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ARFAS 20192020 FH Z G ELMERABRES LB RAR WETL OB ERMER RTA LRH
ZHR IS A REAEE DR, RE - BREAT > ARGUHERT > KESBHRT TERT
SREGRBRE AYoiARTEAROBBE N LRI A BBEMER TR - & THERIT I RIARE
P ¥RAEH » HF internal transcribed spacer (ITS) » glyceraldehyde-3-phosphate dehydrogenase (GAPDH) ~ B-tubulin
2 (TUB2) ~ chitin synthase 1 (CHS-1) % calmodulin (CAL) 5 18 3 B /& FI4F € Fr 3£ MM 46t - M %5
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B E R 0 5

RASEE - O - SERE - REPRG T - ZERIBETE -
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£ 7,000 2 /N « RIS 2018 45 2 2 4 2 4E 3 1771 > HpF 167 ERIEFEBENEE > Kt
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Book.aspx) » H Ik B FE 7,442 ha » £ ADEHRE > WEEKFEERBEEE Misra
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BEMEFEAEKE  H2FHUES > 2
PR A HE Nalanthamala psidii 5| #E 0 37 F%
o ATAE R RRIE T MR EDR A LA K
TR & & (Meloidogyne sp.) %8 A RA
Lasiodiplodia theobromae 5|1 %< 5 559 K
Phytophthora nicotianae %5 HIFEIR 5 BE IR
FHEEDDR - B REER  RERERR
298 (R R Phyllosticta psidiicola) ~ &R (R
[ Pestalotiopsis psidii) ~ [RIEIR (AR Colle-
totrichum sp.) ~ B JEE (FF IR L. theobromae)
FIER (JRIE Phytophthora parasitica) °

A R R AR 48 - B SO R B Col-
letotrichum gloeosporioides Penz. (1882) EH—
EEFTT|#E (Penzig 1882) » Von Arx (1957) K
Sutton (1980) & FI| FH 5 9 B 73 A4 i1+ 2 TR
K R/NE 57 C. gloeosporioides » {H 77~
KBLIREREN N ZESHE - £ F4EY T
E R K /T > 5 JE 7 B & (Colletotrichum)
Ky B E R IB T AR E ~ 2 ERFERIR
ELR /N~ WP 28R ~ B M E (setae) »
EEEANHORERRES  HEFRER
EAREFEE - ARUEE 2 A RBHFNZER
HERTEELER  RPEREE LEAX
REVIETE - IRIBEISN BTG H » C. gloeospo-
rioides £ — 18 & f& (species complex) » ¥f %
C. gloeosporioides 1= EALSZ M E > 4 B4
H DL internal transcribed spacer (ITS) ¢ ¥l &
ELEH A R LA 2 & oy B AR » DA sy AR A
FEA LT 5087 » BLRG actin (ACT) ~ calmodulin
(CAL) ~ chitin synthase 1 (CHS-1) ~ glyceral-
dehyde-3-phosphate dehydrogenase (GAPDH)
Je ITS o A2 AL R EE 12 FT R SR AV 4%
BB > SRR AE S TR T A o Ak 22 (R A
J 1 {EGifE (Weir et al. 2012) »

1E HE IR G » B A2 MLER;
BRE - AENTRERKESHBRTZAE
ZRIEANF| DFEZENE - HERINEA
% 5 i 25 5 JEL P R [ 1 PR 1 7 B ) 2
SO EHBEEER > e CRRKERS
B PR ¥ benzimidazoles JHAZ A (B4 H -
# (carbendazim) ~ R #H7S (benomyl) K J&4&
(thiabendazole)] & 4=~ [6] 12 & SE 71 5 <2 M4 [
EHYIETZ (Lou et al. 2010) 3 [ FEEISN > Col-

letotrichum acutatum . C. gloeosporioides 5|
FEEYFE IR 7 (apple bitter rot) E¥NZEEE
(LEGHTHI [ 52 FEHL (azoxystrobin) ~ =&
(trifloxystrobin) ~ FZUE ik (kresoxim-methyl)
MA%[E (famoxadone) ZE4H ] FEAE i ZM: (Che-
chi et al. 2019) -
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2 8 o BE 2 TR A BT AR SR T BRK
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HA R D HIEERES

HREGHES sShhELE - Kt
&~ PR GREmLLEE - SRIREECE
RERFREZER - KEAEERLLFEZRE
DR % 2 f ) JI V) BUW 4 4538 4% > 44 A
1% & % 1 7K 75 ROH 3 3 min > FFLL 70% 5
WK RIZE | min 0 2 1% DU /K Z 2 0 4
B3 BECHEWIEFAK - FRESHK
TIREZ & & 2% (wiv) KEIRE (water agar;
WA) 555 o &8 25CHE& 3 d 1% > VIELH 4%
Ruwits 2§ EH & M A5 (potato dextrose
agar; PDA) BPE AR - fFEMR > BT8R
A 3% KEAG BT B R BT E B >
H R E N PDA fliE > BN ZEAH -

HRHER 278 LERKBLER
F0 o {HHH 95% FEAFIRE | min > 5 3% X
S 8K 52 5 min > FFBL 75% RS S
W30 s> DIEEKER2 R - &k DLHE
T fiE ] TI Y ELEE H 4H4% (Dauanla-Meli et al.
2013) > 2 B B & e fe B &L 25°C
BYTd RER EHZRERE SV ZH
[ PDA SFA) > fFE TR PRELE 7 %2 PDA &}
fHiH -

FRIEIA B DAY BB (silica gel) #ETTRHA(R
7 B R B A P& A 2 R E/NE N > BB
K& 7-8 43 im BN o = BRI 22 M 1% 0 DA
H ISP £ T 2 fF5 A 400 pL
7.5% (wiv) BREGSED) > M E B TR EF
o W EL 350 pL ORI AR A W Bk
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ﬁld\ Sl BTN BN ENVE (E Y BB
RIFRREHE - BIY -20CHREF - 7 d REUD
iﬁﬁ’ﬁﬁfrﬁ/ﬁﬂuﬁﬁﬁz SEERIDEpANS
WTV%%E&T%HM*
& PDA RHEIORAFE VIAL—/ NS - BN
PDA i%%%%%é’] 3d & UJHUE 4R 4R I 2
Murashige & Skoog (MS) AR EFE AL (modified
Mathur’s medium + 0.1% yeast extract + 0.1%
Bacto'" peptone + 1% sucrose + 0.25% Mg-
SO, 7H,0 + 0.27% KH,PO, + 2% agar) (Tu 1985)
BN | wk BRFEM - HLUEE/KE T
MR MERET B S e B R - SRR 1
x 10° conidia mL" » {E Ry FEHAER - el

PR E BRI E LD - SRR E - Kt
S 2 R AT B SOE N E > DL

"t "B RE BRI - B0 1%
‘k%?ﬁﬁfﬁ]/ﬁﬁ%é%ﬁ USRI K Z

B 5 T AR - DUBSE Z ST H &
FELZEL 1 mm #YE L - R 10 pL 787 0% K
TESOE - F—EREM 3 EE > LS
IKIE R IRAE - B 25 C R | wk i > &

HUSR R AR BT B ARBRIE 1 2 X -
ZERKZ DNAZRRREHEHENE

(polymerase chain reaction; PCR)

S EETY PDA A& 10 d INERE > BT
H 44 7% > Ll genomic DNA extraction kit (Nau-

K 1. AWFERTEAS [ THPYI RSB BRI -

Table 1. The loci and the primers used in this study.

B70% H2i

tia Gene, Taipei, Taiwan) fiiH{ DNA - FF]
H—ME5T# (& 1) #E1T PCR KL EHEH ITS
(White et al. 1990), GAPDH (Guerber et al.
2003), CHS-1 (Carbone & Kohn 1999), B-tubulin
2 (TUB2) (O’Donnell & Cigelnik 1997) k& CAL
(O’Donnell et al. 2000) % 5 HER A &> W
B PCR EWi£AL ESF (Genomics, New Taipei,
Taiwan) - JEF YRR/ B J7 51 > DL National
Center for Biotechnology Information (NCBI)
GenBank (https://www.ncbi.nlm.nih.gov/gen
bank) Y Nucleotide Basic Local Alignment Search
Tool (BLASTn) DIREHETFFHILLYES -

R RAREC 21

& BRI 51 > Bl C. gloeosporioides
T B Y & e R R AY ITS GAPDH ~ TUB2 ~
CHS-1 J: CAL B2 F Bt 75l BT AN
SN (Weir et al. 2012) » & SE R TS
HY (9 NCBI % [A &5 (Genbank) - L MEGA 10
WS BT P YR & i > P15 A ClustalW
HOHS AT HEOF K E S 1% 0 75 2L maximum
likelihood JA#ETT ¥ &% 7 # » DUIE fifg 5 S B PR
jE—SLE%DC gloeosporioides TEHf T 1Y & & 1Y
gt

SUBERE < FEREERE
T B L P 42 £ 2 PDA AR
Beg st o 10 25CAERAS 12 hRIR/2 h BgE

Gene” Primer Direction Sequence (5°-3°) Reference
ITS ITS1 Forward TCC GTA GGT GAA CCT GCG G White ez al. (1990)
ITS4 Reverse TCC TCC GCT TAT TGA TAT GC White ez al. (1990)
GAPDH GDF Forward GCC GTC AAC GAC CCC TTC ATT GA Guerber et al. (2003)
GDR Reverse GGG TGG AGT CGT ACT TGA GCA TGT Guerber et al. (2003)
TUB2 T1 Forward AAC ATG CGT GAG ATT GTAAGT O’Donnell & Cigelnik (1997)
T2 Reverse TAG TGA CCC TTG GCC CAGT TG O’Donnell & Cigelnik (1997)
CAL CL1 Forward GAR TWC AAG GAG GCC TTC TC O’Donnell et al. (2000)
CL2A Reverse TTT TTG CAT CAT GAG TTG GAC O’Donnell et al. (2000)
CHS-1 CHS-79F Forward TGG GGC AAG GAT GCT TGG AAG AAG Carbone & Kohn (1999)
CHS-345R Reverse TGG AAG AAC CAT CTG TGA GAG TTG Carbone & Kohn (1999)

“ITS: internal transcribed spacer; GAPDH: glyceraldehyde-3-phosphate dehydrogenase; TUB2: B-tubulin 2; CAL: calmodulin;

CHS-1: chitin synthase 1.
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B 10 d B sr g MY IER @ - 471
THEIZE > AZHE & ERS PDA &
BEEoEATRELNTEMT  PLCEEM
#% [Nomarski differential interference contrast
(DIC), BX51, Olympus, Tokyo, Japan] DL H]
% 2.4 (metric camera) JH| & 50 { % it 5
EEE D BT RN o HLAHE R BE il (slide
culture technique) ¥ ZL[ff & 25K » R
PR 1 om® SEEH IS 85 B A IS S A B R
o WE EHEZEIR - BENERIEE 14d
% BUNEWR - BENVEA ALEEAER R HE
ZIEES -

SR 3 BEEOBRERERMERS
8

DLH ATELA & A1 SRR R AR A B A - T
SEFH B SR A RANFIRT MG - ZEEEREIE i
W3 13 AL AESER (K 8% 1) > 70 B FC BBk 3
TEJERE 110 K 100 mg a.i. L' 3 DLR IR
INZER] 2 PDA PR B A AE K IR 4H - it
SERR Colletotrichum siamense SYCo3 ~ Col-
letotrichum fructicola YCCoS5 ~ Colletotrichum
tropicale ALCo2 fit PDA #}H T 2 # 1T PDA
BEERE FEEELNTd LHE TS
(FLIE 0.5 cm) DIJHUER SR I » K5 B &4 58 DA )
THTHS E &R EREER Z PDA SPARHY
ot B 25CARAE 12 hotR12 h BEER:
& o (A H R RomE R 1R - S B T AE R g
FlpR HAH % B - LA IIA KT EFE SR E
RANHIA (%) @ [HIREPEERER - %5
FRIRAH PR R B VIR P A RER x
100% - GHKGERIRE L 4 BEBEN > A
it EE 2 X -

BEE IBEEOQBNERDERBTHEF
2

Bo3En
A

DIERA Sy 10 mg ai. L' & 1 mg a.i. L7

BRI o BV N R 2 3 A B W 8
FE e DMEMERE RN 2S uL &1 H
B> VSR (EARE 20 mg a.di. L) » BREIEH

b BIEEERE AL 25 uL ft5Z C. si-
amense SYCo3 ~ C. fructicola YCCo5 ~ C. tropi-
cale ALCo2 #UF-8&%% (1 x 10° conidia mL™) >

E050 %A EME BN Ll BE Y KE
W BEHE BREBEFUKT R0
mg a.i. L #EHER LR 0.25% « 573 DU
B R B 25 pL &1 [ 257 2 750 O
2mgai. L) BREIR L BUEEMER
IR HY 25 uL 2387 SYCo3 ~ YCCo5 + ALCo2
B9 (1 x 10° conidia mL™) » 2 0.5%
wHENE o N Ll EREREN - REEE
R4S RS A o7 By 1| mg ad. L7 A& HE
B HORIE 0.25% - fHREt#E: 7 B IA EE K
BRI > FIESRMER 25CA KA
TEEREE K 18 h BN EMBRERTE
100 {71~ 25 2R 8 P RAAT + (FEH
iz P 4H £ 4 2 I B/ IR AR - S SR () x
100% - F{EEHE 113 EE - ABEE2 X
$ 6 B o LAE 0.25% % i 2 fi B 7K R 2 A
Fy¥Haa -
AT DT

HERISUER RS b SAS BRI (T LR 72 05
7T MT (analysis of variance; ANOVA) » i & 12
5% BEZKAET LR /N ZE M E R (least sig-
nificant difference; LSD) FL#Z[E— g B 1Y
BzER-

EES

HEORERREHRDBIEEESR

2019-2020 [ > HEEbthE (HfERR
RoRT M ~ TR~ R E - TR
PUR G R L BT ) i P D DL JEL 9 B el
A SR R P (B R (R T MR R e o B 5
B A [ anfl & 0 B SR B AR IR
15t (£ 2) - RIEWEARE LHRE > £&E
A HAISE T E S ERBE (B 1A 40
AT > [ 1B &L ) » £ =R AVEREE T
R AW A= Re S A S 7S [ oW
a5 - 5941 > BIFERBEAE — NG & 12
BEALOER (B 1A "EOFH) > WiEH R
FBRERMPe - MR EE R E AT - &
HRMESRERMAEE KL - ZNREZEY
BRHEHER (E 10) - &OHHER - BERHER
PDA BB A FEAAFEMEZEE - RER
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*2. HEWEER REOHRE DB RIERSER RN ET]
Table 2. Pathogenicity and virulence of Colletotrichum strains isolated from symptomatic guava fruit and symp-
tomless leaves.

Isolate Location Part Symptom Virulence” Cultivar of guava
YCCol Yanchao, Kaohsiung Fruit Brown rot -+ ‘Zhen-zhu Ba’
YCCo2 Yanchao, Kaohsiung Fruit Brown rot + ‘Zhen-zhu Ba’
YCCo3 Yanchao, Kaohsiung Fruit Brown rot ++ ‘Zhen-zhu Ba’
YCCo4 Yanchao, Kaohsiung Fruit Brown rot +++ ‘Zhen-zhu Ba’
YCCo5 Yanchao, Kaohsiung Leaf Symptomless ++ Guava ‘TNG1’
YCCo6 Yanchao, Kaohsiung Leaf Symptomless ++ Guava ‘TNG1’
SYCol Sinyuan, Pingtung Fruit Brown rot +++ ‘Shui-jing Ba’
SYCo2 Sinyuan, Pingtung Fruit Brown rot +++ ‘Shui-jing Ba’
SYCo3 Sinyuan, Pingtung Fruit Brown rot +++ ‘Shui-jing Ba’
SYCo4 Sinyuan, Pingtung Fruit Brown rot ++ ‘Shui-jing Ba’
ALCol Alien, Kaohsiung Pedicle Symptomless ++ ‘Hong Zuan’
ALCo2 Alien, Kaohsiung Fruit Brown rot +++ ‘Hong Zuan’
ALCo3 Alien, Kaohsiung Fruit Brown rot ++ ‘Hong Zuan’
SSCol Shanshang, Tainan Leaf Symptomless + ‘Hong Zuan’
DSCol Dashe, Kaohsiung Leaf Symptomless + ‘Bai Ba’

“ The virulence of each isolate is distinguished by the diameter of the lesions. Disease scale bar is as follow: -, 0 mm; +, < 15mm;
++, 15-20 mm; and +++, > 20 mm.

1. (A) K& REH Colletotrichum sp. Fir5 HEZ SIEFIHE - RIERARAZ @EHENE - HEP 2
FrgeMba GLesE) - R /NP EEALOFER - PREEEMEIR (HEEEHE) ; (B) LI, miER
HZRIEFRFRE > EEPETHRAE ZMEE (ALER) 5 (C) BBl ZMmEEER & (D) IEEIHHETED
HERT R RIS (ALEFTHR ) -

Fig. 1. (A) Symptoms of anthracnose caused by Colletotrichum sp. with irregular brown spots and dark brown
sunken lesion at the center of cv. ‘Shui-jing Ba’ (red arrowed). Sometimes there are small brown sunken spots with
red haloes on pericarp. (yellow arrowed). (B) Rounded to irregular lesion (red circle) of anthracnose on the fruit of cv.
‘Hong Zuan’. (C) Symptomless leaves of cv. ‘Zhen-chu Ba’. (D) Colonies of Colletotrichum sp. (red arrowed) isolat-
ed from symptomless leaves after strict disinfection.
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B 2 B G R P AR 2 o A T
([ 1D 4Lt 575 - & AT - B8 R
EHEEHR  sEHgEERKOZEE > H
A RHAITRE - i — R 2 B EE MS
R EE R -
REREERERRIRITER

oF 5 .16 JR % A (] 2 o A A B S (] 4L 45
B8 2 R E R ETUERT B ER
- DL T BRI fF AR S TE - HE
Rk 2 Fow - HEWRBREERREER 2
Fk > BAEREAEENEEENEER
BRI E > VIFEEE - FETEEIEE
ZROZ RN > RrEkEREHELHE
HAEREME - &F—Ro8ER - BEEEPRE
ZEE 0 ERRIERER] - 554 pEEERE
ZEHREEF S (virulence) B FkE (%
2) HIEREENRGERERGD  ERE0
AR — 0 RV IR E (Tsai » RERER) -
BEORKERERGE DN

1 15 BRE R SRER B Y 1TS %1 LANCBI
GenBank #Y BLASTn EE ¥f > 38 15 £ & ¥ 81
C. gloeosporioides 18 &N E % 2 75 EH
S 99% HUAHEME - ForiE 15 HRE AR IHE
R & E PR ER & Y C. gloeosporioides 18 & 78 »
Ry TAG e € A RERE - BUEA ITS
GAPDH ~ TUB2 ~ CHS-1 . CAL R R E& %
Hl (Weir et al. 2012) #1TZERFF1 547 (M
% 2) - BGRGEER - 15 HEETHE 10 &
E ML C. siamense ICMP 18578 &5 HA [ — )&
b4 3% > 3 {# & £k (YCCo5, DSCol, YCCo2)
Bl C. fructicola LF130 g~ [F] —E b5y 32 0 1
{EE 1k (SSCol) Bl C. fructicola ITCC 6270 fF
rE—EET S 0 55 1 &k (ALCo2) HIEL C.
tropicale ICMP18653 JFy[E] —Ef [ ILA] > &

(EEBEAMRIER 2/ VEE C gloeospori-

oides & TE T C. siamense ~ C. fructicola ¥l C.
tropicale % 3 T IHIH & (& 2) °
—EHAE®RER DERFTRIESE
BURE

itz 2 C. siamense SYCo3 ~ C. tropicale
ALCo2 -~ C. fructicola YCCo5 A 25 C B & ?
B BwE EEAESEA 10 4R RIE@EAY

HAEPREREEXAE  HHME LM
BEAE O M o Jr A4S T R T
BRESAERTFZ oM FHEERA
o ERET R SR EBEOORNIUR (B 3) -
3TERERE 2 7EM 28N - &5 M
B BANEESE G ([B 4A-4C) > C. siamense
SYCo3 74l TR E4) B 11.3-14.4-16.5 pm
x 4.4-5.1-5.9 um > C. tropicale ALCo2 734 {1
THEEL R 12.1-15.9-18.8 pm x 4.5-5.2-5.9
um ~ C. fructicola YCCo5 53 £ T & EL 5
12.8-15.1-19.2 pm x 3.7-4.9-5.7 pm ° 554} >
C. siamense SYCo3 } C. fructicola YCCo5 [ff
EREMRLEL - ZEFHAP IR - DEE
4234 o C. tropicale ALCo2 Rl % By fif&T -
EARFHRANE (B 4D-4F) -

BOBKNEBERREEE R ERE MK
TRIIEE

A% A SE TR A (5] R B R B B 4 A R Y52
B RT3 PR o HEREE | mgai L
B > (ERE P el 4 BIHE] C. siamense SYCo3 »
C. tropicale ALCo2 F; C. fructicola YCCo5 HY
I 442 B 72 68.8 ~ 90.6 Kz 81.1% -~ ‘& EEH| 75 %
RSy HEFE By 10 mg ai. L7 B {85 BUF KBk
F T (5 3 e e Y B 4 2E R AU 1T 5 [ 222 21
80% DL b o DATEEGF BB » 3 #REH C. siamense
SYCo3 ~ C. tropicale ALCo2 }i C. fructicola
YCCo5 I 444 BHIHIZR 3l B 100.0 ~ 87.6 K
99.4% ° & HERIH XA HEIEEE] 100 mg ai. L'
W o {8 5 2005 R $E 50 75 R B 3 51 E A B Y
B & B R AN R 2 F] 100% [ & % IR 0F
(thiophanate-methyl) AIfE %} C. tropicale ALCo2
B4R R RANHIRZEF] 100% © 5540 0 2 T fRE
7 B P PR 2 (RO RN T R KR
15 T R bk o5 e b mT I 3 T S JE 9 B R AR 2R
R 80% DL E o sa R 8 STUUR - = H IR
(trifloxystrobin + fluopyram) 2% strobilurins 4§
SR 0 ¥ 3 TR S YR B A EH B 2 R 4 AR R A
FIRCER - E& A RIHIZIETE 25% DUT -

BEOBNRERZEEEHREAERES
SRR

HERIRL R 10 mg ad. L7 - ZEEEIRE -

R~ ]~ RIS - R TG E KSR
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2. DI EHFE 5] (TS, GAPDH, TUB2, CHS-1 } CAL) #& H f& RIEARE D M AW T8 2 15 Bkl
Colletotrichum gloeosporioides #&EFH 7 54 BIREL BT FTENE ~ B4A8f - 15 EIRA 10 BREFEEITE Colletotrichum
siamense > 4 EIREFIELE Colletotrichum fructicola > 1 EFRAE Colletotrichum tropicale (FiSEFT/N) BBk FAVEL
EAF53HT 1,000 ZXETE 2 bootstrap value » ELFIRAETAMS 2 4 HlE B -

Fig. 2. Phylogenetic tree of 15 Colletotrichum isolates collected in this study (arrowed) and 54 isolates within C.
gloeosporioides complex. The tree was built using concatenated sequences of the internal transcribed spacer (ITS),
glyceraldehyde-3-phosphate dehydrogenase (GAPDH), B-tubulin 2 (TUB?2), chitin synthase 1 (CHS-/) and calmod-
ulin (CAL) genes and analyzed by maximum likelihood method. Of the 15 isolates, 10 isolates are classified as C. si-
amense, 4 isolates are classified as C. fructicola while 1 isolate is classified as C. tropicale. Numbers above the nodes
represent the bootstrap values (1,000 replicates). Scale bar indicates the number of expected changes per nucleotide.
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3. {32 (A ~ D) Colletotrichum siamense isolate SYCo3 ; (B ~ E) Colletotrichum tropicale ALCo2 ; (C ~ F)
Colletotrichum fructicola isolate YCCo3 F4&E 1~ $5 E & A iEBAREFEEL 10d (250) B2 H% (A-C > 1FH » D-
F - &) -

Fig. 3. Colonies of (A, D) C. siamense isolate SYCo3, (B, E) C. tropicale ALCo2 and (C, F) C. fructicola isolate
YCCo5 cultivated on potato dextrose agar at 25°C for 10 d (A—C, above side; D-F, below side).

(A) (B) (©)

(D) (E) (F)

4. > (A ~ D) Colletotrichum siamense isolate SYCo3 ; (B ~ E) Colletotrichum tropicale ALCo2 ; (C ~ F)
Colletotrichum fructicola isolate YCCo5 Bk T4 i1 M T E 23 BB 2 (A-C » 3407 3 D-F o &2 5 bk
BIR =50 pm) -

Fig. 4. Conidia and appresoria of (A, D) C. siamense isolate SYCo3, (B, E) C. tropicale ALCo2 and (C, F) C. fruc-
ticola isolate YCCo5 (A—C, conidia; D-F, appresoria; scale bar = 50 um).
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M i PR AH B ] A X IH] C. siamense SYCo3 ~C.
tropicale ALCo2 J C. fructicola YCCo53 ffi ¢
HRERAETEST (R4 BEFIREFREKE
| mg ai LB (EHEH - EEHRGERE
TR R 4H T H14] SYCo3 ~ ALCo2 K2 YCCo5
SRR R RE 1% LT -

R

Colletotrichum spp.5|# 8 Y 5 JH IR
(anthracnose) fy #& fi¢ 5 B BR WAl b BR UL 1% B
FHRE > BREAERIMNENRHIR T2 —
(Hindorf 2000; Hyde et al. 2009; Ismail et al.
2015) ABERT FTaEREZ - fTRHSE

B\ B %%*ﬂ @Jﬁﬂ’FE"F%‘ HE - OKEER -
% AR - -- % (Phoulivong et al.
2010) - éE’f%’{ﬁ%b“zfr+ % ¥~ — (Hin-
dorf 2000) - A 5T B F & & U B A [F] dn i
HOMRE DESHRIERE © FTE ERRE
% Ry E e R MEE 2 A H AR - &
RILERBIR T S AL O AT - i

A FRIE IR B N Ry PR AR BV I B RN A E
o B AhEHA KLY 2,200 FEAEY) A 8 FIL R

(Rodrigues & Petrini 1997; Vieira et al. 2014;
Guarnaccia et al. 2019) » N4 B 7] £ 51
PI4H 8N & E 4 R 1S & 28 BCOE L (Petrini
1991) » HUAHFE 55 41 $1 S B0 R T ER
=3 LX!?E%Z?%%E%L??%%E o GEILEUT T
R NA S EE R 2 HEFE - 4G Phomopsis
sp. ~ Phyllosticta sp. ~ Colletotrichum sp. ~ Al-
ternaria sp. E o HpDBEBEE (Pho-
mopsis sp.) IR R & (Tsai > REKRE
- BEHFE /T RZNEER > LHE

IREUAL R 14 - Prusky (1996) W45 TR
R Z S A e ' AR - TEH R R E AT
H - EIERR RS AR B - B
THEERER RAE ﬁ%EZJ—TT“ kS A
IR DUREIETEENE - SRERAF
GBOHGRIT » B 77 i B R E SR R A
BIE R B AR S AR R M (pathogenicity) » {H £

W EEE R BREYE T (virulence) %ﬁﬁ{&ﬁéﬁ-
R ENER (K 2) - BRI - HEEE R

4. HORPIEPIZ A ZERIE A [F S R PR TS SF Y2 -
Table 4. Effect of approved fungicides for guava anthracnose on spore germination of different Colletotrichum sp.
isolates.
Germination rate (%)”
Il mgai L' 10 mga.i L'
Fungicide SYCo3 ALCo2 YCCo5 SYCo3 ALCo2 YCCoS5
Cyprodinil + fludioxonil 0.0+£00¢ 124x19e 13.0+£22e¢ 0.0£0.0f 0.0+£00c 0.0+0.0d
Kresoxim-methyl 70.1+32¢ 384+2.6cd 864+18b 257+18d 28.1+9.6a 729+6.1b
Iminoctadine 812+3.7b 394+58bcd 769+1.6c 484.£2.0b 272+64a 758+3.6D
Azoxystrobin 622+45¢c 41.6+£51bc 958=+1.1a 22.6+3.0d 365+26a 854+52a
Fluazinam 0.0+00e 02+02f 0.0+£0.0f 0.0+£0.0f 0.0+£00c 0.0+0.0d
Tebuconazole 929+1.1a 88.0+3.0a 772+33cd 0.0+0.0f 0.0+£0.0¢c 0.0+0.0d
Thiophanate-methyl 935+19a 39.1+£3.7bcd 782+2.1cd 83.7+24a 30.7+43a 629+57c¢
Metiram 91.5+20a 08+05f 79.7+33¢ 0.0+£0.0f 0.0+£00c 0.0+0.0d
Iprodione 384+49d 325+1.7d 735+ 1.4cd 125+21e 289+33a 70.8+3.1bc
Thiabendazole + oxine copper 00+0.0e 0.0+£00f 0.0+0.0f 0.0+£0.0f 0.0+0.0c 0.0+0.0d
Dithianon 0.0+00e 00+0.0f 0.0+0.0f 0.0+0.0f 0.0+£00c 0.0+0.0d
Mancozeb 692+62c 00£0.0f 72.1+3.9d 0.0+0.0f 0.0+£0.0c 4.1+£28d
Trifloxystrobin + fluopyram 67.7+1.4c 442+60b 927+18ab 36.6+28¢c 164+1.8b 899+3.1a

“ Spore germination rate = (No. of germinated spores in 0.25% glucose solution with fungicide/No. of germinated spores in 0.25%

glucose solution without fungicide) x 100%.

¥ Mean + standard error (n = 6). Means within a column followed by the same letters are not significantly different at P = 0.05 based

on least significant difference (LSD) test.
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Ji VA 0 B A A M SR EL A R PRV EUR T (viru-
lence potential) » K B AT EE N TERELL
AN LHAERY 7 05 E - B B E ARE TR
BURRA - Pk EARER > NAEEEEEZ
H A YIRS AT A g R AR 7T JL AT S
@ (Petrini 1991) > HRHEEBIREZEAN
A AR TE A (EME MR IR B (Wilson 1995) «

B R Y R IE R B AR SRR B 2
— & 1k C. gloeosporioides Penz. it 5[ #E > {H
MR SR SEEEE —EEEHE
(Phoulivong et al. 2010; Weir et al. 2012) - [/
ITS FR 7 B o 15 Gk - HER I
99% AEIME: » Ry B AR TR 43 15 & 1 P Y 25 A iR
JEJRE » {fF ITS - GAPDH ~ TUB2 ~ CHS-1
CAL B[R | B FIEEAT % BN P51 7 (Weir
etal. 2012) - &EREUR - HRIGEH OERIER
1 C. gloeosporioides 18T > EE C. siamense ~
C. fructicola ¥ C. tropicale % %/ 3 T [ JH
P B Cosiamense 5K % B0 10 i B
HRER A LR LY > B5A 4 (HEERBR C. fruc-
ticola > C. tropicale Rl & 1 {E &tk ([ 2) - C.
siamense Ty )2 1E % B 0N HE SR B B IH R 70 B
JE5: (Prihastuti et al. 2009) » JF AT HEH5 H
C. siamense fy—1{8 &7 (Sharma et al. 2015) »
BzAEEEREEBSE  LEEA—EN A
o E EFE AE (Genealogical Concordance
Phylogenetic Species Recognition; GCPSR) fif
WEZEIFE AT - At BEMAT S RIER
HrfEwE s > FlU Colletotrichum communis ~
Colletotrichum dianesei ~ Colletotrichum en-
domangiferae ~ Colletotrichum hymenocallidis ~
Colletotrichum jasmini-sambac ~ Colletotrichum
melanocaulon ;. Colletotrichum murrayae > {2
PEEEIBLEE C. siamense HI[EY)HE4 (Liu
et al. 2016) - ZETF TMARZ » FFLEVE
T A R gk S B E Y AR R 0 R
CEE - B RN - MEAT S B R
i+ FYHA# R 4E (Udayanga et al. 2013;
Hassan et al. 2018) - B C. siamense — 1% » C.
fructicola 72 1€ W Wk 5 B 77 Bl 18 15 7Y 37 7 o
JH 9% & (Prihastuti e al. 2009) » Z EH & F E
2o BEREE - R FEES > WY REIE
BMEY N4 EH (Jayawardena et al. 2016) -

rere

]

70 % 52 1

C. tropicale 55— JU i ¥t B 72 AT B 32 N 69 R
REH I (Annona muricata) FEGEIE VI
B o ALAE A 5] Gl (Theobroma cacao) T A 4H 4
Wi BEEIZ & (Rojas et al. 2010) 45 3 FfRIH
JREYEIEEIE TN C. gloeosporioides #& & 1& > TEWT
FELLECAE AT R R IER » BAMEZ LR
7 20 f& (Fuentes-Aragén ef al. 2020) » ENZE
DA S T SRR B B R S - A
Colletotrichum asianum ~ C. siamense ~ C. fruc-
ticola ~ C. tropicale ~ Colletotrichum scovillei
H o C asianum #5757 BERISE R 5 = (Wu et al.
2020) - EPEAHERIER > DLH R =250
BN SN SRR 3908 A SR e B A R
IR AR RIS - SF 2R T R -
KRB S — KT ik m it @ & A
B SR AR R R -

O EIERAYPE B AT E B REE
a o B R AT A E T BIAR B B S IEE 7y
SERIA ML ER - BIFEEERENERER
B 5 i S B B 22 T R 2 R e L TR B
A A ZERI B BB IE « DUEBRE T 2 RIE 7 IR BT
G R IIE - K 3 TR B & Pk
F TERAY R AF SERIURCHIE - SRR
SEFRERE 100 mg a.i. L7 0% > FEEGE R EFEE Y
R AT SR ] 3 fE SRR R R AR A R BERDR
[ 10 mg a.i. L7 BF > ZEHEKE - SRR
By Al REM - EEREE KR 5%
I 3 ERERE AT # 0 BEERE 1
mg a.i. L' 6§ > A A5 648 Y15 5 R 5 it B 0]
ST A 3 e SRTE R B -3 5 o M DL R EER
$ 3 T R IE A B Y IR R S e B = S -

S J7H 3 T FIE 7 B o i A EE R
A B RN R 7 A 7 S - S A R A 2 R 0 B
P & 100 mg a.i. L 0% » ¥ > C. tropicale
ALCo2 A 100% I HI K 44 & - Mm%
AR E SE B 10 mg a.i. L7 B > 8825
#30.7% ; i C. siamense SYCo3 J C. fructi-
cola YCCoS5 1FFHE {75 E% 100 mg a.i. L™
o E&RE RIS 0% » BERRE L 10
mg a.i. L™ B 07 88 2F 3R A 53 Bl By 83.7% K
62.9% - BORH BN C. siamense F C. fructi-
cola > C. tropicale ¥ H B % (7 2B A [EHY L
RN ME B A2 AR S -
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REZRFEASE - RERNEEHRE
%5 5% B methyl benzimidazole carbamate (MBC)
HEEE B 1F P S R A % 0 2B AR B-
& Z (B-tubulin) HY4H & - TRIPLEE MR EL B-
tubulin 2 FEK ERIERIZEE (E198A/G/K K
F200Y) 7 B8 (Young ef al. 2010) » HEJE 5 &
PR I EE R 2 B BT EE M AV R B A MU A BT 5%
Z5E (Ramdial et al. 2016) » H benzimidazole
FAEET A s HA TR ST A 5 = Ay B EE M b
(Cao et al. 2017) - fERVG 5} ARESS HIERK
IR E S | FERIERE (C. siamense)
¥} benzimidazole JHZERIH = LT E8 1% - BIE
B R 55 5 SE TR P 22 51 1,000 pg mL™ > %
E A E] A SR BE & 4= £ (Fuentes-Aragon et al.
2020) © BRI ZAE » ARHFEIREEL C. fructicola
TEEEEE 100 mg a.i. L' BF » S H B 25705
TR fEHMHES » HEE RS EE
1Y C. fructicola . 7H [F] 15 #Y 45 i (Han et al.
2018) = 7R E) 7 5k JH I B e 0 o] BE £ ¥ ben-
zimidazoles %5 &% 7 7 4= A [6] £ [ AU 1 82 1% -
TEPUEE M EERIS B E LR -

ARWFER ARG (in vitro) FTHIEHY stro-
bilurins JAZER| » GHEBEK 2 v Uil ~ s 68
FORGTHZ @R 45 RN E A R AN
ZH 3 T RIE R S AN B AR 25% LA -
H 78 e S8 B f k% 52 2 A d Ak st AR 1 7 3%
o MEHAREER - BYMNEHEERIEER
ML 45 BG A AR AR AV AR LBE R (alternative
oxidase; AOX) H]{f B {E A B8/ HERH strobi-
lurins JEEEMIZE LV EIER - EEEA BRI
MRS A BN ERTHSE - 55—J7H > EE
TEAREA (in vivo) RIERSN » #HEM AOX &
WAB PRI T AR AN I - AT {50 B8R 5% fe 4
% (Wood & Hollomon 2003; Kaneko & Ishii
2009) -

EN DA E S NS ER TSk WA a2 N E|
JEATETRENRE -~ BEEH MDA E
TATEITEENEBREF R - miEE - BEZ R
F RIS E S B HEER - B HEER
BRTEM  HE-UERAHEEH (i
ik EERE ~ (R Z AR - K EHE) B
A - BEH IR AT 5 H W B2 4 3B strobi-
lurins JAZERIZE £ HLEEN: - (RN REHRE

P& A HH R Bt A strobilurins JHZEH| » A BEE IE
R L T o SR Y RN

&k bPral - FAERERIERE AN REER R
IR RREBHYRE - MBS N s (R
TR o DUSE A e R (6] S e S YRR TR
Fa EEARESE - E&ER EEERER
FEREDHE T - Rt - HEEHENEHEEZE
BE O REERE R miaETEE > DIRKH
MBRENRRREERE - B9 HEE2EHECRE
FRIE R IR B R G BT S » AT A& B B AR
JHIR 2/D & C. siamense ~ C. fructicola 1 C.
tropicale %5 3 fd o H &8 F sl B 45 R &R C.
siamense ~ C. fructicola ¥t benzimidazoles $
strobilurins FHEEHIE 48 2 IR A G » 1 C. trop-
icale %f benzimidazoles 5 Z& 7] L G M: - {2 %]
strobilurins JA%ER| = NEUEL - HHIY C. siamense
T T 0 M R B B BT TEEERIRYE A
JE &+ IR PR IE R R i FH A~ 51 e S -
DRz EAE T HE YRR = -

=+5
e

AW FORSEHIG K RINT 7L R B 488 0
MR RRBEIEFETT > DU GRS IH B
WoE & ~ BERveBIE T 5T A 7 B st B Mg H 41
st oA o

5| A SRk
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Appendix 2. GenBank accession numbers of Colletotrichum isolates collected in guava field surveys from 2019—
2020.

GenBank accession number”

Species Isolate ITS GAPDH TUB2 CAL CHS-1

C. siamense ALCol MW541841 MW583606 MW583634 MW627457 MW583619
C. tropicale ALCo2 MW541842 MW583607 MW583635 MW627458 MW583620
C. siamense ALCo3 MW541843 MW583608 MW583636 MW627459 MW583621
C. firucticola DSCol MW541844 MW583609 - MW627460 MW583622
C. firucticola SSCol MW541845 MW583610 - MW627461 MW583623
C. siamense SYCol MW541846 MW583611 MW583637 MW627462 MW583624
C. siamense SYCo2 MWS541847 MW583612 MW583638 MW627463 MW583625
C. siamense SYCo3 MW541848 MW583613 MW583639 MW627464 MW583626
C. siamense SYCo4 MW541849 MW627455 - MW627465 MW583627
C. siamense YCCol MW3541850 MW583614 MW583640 MW627466 MW583628
C. firucticola YCCo2 MW3541851 MW583615 - MW627467 MW583629
C. siamense YCCo3 MW541852 MW583616 MW583641 MW627468 MW583630
C. siamense YCCo4 MW541853 MW583617 MW583642 MW627469 MW583631
C. firucticola YCCo5 MW541854 MW583618 - MW627470 MW583632
C. siamense YCCob MW541855 MW627456 - MW627471 MW583633

“ITS: Internal transcribed spacer; GAPDH: glyceraldehyde-3-phosphate dehydrogenase; TUB2: B-tubulin 2; CAL: calmodulin; CHS-1:
chitin synthase 1.



156 BEEEENTTE 270 B2

Genetic Diversity and Fungicide Sensitivity of
Colletotrichum spp. Isolated from Guava Fields in
Southern Taiwan

Shuen-Huang Tsai"’, Kuan-Wen Chen’, and Chien-Jui Huang’

Abstract

Tsai, S. H., K. W. Chen, and C. J. Huang. 2021. Genetic diversity and fungicide sensitivity
of Colletotrichum spp. isolated from guava fields in southern Taiwan. J. Taiwan Agric. Res.
70(2):140-156.

Guava anthracnose is one of the important diseases of guava fruit from harvest to post-harvest.
The aim of this study is to understand the main species of Colletotrichum that currently occur in gua-
va orchards, and to investigate the sensitivity of these Colletotrichum spp. to the approved fungicides
registered for anthracnose management. From 2019 to 2020, symptomless leaves and diseased fruits
of guava anthracnose were collected from the main production areas in southern Taiwan. Fifteen iso-
lates were obtained and inoculated on ‘Zhen-chu Ba’, respectively. The results showed that wounds
are needed for most isolates to cause fruit rot symptoms, and the isolates obtained from diseased fruit
is generally more virulent than the isolates obtained from symptomless leaves. To identify the species
of collected Colletotrichum isolates, five genes including internal transcribed spacer (ITS), glyceral-
dehyde-3-phosphate dehydrogenase (GAPDH), B-tubulin 2 (TUB2), chitin synthase 1 (CHS-1) and
calmodulin (CAL) were sequenced and a phylogenetic tree was constructed. The constructed phylo-
genetic tree indicated that guava anthracnose in Taiwan includes at least three species, namely, Colle-
totrichum siamense, Colletotrichum fructicola and Colletotrichum tropicale. The fungicide tests show
that C. siamense and C. fructicola are generally insensitive to benzimidazoles and strobilurins, while C.
tropicale is sensitive to benzimidazoles but it is not sensitive to strobilurins. Comparing with the other
two Colletotrichum spp., C. tropicale has a different sensitivity to benzimidazoles. In addition, at con-
centration of 100 mg active ingredient per liter, iminoctadine and mancozeb can completely inhibit
the mycelial growth of the three Colletotrichum spp. thiabendazole + oxine copper and dithianon can
significantly inhibit the germination of the spores among three Colletotrichum spp. The above results
can provide farmers a reference for integrated pest management of anthracnose in the field.

Key words: Guava (Psidium guajava L.), Colletotrichum spp., Phylogenetic analyses, Fungicides
sensitivity test.
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