°48'55", E121°17'37" Taoyuan City 294
TY30 Chin-shin Da Mo N25°1'52", E121721'04" Taoyuan City 207
TY32 TTES No.12 N24°48'55", E121°17'37" Taoyuan City 294
TY38 Chin-shin Da Mo N25°1'52", E121721'04" Taoyuan City 207
TY46 TTES No.20 N24°49'38", E121°11'34" Taoyuan City 294
HCO08 TTES No.12 N24°52'09", E121°5'22" Hsinchu County 228
HC09 Chin-shin Da Mo N24°49'20", E121°10'37" Hsinchu County 297
HCI11 TTES No.17 N24°49'31", E121°10'18" Hsinchu County 322
HC13 TTES No.1 N24°49'20", E121°10'37" Hsinchu County 297
HC26 Chin-shin Da Mo N24°49'31", E121°10'18" Hsinchu County 322
MLO1 Huang-shin Da Mo N24726'37", E120°45'29" Miaoli County 388
MLO7 TTES No.12 N24726'59", E120°46'15" Miaoli County 320
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Species Isolate Tea cultivar GPS coordinates Location Altitude (m)
ML18 Chin-shin Da Mo N24°27'33", E120°46'30" Miaoli County 240
ML21 Chin-shin Da Mo N24°27'35", E120746'33" Miaoli County 206
ML37 Shy Jih Chuen N24°27'31", E120°46'25" Miaoli County 282
NTO3 Shy Jih Chuen N23°46'23", E120°41'36" Nantou County 166
NT09 Shy Jih Chuen N23°46'14", E120°41'45" Nantou County 157
NT23 Chin-shin Oolong N23°45'26", E120°47'06" Nantou County 303
NT26 TTES No.18 N24°11'1", E121°13"26" Nantou County 714
NT28 Chin-shin Oolong N24°2327", E120°56'59.7" Nantou County 1,300
CY01 TTES No.12 N23°33'10", E120°40'25" Chiayi County 1,060
CYO05 Chin-shin Oolong N23°33'41", E120°40'19" Chiayi County 1,286
CYl4 Chin-shin Oolong N23°26'42", E120729'52" Chiayi County 600
PT04 Shy Jih Chuen N22°40'42", E120°37'13" Pingtung County 138
PT06 TTES No.20 N22°40'52", E120°37'22" Pingtung County 138
PT11 TTES No.17 N22°40'52", E120737'22" Pingtung County 138
PT16 TTES No.8 N22°40'52", E120°37'22" Pingtung County 138
TTO2 TTES No.20 N22°54'19", E12177'43" Taitung County 179
TT16 TTES No.8 N22°54'19", E121°7'43" Taitung County 179
TT20 Wu Yi N22°53'58", E121°6'13" Taitung County 155
TT26 Da-Yeh Oolong N22°54'26", E121°7'3" Taitung County 221
TT30 Da-Yeh Oolong N22°54'32", E121°7'5" Taitung County 199

C. fructicola TY22 TTES No.12 N24°48'55", E121°17'37" Taoyuan City 351
HC29 Chin-shin Da Mo N24°49'20", E121°10'37" Hsinchu County 297
ML63 Chin-shin Da Mo N24°2724", E120°46'29" Miaoli County 190

B4kt EREREE A ER EHE R R
(potato dextrose agar, PDA, BD Difco™) » A25°C &3

/L

FEREET
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FR5 i Al 2

PHIERAE SR HERBES(ERAT 2 C. camelliae
B T R E 0 S R M s RN R = FE B 2 B
PRE—Hk > $HEHEEEE A2 B -tubulin® 198 K200/ L8 (5%
A PIEEEZE ) IV EL » METTPCRIGIRE K AET - FHNERE
PR B E B e hE - SR SEN - Hh bR

B > WHNEIRT (25 £2°0) ETR% - BHRHGER
I SRS ERER » BRI R R0 A EE -
REE LT =T - SR TR 2 4
BRI - sTEAEEERDRE T 2 b RIGIE  Hatik
HIHIR (%) = [((HERSHFEIIETE ER — RIS H )
1 HIRAESP TR EAR] x 100 » AT “logl0 (FERDRE)" K

“probit (F &4 RANMIZ)" HEITEHMEEE 77 - DINHEE
HEMGHIHIE B50%E > “logl0 (FERIRE)” EUH » F#ETR
¥ (anti-log10) B - BIRMEGFRUERE (median effective
concentration, ECs)"? « 2B Chung®% (2006) EEHLEEME > 5y
AAEARERCoE < 1 ppm AR (sensitive, S) » 1 ppm < EC5,fE <
10 ppm AR (less sensitive, LS) » 10 ppm < ECyfEi < 100
ppm B EH M (intermediately resistant, IR) » ECs,f# > 100 ppm
By EEHUME (highly resistant, HR)' e

B -tubulinf ZE1E 2R S E g = 2 2 - T 4

ANPOL ~ TY46 ~ HCO8 ~ MLO7 ~ NT26 ~ CYO05 ~ PT1652TT26 >
FRUERME B R 5 NPOT ~ TY21 ~ HCO9 ~ ML37 ~ NT23 ~ CY01 K&
TTO2 - BEENERIAPDA ~ Z=H FEFETRE - EIEE S FIH
Taco™ Prep flEREEZIIE M (GeneReach Biotechnology Corp.,
Taichung, Taiwan) #E{TEE AR » %450 Taco ™ mini 2
{Ri% 8% 5 BhZ2HUE (GeneReach Biotechnology Corp., Taichung,
Taiwan) $¥4HC2*%Plant DNA/RNA Extraction Kit (GeneReach
Biotechnology Corp., Taichung, Taiwan) S&EIHC 5 #E 1T B 25 HY
@9 1% DNA [E7A % 0.1X Tris-EDTA (TE) buffer (1 mM Tris-HCl
#10.1 mM EDTA > pH 8.0) » AGHFREEF -20°C KFE -
2ENCBIEC. fructicola CMM32082 8 -tubulinf#%1]
(GenBank accession no. MF111054)(41) #2151 F¥TUBC-F
(5'-TCGAGCCCTACAACGCCA-3") (nt 806-823) &TUBC-R (5'-
ACGCATGCAAATGTCGTAGA-3") (nt 887-906) » i $ ¥R
Btk DNA #1773 GBS E (polymerase chain reaction, PCR)
WS o RRERRM Ry 1 95°C 3 438 5 95°C 30 #b - 65°C 30 #b »
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Fig. 1. Mycelial growth of resistant and sensitive isolates of Colletotrichum camelliae on potato dextrose agar containing different concentrations of benomyl

and thiophanate-methyl.

72°C 1 GrgE > HEHE30(ETERE 5 72°C 5578 o PCR B 2%%
FEEREE (agarose) F1LAI00V 3057 $EH#ETTEE K 43T » AEFIH Gel
Doc™ EZ Imager (Bio-Rad Laboratories., Co., Ltd., Hercules, CA,
USA) IR AMEIZE - 1%40FF PCR EYIZ HHIEYRHCA IR
\NE] (Taipei, Taiwan) #E7TEIRER ] Vector NTI software
v. 10.0 (InforMax, California, USA) i€ FP4s SELC. fructicola”
B -tubulinfZ £i& K f# 7% [7-%1] (GenBank accession no. MF111054
FQBAL7676) #ITLLE » HELHURME MR R G A A EE -

HUBIEC. camelliae BEFREUR 12 LLER

SHLin%E (2022) ZHHE A HETC. camelliae/ K2
BIFENPOL ~ MLO7 ~ CYOS K= Bz EEBETY 21 ~ ML37 ~ TT02
ZEURSILEE: - BR0FA HOLSHE W R REER R
Z/EOMEE R > DURE KETTRAVEEIR - R EEZ
% KPEER 2 ER DUHBESTIE (RS UHEEER—/ AR
) ERREESR - BERRIZEEER - HHRTR Z EREGHUERK
7 mmESAHE 0 B RGO FETTERE - B A G CEEET mm
EEPDANE - BiflfR 2 BE R BRI ENE TR L > THtREES
HREEROR 0 FOR (25 £2°0) TEIRTREHIERIEERK « AF
Ep et =BT RS > BRI EEEEAEE 5ER) - [#

F3 SAS Enterprise Guide 7.1 (SAS Institute Inc.) #E{T4REFHT
B EITEEEHT (analysis of variance, ANOVA) » BEEE
T R sk B S 5% (blocking effect) SHRBE BRI » FHLL
Tukey's honestly significant difference (HSD) (P < 0.05) 53T &tk
RIHVER 17 52 -

w B

FANEMREEAHRESRAES R BRI

R E 8R&TTT Z 4 VR ZS AR BERL 74 B B AR 3 SR S R R B 25 O
TFZECBAIZR " > C. camelliaelFMk 2 82 M BH8E 77 B BURL M
FeE FEPUERIEE  TIC. fructicola FoC. aenigma” BERERIES &1
BRI IR © [B— Bk e Eem > [z 1A AE E - 1T
HAZRFERERT  SEIIMEEREFES(RFZECyH
B7 KA 1,000 ppm - B RFES 2 EC5, BRI/ 1M72206.2 - 637.4 ppm
Z i e DUEREIRT S - S AR R AU A 8 (8 i 2%
BEFAEHIR - R EZMEE 2 LLE g - #rdb 15 - Bk
/6~ ¥R 17 ~ EEERA 3/6 ~ MR 3/5 ~ R 23
TG AR 315 o BERREEER 2 RS2 M B R T A A M
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TABLE 2. The median effective concentrations (ECs,) of thiophanate-methyl and benomyl on 41 representative isolates of Colletotrichum spp. causing brown

blight of tea
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Benomyl Thiophanate-methyl .
Isolate Farming style
ECy, (ppm) Response* ECy, (ppm) Response

Colletotrichum aenigma HC23 <1 S <1 S Organic

C. camelliae NPO1 299.7 HR > 1000 HR Conventional
NPO3 <1 S <1 S Conventional
NPO7 <1 S <1 S Conventional
NPO8 <1 S <1 S Conventional
NP16 <1 S <1 S Organic
TY21 <1 S <1 S Organic
TY30 <1 S <1 S Organic
TY32 <1 S <1 S Organic
TY38 <1 S <1 S Organic
TY46 247 HR > 1000 HR Conventional
HCO08 298.5 HR > 1000 HR Conventional
HC09 <1 S <1 S Organic
HCI11 <1 S <1 S Conventional
HC13 <1 S <1 S Conventional
HC26 <1 S <1 S Organic
MLO1 <1 S <1 S Conventional
MLO7 261.9 HR > 1000 HR Conventional
MLI18 611.9 HR > 1000 HR Conventional
ML21 299.7 HR 293.5 HR Conventional
ML37 <1 S <1 S Conventional
NTO03 326.4 HR > 1000 HR Conventional
NT09 356.2 HR > 1000 HR Conventional
NT23 <1 S <1 Organic
NT26 <1 S <1 Organic
NT28 248.5 HR > 1000 HR Conventional
CYO01 <1 S <1 S Conventional
CYO05 621.5 HR > 1000 HR Conventional
CYl4 348.3 HR > 1000 HR Conventional
PTO4 210.2 HR > 1000 HR Conventional
PT06 439.1 HR > 1000 HR Conventional
PTI11 206.2 HR > 1000 HR Conventional
PT16 395.7 HR > 1000 HR Conventional
TTO02 <1 S <1 Organic
TT16 <1 S <] Organic
TT20 <1 S <1 Organic
TT26 637.4 HR > 1000 HR Conventional
TT30 607.5 HR > 1000 HR Conventional

C. fructicola TY22 <1 S <1 Organic
HC29 <1 S <1 Organic
ML63 <1 S <1 Conventional

* S = sensitive; HR = highly resistant.
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M HELHRESHEEEEAAHEE - A e AR EHERE
ZATRIERG P S SRR s o WEER S DU
PRIRE R BT EHRE -

HBIEC. camelliaeE#%Z B -tubulin FFI|ER

PTG R S A 2 R AR EERTRE C. camelliae » 532K H
TESAT - RS R F RS RF 20 S RAREZ EEEZ
B -tubulinF&[R 2 806-906 bpli EZ (¥fEGenBank accession no.
MF111054) » Horr g Fr s oA i A & B F5841-900 bp » 1R = -
Fir A = RS2 PR IR ~ P (R BN S2 MR B R AT 2% 841-900 bplak B 7
F—E > & R M E R E RS S00E B B A AR - It
—HhZe S BRI M E R Z 6 -tubulingE A 25 198 (B & i FH
glutamic acid®fkalanine (BHETGAG — GCQG) - ZA1f » ILIEES
N S5 LAY g 5 5 — 55200 {8 fg 5L % Fphenylalanine
Ftyrosine (BFHETTTC — TAC) » FAAEREG R 253

NMENEC. camelliae Pk 2 BUR 1 HEER

AT R AR S O S IR R s i
C. camelliae M > DIF&GIREEN A GO 2 ER - SR 0%
MY - ANOVAGEREUR - HREHRBE B HBE T - BN
T 2 S BT 2 ERENPOL ~ MLO7 ~ CYOSHEERHREE (BI85
I E521.2 mm ~ 18.8 mmKz17.6 mm) B R FAERMEERRTY21
ML37 ~ TTO2MER BT (B85 5 %512.3 mm ~ 13.0 mm ~ 12.4
mm) > HHNPOLEMLO7 2 5 BEBEE A TY21 K TT02 » CY0S R
ML372 IR 2 52 -

U~ HRIES KA 0T B R B 2 Colletotrichum camelliae
Btk 2 20
TABLE 4. Virulence of Colletotrichum camelliae isolates resistant and

sensitive to benomyl and thiophanate-methyl

Isolate Lesion diameter (mm)*
Resistant isolates NPO1 212%1.0a

MLO7 18.8+0.9 a

CYO05 17.6 £ 1.3 ab
Sensitive isolates TY21 123%1.0¢

ML37 13.0£ 1.2 be

TT02 124t 14c¢

* Data (mean * standard error) with different letters are significantly different
according to Tukey's HSD test at P < 0.05.

& &

FRATERGSEE ] FRHE ERER RBCE > EREROE
BE > EREEETEERWINT o BRI RS2 AR
TARE 2P - HA A5 S AR R 2 DG S|
1 MBCHEERI MY BA RS - FERRAERE DL E
R R B a ROk F s R R - HER
DUTETT BEEMR Y 2 BT S A0 70 BE A L RSB N AT -
Fo THRIEIRG 2 R > AWEFH B 208 £ 2R R E TR [E
FRR SRR B BRI 2 R IRIERG I 0 ST EIMBCEER | SRRl

F BRI BT S (B B R RUM: 2 Colletotrichum camelliae k= 3 -bulinfF 315347

TABLE 3. Analysis of the sequences of S -tubulin in the isolates of Colletotrichum camelliae resistant (R) and sensitive (S) to benomyl and thiophanate-methyl

Phenotype Isolate

Sequences (upper: nucleotide; lower: amino acids)?

NP0l

TY46

HCO08

MLO07
R NT26 L V E

CY05

PTI6

TT26

N S

CTGGTCGAGAACTCCGACGCGACCTTCTGCATTGACAACGAGGCCCTCTACGACATTTGC
D A T

F ¢ I DN E AL Y D I C

NP07
TY21
HC09

§ ML37 L V E N S
NT23 T
CYO0l 198
TT02

CTGGTCGAGAACTCCGACGAGACCTTCTGCATTGACAACGAGGCTCTCTACGACATTTGC
D E T

F C 1

!

200

D N E ALY D1 C

* Nucleotide and amino acid positions referred to the /3 -tubulin sequences of Colletotrichum fructicola (GenBank accession nos. MF111054 and QBA17676).
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PUBEES 750 o ESMITZT ST B AR 25 2 2 AR TR
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KEL -~ EHE ~ R NEE 2 C. gloeosporioides 5. C. acutatum¥f
S (P HIE R BUEIETZ Y 5 (EEE ~ B0 R B IRIR et Bl
1~ BREL R =5 ERYC. gloeosporioides i 283} 60 815 H A P 4k
IERCIEIN

H BB USRS A IS M - 120 B -tubulin £k
RZe8% o KWFEH C. camelliaeti B Bk H ELRLZE S AV i B
Ry EE8O0ME LTS » Rk 55 198 R E % i glutamic acidiBsE 1y
alanine - Katan®% (1989) Koenraadt? (1992) 945 > 5519816
L e glutamic acid# palanineZlysineif & 2 A HTIEME 2
BRE 1 ABFE B 55 198 (ERE % Fyalanine MY ik - B B
{13 Z ECyfE B A2 1,000 ppm » IR EHUME - Fra AT Abt
G BIRG A AT SR o OB R R SR B R
PR > ¥ TEFRAC BUEEFIMHIZERE] - GG H 38 - RERH
B RPHE 2B EHIME (cross resistance) ™ « BEAAARTHFE (&
HIE R B FH A2 (RO A TEEER - (RIS B kR
B URREER] - OB A A LAY EE IS B 25 s B 2R P vl
Z HZFE - MR AR AN o A - BINZ ARG B g
PEERAE B -tubulin e HAM AT B R A ZEE - (WA HE—2
HEF -

BRPR < DLEEME 2e S [ g B A AR BRI » ATRENE
T2 ¥ BORBE P EIEN: (fitness) » HETT (S5 5B 14 B R AE FH RS
R B S SRR FESS - ATTTHR BB a1 X AR R
FEPIMEREMEZ C. camelliae HR S ZMEITEETEREfE » &%
UM ER 2 BN T R 2 - ATEF S Ra - IR
B -tubulinf 198 fr Bt 58 S i AL L EE I 2 Bk > HEU
PEER R R 2 B0 BRI S BT 2R 5 2 B
5t T e BLES 198 i AL e S BRI o SRAKFDHIEFE 2 bk -
PR R AT HA 0T RA T RIS RN IR

AREHFEATAG 2 AR EERDR R R MR Bk - S LB
BZ MR PO B R B AR BT HE MR E A S B 8

\F
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B/ DR BIE Y BRI S o ATNA ANV BURE IR
TREMBTERREE - LF3GHE#E - ZEETHRESVE
{5 FHECA (50 FHMB CHASER B FH [ HH B 0 4 1 1 ok B R
B E R o DUESAEEC. camelliaelll S > BT
SE A% FH S (B R T &5 BE S-S AR MET TG, - TR B EA A
= EPUEEMEE R - PUEEM R — B R AR R AR
SRARELERE " B A ESE B R (57 F b S > o A
RO B R B AEYEE G EEE (IPM, integrated pest
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ABSTRACT
Shiou-Ruei Lin, Yu-Ching Chang, Ying-Hong Lin, Chia-Lin Chung’,
and Ting-Hsuan Hung'. 2022. Analysis of the sensitivity to benomyl
and thiophanate-methyl for Colletotrichum spp. associated with
brown blight of tea in Taiwan. J. Plant Med. 64(4): 139-148.
"Corresponding author, E-mail: clchung@ntu.edu.tw : thhung@ntu.

edu.tw

Brown blight disease mainly damages tea leaves and young
branches, resulting in a decline in tea quality and yield. Tea farmers
mainly rely on chemical control, however, in the past ten years,
they have reported that the registered fungicides are not effective.
To understand whether the population of the pathogen associated
with brown blight of tea in Taiwan has emerged resistance to
methyl benzimidazole carbamate (MBC) fungicides, 37 isolates of
Colletotrichum camelliae, three isolates of C. fructicola, and one
isolate of C. aenigma from eight major tea-producing counties and
cities in Taiwan were tested for mycelial growth on potato dextrose
agar containing 1000 ppm (mg a.i./L), 100 ppm, 10 ppm, and 1 ppm
of benomyl and thiophanate-methyl. While C. camelliae isolates
highly and lowly sensitive to the fungicides were found in each
county/city (except that C. camelliae from Pingtung County were

all resistant), the isolates of C. fructicola and C. aenigma were
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all highly sensitive. All 41 isolates tested showed similar trend of
sensitivity or resistance to the two fungicides, and the sensitivity
of the resistant isolates to thiophanate-methyl was lower. For 15
isolates of C. camelliae from different counties and cities, a segment
of B-tubulin that is known to have the most frequent fungicide
resistance mutations was sequenced. The sensitive and resistant
isolates differed only at the 860th nucleotide, which caused the 198th
amino acid changed from glutamic acid (GAG) to alanine (GCQG).
The phenomenon conforms to the mechanism of the emergence of
high fungicide resistance in the literature. The fungicide sensitivity
of Colletotrichum spp. associated with brown blight of tea was
related to the modes of management in the field. The resistant
isolates were all from conventional tea plantations, and the isolates
from the plantations organically managed or with less fungicide
application showed high sensitivity. This study indicated that C.
camelliae isolates resistant to MBC fungicides have been widely
present in many tea-growing areas across Taiwan. It is recommended
that rotation or mixed use of fungicides with different modes of
action, together with integrated pest management measures should be

implemented to effectively control the disease.

Keywords: resistance, point mutation, fitness, virulence,
Colletotrichum camelliae, Colletotrichum fructicola,

Colletotrichum aenigma



