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Abstract: To evaluate the sensitivity to imazalil and the cross-resistances with tebuconazole, pyraclos-
trobin, thiram, carbendazim, and mancozeb, in isolates of grapevine white rot pathogen Coniella di-
plodiella collected from Jiaodong, Shandong Province, the EC;, of these isolates to each of the six fungi-
cides was determined using the mycelial growth rate method and correlation analysis was conducted be-
tween the EC,, of paired fungicides. The results showed that the EC, of 69 C. diplodiella isolates to
imazalil ranged from 0.13 pg/mL to 55.53 pg/mL with a 427.15 fold difference between the highest and
lowest values. The frequency distribution of EC,, showed a multiple peak curve, and the average value
in the first peak was 6.34 pg/mL, which was used as a sensitivity baseline of C. diplodiella to imazalil

in the subsequently analyses. The results from the sensitivity test revealed that 8.70% of the total tested
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strains had a low imazalil-resistance. No isolate was moderately or highly imazalil-resistant. The sensi-

tivity of three resistant strains to imazalil increased significantly after ten generations of continuous sub-

culture, indicating that the resistance to imazalil could not be inherited stably. The correlation coefti-

cients were 0.799, —-0.143, -0.089, —0.268 and 0.159, respectively, in linear regression analysis between

the logarithms of EC,, values of imazole and tebuconazole, pyraclostrobin, thiram, carbendazim and

mancozeb, which indicated that there was moderate cross resistance between imazole and tebuconazole,

but no cross resistance between imazalil and other four fungicides. The results indicated that imazalil

could be used for effective control of grape white rot in the orchards.
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Table 1 The sensitivity of Coniella diplodiella isolates to six fungicides

N bl il P EC,/(ug/mL) SEH{Y
Fungicide BF8 BF11 BF19 BF21 BF36 BF39 Average/(pg/mL)

% Tebuconazole 0.52 7.66 3.88 0.68 2.76 241 2.99
ML B B Pyraclostrobin 7.44 1.37 1.34 5.41 3.87 7.32 4.46
M2 Imazalil 2.16 3.86 34.65 2.56 3.04 29.05 12.55
353 Thiram 8.72 6.42 29.07 25.56 17.27 36.11 20.53
%W R Carbendazol 4.19 59.69 3.18 59.81 3.11 1.82 21.97
fRAR4: 5% Mancozeb 27.93 47.31 40.34 37.52 2531 48.77 37.86
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Table 2 The sensitivity to imazalil in Coniella diplodiella isolates from different regions of Jiaodong Peninsula

SRAEH X Bk WA EC,, {H EC,, for imazalil/(ug/mL) PUPETE PR Resistant strain
Collection region No. of isolates 3l Range SEHI{E Average BB No. of isolate {51 Rate/%
Y% 3€ Tl Penglai City 15 2.86-55.53 14.01 4 26.67
.11 T Longkou City 11 2.16-54.42 12.90 1 9.09
13 FH T Haiyang City 10 2.56-24.81 11.99 0 0.00
SEHITH Laiyang City 10 3.04-29.05 12.72 0 0.00
WiE5 7 Qixia City 0.13-18.31 8.94 0 0.00
S 111X Laishan District 6 2.96-23.90 10.47 0 0.00
BT Weihai City 8 0.56-50.90 10.73 1 12.50
1T Total 69 0.13-55.53 12.01 6 8.70
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Fig. 1 Frequency distribution of imazalil sensitivity in Coniella diplodiella isolates from Jiaodong Peninsula
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Table 3 Sensitivity to imazalil in progenies of three relatively resistant isolates of Coniella diplodiella

SN e A RANH TR EE EC,y/ (ng/mL)

Resistant isolate %5 11X, First generation %5 54X Fifth generation 25 10/t Tenth generation
BF-10 54.42 39.05 11.70
BF-18 32.56 24.37 15.62
BF-34 50.90 34.69 12.60
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Fig. 2 Cross-resistance between imazalil and other five fungicides in Coniella diplodiella

3 i

U2 T A A A A SR I R 1) 2
TR (5545 2014 T 55,2017 ; 55 2 55,
2019) o AWFIER R 224 KR ke T ILARE
U2 2 b I3 7 1 S T %o e P R ST T
22 ML DX T4 AR R T s ) R LR, LAy
T2 A T R4 2 s g D ) e M T R A B
GBI I 1102 s T 2 1 R LA B A
TP ] S B 2 e 7= A AR K S 1) 3 2
IR B R o5 H 2 8.70% , (H 3 Se47 M 1 Bk 1)

PUAHEB AL IEATRE , X 5 i 2R I Alternaria
solani Xof A<k HYER W (512158 471 55, 2019) | IR F5 0 B
Botrytis cinerea % W [ % M ( H £ 9 5% , 2009) A Bt
AN BERR U i AR B A5 e AR ], (R X T I A e bt
P TR AR A HURS TR AR 1 2B ) MR R T A A 25 A e
FRAMGE .

Bl P 7 EL AT 22 i JE B X = M R A T
A2 H B, U0 Kunz et al. (1997 ) & 3350 655 2K ik FH
BN L W 2 N S M € R IR R S
Bt 25 (2003 ) WF 5 WIBA 1 U MA 55 5 T el | — s ) 45
— RIS B AR A BB s KA A2 %5 (2013) Xt



44 ARG A B TR XM R R BURSE L N S R R AR R B A L 779

SERBC BRI 45 W] = MRS R T R 2 ik PR PR
W | SRURE MR RN s B 2 () BT A2 B e . LR HRA
2 Jay PR T AN A] =M 2R T R =2 0] 52 B HTPE iR
ASBIFTE S5 AT 148125 1B i T 0 A 2 AR A 5 o 7%
B SE B ATE , e BRAM AR e 5 = A % T ) LG e
PEE Y AC B TP AR O R ECA 0.799 , 2% B A2 1A Rl — s
IR TR AN MR B A7 AE A EL BT, 3 07 S 0 e £ SR
AAE A A AN AR 0 0 T R R Y 32
B A

DK s A R = WS K TR [ & T 14-o- 158 Y S i
a0 30 e R A N 0 2 A S AR Az B
TR S A1 FH (de Waard,, 19963 2521 45,2003 ),
T 2 R AIAE HALERAR [R] , AE7E 28 Bhe v AT
fE (I — M RIIDK WIS 8] 52 B HTPE A AH DRI IR 44
A, HEFIBAIR . Anihig 2= (2002) % S0 00 2 e
HE BT FE AR T B Penicillium digitatum TERRXS DK fif
JHE B I | — IS 1) B AE A BT P XYk A
(2011) X %] % 2 18 7% JH. & Colletotrichum gloeospo-
rioides TUME I FE 45 S i 7 DK 6 e 15 0 WA s AR o
Wk 22 ) TC . 25 R DG 5 JAl A 55 (2016 BIFST 45 2R 1
TR A e 5 — et % 2- U TN TR R S AR T 7 =2 1]
WA H Y . AWFITEE FR DI 5 e i 7
TE— 8 M IE AR G, do Uk BH 1 8 49 T TR X6 4% T 55
AL P DR 2 e 3% B 7] A 3 G ] e ) (S
85,2001) o R, s ISC7E T 8] 107 FH 40 5 By 3 7 4
P B, 7SS o e 5 8 s it ] s s T 1
T3 4h T 5 A — MR TR R A A BT
PEAREE— DY . a5 A BE N IR TR 2R 1)
MRS ik PR R T RIS ) 2 TR R AT LRI AR 55
WL B AARBR R B 2 AN A A Bt X A A
TR IE B AR P ML BN ] 108 235 B0 01, A0 i ot G
AT PE BRI, A 1R TR 2 )
ARPAEGIERIE O , S EE e T D)5 itk ns ik TR s L 2
PR A I SURIMR AR B B L TR] 2 245 701 38 2 i e 46
fili

£ % X Wk (References)

Bi QY, Ma ZQ, Han XY, Zhang XF, Wang WQ, Zhao JJ. 2017. Sensi-
tivity of diverse fungicides on powdery mildew of wheat and
cross resistance with triadimefon. Journal of Plant Protection, 44
(2): 331-336 (in Chinese) [HeRkHi, thism, B2, sk/hA, £
SO, XYL 2017, ASRIBLA A TR 7006 /INZZ 1 ks 04 g
K5 =R S AUV . AR, 44(2): 331-336]

Cai XN, Li XH, Hu P, Li H, Ye XM, Dong Y, Wei YM. 2014. Control

efficacy of several fungicides and antifungal strains against Con-

iella diplodiella. Chinese Agricultural Science Bulletin, 30(16):
295-298 (in Chinese) [$£JUCHl, 22441, Iy, 2541, MR, #
Wy, BUHEEL. 2014, JUAN A B RIS ST OO 40 R0 2 N
Biiaiks: . 4254, 30(16): 295-298]

Dai YL, Gan L, Shi NN, Chen FR, Yang XJ. 2018. Sensitivity of south-
ern corn leaf blight pathogen Cochliobolus heterostrophus to flu-
azinam and cross-resistance against diverse fungicides in Fujian
Province. Journal of Plant Protection, 45(6): 1374-1380 (in Chi-
nese) [RESL, TR, AT, BrRfd i, #7515 . 2018, R4 £
K/ INBRES TR Xo M ) S B JFE 5 AN [R) 3% 1 70 ) 4 58 EL T
P A2, 45(6): 1374-1380]

de Waard DMA. 1996. Synergism and antagonism in fungicide mix-
tures containing sterol demethylation inhibitors. Phytopathology,
86(11): 1280-1283

Deng WP, Yang M, Du F, Liu YX, Zhang LT, Yan YY, Wang SQ, Yang
JZ, He XH, Zhu SS. 2011. Sensitivity of Colletotrichum gloeo-
sporioides causing grape anthracnose to three sterol demethyl-
ation inhibitor (DMI) fungicides. Chinese Journal of Pesticide
Science, 13(3): 245-252 (in Chinese) [XP4ER:, 785, 417K, Xz
I, SRR, B, RS, HARUE, IRELL, R4 2011, 7
2 JIE TR RS TR 0T 3 A2 Ay 5 56 Y S 0 i 70 3% v 79 0 Uk
P AR B ], 13(3): 245-252)

Fu LZ, Dang PF. 2019. Occurrence and control of grape white rot.
Northwest Horticulture, (3): 33-34 (in Chinese) [45 AN, 3¢ %
W . 2019. A4 R & AL U S BRI . PEALE 2, 3):
33-34]

Kunz S, Deising H, Mendgen K. 1997. Acquisition of resistance resis-
tance to sterol demethylation inhibitors by populations of Ventu-
ria inaequalis. Phytopathology, 87: 1272-1278

Li BY, Wang YZ, Wang PS, Luan BH. 2014. Research on cost-saving
and synergy effect of Jiexiaoli mixed with conventional fungi-
cides to control grape diseases. Northern Horticulture, (21): 137-
139 (in Chinese) [4553H, FIHe, I, AN . 2014, ZRAL
D15 F AR B v6 #4090 55 09 1 A RIS .
HhEZ, (21): 137-139]

Li HJ, Yao TS, Wang LY, Hu JH, Ran C, Liu HQ. 2014. Evaluation on
the control effect of 5 fungicides against citrus storage diseases.
Science and Technology of Food Industry, 35(11): 319-323 (in
Chinese) [4 19 %), BEAE 1L, BRI, W44, 178, XI5 58 .
2014. 5 Fl 245506 R I 0 75 09 B 5 AR A . B0 Tl R
$, 35(11): 319-323]

Li HY, Xie QY, Song AH. 2003. Sequence comparison of CYP5/ genes
between imazalil-senstive and imanzalil-resistant strains of Peni-
cilium degitatum. Mycosystema, 22(1): 153-156 (in Chinese)
[ZRLLM: R 25, RZEFR . 2003, AR UR S PPk 75
PR CYPSIIERF O LA . WY R 4SE, 22(1): 153-156]

Li RN, Pan XL, Tao Y, Jiang DD, Chen ZL, Dong FS, Xu J, Liu XG,
Wu XH, Zheng YQ. 2019. Systematic evaluation of chiral fungi-
cide imazalil and its major metabolite R14821 (imazalil-M): sta-
bility of enantiomers, enantioselective bioactivity, aquatic toxici-
ty, and dissipation in greenhouse vegetables and soil. Journal of
Agricultural and Food Chemistry, 67: 11331-11339



780 i 7/ AN 1 4834

Liang CH, Huang YQ, Zhao KH, Miao ZY, Chen Y, Wang H, Liu CY.
2007. Resistance of grape white rot fungus to carbendazim. Lia-
oning Agricultural Sciences, (3): 16-18 (in Chinese) [#2471, %
M, R, W, BREE, 1M, XU . 2007, #4111k
X Z TR RPUERFIE . I T AR, (3): 16-18]

Liu BY, Zhang W, Luan BH, Wang PS, Wang YZ. 2013. Sensitivity of
Botryosphaeria dothidea to difenoconazole and flusilazole and
cross-resistance of different fungicides. Acta Phytopathologica
Sinica, 43(5): 541-548 (in Chinese) [XI{§: A, 4, ZEMik%, T
B, Y 2013, 3 AE SO PO R TRE T PRI A GO I [
TUSYE MCHAS U . AR EE2EA], 43(5): 541-548]

Lu XH, Zhu SS, Bi Y, Liu XL, Hao JJ. 2010. Baseline sensitivity and
resistance-risk assessment of Phytophthora capsici to iprovali-
carb. Phytopathology, 100(11): 1162-1168

Ma JY, Zhang XF, Wang WQ, Han XY, Ma ZQ, Ding HB. 2009. The
sensitivity of Botrytis cinerea to SYP-Z048 and cross resistance
against diverse fungicides. Journal of Plant Protection, 36(1):
61-64 (in Chinese) [ 3, R/, FICHF, #7598, kR,
T . 2009. KA HLEE Botrytis cinerea Yo WE [ 0 14 i Jk
PEFIAN A R S BT . AR R4, 36(1): 61-64]

Qi MX, Chen ZX, Zhou YZ, Zhang HM, Xia CX, Lou W, Zhang LY,
Peng L, Liu YG, Zhang ZM, et al. 2019. The Control effect of
20% imazalil emulsion on the disease of Gannan navel orange
during storage. Xiandai Horticulture, (13): 6-7 (in Chinese) [FF
W, BRIBAL, IR, skitber, TS, 2646, sk, 2 e, x|
YL, HALES, A . 2019. 209 IVREIE K LA 0] 5 R RS IR
R ERBTIAROR . BRI, (13): 6-7]

Shi XJ, Ren L, Wang HJ, Han JY. 2019. Sensitivity of early blight
pathogen Alternaria solani to difenoconazole and fitness of resis-
tant mutants. Journal of Plant Protection, 46(1): 201-207 (in Chi-
nese) [ S8, AR, EAA, S 2019, P44 Al
3 R X 2 Y AR 11 B0 M B BT S AR IR I TE A5 B . A IR
P, 46(1): 201-207]

Wang WQ, Ma ZQ, Zhang XF, Zhang WJ. 2001. Evaluation of risk of
resistance in plant pathogenous fungi to fungicides. Chinese
Journal of Pesticide Science, 3(1): 6-11 (in Chinese) [ 3CHF, &
AR, AR/, FRICHE . 2001, AP I BRTGS AS TR AR B P U
il A2y 254, 3(1): 6-11]

Wang ZY. 2017. Good agricultural practices and integrated pest man-
agement for grapevine health. Beijing: China Agricultural Sci-
ence and Technology Press, pp. 208-212 (in Chinese) [ K .
2017. F g e R S T B . Jbat: RO R EHAR
HURRAT, pp. 208-212]

Wu ZM, Lu LH, Jiang HD, Chen PF. 2009. Investigation and control of
grape white rot. China Fruits, (4): 48-51 (in Chinese) [ X,
FENLAR, SR, RIS K. 2009. FA UG HY & 2L A R BiA
. PR, (4): 43-46]

Xie QY. 2002. Study on resistance and molecular mechanism of imaza-

lil in Penicillium digitatum. Master thesis. Hangzhou: Zhejiang

University (in Chinese) [ 115 = . 2002. 48 IR 5 %% (Penicillium
digitatum) S IMEEMEGTIE K o> FHLIRAT S . B2 08 3. Bt
M WK

Yu J, Xu HJ, Zhao MR, Yue SQ. 2019. Enantioseparation and on-col-
umn preconcentration of imazalil by capillary electrophoresis.
Chinese Journal of Pesticide Science, 21(3): 309-314 (in Chi-
nese) [BEGE, VIHUAS, BX SR, i HTT . 2019, AL B AN
HL K FPEPR I B AR LR T 4R . R 25242447, 21(3): 309-314]

Zhang B, Liu CY, Lin F, Zhao KH, Miao ZY, Liang CH, Wang RIJ.
2005. Resistance determination of Coniella diplodiella to thi-
ram. Plant Protection, 31(4): 84-86 (in Chinese) [5K 18, X1 i,
RIR, XA, 0N B, SRARTE, E04E . 2005, 47 IR TR0
HESERGTLG PN AE . A IR, 31(4): 84-86]

Zhang C, Ji MS, Wang YZ, Qu CM, Cheng GW, Qi ZQ, Gu ZM, Li
LN. 2003. Preliminary studies on resistance of Fulvia fulva to
flusilazole in tomato. Journal of Shenyang Agricultural Universi-
ty, 34(4): 255-258 (in Chinese) [k, 20 AH 1L, EHZE, th 5,
TR, A8 Bk, 7R AHAL, =I5 . 2003. 757509 b X ik
M2 I RAE AT SY . Dk BHAOE K 22447, 34(4): 255-258]

Zhang H, Zhang YW, Ling SP, Zhang L, Chen RX, Wu YL, Zhu Y.
2017. Effects and risk assessment of imazalil treatment on grape
storage. Acta Agriculturae Zhejiangensis, 29(5): 840-844 (in
Chinese) [#5E, 5K H 3, BT, k52, BREE, RBRR, K5 .
2017, 17 M X 7450 1) PRAEE 2SO B XU BPA . ARl 27
1, 29(5): 840-844]

Zhang Y, Fan XC, Jiang JF, Li M, Liu CH. 2019. Analysis of the func-
tion of miRNA on the resistance to white-rot disease in Vitis da-
vidii based on microRNA sequencing. Journal of Fruit Science,
36(2): 143-152 (in Chinese) [Tk, B F, e difm, 2R, X4
. 2019. Z£ T microRNA MUl 77347 miRNA 755 #2547 1 I8
FPPEHT. SRR, 36(2): 143-152]

Zheng YP, Zhou LZ, Kong FF, Wang ZY, Zhang H. 2019. Detection of
the resistance of Botrytis cinerea on grape plants in Penglai of
Shandong to seven fungicides. Plant Protection, 45(1): 164-169
(in Chinese) [FRIZ M, R HE, FLE 7, FBER, k5. 2019. 1
AR IRAE TR 7 RhR TR TG PG . REY TRAP, 45
(1): 164-169]

Zhou YX, Chen L, Hu J, Liu PF, Zhang Y, Meng QX, Li B, Si NG, Liu
CL, Liu XL. 2016. Baseline sensitivity of natural population and
resistance risk of Peronophythora litchii to four novel Qol fungi-
cides. European Journal of Plant Pathology, 146(1): 71-83

Zhou YX, Yu JJ, Yu MN, Yin XL, Wang YH, Du Y, Qi ZQ, Song TQ,
Zhang RS, Liu YF. 2016. Fitness and cross-resistance of Fusari-
um fujikuroi strains resistant to prochloraz from field. Chinese
Journal of Pesticide Science, 18(6): 703-709 (in Chinese) [ J& fir
3, TRA, GRS, F/NR, T4, FhH, F5ham, RKI, 5k
SR, R . 2016, KRR A g PAT T 5 700K i J P e 14035 5
B RS T A2 2], 18(6): 703-709]

(A% 5. 5 F47)



