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Abstract: The present work was conducted to identify the pathogen causing anthracnose of Liberica coffee (Coffea
liberica) plants and to screen fungicides against the disease pathogen. The leaves of C. liberica with anthracnose symp-
toms were sampled from fields for fungal isolation and purification. Four pure fungal isolates were obtained and only
KFTJO1 was verified pathogenic to the coffee leaves by tests following Koch’s Postulates. The rDNA-ITS sequence
(554 bp), beta-tubulin gene (tub2) and calmodulin gene (CAL) were successfully amplified via PCR from genomic DNA
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of KFTJO1 and sequenced. Blastn analysis of the the three DNA sequences showed that KFTJO1 was identical to the
strain WZ-135 (99.62%, MN856281), CREADC-ER2212 (100%, MT409131) and YMTJ4 (100%, MK569149) of Colle-
totrichum kahawae. KFTJO1 was also clustered with C. kahawae WZ-135 strain on the same end-branch of the phylogenic
tree (bootstrap confidence is 98%). Therefore, the pathogen of Liberica coffee was identified as C. kahawae which is a
quarantine species and has never been recorded in China. Fungicide selection experiments showed that among the 10
chemicals, methionine-acetazolyl and methyl thiobacillam almost completely (100%) suppressed the colony growth of
KFTJO1. The median effective concentration calculated from the functions was 0.0607 mg/mL and 0.0809 mg/mL, respec-
tively, indicating that both the chemicals were very effective against the anthracnose pathogen. The results are important

references for the field diagnosis of the coffee plant anthracnose and for controlling the disease epidemics.
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liberica Bull ex Hiern ) 7% /D3 /b IX ()7 4%
WM A% ) AR/ ME, HERER
F e i AL A R 9 R AN Bl A

ok s AL 72 o S = | DR g s R P
R, PO HE R RS F A RIS . B
JRFE IR AN B 24 o, SR 2 b el A A
X & AR R H i A ™ S R — AP
gk Y, R i RS e R A A %,
J& T ##% 48 ( Colletotrichum spp. ) HEF, HX
LN EUNE A C N RPN AR (S
( Coffea arabica L.) Firfkiiiif ( C. canephora
Pierre ex Froehn) , WI#EA %1 (C. gloeo-
sporioides) . RITRFHIFEAL (C. karstii ) . BEY
il #5:49( C. siamense ), 187 ] 4. 4f1( C. boninense ).
AJ ] 4% £ ( C. theobromicola ) . 52k il #%: 41 ( C.
fructicola) . & H|#H (C. leidongense) . #
Wil # 9 (C. tropicale) Ak fIl# (C. gi-
gasporum) 21471
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(122°75'25"N, 101°04'29"E )AN[7] KAz e fel S 4 g
IR UE A AR, TR R B 2 B
1.1.2 #2454 R EERHAR B0 A FRA F
AT R B AR R 7R 5 (potato dextrose
agar, PDA ) T B 2 B oAb 5 5% . A IR AT
TR TR 7910 7 1 10

1.1.3 514 TP 1% EL I tDNA 197 5% [a]
X751 (rDNA-ITS) . W HEAZERF (Tub2) F
B IS (CAL) MBI LR 1, mAETAY
TAE (L) B A BRA A A .

1.1.4 Z@EA A 10 Fh2h R Wk 2, B H
RUARAED A 7= R T3z 1 F B 3 BT e i B
A, F 202241 H 5 HWH =/ St izEAs
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Tab. 1 Primers used in this study
DNA J7#%] DNA sequence 5|#) Primer 51975 (5'-3") Primer sequence (5'-3") %% ik Reference
DNAITS ITS1 TCCGTAGGTGAACCTGCGG 8]
1TS4 TCCTCCGCTTATTGATA TGC
Tub 2 Tl AACATGCGTGAGATTGTAAGT 9]
pt2b ACCCTCAGTGTAGTGACCCTTGGC
CAL CYLH3F GARTWSAAGGAGGSSTTCTC [9]
CYLH3R TTTTTGCATGATTGGAC
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Tab. 2 Fungicides tested in the study

A 7 HE
Fungicide Manufacturer Concentrafllon/
(mg'mL™)
S0%AREEEE WP PUINARAT BRFAE A A 1.25
12.5%D0 ke WP B RFIFEE A IR TTT A 7 0.65
64%ERG « HhEF WP JEiEik T EA RITEA R 5.25
68% 1 FH TR WP Bk A R ITEA T 3.50
30% A HILMERE SA IR FEKAARTEAH 3.75
10% A5 F#FME SA  SEIE AR A FRFTEA 0.60
30%IJI5 TR - kg SA FRR T EAT RS 0.60

20%ME B il SA WIS T AR TEA ] 2.30
T0%H LT R WP TFRS H AR IR TTEA A 1.00
25% B -« CMEEE SA BV AR BR AT A ) 4.50

1.1.5 ety DAIEREE ROMI PN 04 1 R R S f B
FORmMER e, T EOR RIS R TR E
M PR PR 1) i R /D i v B8 A 31 AR B (L
£ 24 cm, &5 15 em ) B L3, B S FR,
T H T AT I T4 25850086

12 Ak

12,1 BEREKRWE S5SNI EMREE, T
Wi A R 2 e B I B R RS (AR ) sk
BRI H AR R IRAE R & SR8k, SRS =E
PI935 A R T HL R

122 mREW S BEL  BRERHEE
FORKIEVE T, W, RARHS Bkl
BAALR IR . 7RSS AL VB 5 mm x 5 mm
R EE SV, B FRFUNL 75% B IH T
30 s, A 2%UAMRMAEW T 2 min, HUE, K
YOO 3 MUK B ZE /K il ok 3 W, SRJE FIHK
PR UE AR T U R T 3R A K o). TR G
FR E PR SR A PDA AR I, B F(25+
2)°C AR ER A TR 3% . TR VR IE S FH K
FET BRI 2% T 22 AR D% , 642 28 1Y) PDA P-4l
g, FEfERAE TR IR B AT . DL Bk
alifl 2~3 YAS B IR B B ARG R AR, Befn Al
BR SRRV N G URE 22 Qv 2 % PDA RHE 5
R, FEERA AR 4dERAFT 4 CUKH,
#H.

123 Sombhikie  SRATB R g aAst,
AT S TS A 114 it R RO M M A A - SR B ik B
MR, KR B 7 B B Y K INVINER T R R
m ( H&EHN 15cm) FRIRIELAR L, FHKE R
B RAEH RN S R R 2 23 T, AR SR 7 d

4 AR E 7S EEL 5 mmx5 mm B DFHZERD TR0
Mo B R B — R 2 A, S — IR
VEXTIR . BEANEEARE R 3 MR o R0 5 PR AR Bk
AL FE RIS, FHE K R K T S R
FRLE: , 7E%IR T EOEIRE (RH>90% ) 24 h, A
J5 B TR (25 °C, RH>90%, 11 000 Lux )t
HE12 h/d) WhEEgE 14 d, @I LR, %
Flr 48 h J5 R L HL, 10 d JFEBUR R H A9 9% B4
LU el b R R R, I SR AL ST I
B, MR AT EG 12 0 R A SO R R

124 BREHHEFER B E0R R
#| PDA FHRKFFRHEE b, R S (L), B Q25+
)CHEA PR FE 14 d, ERPWE, MR, id3
BTSRRI ARERAE . 1538 9 d Jo 45 AP (Y B 7%
RN (mm) 5 12 d J5 FHEERE N B 75 L Pk e 22
RO EATIREGY, WG EEYE . 7E i
55 (400 ) FREHLIMAE 50 NEA (H2 . M5
Mo AT ) RN Cum) |, THESFEIE . 4
WLEE | TESEIEARRIE , 225 HH 56 SCHkox 80 14
BRI T2 B S 2R 56

1.2.5 JA/RHA 4 PCR 4T%5 & M PDA VA
FRHESEFE 7 d IR IR R R T IR A, ] CTAB
EBLEEC DNA, it PCR 43514 85 B 1 1
ITS. Tub2 il CAL #£[H ., PCR WA FR (25 uL)
Jy: 2xEasy Taq PCR SuperMix 12 pL. 3|#1%%
1 uL. #H DNA 1 pL. ddH,O 10 pL, PCR ¥
B H: 94 CHAEYE 5 min; 94 ‘CZ8% 1 min,
55 ‘CiE & 1 min, fE3 30 K; fJ5 72 CHEfH
4 min, PCR FEHIL 1.5%35 I RHEE I oL TR AS I 5
BATAYTRE (BE) BROARARNT. #
R1FH 3 4~ DNA J¥%) 43| NCBI GenBank
( https://blast.ncbi.nlm.nih.gov/Blast.cgi ) (¥ &
HHEATHEL blastn HeXF, K MEGA 6.0 # !
HEAT RGE AL BT, RIS AT A RIS HIE A
R Aff 2 0 L B A A 44

12,6 #FwAFE (1) AR, HEEER
BEUIGR 10 FhAERZGH (R 2) o AR
ot v B ) R EAE IR B, e TAE R I
FH B K BE ) 45 25500 R 245, RS TROAE LA e
Be R 259 0.3 mL T PDA PG S 5L K1
FH B B TR PR AE 25 W 38 50 40 A FIG R m,
AR TCE K AEZS AR, B 5 mm x5 mm
(R B0 DA IR TR 22 BB P AR SR b e s A2
FIAb PR 5 ML, & T (25+2) CEIRAE H 13 6 d,
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W E (em) |, THEPHE RbrzE, A
X1 G BT A M 22 vk UV OTHG 0 A [ Ak B A 22 S I 3
PE, RIEEEERTFREE R, 5=
TR % TR R b L TR 7% T R )0 FR T 7% TR AR < 100%
2 MR 2 e W 2 U 7 i 0 S 400 T R e v 1) 2 2l
A (25%H i - ZWREERT 70% M R ) WA
AN TR E (ECso) o

(2) 25N RCR I . 2 Bk
TR AT 4 P2 (30%M5 5 - CMEEE |
20%WETR A . 70% H B R A 25%H B - L
) HEATE N 2GR E K . £ PDA BIESR 14d
R I FLIRI 9 KFTI01 BERRH 78 F 78 1
Wz, HKEKH RS EIFHET (4 10° 1M
F/mL) , WEZEHEAD TR AR, B
MR SR SRR, BRI EE 10 85 H
KR K W55 A SRy 0 BE 2 i B R D o 98 )
B~ 52 SHE i AR AR DR RIS ST BE 24 ho SRS
PRI, R R4k S i e 2 d, SR )5 D
HR R R A 250555, TR 250103 6 Al
PR, DAV 7K W5 55 A R A g X HR W% 245 A B4 )5 6 A
PR B i N T4 (25 °C, RH>90%,
11 000 Lux &8 10 h/d) HAEK 21 d, AR A
FeTEL, BEASAEFRE AT 30 B IBERT, 8RR
MBS RREEE (%), HEERHE
e 22 vk U OGO [ Kb B Y 22 S B 30k, ORI 4%
25 MR ROR

2 HER5H5H
21 fREERFER

AR TEMIHEE A &4 K R B W Bedd T & 4k
R, ESEMERA —E 2R KT H
Br, gt B bR BE AR, Sk B 2 AR R
K, HAEN 4.2~13.6 mm; FEEEPERK A, JH
Rl B, (R/R ] It 2L 0P iRl (&
1A) o TEHIE], WMMEAERERGIE: R B AR RER S8
AR A G KA

BRI BS54 B BB REAR L, 2 bR
WEMEIE, a2 AMNIE; REER/NER T
BR, —BEARBEEAA N 5.0~18.5 mm, FfIEX
HARE K AE, FBEAHETEANE, %
tEEE S AR (K 1B~ 1D) . &5 Eg
ZM A L RRBE TS B, T A K T A
BE, B AIE T A A s T AR, TEREEAL,
AN R E A (B 1E~E 1F) .

RAR A BB IR B R G R, (ER B
ST L B S F) SRR B, A AR R A
IR eI R TSGR LW U A NP i R N
1G) 5 FIA R 8™ 5 A R LR, RSE
AR IR/, SR

L B AR YRR S, PR R b
A BNKBPRBE,  DUS 28 R S R E stk
B, HEE OB HINR R O RE G, RN
B CIETHD) 5 J5 S B sl 1 AN LU Bt
B, B REON R B R AT o A E SR AL
AR PR SRS, FERR A RIS RIS
AR R, TEECT PR, Al R
S R Kok WA P SR 7 A i S PR M K

E: @3 BB B BB BE s Fe I A S A 2
JEIMEAL; G FORAR MR 157K L WEAGSE ; H: SRS BRI EE .

A: Leaf spots on seedling leaves; B-D: Lesions with various shapes
on field coffee leaves; E: Some spots combine or extend to form
large irregular blighted lesions; F: Blighted spots and perforations on
old leaf; G: Diseased dropped and shoots blighted; H: Spots on fruits.

B 1 KA a2 JE s HY E i E K

Fig. 1 Field symptoms of anthracnose on C. liberica
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SRR R EX X F AN | | g o = e e
B 4 D EEESH B AR LR Rk,
BRI B GRS, A 1 DR (s h
KFTJO1 ) 5 EZ Y&, HFh 48 h J5 B DF gt
HAAL oK AR, 7 d R R 20 (R Sk
BE, B AR o, R A B ) € B (]
2), 5 AR ] B BEE T . BUE RS
7d MIRBEAN AT ELife, RIBHEESS
KFTJO1 FARAH R 355218 o 55, FEARTR 2544
TN A 3 BRALIL RN, 21 d SR Bk
WAR G R, PR R X S TR AR AN SR B B . AR
PEATHR G ), BfIN KFTIO1 BEAR 2T 58 SR
M 2 I8 S50 095 J T
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A HEFD 48 h TR T M HSUSORER; B #AE IR B3R
R BE s C: 3ERPJS R 10 0 B
A: Water-soaked leaf tissue under the fungal discs 48 h after
inoculation; B: Lesions on upper leaf surface after inoculation;
C: Lesions on lower leaf surface after inoculation.

B2 #F KFTJIOL EHk/E KRIBNHEM B9 REIR
Fig. 2 Symptoms of C. liberica leaves after inoculation
with KFTJO1 strain

23 REEHESEHERMTERE
1E PDA VAR F 3 FIEFE 7 d B RN V& I
FE , g2k, B8N 73.20~80.15 mm,

N
20 mnTSs—
| —

AR Ny 10.82~11.91 mm/d, R KAM, =
AWz kIk, B2YER; 10 dFEEILTKE
BRI, REKHBRE, BER, FRY, WL
BEIRZ R K G, W, HEHN 2.11~4.53 pm;
SEART 22 T A DR R 2 A AR T
EMgH L, B aEREa, RILIRE R
NWPE, BN 7.84~9.27 um; 43 EfTHEAEH & ;
ST, P, BRREE R, T,

Wisi & A, K7k 10.21~15.52 ymx3.84~5.03 pm
(E 3) o SCERRRAEEEAS 5 30k 18-20] g i 1Y
RIS T #E7 ( C. kahawae G. M. Waller & P. D.
Bridge ) BIEARHEAST, 53CHR[8-9, 21] 4R
1 5 A= i 4% 9 ( C. fructicola H. Prihastuti, L. Cai &
K. D. Hyde) Fl# K ffil #1525 F (C. gloeo-
sporioides complex ) HJE A FHIE AR .

A FK; B WMAAEMAT; C: HM4EMAT; D: MHK.
A: Colony; B: Hyphae and conidia; C: Conidia; D: Appressoria.
B 3 fmEERFSEE
Fig. 3 Morphological characteristics of pathogen

24 Bk KFTIOLMHFLEE

Wk PCR ¥ 1345 Ak KFTJO1 1Y rDNA-
ITS. CAL F1 Tub2 JEH ¥4, HAEE 5300k 554
489, 706 bp, I f£%| NCBI GenBank #17 blastn
Fext, EREW, WAk KFTI01 50 Ui a1
Bkk WZ-135 ( MN856281.1 ) . CREADC- ER2212
( MT409131.1) F1 YMTJ4 ( MK569149.1 ) HJ4H
RIZRA3 955 99.62% . 100%F1 100%., 1F F Gl ik
B FHEtk KFTI01 5 WZ-135 HtkBE T R—4>
X, A NFE AR ETEEE (bootstrap support )
ik 98% (K 4) . MUk, Wtk KFTIO1 #5EE hR
M L% 41 ( C. kahawae J. M. Waller & P. D.
Bridge ) o
25 ZREFIXE# KFTI01 B E R E5%m1E R
251 RREHAeGwEER  JELH 10 Fhzy
FNHEAT 2RSS R W], A 24 590 6T Jir 747 Pk
KFTJO1 ¥4 B2 ny i /E ] (P<0.01) , {HR[H]

Acrostalagmus luteoalbus
100 &

99 Colletotrichum hippeastri
—ﬁ Colletotrichum cliviicola
Colletotrichum karsti
98 | Colletotrichum kahawae
n KFTJO01
99 Colletotrichum viniferum
Colletotrichum cordylinicola
99 Colletotrichum magnisporum
Colletotrichum vietnamense
Colletotrichum nigrum
99 Colletotrichum guizhouense

100 Colletotrichum spaethianum

B 4 KFTJO1 pIshiE R
Fig. 4 Phylogenic neighbor-joining tree of KFTJO1

80
0.02 59

IR ORA — e 2257 Hrh, 80% AR
B WP FI 12.5% DU 5 ke WP B9 RS 525 ,

I ZAET 84%; 1M 25%H B - ZMEEE SA . 70%
HHILBR A R WP, 20%MER i SA Fl 30%/15 54 - 1%
WS SA I AT ASCR B B4, B 23K 99%~100% 5
oAt 4 B2 I EPR WAL, 7E 92.56%~97.37%
ZIE (F3) o 54, 70%H EEFE R WP 1 30%
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W5 - MR SA XIS KFTI01 A i
W FE( ECso )59I 0.0607 mg/mL F10.0809 mg/mL .
P T AL 33 2 Al 3 TR R 8 A 80 B PR AR
FEIHIZ 24 700 %93 D TR 1) 24 2

*®3 AEHBFIHEER KFTI0L WIEIER

Tab. 3 Inhibition rates of different fungicides on
pathogen KFTJO1
BN Fill WkR Eilll7

Fungicide Colony radius/mm  Antibacterial rate/%
CK 30.50+0.82*
80% AR EE WP 21.91+0.70" 48.39
12.5% VU Fi ik e WP 12.33+0.06¢ 83.66
64%VEFR 4 FE WP 8.32+0.61¢ 92.56
68% i FH 7G4 #F WP 6.76+0.58P 95.10
30%A ks SA 6.16+0.03P 95.93
10% A< figk HY BRI SA 4.840+0.0°P 97.37
30%J15 A - I PEEE SA 2.92+0.08"F 99.08
20%MEEH] SA 2.21£0.04"" 99.47
70% P LB R WP 0° 100

25%H i - LHEEE SA oF 100
1 PR E KRS FhE R A B 22 F ) 2 3% (P<0.001)

Note: Different uppercase letters in the same column indicate
extremely significant difference between treatments (P<0.001).

2,52 4 AR egrEmER XTI ESCR Y
4 PSRBT AR BT RORIESE, SR BN, X
FEHE B 2 e ™ EE, o 2R R ™ B 43 R
97.3%FN 27.6%; 4 T A% TR 771 X6J WA e e S 1) 505
SORARARGS | 2550 b RS R RFEARE 17% AT,
FERRREAR T ORRRERE, D%t B Bl /b iy
ANRBE, 9 T RRARE] S%LAT, AcIr e 4
HKikF] 85%~90% (F£ 4)

R4 A FPEGFI XSO0 HE AR E R BB A RUR
Tab. 4 Control efficiency of four fungicides on
coffee anthracnose

KA Jrnt 3 EMEE  ERICR

Funeicide Diseased leave Anthracnose Control
& rate/% severity/% efficiency/%
25%M B -2 BT SA 9.3 2.5+0.65¢ 90.9
70% M EL AL R WP 8.6 3.1+0.55¢ 88.7
20%ME T Hi] SA 14.3 3.8+0.78 86.2
30%5 1 SR mEEE SA 16.7 4.2+1.28 84.7
CK 97.3 27.6+4.34

e RFIAR R E FRER Ak 3 ) 28 5 4% 8 3% (P<0.001)
Note: Different uppercase letters in the same column indicate
extremely significant difference between treatments (P<0.001).

3 1Tt

WA 2 A A 4 ThE S5t mn A A ] 28 R b X 3
Iz R E, & S UmMES I 5T 44 4 o E
WATHERRE, mlEAE ( Colletotrichum spp. )
FCTR AR YL TR, E5 | R A T A 9 S
S A e S N i T € S N =
CRISTQBAL-MARTINEZ 45010 o it A8 4 B /)N Kir
miHE ( Coffea arabica) MM, BAAFISKAE A
KA ( C. gigasporum) | #5K fAL 3 #5461 ( C.
gloeosporioides) . KB fil &1 ( C. karstii ) F1
HEP | #451 (C. siamense) ; FREITAS %7
P /IR ME AT FR R AE ( C. canephora) FE IR A
PRI Tl #5768 ( C. boninense) 24, % 4hAIEF
S WnrE R 7598 ( C. coffeanum) F1w] A il #%51 ( C.
theobromicola) . 7E3[E, CAO ZVPHRIEHRHA
(140 71N A T AR e Wi i T TR AT P A o 4 A
( C. endophytica) . A Jil# 1 ( C. fructicola) .
BRI FEAL (C. leidongense) . 8% Rl AEA
WAL (C. tropicale) . 53 ] 4576 Fn ok £
HEA ;s BRPEPFEEA T 2R /N i ¢ SR -
S R A R ) A A R e A A o
8 (C. musicola) ; 4b, BB MR A=
T B /I ARG A AR v ) B S E 8 A A
i, Hrp& T RMMEAM (C. acutatum) Flk
F il #5361 ( C. brevisporum) o FORLMIME 4 5 I G
FEE P TCHGE . AT SRR, ORI
JELIG A2 R WA FLRI 4348 ( C. kahawae ) 1244 sk,

R A FUA AR AR AR AR P e C/NRzmmE ) 77
Xz R AR E R RS (coffee
berry disease, CBD ) WG, S0 “oinndf sl
#:71” ( C. coffeanum) , EMANA®HI DERSOA
AN 5 45 K F I 3578 ( C. gloeosporioides )
S R ] —AF s (R /D22 AR “ummE ) 5%
" XA E A A IE BT A SLPRRE O, H A
AT RESE ATk — E iR 4s, i L WALLER %27
MG FLAFIR T SRR BB i 48 “RIG
A" (C. kahawae) . T IZH A mimHER
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