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Pathogen Identification of Anthracnose Disease on Coffea
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Abstract: [ Objective ] The study was conducted to clarify the pathogen causing anthracnose disease of Coffea
arabica in Guagdong Province, and to screen out control fungicides. [ Method ] Tissue isolation method was used to isolate
and purify the pathogen, and pathogenicity test was conducted by using Koch’ s postulates. The pathogen was identified
based on morphological characteristics and analysis of phylogenetic sequences (ITS, TUB2, GAPDH, CHS, ACT and GS ) .
Moreover, the inhibitory effects of four common fungicides on the pathogen were measured according to mycelial growth.

[ Result ] The obtained strains were identified as Colletotrichum fructicola, C. siamense and C. musicola. The results of
pathogenicity assay indicated that all the selected isolates could infect leaves. In vitro test on two highly pathogenic strains

( C. fructicola CA-13 and C. siamense CA-16) showed that prochloraz, pyraclostrobin and thiophanate-methyl strongly
inhibited mycelium growth and their ECg, values were under 0.1 mg/L. [ Conclusion ] The dominant pathogen causing
anthracnose disease on C. arabica leaves were C. fructicola and C. siamense; prochloraz, pyraclostrobin and thiophanate—
methyl could be used to control this disease as the first choice.
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PRETRLEE RO, i e S R 70%, )
125341 T LA ORI ME P X AR Sy T SR = ROk}
CommE, mraly 2% ) ZE, ommEE o E R 5] 2
FHEA 100 Z4EM P s, 24 PRl T3 1Y
=FA . MR L TARRIRIEHLIX D TR SR
GENUP Pl S NS )1 2580 Y E A < L =N
FUEAEY K, BUTE S ARIE PG A A (B
MEFf R P e R A2 2% A BELAS Il = Ml & e
) — R

[ A A BIESE 3 Je ] Wl ol 25 SE 5 2 52 T /N iz
WP e A R A 2, Ry
MR BR. RS miRAER, s B
BAFIERERE, JEHEh IR IKE 6, RSN
wRE, HEAFCRL, FA RO/ B
fif 352 SR SR ) 7 SR S i) L T 3 R TR A €20 4 141
BE, BERYRIE SR M0, B m 2R
T TR B/ MRS @&, IR
WK, JREREA AR (20 o 2Rl R I I ]
PLG S INME S IE , Cao S5l 1 ¥ R 1 DX B HE
BAFIR I TP AR, 700l Ay e A8 A I 18 525
( Colletotrichum gloeosporioides complexes ) H
M C. endophytica, C. fructicola., C. ledongense .
C. siamenseFIC. tropicale, 1T IR JH 1 B2 A R
( C. boninense complexes ) HC. karstiiflK H
fARIHFEE SM (C. gigasporums complexes )
HIC. gigasporum (31 ; Cristobal-Martinez %5 i i
3 S5 VH RFONE R R R BCARRIROR B
WL, Y T5SFVRIEE : C. gigasporum .
C. gloeosporioides . C. karstii, C. siamensefll
C. theobromicola 41 ; C. boninense. C. coffeanu.
C. gloeosporioidesfig | 2 1 PUIME (1) it F FLR 52
BAIAIR L5 o

[ AT ] KIBILOR, fk2#Biia sk
SRR IR 1) F B, 1 0C T ARIAIA A 22
T i 245 77 A 0 1) i 2 DA i, LA A5 Lo
A WA P R AL T AR Bl B R 1T BRI R I g
JKPHitE; Chechi &5 170 4218 5 | 236 2R 5 IH I 1Y
BB IRIE R C. siamense Xof W T 15 FITHH A B R 3%
PPN Piceirillo 55 (81 A 305 | S 708 S I 1Y)
C. gloeosporioides T 1 X W& TR iR A7 76 A [A] R BE 1)
PUPES T 2R 1l DX A MRS 55 b Ak T 1S B B
HL 1 ARAT I DX ME BIER A AH DI S 4, A

101

B, A X RS R PT B C R [ 4L
figk R B O BRE IRV R | AT 0T SR 1T 2Rl FE e A
b B BRI R AS AT 0 S 1) 0 M K BT A 2
7R R 2 R I R ,  LAIYI DA >4 M W P 2 SR ) AT
AP IR 2

1 #R5RFE

1.1 RIEH R

2019 4F 10 H 20 H S A if5 3= B mg A
FEEEHE (23° 37 29" N, 115° 26" 22" E) K&
RIPE PRIIHERE & o 398 FH D B8 S A A B g 45 7 3k
( Potato dextrose agar, PDA ) HF Ml M % JH 975
MBS . At FnEs
1.2 REEMSBES4K

P 155 B Y %9 A L A i 5 B Ak D) R
5mmxSmm @ HAR, F75% L BE (V/
V) HiZid 10 s, KJE FH 2% B NaClO 2 1 i1 2
2~3 min, RJ5 FHICHEZEMKMRYE 3 Wk, TR
4l i O CRIN 2 < | 7 e b 4R 2 A
PDA Al I, T 25 CEmEAM T F. FFEE
JRRA S i EAR SN, 0 ) S B O = S| BT
WA BRI b, T WA ROk E A s —4
AT EBEIR R SR LT PDA B350 iR ide 8
IR, SRIGH AL TR AR RS 2= PDA Rt
B
1.3 EEFELTE

P ERAAAL S R EEFD T PDA BRI L, W
FLRTEPEAR, I W & 45 TR BRE 25 CF AN
IHA B A VR BAR, MRS ER KR, H
Olympus BX41 W iBe LS 22 Fn o0 AE 78+, BEAL
BEE 60 AT, AT K/
1.4 EmENE

PR LR T PDA B5 3R 58 1 25 CHE 57 7 d
Jei, PR BRI RR B A 2T G0 RS 1 1A T 8 B 2K e
B BE R 105 4> /mL B AT B 77 . BEER S i
WEER R, FJCE R R e R 10 w L 996
T-ETR, VIR ICHEKAE X B, R R
Flv1s FrommErt B, 3 REE . BT ARG
BRI E SR, WS R R
WL, MR R oy B R, 5 R
FRPERRIEAT LA o
1.5 SEFRRZFETE

KB H R A DNARBGAF & ( Omegak:



102
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Table 1 Detailed information of primers used for pathogen identification

FEA Gene AR Product name 5|4 Primer J7'[4] Direction J¥51 (5'-3") Sequence ( 5'-3")
ITS P ST ] X ITS1 1E[A] TCCGTAGGTGAACCTGCGG
ITS4 JZ I TCCTCCGCTTATTGATATGC
TUB B - MAEHEA Bi2a E GGTAACCAAATCGGTGCTGCTTTC
Bi2b SR Il ACCCTCAGTGTAGTGACCCTTGGC
GAPDH 3— BRI FIIE MOt AU GDF TEm GCCGTCAACGACCCCTTCATTGA
GDR S 1] GGGTGGAGTCGTACTTGAGCATGT
CHS JUT A I A CHS-79F iE ] TGGGGCAAGGATGCTTGGAAGAAG
CHS-345R SR I#] TGGAAGAACCATCTGTGAGAGTTG
ACT Jillk=i S ES7| ACT-512F 1E ] ATGTGCAAGGCCGGTTTCGC
ACT-783R JZ 1) TACGAGTCCTTCTGGCCCAT
GS AR A R GSF1 1E [ ATGGCCGAGTACATCTGG
GSR1 R 1] GAACCGTCGAAGTTCCAG
AR, LB 1000 UK. 2 HRGHHR
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4 Fofr 28 TR 7 ot 1 PP e TR A B0 RO, SR DA
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PDA RA L&A A BRI PDA Sl 5], L
%R 5 mm BFTFLAREUR 22 200 22 PDA 5 251
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TR R R B 2228 KA HR A EC, (A, 45
AR
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A : Leat apex; B: Leaf margin
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Fig. 1 Diseased symptoms of Coffea arabica leaves in field
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— gl [,y — vl R s A, — 1 ~24
ek (K2B) ; HCA-63E MR EFE, HK
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A and B: the colony morphology and conidia characteristics of strain CA-6;

C and D: the colony morphology and conidia characteristics of strain CA-16;
E and F: the colony morphology and conidia characteristics of strain CA-3

B2 KREE®RMEZENSERTRES
Fig.2 Colony and conidia morphology characteristics
of representative strains
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Fig. 3 Diseased Coffea arabica leaves after inoculation
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J1855, WRBEE AR H4.9~5.1 mm,
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B (CA-1. CA-6, CA-11, CA-12FICA-13)
S5RARIEEC. fructicola RTE—E, JEHN—1M
WA 3Kk (CA-2. CA-16F1CA-22) 5
WEF I C. siamenseZRIE—iE, EB—1MH L
M43 33 CA-3FPh 5 E A RIHE C. musicola
RIEE—E; S M AE RN RE, Wi
iy W 3K 9 O ke o L TR 4 ) Sk R AR IR HL TR C
fructicola ., &% HAHLFC. siamenseF A I IH

S .
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CA-12

C. fructicola EIPP16
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lca-11

CA-13
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L C. horii ICMP10492
C. aotearoa ICMP18537
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100 CA=3
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Fig. 4 Phylogenetic tree based on ITS, TUB2, GAPDH,
CHS, ACT and GS genes
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CA-13 1 C. siamense CA-16 473557 F% 1 E
W, FIHA = w4 Fh AR R TR 2242

Kdmaiale, 55 (F2) FM. 4 FORERIXT
2RI AR T 1 P 22 A KRR 22 57 B
DR BeF Fiie | ML ik P g A FR L0 A7 52 3 o % T 751 417
BRI, MR 0.125 mg/L I XF P RE S
JELI TR 1) A 22 2R KA S8l 2o 509%, S By A ik
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HAMEIE IR Z, YR EEN 0.25 mg/L X TR b
CA-13 Fl CA-16 91 22 4= KA 2R 70510 58.6%
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4 T 235 AT 1) 250 % TR ke e 550 A i P 0 R EL A
W IHIE Y, 2SN EC,, [EAHT AT %0, bR
i Fidz . TR Tk T i R FH SRS R 2 1 0 ot R AR
XTI RR BRI B AR ) ECy, 2/ F 0.1 mg/L,
AWK L %) B 1 feeoik, X CA-13 Il CA-16 f) ECy,
I3 518 0.067., 0.039 mg/L; 2 ik T ER Mk %00 57 vk
Z , HXt CA-13 Fll CA-16 [ ECo, KT 0.1 mg/L,

3 it
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Al 5 RIS 2R E, JF454 ITS, TUB2,
GAPDH. CHS. ACT Hil GS i#17 2 HE R R 402 47
B, R 53 B A5 2 Y TR R 43 0 SR A IR JE TR C.
fructicola, &% RIH T C. siamense F 5 F5 1 ik
JHE C. musicolao 3815 Rl 32 W 35 3iE i 4 9 5
BRI bR R R, R R RIEIE IR,
AR B85 RN R AT SRRy, X2 08 TR AE MK
JHE C. fructicola, &% JRIA MW C. siamense Fl
B RIET C. musicola 3 FhH IR H Z AR Y45
AT AR b DX | R MM e B SR 1 B IR, 1
o S B S A AR I e SR 412 W AT
POt THENSARIE . BN BT R R Y S S
Cao S5 %] ¥ e 1 DX E 27 T i Dt P O 5 45 2R ke
AR B, Fhh, ATEINE UAHER: Frh gy
BB W A RIH W C. musicola, {BJ&i%HAREUH
TS, BONE R R = AT 25880850 W . (H
J&, BEEASIHIE C. musicola RET T/ NREF
# Musa acuminata V71 | Colocasia esculenta '3’
MR 5L Phaseolus lunatus 119 BIRIENG, JRN 5|
HA

Ak JH W C. fructicola Fl & ¥ JH
W C. siamense [F] J& T W& 0 7 JH W & & Fh
C. gloeosporioides complex, & T E 1) Jik JH fi



Table 2 Inhibitory effect of fungicides on mycelial growth of Colletotrichum isolated from Coffea arabica

R2 REFIXIONHERE R E E 2 £ KRR
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L C. fructicola CA-13 C. siamense CA-16
AU PRI I . KR . N
Fungicide ective fungicide Ak R ikk LEZISITES
concentration (mg/L)  Colony diameter ( mm ) (%) Colony diameter (mm)  Growth inhibition rate (% )

< ik PP s 0 69.1+£0.3 73208

Difenoconazole 0.03125 49.7+0.6 28.1+0.9 495+138 324=+1.1
0.0625 439413 36.4+1.9 442107 39.6+2.5
0.125 39.1=14 43522 40317 44.9+0.7
0.25 286+13 58.6+2.1 35.7+05 512=14
0.5 11.2+1.1 83.8+1.7 24508 66.5+1.3

WA 1z 0 69.1+0.3 73208

Prochloraz 0.0078125 65.5+1.2 52+0.7 54.8+3.1 252+14
0.015625 61.5+0.5 10.9+0.9 503+ 1.6 313+32
0.03125 55.1+0.7 203+ 1.1 433+23 408+2.6
0.0625 359+02 48.1+32 31.1+25 575+0.7
0.125 19.0+0.1 72519 18408 749+24

b A g i 0 643+12 721+ 1.1

Pyraclostrobin 0.015625 47.6+03 260+22 447+15 38.1+26
0.03125 431+1.1 33.0+32 408 +2.1 434211
0.0625 373+26 42.1+2.1 347+18 51.9+0.7
0.125 284+18 559+16 280+0.9 61.2+0.9
0.25 17819 72324 19.2+0.3 733+15

FP L P R 0 68.7+22 75.6+0.8

Thiophanate-methy 0015625 60.2+0.5 12321 66.8+0.5 1.6+ 1.4
0.03125 51.1+1.9 256+1.6 57.5+2.1 239+ 1.1
0.0625 44512 35206 39.9+1.2 47307
0.125 22502 673=1.1 212+03 72513
0.25 40+03 94.1+12 0

R3 FREFXMEERERENEANS NS

Table 3 In vitro toxicity analysis of fungicides to Colletotrichum isolated from Coffea arabica

C. fructicola CA-13 C. fructicola CA-16
ENCh
Fungicide EEpy AHIE Z AL EC, [l 5 77 AHIEREL ECs,
Regression equation Correlation coefficient (mg/L) Regression equation Correlation coefficient (mg/L)

PR ik HH P y=115.04x+27.62 0.9904 0.125 y=66.761x+34.015 0.9656 0.163
Difenoconazole
KA iz y=584.93x+3.0192 0.9705 0.067 y=417.56x+25.711 0.9627 0.039
Prochloraz
L i 4 i »=190.66x+27.371 0.9595 0.081 y=143.79x+39.641 0.9442 0.047
Pyraclostrobin
FH LA P R y=341.85x+13.789 0.9571 0.069 y=363.43x+15.741 0.933 0.059

Thiophanate—methyl

PR Dol o SRTRIRILAPTR, JRIRMESE S dmslR, SEE AR ), Bk

A TR 7R 22 T 52 A0 P R0 5 3 900 7 Dt o A
B — WU EE 145 T BELAH IE 5 AR AT 22 73 BLR 21

4 BhR B N R ) IS B2 50 . ARIETE S IR
AT DR S fz . ok e o T P A0 P RS L T 2R X A o 3 I

BRI FRZICR 200 I TR IR RN = O TR S B W) R IR RCR e, H EC, ¥/ T 0.1 mg/L,
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SR SYUERIIF R ZE I AR —F [o] , IRk
RIS I B CA—13 Fil CA-16 () EC,, ¥ KT
0.1 mg/L, 3 BH B JH I TR 0T 4 ik HH 20 AT — 3 1)
bk, GRS AR P H R b BEA R S JE
ﬁi%’%ﬂj 45— 2], TR PT i 4 Fh R

PRI 7389 R e S B I )8 FR TR, R B
ﬁlﬁﬁlﬂﬁ?’i‘iﬂﬁfnﬁz Hlﬁ%‘%l_ﬂﬂﬂﬂﬂ?ﬁi&%
BRI R, AT 15 2 18 2 B IH R
C. siamense JINIE 75 B 1Y) HE 22 i 7T (23
FJ?LJTB‘ 6 WM 2 IEL R 18 ) FsF T8 I8 X6F 2 R A A s

TTTR, A R A AR L

4 #Fig

LA BUR TR . A RIE WA AN £ 3L A
(ITS., TUB2., GAPDH, CHS. ACT #1 GS)
RGE T, BT AR MIME 5 B IE R 1 P 3
i BB R R A I C. fructicola F1 i B 1k JH
W C. siamense; WK Bf . 1w Bk B R AT HH 2
PR X R AE I C. fructicola F1 38 % ¢ i TH
C. siamense FIHNHIVE AR, X PRRR oI5 TR TR
BRI EC,, B/NTF 0.1 mg/L, Ay HITA] B3 6 Wi HE 7% I

IR RE T Z AR AL T 2%
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