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A i HE 2% 95 9% 9 U Wygl ( Colletotrichum siamense ). Yyql ( C. fructicola ). Xbdl ( C. gloeosporioides), Hbl ( C.
theobromicola ) ¥ &I ATEORMEN E , I RBEBOR TR AR AT 5 2050 8 5 AR 85 7205 U e R B 1Y)
AR SR TR X IR X0 R DR A TR B R A . BUR PRI E S5 SR R, 4 BRUE AR AR G R R S, B
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P2 FAF R (B, tequilensis) D5-8. D3R 27T ( B. velezensis) MC2-1. 25 1l 2E 70475 ( B. flexus) ZLSY 3 Flf#IE
Ky ZF AT (B. amyloliticus) GJ7, HHPEHUACR b HYJE A R ZF AT I MC4-2, 4T 35k 57.8%. 38 i WM 5 JEL I A
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Pathogenicity and Screening of Antagonistic Bacteria of Coffee An-
thrax
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College of Plant Protection, Yunnan Agricultural University, Kunming, Y unnan 650201, China

Abstract: Anthracnose is a common disease of coffee, which causes serious loss to the yield and quality of coffee fruit.
The research on pathogenicity and biological characteristics of the pathogenic bacteria causing coffee anthracnose and
screening of effective antagonists would provide reference for the biological control of coffee anthracnose. Four coffee
anthracnose pathogens Wyql (Colletotrichum siamense), Yyqgl (C. fructicola), Xbdl (C. gloeosporioides) and Hbl (C.
theobromicola) were isolated and tested for pathogenicity by spore suspension, and the most virulent strains were se-
lected for further experiments. The biological characteristics of the pathogenic bacteria were studied by the plate culture
method. Screening of antagonistic bacteria was done by the plate confrontation method. Xbd1 strain could infect healthy
coffee leaves, and its virulence was the strongest among the four strains. The most suitable medium for the vegetative
growth was PDA. The optimal nitrogen source was tryptone. The most suitable carbon source was glucose. The opti-
mum temperature was 28 ‘C. The optimal pH was 7. The difference of vegetative growth was not significant under dif-
ferent light conditions. Bacillus subtilis MC4-2, B. tequilensis D5-8, B. velezensis MC2-1 and B. flexus ZLSY 3 and B.
amyloliticus GJ7 showed good antagonistic effect in indoor screening. B. subtilis MC4-2 had the best antagonistic effect,
with an inhibitory rate of 57.8%. The study would lay the foundation for the control of anthrax and the development of
biocontrol agents.
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B PG R AR B B E R Y, i, B
7 T WO e L 3 Ji 7T 118 A 30 2 R e LA B 3R 3]
A B AE B B LT AE B G, X 2 B el
iR ke BAA B X,

P ST & B, <3 FL A JH A ( Colletotrichum
kahawae ) 2375| & MIHESK G5 (CBD), FEm A
80%I1) F= & 11 4k o I H % JH 1 ( C. gloeosporioides)
MR AIEE ( C. acutatum) 3% A= ZEMMME |,
I FEOR A T, T L 65 9 A E
Sz 1 i /N KL R SR R B4
CRISTOBAL-MARTINEZ %:UVE 575 B i % 95
MR BRI B e R E] C.ogi-
gasporum ., C. gloeosporioides. C. karstii . C.
siamense #il C. theobromicola % 5 Ff 7% Jii 1% . CAO
#8458 7 C. endophytica, C. fructicola, C. le-
dongense. C. siamense, C. tropicale. C. karstii
1 C. gigasporum %565 5 i X W HE Y 8 Fh i JEL 5
W o ERGH RO B2 Be I BE 5 A W PR AP 0 5E BT
P s (0 2 BEAE Y H WF5E % T 2018—2019 45,
TE 2 48 PR A 9 1 WP e 56 b 3 ok R A B
AR TR o A ) et e AT IR A0 S, &
WAV dlifh, HRTT 74 DR, LG AHCHT
FERAR T, ol T 7 T I 1% e A A O P A
J

H AT, IR e S5 98 5 B 40 T D 2F AT R
( Bacillus 4 &, #5 bt B # LA 2 JE( Trichoderma )
hE, H 2P0 R T AR PR e s 3 ik
W, A ST B R R SR PP . ADEBANJO
20V B 2 bRak (KB TE (T.viride ) XHEFNA 7%
S B P PP AT R AR PTB R P E R . TR

i VDI T AL TR e PA) 2 5 A5 0 A oA 2 i i
K ZF AT R Ke-38 Tk, TFREIZ R bR SR dH
W BRI 9T, HBIG ACR ATk #] 65.12% .

RODRIGUEZ %123 ot F 9 % B0, 460 S 4 25 1
( Ascochyta phaseoloru ) X miHEL)EE 1 AY i # s
JEL TR LA 8 o O P o T e, Tl ) 7 e o i P
FIREERE 7 d 5, TENMMES) i i 42 R 16 ke
JEDA, AT (I ME R IR0 06 R 2 32%~41%. [k
A ST TR T 2 AUAT B FOAT-2349 X AT
SARR A THIER, HAif ik 87.8%, Hix
PR 1 B K420 ot o] A 3 s A B I B .
1% 5 2045 R DL 3307 2 S FT B SBO23 ) %% B X
PRI U A AR E . R g )
R RN, FRVER ZFRFF R INC2 XA 65 A H
g T A A ROR B8y, HAMTR Z AT 3k 66%LA I . .
ZEH R O A M R 2y B AR B R R B VAT
XoF BE 6L A JE P AT B, R B AR AT L
Ik U0 R 22 RN AR T A K T R R I A . AR
AR Ui P S 10 MR, S
IR 2 7 4 K %% ( T. ghanense ) HNDF-T-6 % 1 5
BEIELIE T B4 B R T F gk 85.64%., K i Ak 41
A AR B A o 4 2 A 380 X6 A S8 L B EL A1 i
R 4% KRS (T, brevicompactum ), Jiff A2
( T. asperellum )1 A A% T. longibrachiatum),
HrP R A AR EE ZIB3-12 XA 25 S5 95 B 14410 1) 55
RIEUF o BARIR A R FB), A B ME 2 JE
MIFHOCHIF T80, I LB A X M 2 I 98 4R 1 7 4
U TR 075 15 A RE DG A o S 3 2 T I DA S it vl K
T SR S IR B BT MBS i, O o B 4
JE Y A4 BRMIMEBIE IR I, ASBIEFEXT 4 # it v i
Y R gE, S = O A AN R Y
FEPUR, SR FHT-ARORT IR 1 7 35 0T D v EL AT 3¢
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1.1 #

111 BXEAk W HER AL 4 8k,
Y HIHE (C. siamense ), FA M AL (C.
fructicola ), IR ft 7% JE # ( C. gloeosporioides ), #E
FiACJE B ( C. theobromicola) 4% 1 #k.
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i SURFPIREIL 26 MR, fU4E 10 BREE
AT I ( Bacillus sp. ) . 1 At 2% [G B ( Dietzia sp. ).
6 iz i ( Pantoea sp.) . 3 BRZEZE AT H

( Paenibacillus sp. ) . 1 ¥E{#AT I ( Microbacterium
sp.) . LA FFEE ( Enterobacter sp.) . 1 ¥k 4
F( Moraxella sp. ). 1 #£41 8k & ( Rhodococcus sp. ).
1 BRAFIHFE ( Acinetobacter sp.) . 1 #k7¢ B K /R
[CH (Kluyverasp.) o HHr, 21 BRopEf H PRS0
I ( Procecidochares utilis) 4hHt . 3 BR4r5S [ 34
YK ( Periplaneta americana ). 2 #7055 [+,
BIREFASLE =, &M,

112 BXEAA DA R BUR R IR R

(PSA): L4225 20 g/L, JHEME 2 9/, 35l 1.59/L,
121 ‘C K& 30 min,

DR AR SR (PDA): D
20 g/L, W% 209/L, BifE 1.59/L, 121 CKEA
30 min,

WA R TR AL (OA): EZZ 3 g/L, R
1.8 g/L, 121 ‘C K 30 min,

£ FR L (Czapek ): HMREN 0.2 g/L, BEFR
A B 0.1 g/, EALA 0.05 g/L, BiFREE 0.05 gL,
TR W42k 0.001 g/L, HERE 3 g/L, Brifl§ 2 g/L,121 C
K 20 min,

I CAM B53%3E . FOKN 20 o/L, H 454
29/L, ¥fE 1.59/L, 121 C KK 30 min,

LB IR R Lo/l BEREHE U 0.5 glL
SAkéh 1 g/l, BlE 1.59g/L, 121 CKJHE 20 min,
1.1.3 RKAFNE EEPK. FRE. HER.
P By R AL B A 2 BT 2R 400 [ T AR AL
EYRH A R AR . S TAEG I AT L3R
SEREARARAF, vKFW BT 5 R B R
ONE, KB H ZEALWAY GRS8SDA,
—80 ‘CHA IR VKA H THErmo 906, SPX-300B-
11 78 A= A B SRR W B b s T 7k OB B B 7 A8 AT PR
3], KT 3 2 FITRL AR A PR ]
N TSR A TR ARA R, A
RUE IR TR W H T GBS ER
12 FHik
121 #miaE  SEHPPFEMR I, %
Hiksh, K ERERT PDA Kigidk b, 1 28°C
PSR RESR 7d, & EERaEE | @R, Kb
P — B ok p VR A R A R, FEREFRRT, SEH
3%~5%I1 A MR /KW L 10 min, 2AJ5 T
7T0%IF K520 30's, FAHKE/KMYE 3 W, M

PRUEAC T LR I 5R B (K 43, & T ET .
i Qe 7 A R AP U s RV RA oY ) EA I S0 o i e
KA, KR E N 10° ANmL 1A TR
o £5HL 50 pL 61720 W T 0 22l B A kA 7
URHRALR, B FEER 3R, LA RIS
Ry b e P AV SR X TR CK ) AR 38U B e P
BRI MR ERE AR, F 28 C 53746 it
¥, s G B AL R BEAE L, BN
BRE 5 R R B0 P o e P D T A T IS S S
122 REERAEDFHEEFRL (1) RFEEEFHE
X BB TR 22 AR A K 5 . #E PDA 5373k B G
F= 7 d IR B E T WA T T RE AR 6 mm
WU, 4r0l#EF %] PDA, PSA, OA. Czapek. i
EBE CAM 55333 I B T 28 CHHIR B FRAH B 9%,
BB 12 bl 558 SO E I e R 22 H AR .
FAAEHRE 3 ANEE . R B IR I 1 22
TRAE KBRS

(2) ARG B H 22 R K N, =
% F R AP Rk HFE P I ik, A B
M, DL Czapek B3 3736 M SEa 5 F29E,  BmA S
SRIANE . 2R . ILALEE . ek . FLBEE R
Czapek 3 F2 FE P A BENE , TC B XTI 3G FR 2L, DI
WM BRIEAEXT IR, R4S 1.2.2- (1) Mk, HE
AN [l 5 R TR 22 AR A A R 3R Y5

(3) AFRAEN EEE2ZIRAERKNEm, 5
1.2.2-( 1) #H[A], Lk Czapek 1773 0 Buml s 55 4
SEMAFERNBER . FREE . B .
JRE A A Czapek 153RIE T RS IR
B, BCE XS REL, DA R BN RAE X IR
g 1.2.2- (1) W5k, HERREIEX E 21k
AR R

(4) NIRRT B W 22 R A K A s2mm . LA
RIS ARG 1Y Bl B AR A O A AR A, X
B 15, 20, 25, 28, 30, 37 C 6 PNAFAYIEE
BEEE . MR 1.2.2- (1) Mk, e AR &
PR 22 IR AR

(5) AfF pH XF H I 22 R A K52, L
Bifi PDA RiFRSom LAt FR3E, H 0.1%ERRR sk
0.1%m) A E AL T 557 2 pH, & #E 5. 6. 7.
8. 9. 10% 61> pH # . W 1.2.2- (1) W7
B, MEARTR pH &4 T 2R A KR

(6) SRR N B R 22 (R A K A s2 . LA
fidi PDA B BN SRRl 52 2k, B8 3 ARG
M4, L:D %k 24:0, 12: 12, 0: 24,
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WG 1.2.2- (1) W7k, WEARDERAMHTE
LRI KRR
123 FAFERBHE SRMNEP R
B, MHRHEHUEEEETTE LB MR R s him Ak, &
Je B R B AR R AT, AR BA N A AR, FERN 2
LB ik 5% R A A R R 2 2 om &b
DL P BRI S U , T RO IR
RGBT 28 CHFRAH TG, AR E 34
HE ., SXTRAFT IR, HRIEE,
1.3 HEIE

%l SPSS 20.0. GraphPad Prism 8.0 #l
Microsoft Excel 2010 {4 X} izt 4 B4 i 1 7 b 21 43
A 2225 SR Duncan's 7 4 22 w0 06
AN Ak B ) 1 25 5

MR ARX: WEERE (om) =(BE+90
18)12;5 IR R =) BTV B A R 7% ELAR) 0T R
PR 7% A2 x100%,  H: b R 9 1A S R BRAS 4L
T TP A ) B el A B 9 g o R A

2 HER55WH
21 REEHBRENE

RS R WA 1R, Wygl, Yygl, Xbdl,
Hb1 B WK RE 12 Y ot fa B ) e Fr 55 1 &0
Ko HGERARE MR FRERYE 4 d)E, i
BRREIR N . Wyl TR AR YL 5 % BE B4R N
6.8~9.2 mm; Yyql W k{2 Y5 BT 545 R 4.5~
6.4 mm; Hbl T PRE Y5 B0 BE B2 N 7.2~
10.1mm; Xbdl & Pk = 44 5 09 0 BE B AR A
19.0~23.0 mm; i CK M- {UAH ZFHlE A~
LI . 45 52 B X bdl BBk 19 B0 P B

Yyql i Hb1 Xbdl CK I
B 1 EEREEMMREEZFER
Fig. 1 Symptoms of strain-infested leaves

Wyql

22 MHExERBEEEEYERFY

221 FRABHFEASAFAZAERGY A W
Bl 2 fis, FEANERE R I, Xbdl Bk 0 2248
KAEES . TUAEEEFF 132 h J5i@E & Xbdl Fik
R IR 5A PDA . PSA | Czapek Ji 4L, M

K AR5k 53.1, 52.8. 52.4 mm, {H7EH %0
CAM #5555E (CPA) I, HEV HAA{L 42.4 mm,
FIHI A CAM B 7 B ANE H A AR Xbdl 44K,
PDA Ji 73 Folp il A K AR 0

60 -

a a
T T T

N
=

B4 4% Colony diameter/mm
[\
(=)

PDA OA CPA PSA Czapek
B3R Medium
ARG FRER IR 257 B (P<0.05),
Different lowercase letters indicate significant difference (P<0.05).
B2 AEEFEX Xbdl HikERKAEITE
Fig. 2 Effect of different culture media on the
growth of Xbd1 strain
222 FRRHERIABBLKERGHw WA
3R, Hi3% 132 hJa, Xbdl P bk E 22 (A TE# %
Wi 20 TER . FEREAR R IR IR E e
wHATREZSR, WK HRT N 534, 53.2,
52.7. 52.4 mm, T LAZLAE Ry 5 00 1 7 i b L B
K EARR/N, AU 39.1 mm, Az U RR X AL
PR, Xbdd B AR 4 1Y) i i 5 A ) 28 0 o
60 -

a a a a
e R T T

I

Bi7% H 42 Colony diameter/mm
N
(=]

0

& B & B B B
O R
BiJE Carbon source

RN FREF R Z R BFE (P<0.05),
Different lowercase letters indicate significant difference (P<0.05).
B 3 AEBRIEX Xbdl k4 KE 2N
Fig. 3 Effect of different carbon sources on the growth
of Xbd1 strain

223 FRERFBAAAALAEKG W WK
4, B 132 h 5, Xbdl BEkRTEA R 05 %)
AR IR A TCHLE IR AR FH 24 5 B 2 DU M
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HRVE RIS, HIREVE HAR R 52.6 mm,
HUOR AR N FIEERHR T, TR BR300 R 52.4.
46.0 mm, 4 RJIR B R 20 IR 1 % 5 v 1 TRV ELAR
BN, Ak 41.3, 37.2 mm, LLEALE R AR
WA HEE HAeE/D, X 21.0 mm, &b
RRAE S ZERAE KA, R, Xbdl &tk
1) B3 R0 UE A IR AR 1 R o

60

bc

a

=)
T
o

7% H 42 Colony diameter/mm
[y}
(=)

0
F o B & F D
A ARPOG
& T N

IR Nitrogen source

A/ NG FhEFRR 225 % (P<0.05),
Different lowercase letters indicate significant difference (P<0.05).
B4 AERIEX Xbdl FHkE KA
Fig. 4 Effect of different nitrogen sources on the
growth of Xbd1 strain

224 BEMAARLKEKRGY 0 WK 5T
/N, TE 15~28 CHY, BEIER AT+, Xbdl Bk
B8 FARIZW K, 30 "CIFE Y& BLAR B WV,
37 CH Rk AE K 2 2 = A, 18 22 TCTE7E PDA
Kt by R INHTE AR A , Xbdl kA K
M EGE R 28 °C, HEF % 544 53.9 mm,

60 -
: e ™ T
5 T
Q
o
>
=]
S
Q
< d
M g0t
fmi
&
o
e
0 —
15 20 25 28 30 37
5 J& Temperature/'C

RI/NG FhFR 2R BE (P<0.05),
Different lowercase letters indicate significant
difference (P<0.05).

B 5 AEREX Xbdl & EKHZNG
Fig. 5 Effects of different temperatures on the growth
of Xbd1 strain

225 pH S AHHLAAERGY A WE 6 I
N, FEARTE pH 24 F, Xbdl #Hk B 22 18 574
KESARE, 76 pH 2 5~10 i [l X # bR AT
DI AER, pH o 7 BB FRA K R, HRE E
£/ 52.1 mm,

60 -
a ab

g Iab ab &2 T
= b =
5 2
Q
g 40}
£
z
L
Q
Q
© 201l
1
&
o

0

5 6 7 8 9 10
pH

AN FRFRR 25 B%E (P<0.05),
Different lowercase letters indicate significant difference (P<0.05).
B 6 7E pH X Xbdl E#k4EKHI RN
Fig. 6 Effects of different pH on the growth of Xbd1 strain

226 AEEKFAHRH2ZAEKGH A WK
7 B, XbdL EAE AR FDEIREHC T AR KA 7E 2
EES RS 24 W IR T AR A,
AR 54.0 mm; HOKJE 12hBiE; 0 h SBisk
FFREMRA KGR 2E, BV A1 36.4 mm,

60
a
g a
g I o
g 40 b
i 1T
E
B
g
o
@)
W 20
m
e
=
0 24 12 0
e HREF Light duration/h

AFRNEFRERR 2R BE (P<0.05),

Different lowercase letters indicate significant difference (P<0.05).
B7 AREABEKIT Xbdl FHkE KR M
Fig. 7 Effects of different light duration on the growth of
Xbd1 strain

2.3 HIERHIE
T YRR B 5 AR IR IR, HR 1 ]
A, 26 BRAUASE IR T CGRAPORABHN S RN 0
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MEAR ) , A 5 BRZFRFT M H AR hUSCR, K
RGP AT, 430 RS R ZF AT (B, sub-
tilis) MC4-2, F¢IEHIZFHIATF I (B, tequilensis)
D5-8. DISEMTZEfAT I ( B. velezensis) MC2-1,
25 ZE AT (B. flexus) ZLSY3 FlfiiE#) 25 4t
FFE (B. amyloliticus) GJ7, H:rfhti o5 28 F AT
MC4-2 I E R B, MER K 57.8%; Hik
B UUSEST AT MC2-1, R K 55.8%; 4§
FEHLZEAUFT I D5-8 MR, [Uh 47.0%.

x 1 HEHEX IR ERRRE B RRR
Tab. 1 Antagonistic effect of biocontrol bacteria on coffee
anthracnose pathogen

Wtk 5 FLT 4 GRS
Strain No. Latin name Inhibition rate/%
MC4-2 B. subtilis 57.8+1.09°
D5-8 B. tequilensis 47.00.60
MC2-1 B. velezensis 55.8+1.08"
ZLSY3 B. flexus 52.6+0.67°
GJ7 B. amyloliquefaciens 55.7+0.47°

e FSIAFE/NG FhERR 225 B2 (P<0.05),
Note: Different lowercase letters in the same column indicate
significant difference (P<0.05).

3 itig

I 76 1 I A R 0 I ) s e 4N PR A 96 H R
FAORRIE R B, R R R R EDE
B ERIE, Sdnl, T, —FRhomn
(559 AR, L B OR . REURTERAE . X
T AT LS R L R R
R HADVED B B o PP SR i 1
BRI e AT EOR MR, S5 R R,
S B B M E B R Y, 5 AR JE TR R G R A
IE) CA-16. CA-6 PR I IR A B0 M Aos , H:
TR BEEA% AT LA F] 19.2~25.5 mm, [t 22512803 5
DR AL A e B, IF LU EE &t R i
ORI Lo fom s, Ml LB En 3
FEE Y, A RIERE (C. theobromicola) )
o ) B o AN AE ST B0 PR 5T B R F A
TEIF R et B, RBE MR Xbdl 1Y
WG BE B A2 A 35 19.0~23.0 mm, S5ERE Yyqgl,
Wyql. Hbl AL, Bk Xbdl AE0% M ik

JEHR L pH. TREE . REFRAREAL . AR . GkIA
25 DR 20 S SR o DT ) 2 A B 2T A
R AR R AR Xbdl A RKBIGHREAR
PDA . Czapek. PSA }iF#3&, 1fif PDA 555532 iy

W FR AL, ¥ S A B S e L I T 4
SRR A B PDA B R EGE S HARKD
Rigedt, HUOE PSA iRk, iE4H Xbdl kAt
K iy s R AR R, B AR IR A A A0 .
Xbdl HEkRLE 15~30 C [ 4 af 4= K, 30 C LU
RS, 37 CH™EMEI A, Xbdl HHE
R AR KRR L R P R B g 4 R
R L, Xbdl Bk i R LR 25 . 15 i s o 2 12
WSS S ER VS — 8, BadERKRIRES 2
VR B gE 4 SR —F, 0 28 'C . Xbdl B kX
PR T 27 PEAR SR, AR RERBIET, pH #E 5~11
Z AT A Ko Xbd1 B KR AE A 7] 119 PR ek 1 iR
A TR A A K, U B L N PR, 2R
o BUBIE T % B [/ 4% 2 o 1 ok 2 K 9
W, T ASAESY e R AT BRI 5T Xbdl B
PRS-, 12 h CRE A T bR g 2,
HAT e 5L A BA X, Ut A Rl — % I i 76 A (]
¥ FAEY) L1 K 0 LA R A e e v YA A A —
EEF,

H i 25 8 A5 B 2 L ZF AT s o 3,
EAT R A RRR T, LA AR R, X
FCTR RN — SE AR B B AR A e v, AR
MR A, IF Hoas a5 AR PRI A=
fil 2 T = P9 B D 52 I % e A A P B L e 256
FET AR B A M B VA R B2 . ASHIFSE T 8 i
RS PUA B, FEPUANFECRIE T L8 LUK
Wi DL S 2 SR A . ARSI R Y 5 BRI
TR B PR, A3l A S ZF AT (B
subtilis ) MC4-2., 547 ZF 1T 14 ( B. tequilensis)
D5-8. DM ZF /AT ( B. velezensis) MC2-1,
I ZE AT (B flexus) ZLSY 3. ff#3E 5 2 AT
i (B. amyloliquefaciens) GJ7, H i HEHiaf i
LSNPS NSN3 7B R R A R R S|
MC4-2, (A3 as LM, HEH L
S8 PR R 2 FRFT RN R JE TR R A R R R 55, A
34%, PP RCR B 2 Al e RSP A FOR IR R
B TR BN I 2 PN A T R AR A B 2 A
FFE YLA3, W5 R, LR EXT 5 FilAS s i T
(AL I . P JH T ( C.siamense) | R4
JRIETE (C.fructicola) . MyBIRIETE ( C. horii ) |
IIZERIETE ( C. camelliae) 1WA FEHIROER, %A
BE 0 % T U8 0T e A8 e S TR B A R R
83.46%. 15 25 13%) A g YA T4 T RRRE i v 3 B
1S B — bk B L E SR ZEHFF B (B, methy-
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lotrophicus ) , 1% ZF F AT I 7 A= BT L 18 g RN 3
JRAIEIRAT — 5 MMV o 8 K R S PO e bk
FR PR A3 v 73 25 1 2 AT BT, Sl ok P AR IR 3R A5
HOXRAZHE S IER RO Sl Ik 2] 80061 |- FLA
X G T 2% 9 T A At AR P, 0 A 4 )
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