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Screening of Efficient Fungicides for the Control of Citrus Anthracnose and
the Discovery of Fungicide-Resistant Isolates
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Abstract; Five fungicides, namely 50% carbendazin WP, 80% mancozeb WP, 10% difenoconazole
WG, 45% prochloraz EW and 25% azoxystrobin FW | were tested for their toxicities to citrus anthracnose
pathogen Colletotrichum gloeosporioides isolates from different cirtrus varieties and different districts of
Guangdong Province by using mycelial growth rate method. The results showed that prochloraz had the
best antifungal effect, followed by difenoconazole. All tested isolates had certain degrees of resistance to
azoxystrobin and mancozeb, and showed obvious sensitivity differences to carbendazim. Isolates CC-
MZ004 , CCMZ004, CCST003 and CCST026 all had the strong tolerance ( resistance) to carbendazim.
Therefore, prochloraz and difenoconazole can be used as the preferable fungicides to control citrus an-

thracnose.
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AR WA & 327 KR AR B ORLE AR 0 At
T AIEIRFEAS (R SR B ) AT S T 4 2, 75 31
TR PR 2 ok 2k J5 , P AT FRAe B, R IO P 10
SRR B B T R A S A I 58 B A T A X
SR BRI TR DL AN : CCDQO13 T A%, /35 A
I REEPRI TN Citrus sinensis cv. Gonggan ; CCFS014
WM, B AT R IL AN C. reticulata ; CCZJ003
EAE, 78 B AREILA A TL R C. sinensis cv.
Hongjiangcheng ; CCZJ034 Gk, 7385 A ™ ZR VLAY LT
f C. erythresa; CCMZ035 F#R, 385 BT A 1) Y
Zfil C. grandis cv. Sijiyou; CCMZ004 ¥R, 73 & H
I~ % #5959 ¥0 B Al €. grandis cv. Shatianyou;
CCHZO001 Btk , 73 1 B ) AR BN 5 C. reticula-
ta cv. Chuntianju; CCHZ020 R, 73 BT & E M AY
FKH C. reticulata cv. Tiancao; CCSTO03 Ftk, /08 B
I RSk M C. reticulata var. tankan ; CCST026
MR, B BT ARNESL B C. sinensis. AR 45 HIE
SEAFER ITS [ 51, bk 10 bl iR 28 e by
B AR o 25 60 AL I ) L PR AT TR AR
RGP 27 Bt JAty Ry LR o 2.
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Tab.1 Mass concentrations of fungicides used

a2 5 p/(pg-mL™")
50% Z 5 R 100.00 200.00 300.00 400.00 500.00
25% W% T iR 0.10 0.20 0.40 0.80 1.60
10% ZEEFF #Rme  0.05 0.10 0.20 0.40 0.80
80% X AR5k B 40.00 60.00 80.00 100.00 120.00
45 % WREE 0.01 0.02 0.04 0.08 0.16
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49 mL KF PDA 3EFRIEFHIA 1 mL 50 £5 T
JERA TR B, 804850, WA B 3 DM EAR N
O emPyEEFRILA, ¥ ZNBERE , 4 L% 25 PDA -4l ;
F1E PDA SPAl BBESR T 7 d MR DR I 14 7 22 3k
(HAZH S mm) JCE T & 245 PDA SF-Aicrp e (LIA S
2519 PDA SEA g% IR, B 1 B, A 3 K, T
28 CHEFAANIEF,T d E R T 53R EEH
% HAR AR R AKX

iR = [ (B BE - P ETE BAR) /Xt
MRV EAR | x100% .

DA 00 A 2800 70 B vk B8 o B0 oy B 7% o
(o) REXHMGI R A LR R & (y) TR
[l 575 RN FIAH O R AL 182 [ 7R3 ECs,.
S A BT (P A SRR 1 % 22 1 A B
%‘@%ﬁ*ﬁYE:Ecsokﬂ: 100 pg/mL E@ﬁﬂ%?ff;Ecsoﬂf’
1 ~100 pg/mL A HLE; ECso /N T 1 pg/mL (N
T LA bR E XS A SR I BTG PR A T 0 .

2 HRESH

2.1 ZSERMHBREREARERNE W R
S

M2 W 10 ASTE R 22 T 2 U (4t
25PE) FATE D] 22 5. Horp A Bk CCDQO13 [ CCFS014
CCZJ003 ,CCZJ034 ,CCHZO001 F1 CCHZ020 f#) ECy, 4%
W27 0.125 0.,0.051 0.0.032 4.0.048 6.0.061 5 F
0.122 2 pg/mL, B/NF 1 wg/mL, SEH X 2L R FRATS O
Fi 17X 2 TE 20w B U TR Bk CCMZ035
CCST026 ,CCMZ004 F1 CCST003 [ EC, W] 435135 5]
T 963.772 0.832.665 3,612.314 2 F1 200.539 5
pe/mL, ECy ¥Rk T 100 pg/mL, I T X ZH 72
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Tab.2 Toxicity of 50% carbendazim WP to Colletorichum

gloeosporioides

ECs,/

FHRAS EEpEE MRFREL(r) »
(pg-mL™")

CCDQOI3  y=1.3957 x +6.260 4 0.9917 0.1250
CCFS014  y=3.089 7 x+8.992 7 0.929 4 0.051 0
CCZJoo3 y=5.5348x+13.2418  0.969 9 0.032 4
CCZJ034 y=3.0917 x+9.059 4 0.933 1 0.048 6
CCMZ035  y=0.5574 x+3.336 8 0.9137 963.7720
CCMZ004  y=0.766 0 x +2.865 3 0.9428 612.3142
CCHZ001  y=2.626 0 x+8.180 4 0.923 6 0.0615
CCHZ020  y=1.5333x+6.3999 0.991 6 0.1222
CCST003 y=0.786 6 x +3. 189 2 0.9119 200.539 5
CCST026  y=0.8533 x+2.508 0 0.9778 832.665 3
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2.2 BHENMHEBREREARBERNE NIRRT
o

M3 AL, BRI Y ECs, 7E 1 ~ 100 pg/mlL 2Z
i), B TR B 120 74— 2 B2 P T
CCST003 1Y ECsofic i, A 13. 328 2 g/ mL, 1y HoA B
R BCs B/ T 10 pg/mL, Jt CCSTO26 1 #k 19
ECs % ik, 4 1. 508 7 pg/mL. iz ECs, f2 i ik ECy,
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Tab. 3 Toxicity of azoxystrobin FW to Colletorichum
gloeosporioides

Btk IR fikaie Bt

() (pg-ml™")
CCDQO13  y=0.2104 x+4.8917 0.987 6 3.271 1
CCFS014  y=0.3554 x+4.8299 0.978 9 3.0102
CCZJo03 y=0.3835 x+4.678 3 0.987 4 6.899 1
CCZJ034  y=0.4157 x+4.853 1 0.970 9 2.256 0
CCMZ035  y=0.4209 x +4.827 5 0.9759 2.569 0
CCMZ004  y=0.280 1 x +4.866 3 0.959 8 3.002 0
CCHZ001  y=0.3326x+4.691 8 0.960 8 8.4476
CCHZ020  y=0.5652 x +4.819 4 0.978 4 2.087 0
CCST003  y=0.2564 x+4.711 7 0.998 1 13.328 2
CCST026  y=0.3067 x +4.9452 0.980 8 1.508 7
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By

M4 AlE ), FR R PR A ECs, (E2ZER AR,
P/NF 1 g/ mbL, B A AR X ik R A g
AR R P P AR AR . TR bk CCFSO14 1 ECy i,
7 0.359 9 pg/mL, [k CCSTO26 1) ECy, H 1k, A
0.222 8 pg/mL. firi ECs (U0 e fIk EC5 B 1.6 1,
VO IX L8 B bk 2 (] BT 251 25 AR D

x4 EXBPITE WG NHEBRERANSN

Tab. 4  Toxicity of difenoconazole WG to Colletorichum
gloeosporioides
ECs,/
S CIEpiz AR (r) B
(pg - mL™")
CCDQOI3  y=0.5170x+5.298 2 0.996 8 0.2650
CCFS014  y=0.716 1 x+5.3179 0.993 0 0.3599
CCZJo03 y=0.5955x+5.3569 0.996 1 0.251 6
CCZJ034  y=0.6405x+5.3269 0.993 6 0.308 8
CCMZ035  y=0.709 8 x+5.388 5 0.9913 0.283 5
CCMZ004  y=0.7547 x+5.448 0 0.990 2 0.254 9
CCHZOOI  y=0.736 1 x+5.470 4 0.993 8 0.2295
CCHZ020  y=0.6126x+5.3335 0.994 4 0.2855
CCST003  y=0.7951 x+5.508 0 0.993 8 0.229 6
CCST026 ¥y =0.776 5 x +5.506 4 0.996 1 0.222 8
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M

FE 5 AU, 10 SR RRXHR AR B B — 8
FREE ML 2y k. Hrp R #k CCZJ003 . CCDQO13 | CC-
MZ035 ,CCMZ004 ,CCHZ020 Fl CCFS014 1) EC4, {H1Y
KT 100 wg/mL, J& F &40 25 Pk B bk, 1 LAt 187 K 17
ECfH AT 1 ~100 pg/mL Z[&], J& T Hi Pk H #k.
BiAk CCZI003 [ ECq, f i, 4 316.914 0 peg/mL, B
B CCST003 [ ECq, ik, 7 35.501 9 pg/mL. &
EC 25 A% ECs, 19 8.9 £, Ui B 4% 11 MR X QAR BF
FEAE—E P24 1, {F 3K 6 P ik 22 18] 0 24 1 22 5
KK,
2.5 KERMHEBREFEABERNS ORI

T

MF 6 WIE L DREE Y EC¥/N T 1 pg/mL,
VP BT A e Xof IR B e Py U v R A v AR
CCMZ004 ) ECq, 5t 5, 7 0.031 2 pg/mL, T B Bk
CCHZ020 [#) EC f5A%, 7 0. 018 6 pg/mL. f & ECs,
IR EAR ECso B 1.7 A5, 6B 3 26 B bk 22 0] A B 24
P2 FAR/D.
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Tab.5 Toxicity of mancozeb WP to Colletorichum gloeospo-

rioides
T
(1) (pg-mL™")
CCDQOI3  y=0.9311x+2.8176  0.9726  220.7402
CCFSO14  y=1.0104x+2.9067  0.9808  117.945 1
CCZIO03  y=1.4557x+1.3595  0.9718  316.9140
CCZI34  y=1.2932x+2.4282  0.9739  97.4387
CCMZ035  y=2.7963x-0.0239  0.9837  62.6135
CCMZ004  y=1.15192+2.5097  0.9752  145.1818
CCHZO0I  y=1.3268 x+1.9281  0.9622  206.627 3
CCHZ020  y=1.2874:+2.2549  0.9846  135.6148
CCST003  y=2.2181x+1.5614  0.9938  35.5019
CCST026  y=1.3615¢+2.7770  0.9817  42.9334
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Tab.6 Toxicity of prochloraz EW to Colletorichum gloeos-
porioides

bk GV fREi Bt

(r) (ug-mL™")
CCDQOI3  y=1.4725 x+7.5369 0.992 8 0.0189
CCFS014  y=1.6914x+7.716 7 0.988 7 0.024 8
CCZJ003 y=1.1477 x+6.755 1 0.989 6 0.029 6
CCZJ034 y=1.6755x+7.676 4 0.9839 0.0253
CCMZ035  y=5.4098x+14.3436  0.8521 0.018 7
CCMZ004  y=1.3845x+7.084 4 0.984 7 0.0312
CCHZ001  y=1.879 1 x+8.120 1 0.9912 0.0219
CCHZ020  y=5.2712x+14.1175  0.8318 0.018 6
CCST003 y=1.7530 x +7.796 8 0.997 4 0.025 4
CCST026  y=1.546 1 x+7.4452 0.984 5 0.026 2
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sty P AR A T (I FRUDR I 24 10 AT bR
X5 A T 3% T 790 B4 R (T2 1R ) A7 A I i 22
i, F AR I MR H PRI AY EC5p /N T 1 pg/mL,
PR PR IX 2 Pl 24570 35 7 A P2 4 5 i A s
RS 1 TR T A RRAR B R 3% 7 A T — E R AR BT 2y
P, HAACRRER B P 2R T — 8 RO 1 R LR Ak T
FEARE TR, AN TR bk X 22 1 R U (12
i) 925 5 e W1 2, fe i ECs, 2 e Ml EC5, 19 29 746
A7 X AT RESE: H 0 25 P BRI bR i A 3 X ) o — fi
FIHRNEG5], T BOX S8 AR 7= 2R T 0 1% 24 5] A i 25
(X ETET ER - Lo 2700V S S R L e e
AR g A%, i AU UG, DU 25 P AR 1S LA
HELE T oK IR — P2 PR, AR R % R R
PREE AERFTE AR T8 G 11014 SR R T 22 7 R
AT -t B T ) 7 AE DT 245 1R v Ak, ELBT 25 1R AT
TEM X IR) 22 5. 25 22 45 1 X0 S 0 FH AR A IEL A T
PEAT S AR TR 935 0 I A B, 10% ik HT 2R
WA I T 1 T it , B ECsp 0 0..021 2 pg/mlL, 25%
WRILIGHY ECso Oy 3.282° 5 wg/mL, i 25 % W 1] i HY
EC5, 249 650.901 9 pg/mL, E285% 2 1R MR, X
AR ZE R I B R AEABE T, AR AL
BRI R PBE % R 7 AR T2 1k, B PR P R i ECs, (U
0.031 2 pg/mL, 3 W5 3 Mg B AR 7= A2 T — @ P2
P AR TMERR BE AN 57, 75 1 26 M DX A7) ml feff 1. ke itk
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