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Abstract: In order to clarify resistance dynamics of Pseudoperonospora cubensis to metalaxyl and
azoxystrobin and control effects of fungicides containing metalaxyl and azoxystrobin against cucumber
downy mildew, the resistance to metalaxyl and azoxystrobin in 838 P. cubensis strains collected from
different areas of Hebei Province from 2011 to 2015 was measured by using the leaf disc floating meth-
od, and the control efficacies of seven fungicides including azoxystrobin 250 g/L SC and metalaxyl *
mancozeb 58 WP or mefenoxam * mancozeb 68 WG against cucumber downy mildew were assayed in
the field with the method of spraying stems and leaves. The results showed that the resistance to metal-

axyl and azoxystrobin widely occurred in all 838 P. cubensis strains with resistance frequency up to
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100.00% . The resistance factors to metalaxyl and azoxystrobin were 482.99 and 354.97, respectively.
The resistance frequency and resistance index fluctuated over areas of monitoring and years of monitor-
ing, the resistance index of strains from Tangshan, Cangzhou, Shijiazhuang, Hengshui, Langfang and
Baoding were higher than those from the other areas of monitoring in Hebei Province, and the index of
resistance were at the high levels. The field trials of fungicides were performed at the recommended
doses. Control efficacy used for the field of azoxystrobin 250 g/L. SC was 72.15%—74.13%; control
efficacy of mefenoxam * mancozeb 68 WG and metalaxyl - mancozeb 58 WP were 63.26%—-70.19%,
equivalent to or poorer than control efficacy of mancozeb 80 WP, the poor performance of azoxystrobin
250 g/L SC and metalaxyl - mancozeb 58 WP or mefenoxam * mancozeb 68 WG against cucumber
downy mildew may be due to development of resistance to azoxystrobin, metalaxyl or mefenoxam; con-
trol efficacies of dimethomorph 50 WP, mandipropamid 250 g/L. SC and fluopicolide * propamocarb hy-
drochloride 687.5 g/L. SC were more than 82.00%, which could be used singly or in mixtures with the
other fungicides for control of cucumber downy mildew in the areas where development of resistance to
azoxystrobin, metalaxyl and mefenoxam occurred in P. cubensis as substitute for azoxystrobin 250 g/L
SC and metalaxyl-mancozeb 58 WP or mefenoxam *mancozeb 68 WG.
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i EUBUFR 5 Pseudoperonospora cubensis 5| i
(A B TR B 2 — P S8 KM% 3 (Lebeda & Cohen,
2011) , FE AL 4 8 I X Wk & A=, Wl iGN S st
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250 g/L XULRERE BRI % (mandipropamid ) 2% 57 .250 g/L
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AL BB 6] AT 25 5 VA
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2011—2015 4% F b4 #3277 X Y 838 #k

B JTCHE B9 T % H 8 %8 R BT g s = A bk, bt

P A 2% 15 SR 100.00% |, 0 PE A5 £k 53 01l ok 482.99 Fil

354.97, B hi EPTERE R BT (R 1) .

2.2 AREHXENESREX FE R SRR
S W b DX TG, YT b A8 AN [R] b DX R 7R R

AT HH R R R TR R 1 B PE RS B BUrE AR B e

R PTBCRE E PR LR ERTR] R A K R
M A7 FE JERS AN L6 ST A BRI R R R R AT
PEFEHOR T 54T 0.80, 1A R LT A9 TR o)
FBEAIPTIEFR RO T 0.80 (1 1) o 2 A BT T /Y 14
PRXT H 4R R A £ L 1431 804.08 >k H 1L
T ) A KT 35 AT 5 P B0 P A3 e s, 15 31 495.19,
K BAZE F W RS B M 44T B R X
H g R R YU RIT &7 LR T 15.69%~21.05% 2
[E], B & T E LXK, SR A AR E L RS .
TS 4 A T7 9 TR AR Th X R R R AR v T TR R T
bR A T 3.37%~9.47% 2 1], B i @ T H g s X
(F£1),

R1 WA ENEEREEEX RE R SRR AR R

Table 1 Resistance factors and resistance frequencies of Pseudoperonospora cubensis population to metalaxyl and azoxystrobin

in Hebei Province in China

e A IREL T— N ﬁ%@ﬂ%ﬁ%ﬁ%% (%) B[N
Fungicide Collecting location ,NQ of Resistance ratio Percentage of different type of isolates Fr'equency of
isolates LR MR HR EHR resistance (%)

F AR AR Shijiazhuang 51 629.59 0.00  0.00 0.00 8431  15.69 100.00
Metalaxyl ~ 7K{% Chengde 75 360.53 0.00  0.00 533 94.67 0.00 100.00
7% 1 Zhangjiakou 83 376.90 0.00  0.00 6.02 9156 242 100.00

Z 25 Qinhuangdao 70 356.51 0.00 000 10.00 87.15 2.85 100.00

JE11] Tangshan 95 642.43 0.00  0.00 3.16 7579  21.05 100.00

JE§Y Langfang 85 804.08 0.00 0.00 000 8353 1647 100.00

f#£5E Baoding 115 442.34 0.00 0.00 261 9478 261 100.00

7 Cangzhou 45 547.33 0.00 0.00 222 80.00 17.78 100.00

57K Hengshui 70 404.14 0.00  0.00 143 94.28 427 100.00

4 Xingtai 60 362.93 0.00  0.00 500  95.00 0.00 100.00

HR#E Handan 89 407.62 0.00 0.00 449 9551 0.00 100.00

411 Total 838 482.99 0.00  0.00 3.69  89.14 7.17 100.00

W5 TR i A FF Shijiazhuang 51 485.22 0.00 0.00 1569  80.39 3.92 100.00
Azoxystrobin K{# Chengde 75 287.34 0.00 0.00 42.66  56.03 131 100.00
7K % [ Zhangjiakou 83 302.21 0.00 0.00 51.83  48.17 0.00 100.00

Z B 1Y Qinhuangdao 70 264.96 0.00 0.00 4857 5143 0.00 100.00

FE11] Tangshan 95 495.19 0.00  0.00 632 8421 9.47 100.00

JiEH5 Langfang 85 352.42 0.00 0.00 940  90.60 0.00 100.00

{45 Baoding 115 380.08 0.00  0.00 6.09 9130 26l 100.00

WM Cangzhou 45 292.91 0.00 000 222 9778 0.00 100.00

/K Hengshui 70 346.44 0.00 000 1143 8571 2.86 100.00

£ Xingtai 60 348.24 0.00 000 3167 63.33 5.00 100.00

HEH#E Handan 89 322.32 0.00 000 3931 5732 3.37 100.00

A1l Total 838 354.97 0.00 0.00 2399 7326 = 275 100.00

S: U LR fIkH0; MR: F4i; HR: &¥i; EHR: ¥ $i. S: Sensitive; LR : low resistance; MR : moderate resistance;

HR: high resistance; EHR: extremely high resistance.

23 HNEEREXYAERNMEEERRNIEER
AL A AT BRI, 2011 4F 85 JICRR B3 %) HY 7

RIPTHEFEECH 0.80,2012 4 F &4 0.79,2013 4F
Tt 4 0.80, 2014 4 F % 4 0.80, 2015 4F X F T+
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Fig. 1 Distribution of resistance index of Pseudoperonospora cubensis populations for metalaxyl and azoxystrobin

in Hebei Province of China
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Fig. 2 Resistance index of Pseudoperonospora cubensis

population to metalaxyl and azoxystrobin in Hebei
Province of China from 2011 to 2015
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2014 4 F12015 4F H AR50 & B0, 3 NFR R &
B R B I IR it 68 %05 HH 7 R - AR /K 431
ki) 1224 g (a.i.)/hm*F158% 1 75 7 - AU RRAH LTI
PEH#F 1566 g (a.i.)/hm® XF 75 25 9% 1 B 55000 91 K

65.30%~70.19% F11 63.26%~68.35% , i 24 T & ik T
SO AREREE T IEPER 7 2 400 g (a.i.)/hm’ [ BRL ;
250 g/L METH IS IF 7 150 g (a.i.)/hm’ % FE 259 1 B
R 72.15%~74.13% , B U 25 5250 g/L BURR ik 15
e ET7 7 150 g (a.i.)/hm?® ., 5094 THEND mk m] 3 P A 5]
300 g (a.i.)/hm®F1687.5 g/L Ftt 14 iz - 76 55 B 2L 2
EHRETEFI 1031 g (ad.)/ho X 76 20 1Y 95 250840 v T
82.00% , HAT R AFHIBHA (£ 2) . 2014 4F-F12015 4F
FEIR G0 KR AE T 10 B # JICRE B3 P 00 s X
o 7% R % A TR 1) AR, & B HE R R R T T 1
P B0 R 24 100.00% , F 2 0 65 B0 B A
583.42 F1312.93 , ¥ N H bk
3 Tt
ABFFERI T 2011—2015 4E ] 4045 K 3 77

DX 8 TR B BEDGS FH FE R RN B I (R B, A B

JTCRS B4 BA VX 2 Fh 24 39 2 28380k = AR o, Bt
PR e AR AR =, LD DR v e R S I e 2
T RSB TR T T 215 2 7 B33 i P T ) 2 ) 7R
B AN T 8 PR R o BLAh , BURFE
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B TRDRT FH i 2R R T R i TP AU 458 5 (Keith et
al.,2007) , HrPE RIS A BE AT, BEFR g 814 (Cohen &

Samoucha, 1984 ; Diriwiachter et al., 1987 ;Ishii et al.,

2001),

R2 AERFEFIXENEERFH E B

Table 2 Control effects of different fungicides in controlling cucumber downy mildew in the fields

F 5 2014 2015
AR Dosage  JiIATEEL B (%) S TE HE 4L Bz (%)
Fungicide (g (ai.)/  Disease Control Disease Control
hm?) index efficacy index efficacy
5047 I ] {7 300 6.02+0.58 ¢ 85.06£7.31a  4.95:040e 85.84+7.72a
Dimethomorph 50 WP
250 g/L AU R i 2 P 5 150 5.85+045¢c 8548+7.06a 4.53x0.39e 85.46x545a
Mandipropamid 250 g/L SC
250 /L1 i g B 77 771 150 11.22+0.50b 72.15£3.01b  9.05+0.48 ¢ 74.13+3.64 b
Azoxystrobin 250 g/L SC
687.5 g/L FRUML R J1e - Fe e R h a2 vl 1031 6.44£049 ¢ 84.01£7.31a  6.07£0.30d 82.65+4.52a
Fluopicolide - propamocarb hydrochloride 687.5 g/L SC
68% T 78 R+ ARG B /K 43ROk 1224 12.0120.86b 70.19£5.04bc 12.14£0.64b  65.30+£3.89 ¢
Mefenoxam-mancozeb 68 WG
58% W3R 7 - ARRR S FE v IR MR 71 1556 12.75+0.43b 68.35+2.50d 12.85£0.66b 63.26+3.48 ¢
Metalaxyl - mancozeb 58 WP
S0P AREL A T IR 7 2400  12.05£0.94b 70.09+5.30bc  9.76+0.47 ¢  72.08+3.54 b
Mancozeb 80 WP
23 |4 % B8 Untreated - 40.28+3.72 a - 34.98+1.99 a -

Fh B B bR AR . RSB G AR R R 4 LSD BRI 1E P<0.05 /K F- 24 5 i3 . Data are mean+SE. Dif-

ferent letters in the same column indicate significant difference at P<0.05 level by LSD test.

A TR T i T S A A I S AR 3 v A
Tl BT A AR, AN [T R X A% T ) ) B
HA 2322 B8 (Yuan et al.,2006) . ASHFGEEE R
Fi 73X — W, T A AN [l R AR 1 v TR FE
s T % H R 2R R DT T P BB PR A AR 25 57 R
AL e A 2R 7K R D5 AR T 08 R T
FH R 2 RN TR TR PP PE R B0 T B X X AT g
S AN TR 1l DX 25 4 AR F 285 KA TR o s [ 1
Zhao et al.(2013) @ T HTPEFREN AT A,
INABUHEFEECRE S T 0 & B0 A H VAL 7R A
Bl P R RT 23S T R e K o ABE 9 2 %207
B BT YT ERE R B T 2011—2015 4F B A
B G FH R R AN S TR R BT K, A A ) 4
JEE T S %) TR R %o Y 52 R 8% BT TR R B 2
feRR AR

SEAPULHA I AN [ 45 RAREWT , b4 &
3 b DX B TR 22 T 0T P R 8 R0 o 1 7 A ™ T
P, T30 58% 7 R ACAREREE TR 1 250 /L
W R A PR B AR e 2k o 58% Y 7 R - AUk SR
BT R 7R 1 689K HY 7 R - AR B B K S IOk
TR AR ) Wt o) B T R R 1Y) B A8 M T B Y

T 80961 AR B 1T WA 93 7 A7) o W it ) 17 3K
FE IR o R R SORIORS H R R 8 AR B I Bl T
YERD LR AU AR B R FEDRIE T . 687.5 ¢/L
SN A - FE B B R PR B TR SO0 IR pk mT
PR 250 /L XUHR P B frie 2 77 351 6] 2 IR B0
FUA R AT 8, A B JTCRE B9 T T 475 T bl Ll
P T Jg R SRUILL TRT B A7 78 h A B 1k XU (G R 7S AR
SCHF, 20105 B2 4REESE,2013) o DR, i FH X 2L 24 7))
B9 v I RR B N 1 22000 75 T R B B X )
b R B T A SN B B P XU A5 B, IO e
FH P21 W, 36 5 & BRIOPT 25 MG FR AR, S48
B TCRR 25095 TRUIU Y04 18 2 o v O B A 0 7 JEE it
b R HVE LA R R B S R A e 2, 6
HETE 2 , 75 & 9 1T 53 &2 9 070 30 FRUHE 2 751 2 A0 ] o
WIFFUR T2y , S e R R A A PR M 2455 . D)
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