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HE . AWHEING BIRRA Pseudoperonospora cubensis ¥ #.H e 09 FutE it = 25 45,2011—2016 4F
AT B Aoy KB E 5 R R 1 821 AR AR B A, R v % 5 A i 5K H Ak xd At ) e 19
BB, FH VA ZE el Tk R AE SARE AL A AT NG R m R Bk, &R A, T AL AR
FINE 7 R RINTE B 9m B 3T FOR A e T3k 5 A TARE S, T3 3RAE 230 h 5.86; T A ALK A
FRB9 FPEIT F A 51.89%, H PAKIL A AR BT FE RS F b 36.18% F2 15.71%; F 3 FE IS H A
0.34, B4 69 TP IR B PSR RIS B KA R LA A B R e TAem T,
PTG T e B Aoy AR CE AR T B AT 60 W 18] By RO e 45 R B R, e BN B 46, 687.5 g/L AL
P+ 58 T B 2 BR 3k SC AT INFE R by 2 8.3 & T % HLAT I8 25 71 68% 4% F 48 % - K AR4E 4 WG.58%
VB R AR AR WP 80% 4K A 45 4F WP & 250 g/L »% 14 s SC #9 b5 2k /2.5 2k B 2 F [, &7 2011 4
9 92.58%~93.31% % £ 2016 549 80.07%~80.82% . & I % %) T An 52 36470 25 M08 2R AT 3R, dw FR )
L R AT 2 B HINFEAN AR T P 6875 /L AHA - FEMSCHE A RAL 2R, M BLELS R
) AE A ALEL 6 97 B A T ) SR R B s RN TR R
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Resistance of Pseudoperonospora cubensis to fluopicolide and control efficacy of
conventional fungicides against cucumber downy mildew
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Abstract: To clarify the temporal and spatial dynamics of the resistance Pseudoperonospora cubensis
to fluopicolide in Hebei and Shandong provinces of China, the sensitivities to fluopicolide in 1 821 P,
cubensis strains collected from main cucumber production areas of Hebei and Shandong provinces from
2011 to 2016 were measured by leaf disc floating tests, and the control efficacies of five conventional
fungicides against cucumber downy mildew were assayed by spraying stems and leaves in the fields.
The results showed that P. cubensis widely developed low resistance to fluopicolide all over the main
cucumber production areas of Hebei and Shandong, with an average resistance factor of 5.86. The
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strains with low and moderate resistance accounted for 36.18% and 15.71%, respectively; the resistance
frequency to fluopicolide was 51.89%, and the average resistance index was 0.34 for all tested strains.
The three indexes of P. cubensis tended to increase year by year and varied as the detected regions
changed. The results of the trials of control efficacy of fungicides against the disease showed that spray
of fluopicolide - propamocarb hydrochloride 687.5 g/L SC at the recommended rate gave significantly
higher control against cucumber downy mildew in Hebei and Shandong than spray of mefenoxam - man-
cozeb 68 WG, metalaxyl - mancozeb 58 WP, mancozeb 80 WP or azoxystrobin 250 g/L. SC at the recom-
mended rates, but the control efficacy of fluopicolide - propamocarb hydrochloride 687.5 g/L SC signifi-
cantly decreased from 92.58%-93.31% in 2011 to 80.07%—80.82% in 2016. The monitoring results of
wide occurrence of low resistance to fluopicolide was consistent with the field trial result of obviously
less effectiveness of fluopicolide - propamocarb hydrochloride 687.5 g/L SC, indicating that the strate-
gies of resistance management to fluopicolide in P. cubensis need to be established and implemented,
such as limiting the spray times of fluopicolide - propamocarb hydrochloride 687.5 g/L SC to twice
within a growth season of cucumber and using fluopicolide - propamocarb hydrochloride 687.5 g/L SC
in alternation with the other oomycete fungicides with different modes of action for control of cucumber
downy mildew in Hebei and Shandong provinces.

Key words: Pseudoperonospora cubensis; fluopicolide; resistance; temporal and spatial dynamics; con-
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trol efficacy

il R 85 1 Pseudoperonospora cubensis 5|
L1 18 TR R TEAR 22 [E S 4 2 B A 7 1 K
P E (Lebeda & Cohen,2011) . 1 Jg—Fh A&
FLEWATVER , AR R TR, Qs BRI R ot e i
BiI6 B LB R 28 21, Tl IR e ™ L 2 B
PR (LA AN SCAF ,2010) o Az 7= izl 5 3222
W EFEAL 2Bl i6 (Gisi & Sierotzki, 2008 ; Savory et al.,
2011), B2y bR T ARG B  EAARAR A S
R R B e A5 A P R R TR A1, A 2 H gk
JH S 10 F M D i, AR SR TR FE R A AR R
WERE R, QoI IS Y WA BATTHR | MHE s Bk PRT I | W 28 T s
W AT, S O R I S I FR IR IR BRI RS i A
T U b XSUbA P T R P bl 46k \ AR TR G , 24
2 FH TR T IS 1) G 2, VIR W 5 g e S Ak B S 1) 0
WA 7 Bl 7 = e o g 24 P WAl s 7 e 45 DA A P A% T 71
M AR W F (Urban & Lebeda, 2006) . 85 K 55 5
i R4 51 hy 12 B e BE T IXURS: B S P 2 —
(Fungicide Resistance Action Committee,2014) .
TG, AFZW W E N2 Y N HE
X P 5 R R T 25 PN R S T R AR i, B
HH 5% 28 500 1977 5% I A8 T e s Bl s 2% WK (Tshii et al.,
2001 ; Brent & Hollomon, 2007 ; 754, 2017)

BT PRI R — PR BH VA AT DI TR 5 v A5 R H
kR 2S N 7], 400 BOW % & Phytophthora infestans
FNBRAEE S Phytophthora capsici 1% 52 H 7 8l {1
RERCAE 2l AR IEF T A T 22 4 K R 3% 77 4R

(Jackson et al.,2010) , HA R A7 A9 N M AL T2, 1530
W SN TR 1 T A2 B P2 R T 22 RN 5l 46
TR RN, Al AR A 225354 . LN
JeVE FIRLEph ARy | 55 AL IR 28 | PP AU P A IR T 26
TR T Tt P 21 2% TR 39 25 Tt 28 B Bi 14 (Toquin et al.,
2006) .

TEESL, B R 55 R R B R A = C gk
PSRN DN AR BT BCTR R, PH T B TR 2 L SO R g
PEIR BRBURE I 45 U T 3 1 B R (Cooke & Little,
2006; Foster & Hausbeck,2010; Ojiambo et al.,2010) .
TEF ], ULk 1 5 A B B TR ) 687.5 /L JR ML TR
i « FE A R R R SC H 2005 4 &id)5 , 98 2 T
BTHEEA PB4 R B N AU RE N
SEREYOR TR PG 7RI 04 AN L AR A B0t B R
F X TR NERER PG C A 2 1148, 124
W Ik A A5 B TCRE B B E P VR 0 B0 St T
JiE 25 7 A FE TR o oA DA, T FH [R50 24 P A
T K FH ) 977 280 6 T TR b R f A O 245 71 BE 7
YR FH g anal {22 6 FE 2L, Wang et al.(2014)
FRAE T TR B9 T X R NH T fg 1) BB 2 S it
TR 5 TR PR SR T P AR R R U5 o P %
WERITEAE B AT, 0B v TR B TR X FBURLE T e A7
HhEs BEBT MUK s Lu et al. (2011) PP BB B X i
M BT e AT P A BT XU . R WIAE 687.5 g/L #UIL T8
J¥g « FR R AR R R SC IV At I By b X, #E bR BF g 7]
FE 23X RO B e ™ A FH TRl , S 3B 20T B o
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ABFE T 2011—2016 4F M LR 4 RIS b4 2T
F27 DXARAS B RGBT , o U X bt T e 1) A
P, e AT 687.5g/L S R - R AR IR ER SC
5 S IR FILZA T8 EE [ B 0 e , S VKT o ) T
9 PRDGT SBUTHL PRI A2 15 ™ A FH TRl , PP 8 AR R
PR FEUTE PR BT 25 32, DU A A R st T
TR 6 AR BRI e A O B R FR B T
LA ER R IR AR
1 Rl 5 HE
1.1

HEIR TR B - 2011—2016 4F AT 645 AL AR 4
B 77 KR A B TR 25 09 6T S P, 1> M T
18 3 B AR thoRPAE X, oA B 2270 10 km, K152y
20~40 BRIFTPE , B0 = R4S 1~2 PRIFTAR , AR A bk
FH AT FE 1A 2 AN RS B 19 3~5 g AR IR 1% 5
Jo BT A REIR G R, B e A SRS, B
TARRORIRAS A S0 . L EHR15 1 821 Bk
PR, Forh Db A e e RN T BT R LT
ZEET NG A ZETT GREETT AR PR
KR 0T RIS 1 006 BREERE , LA 48
il U T T R S T N T T
By BFT T AEMN T T e T R R
815 PRk (HB A5, 2018)

BERAEY) - ISR R 282860, L AR B s it
H Pl A BR A Al 4, Fil T HOGIR b Rk
K& 6~7 5 BB _EF A A THCE AR 1.5 em (1)
W25k, FH T T ) SR 42 (%) A () B %o R0k 7 e 1)
PRI RE 5 BT APEEDE 303, H R RN AL B 1
A B v v IR 5 i, Rl T HDOGIR =,
FEH 25 5 ¥R/m?, A BR K 2 5~6 /i E A A H ]
687.5 g/L FUML B i - e A R R L SC 4 5 R i ML 24
T T FE 2 1 B R0 -

250 S AR : 96% FMLTR I (fluopicolide) 2} |
687.5 g/L N T i - 78 25 B L 2 #h (fluopicolide -
propamocarb hydrochloride) SC, 7 F-AE # #l 24 (
) A BR2A W] 5 68% H H 7R 2 - AU AR FE (mefenox-
am - mancozeb) WG, SEIE A EYI PR IP A TR A 7l 5 80%
AR EE (mancozeb) WP, B [C 5 < A T AT BR A A 5
58% H 75 R - fLAR44 4 (metalaxyl - mancozeb ) WP, 15
PG ARACAD A BR AR o K S TR e [ 24 TN
P i, BV P R B SN L 2%, N A TE TR K R
FEIK 1 000 pg/mL BRI, JHT-00 2 AN ] 2 JTCRR 2 1A
TR AR FRUH A B R R . L 2 R e 5 2

KRS T BB 0 . AGROLEX-HD400
RIS TR %5 2% F R A BR A F
1.2 Ak
1.2.1 %855 Bom i x Ak B e b AR P 2

K 48 9F 1k (Schwinn & Sozzi, 1982) I 5E
B TR B PG JRUNMLL PR () R o K B 47 1 9
bt s JH Bk O 25 5 /K W B 50.10.5.1.0.5.,0.1
0.05 pg/mL 253, 73 S EIA B AR 9 em BE SR IIL
BEINL20 mL, LA B S PR Y 25 25 /KPR T IR,
FEGTFORAEZS POV IR Rt ) L e s
MrP Ry 259 F BRI S AN BRI 3 I
2o K DN HH DR [ e i FE I 7K higke , 18~20 C AR
g7 24 h A K38 R R L+
KR, 2 500 r/min B0 3 UK, A 1x10°4~/mL
AT BER AU, B 0 80 1% 10 pL 652 5
TR, 5 EINEs & TARKED EFR19C 16 h ot
HE/8 h SIS 5 1F R 15 3% 7~10 d, F5%F IR 78 00 R I
PR IE 3 B T O o AR 7 7 T AR A
FEFA E R R D 0 9 To 5 1 . 7= fiml
FR<5% 53 9 2 5%<7" fL T FL<10% ;5 9% : 10%<7 1
T FR<25% 5 7 9% : 25%<)" TR FR<50% 59 9 - 7~ fE 1]
F>50%. THERIEIRECRBIR . MIEIREE=T (i
FEBOAITREL) x 100/ (-3 BB i ) 5 Bisk=
(O] HE 7 175 48 B8 — Acb B 175 48 550 /% BRI 155 45 43 <
100% (FiE7ARE,2017) .
1.2.2 3 A B B AR A X o B 3 2O 5

HET Wang et al.(2014) € 57 19 8 JICRE 2595 B 0T
B T e 1) BURR R 22 (0.1498+0.1090 pg/mL) i34
PARR BT A28, 4 R A 1l 5 Fh S A - U (BidE
fE<2) AR Q<PirEEE<10) . rhot (10<BitEAs
$<100) ST (100<BrHEAEE<1 000) R BT (Birk
f5H0>1 000) , 43 X 1,23 4.5 3 5445, I3 T
SRS R E A 4%, 2017) , 2% Zhao et al.
(2013) i3 A PUMEFE 8L (resistance index,R1) . %7
B Ml AbAS FLL AR A4S B TR B P A ) B o
e i Po ki 25 sh 4 . HibEAE% R (resistance factor,
RF) = TR o0 24 7 U (ECso ) /12 24 771 AU
2R (ECso) s DUMEITUR =BTk B AR B3 2 At 3 T Ak 5 <
100% ; Ptk 48 %= 2 R [R] USRI RE I (7 28 <
FERT 850 )/ (o ien 980 100) 5 HL M BOL 4 B Y
PR A A BB R AR P 4k
1.2.3 257 By BRI R 35 R AE B 1 41 2 A )

20114F4 H X% 201644 H 4y e b 2@ % H
WEE SR AR R AL AR A8 A T A A S 28R 1
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H 6T EA T8, 70 B it b 1 8 TR A I, 3%
HEZ4550) 1) FH R A ), AT S s R BRI AU Bl T o
JRFEREE Y R BSOS . 687.5 o/L S ERNG - 785
JERFRER SC . 80% 1R ARFE A WP .68% 4% T 75 & - X 4%
B WG .58% I FE R - ARG EE WP 12 250 g/L B T
Fii SC Jifi i 771 243 %) 4 1 031.2 4001 2241 556,
150 g (a.i)/hm’, BVE K AVEXT IR, B % B R i, >R
FHMSE 55 25 106 B YR 25 i M, it 245 1 900 L/hm?, 3
Jii 2 4, Al 7~10 . BRALFE4 KRR, /MK
AR 2 mx13.5 m=27 m*, R HEEVLIX HHES . B
UK it 24 U 20 15 LA, PR B s, I K
A 03565 4 R 25 )5 7 d R JHA G 1 o BE/N X it
MLS SRR, A U8 A 2 MR Bt B AR IE B i
o BRE T AR o I TR A SR A TR R 43, 0 G
T 5 1 J% 5 BE T AR <5% 5 3 %« 5%<J5 B T R <
10% ;5 9% : 10%< BE T FL<25% 57 9% : 25%<Jp BT T
FR<50% 39 9% R BT FR>50% (A4, 2017) o %
18 GB/T 17980.26—2000 iC 55 4% 4b B 1% , 8%
TEFEBOL TR . IR T8 B=2 (4% G T H0OH X
GBS ) /(P B H£0<9) x 100,

Bl ER 5 7 2 MG X 2 TR 4R 64 BE AN 40 B
N FERER A L IR 1.2.1 K 1.2.2 B9 05 B4 4% 7
AT S8 M A o 1) BB |, S A B b 2 1 R B Ak
[BSPE

1.3 #HESH

B E i i DPS 7.05 8T 48 i b (R
TN, 2017) >Rk R/ N 2 2280 (LSD) ¥ i 47 2
S EVRL .

2 ERESH

2.1 ERESFEEEEWEROTTESS

A48 FLL 7R A8 B FE R0 TR0 JBUITE B e
PERGINZE FEF I, 1 821 MR B MR XT FUME BRI 1 ECso 1
F0.0003~7.1284 pg/mL 2 [&], H A2 U R K
PUBARRAT PR 3 3 0RbE , L IR R
B2 90 5 BT A AR 19 36.18% 1 15.17%. 2011,
2012.2013.2014.2015.2016 4F 57 JTFE 259 1 4] JRUAtE
T e O A3 5000y 1) 4 060, 1.61.1.78..5.09,12.03
14.12, - ¥4 Bt M 5 500 5.86, L o 4 K 4 il
12.50%.20.93% .36.32% . 78.42% .98.72% . 100.00%,
FEABERBTEN 2R 51.89% , HiEFE 5047101 0.23
0.24.0.27.0.38.0.49.,0.50, F-H 8 500 0.34 (5%
1)o 2011—2016 4L A ABTIERE 05308 0.23
0.24.0.28.0.38.0.50.0.50, -3 {E 4 0.36, 111 2 14
AP TETE B0 5110 0.22.0.24,0.26.,0.39.,0.49,0.49,
SEHEN 035, BUHERE SUHEIR RBTHERSEURE B
A TFEAEA, 2011—2013 4 B8 R X 360t T i 22 PR
JE%,2014—2016 4F B FEX SO R e 2 IR

&1 20012016 FAL AL F A BENEERE AR ERHORENTS

Table 1 Dynamics of resistance to fluopicolide in Pseudoperonospora cubensis population from 2011 to 2016

in Hebei and Shandong provinces

G RIFREL

Year No. of strains

ECsoi [l R AFEIZERIGE R 73 Percentage of  $pMEAii% (%) HibkHesk
Range of ECs, 554 Average different types of isolates (%) Resistance Resistance

(ug/mL) resistance factor g LR MR  HR EHR frequency index

2011 344 0.0003-0.5808 0.60 87.50 1250 0.00 0.00 0.00 12.50 0.23
2012 473 0.0021-1.0321 1.61 79.07 20.93 0.00 0.00 0.00 20.93 0.24
2013 212 0.0164-2.2348 1.78 63.68 34.90 1.42  0.00 0.00 36.32 0.27
2014 292 0.1487-3.5193 5.09 21.58 64.72 13.70 0.00 0.00 78.42 0.38
2015 235 0.2085-6.3553 12.03 1.28 50.63 48.09 0.00 0.00 98.72 0.49
2016 265 0.3813-7.1284 14.12 0.00 5245 4755 0.00 0.00 100.00 0.50
411 Total 1821 0.0003-7.1284 5.86 48.11 36.18 15.71 0.00 0.00 51.89 0.34

S: U LR: {IK#1; MR: 471; HR: m¥i; EHR: RS,
HR: high resistance ; EHR : extremely high resistance.

L 2R Kb 2 48 B I AE %598 PR D6 S T BG4t
PR FIORH 25 A LA/ S LD AR TR R 7 7 3 Bt 48 2
WA T TRl I TR R AP X e e 2. b AR
SRR RS RGBT R R B TE 5k
(0.27~0.30) W A TR B A R E e M
W AT $2(0.34~0.50) o I ZRA I 559 .

S: Sensitive; LR : low resistance; MR : moderate resistance;

rmd T T N T R R 1Y BT PR 4 £k (0.28~

0.32) B W AIC T H & b X 9 1 48 %1(0.40~0.56)

(#£2).

22 FEFABHEENESFEN @M ERNTE
2011 4F-F12016 4F-#E 47 H 1] B R 56, 45 4

AR EAE SO E R E 2R 7
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20164F,687.5 o/L UM FA NG - R ER R ER SC X 2 1
H O 2 3 IR AR A A5 I S R %, e 2011 49
92.58%~93.31% [% %8 2016 411 80.07%~80.82%. it
F1,250 g/L BE TR SC BRI B R N R, B 2011 4F
i) 64.28%~67.04% % 2 2016 4F- 1) 45.589%~48.54%.
58% M FER ANIRERAE WP 2 68% K5 1 75 R - AR R 5

WG 7E 2011 4 19 b5 %% 53 91 8 62.57%~63.03% FI
65.17%~66.03%, 2016 4F ) Bj 2% 43 5 -~ 61.78%~

62.02% 1 63.34%~64.14% , 2 4F 2 Hi 3k 16 11

B 2 A

2 B T 80% X 7% 5 B WP 1Y [ 51 67.97%~
68.98% , 3¢ 3 2 FhR ) 32 2 AR AR 46 B & A5 DT A

EHI(R3).

R2 WL AR A RE M X & ESRE A A E R

Table 2 Resistance index to fluopicolide in Pseudoperonospora cubensis from different regions of Hebei and Shandong provinces

R

b ) BN g ITF) iR

Hebei Province Resistance index Hebei Province Resistance index
5K % 10 Zhangjiakou 0.27 JM% Yantai 0.28
7K Chengde 0.28 5 Dezhou 0.28
7% 21 % Qinhuangdao 0.28 T Heze 0.29

£ Xingtai 0.30 & Qingdao 0.29
HB#E Handan 0.30 7 Binzhou 0.30
77K Hengshui 0.34 B Jining 0.30
A FKJE Shijiazhuang 0.37 FFd Jinan 0.32
JE1LI Tangshan 0.38 S Weifang 0.40
JAE3)5 Langfang 0.39 i3k Liaocheng 0.51
7841 Cangzhou 0.42 Z%% Tai’an 0.40
{45 Baoding 0.50 I Linyi 0.56

R3 2011 FEF2016 ESTHEMREFTL T EMLEL B EEERESHIIBH

Table 3 Control of downy mildew on cucumber at the solar greenhouses by five conventional fungicides in 2011 and 2016

in Hebei and Shandong provinces

biiliEy WAt 2 24 5 Dingxing %48 71 Shouguang City,
ARy AREH Dosage County, Hebei Province Shandong Province
Year Fungicide (g(ai)  JmIHHEEL B%k (%) UNIER S Bt (%)
hm?)  Disease index Control efficacy Disease index Control efficacy
2011 687.5 g/L JRNH i i - R B B ER R Eh SC 1031 2594020 f  93.31+6.12a  3.20£0.26f  92.58+3.69 a
Fluopicolide - propamocarb hydrochloride
687.5 g/L SC
250 g/L W& SC Azoxystrobin 250 g/L SC 150  12.76+1.14c  67.04+£5.12¢c  15.44£1.03b  64.28+2.59 cd
68% i H #a 2 - IUREE WG 1224 13.14+1.08b  66.03£5.49cd 15.05£1.32b  65.17+5.08 cd
Mefenoxam - mancozeb 68% WG
58% Wi 5G 2 - U R E WP 1556 1430+1.26b  63.03£5.02d  16.18+1.14b  62.57+2.88 d
Metalaxyl - mancozeb 58% WP
80% 1UAR4H F WP Mancozeb 80% WP 2400  12.29£1.01bc 68.16+4.78 ¢ 13.41+0.80c  68.98+3.03 ¢
75 A% Control - 38.66+4.12 a - 43.26+4.03 a -
2016 687.5 g/L FRUMLTR A% - #a B AR R ER SC 1031 7.010.30 f  80.82+3.11ab  8.37+0.46f  80.07+2.96 ab
Fluopicolide - propamocarb hydrochloride
687.5 g/L SC
250 g/L W& Mg SC Azoxystrobin 250 g/L SC 150  18.81£1.66b  48.54+£3.64d  22.88£1.98b 45.58+4.07d
68% K5 H Fa 2 - (UARELEF WG 1224 13404090 cd 63.34+4.12¢  15.10+1.24c  64.14+538 ¢
Mefenoxam - mancozeb 68% WG
58% W FE R - FCAREGAF WP 1556 13.88+1.49c¢  62.02+4.98c  16.06:1.50c 61.78+5.07 ¢
Metalaxyl - mancozeb 58% WP
80% fUARSTEF WP Mancozeb 80% WP 2400  11.68+1.30d  67.97+3.52bc  13.20£1.21d  68.59+3.67 be
25 [ %} 8 Control - 36.5243.19 a - 42.05+4.02 a -

FE PR AT R . [RIFER G R [R5 358 28 LSD B 36 7 P<0.05 7K F-24 5% 135 . Data are mean+SE. Differ-

ent letters in the same column indicate significant difference at P<0.05 level by LSD test.
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2011 AF IR AR F2 6T Rl b AS e 24 B 2 4
B 5 HOGIR 2 SR AR 1 64 BRBERE D, X RO B e
BB R 35.94%, H B AR IR BT
PR EB R RO 1.61, BUPERE 50N 0.27, 36 HT
PEFEBHEZE 0.20, R WIZRE AT U TR AR S50 5 11
E 2016 4 DA [l R A 1Y 40 BR BERE P, X0 8Nt

PRI 7 A P 1 TR AR BT 5 LT & 100.00% , T
BIHu AT 2 1412, PrrEFE £ 2 0.50, Btk R
PR 52.50% AR HT B R AT 47.509% 1 TR AR 2H
(64) , R BT SN A e RURR P BH B T B, 7= A
TR HME, 5 2 b 54F 687.5 /L JRUIL 141 I - R 25 ik
fidh SC B i T A4 R —5

R4 AEETLFRE BRREEEERE G R E AR R

Table 4 Sensitivity to fluopicolide in Pseudoperospora cubensis in the solar greenhouses in Hebei and Shandong provinces

L0 BREL  ECoiEfl BT NGBS SR PSR (%) PitkiE%
Year No. of Range of ECs, Average resistance Percentage of different types of isolates (%) Resistance ~ Resistance
strains (pg/mL) factor S LR MR HR EHR frequency index
2011 64 0.0003-1.0326 1.61 64.06 3594 0.00 0.00 0.00 35.94 0.27
2016 40 0.3813-6.3579 14.12 0.00 5250 4750 0.00 0.00 100.00 0.50

S: U LR: fK¥i; MR: 4i; HR: &di; EHR: $FE$i. S: Sensitive; LR: low resistance; MR : moderate resistance;

HR: high resistance ; EHR: extremely high resistance.
3 i

U & A R SRR B S AT e D TR e R AR
SR 24 R FIATLIE R 2450 PR OUAR oG, — ok
PF PR K R P B SR R R A 2 KA
PUEGPEAS S R0 R R B P S5 0 IS R o
— W NG 25 50 77 A v BT, 24700 (AR BRI
it AR, B ) 7 A e 7 R T K B
& (Urban & Lebeda, 2007 ; Brent,2012) . = J/NFEE
3 DR FIBABUIE B XA FH S A S — B UL TR e A7 A v
i ul = B BT XURS: (Lu et al., 2011; Wang et al.,
2014) , 1M 85 )N FE B2 906 TR L H5 48 S5 W0 58 9 TR Phytoph-
thora infestans %5 FE 1) 9P B X VE A2 5 () S — H 4R
ORI TR PR AG o FEBUIE XURS: (T SCHRAE , 2000 X1 5%
52,2004 ; Brent & Holloman,2007) . ASHF5T 45 5
7N, 687.5 g/L FUML TR i - 755l Eh R £ SCTET Jb 4
AILLZR A ST T 10 AT A I 21 0k Stk o B e A
BT 30 B TRAR , B LURPT R O 3L TR
I e B — 7 LR B P BT TR Bk , 687.5 ¢/ L JRUAIL 16
J¥e - FE B BUER IR Eh SCATTREZERF B A7 R B &4, 1 H 7R
7 T TR A S B o T KGRI R 1 D 4%
BRI RB IR B 2 4R & A B 2P S R B RN
T % (Reuveni et al., 1980; Ishii, et al., 2001) , iE]
TS FE B RO UL P JHe A P XU AE T 0 PR R
TP GRITR AT XU o 56T 2 JTCRE 5 TR 0T BN
TR P A O 0 T AN, U K3, HE BT
BLHIAA 2 Ttk B e 1 P L5 2R S 2 1 R A
[F) A7 1 978 FBOE A 1 TR L LA TRl K-
MR A HEPTHEPLHIE R P X —HEWTe A

FEFITIESE .

FH (10 247 W B3 1 5 2 2 ARG AR B %o
R 2570 A U AR AR A, 38 K U AR AL
SE 2 0T R TR 5 | P9 T 1 F (] B S80RE B30
A BB AT R b R AR PR R A 75 X
25500 AP T AR I 220 ()b 24 P i PR it
b [R5 B TE T U AR AN J2 o ARBIF9E 1448 6 4F:
Wi e deas 1 AN AR 11 TR 37 X AR
3 T VT TR T %) e o A 4 B b X AR Ak 1)
B R IR\ FE B o AR U B A T 1%, Btk
FEBCRTVERR BE B AF TR, 2011 4R () DA G
R F2AE K 2016 4E I LMRPT AR R 320 IRAb, SUse:
W5 95 24 36 MF R 96 R W, 6 AR R L AR 48 5 6T
TG 2% B8 TR R A R A ph AU AR I
IAEREE 687.5 g/L S TR e - 75 2% AR iR £k SC By
AR R, X T BB S T JLAF 687.5 /L ML B I -
FERE AR R ER SC B 12 45 B T8 N FE B0 1) B
0 K AT/ N A B, 7E 2011—2016 4F- 1Y
UG INFN 687.5 o/L SN i - R A iR R £ SC
BrAKSEIIE] , LU AR 48 A b e 24 B HOGR
FEBAA RV ERKIKIA 8N E A | N
WRIEAR KRR B 2B R R AR
BRI 25 21~25 K, HA i 687.5 /L S B
i - FE B3 SR TR L SC 4~6 TR, L 24 3t P FH 245 %)
B RGBS PR R At I T AR e R i 8 1 o

TIAE K L 2R 2 48 AN [a) i X 3 T 78 259 6T Rt
P M BN AR ) s XA ) AR O LA R it
PEARECRBTTETE BO A 22 5%, RDUESE T HE 40 I o
X R A A DA AR A BB A B 25 25 5 (Yuan et all.,
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2006) , X 7S 22 55 0] REVR T AN [RIAEA7 S AN ] L X
225 S i 225 . YA db s 5N TR &N
BT R R RS P G 2 s o i ol 7 A e 7K i
P (EIAAREE,2017) , HAS RS T 88 TR 250 1 0
% T fi 7= A e K SE PPk (Ishii et al., 2001) , 117 58%
H G R AU R4S WP 1 566 g (a.i.)/hm® . 68% K H 75
R ACFRERFE WG 1224 g (a.i.)/hm® 52 250 g/L W5 g
SC 150 g (a.i.)/hm’ 7EV] 648 7 24 EL B IR 220 11
Bl 22 , s DA TG D R f R %, 6 IH 58% Y AR 28 X
AREREF WP . 68% 15 H1 78 R - fCAREREE WG £ 250 g/L
W TR P SC CUANIE FH T s ot X B AR B BT 1A o
T A0 25 (201 8) FRAE, YT b L 11 4R 2 48 85 A 29
X s T P W ™= A AR AR ST, X U 8 e s B
T, 50% s Tk A bk ] YR 43 77 L 250 @/ L AURR Bk A i
2T ) g L () 5 0] S 5t 4 OO0 B IR 2 L
HRAFIIBRL(85% VA 1) o ASHFFEIESE 687.5 g/L
SN A e - PR AR R R AR SC R I FR B AT R
FRI 5 55, TRk, 07 5 155 589% FR 7R % - AR AR 4k 4 WP
68% K5 H 7 R - FRARELBE WG 2 250 /L W5 B g SC
IR K 687.5 /L SRUIL TR - R B Ja ER Rk SC 5
S TR BR | SRUAL bR | XU 7 e  SRUSE AR L & T 2 gk
AT R I | s s TR e B ST 7R A8 s A A RS 1)
2SR, 0L FH UM B e ) FL R . ik
I8 45 (2013a, b) A HY 40% 80 T e « N e ok 7 7
SC 1 25% TN T i - M il ik T 15 WG TR, B
P 360~480 g (a.i.)/hm? 17 I [ Mf it Xo) 4 4% 28 e 2
Wi BLAFIIBAL, 5 687.5 o/L UM G - TR AT BRI
R SC 1031 g (a.i.)/hm’BHRH Y, B 35T 250 g/L
N A BT TR EC 150 g (a.i.)/hm? (B4 X LR 1Y
I P A B S % 8 TICRE B R X RN B e (1 B
R IEF 687.5 o/L ML A I - F5 B B ER R £R SC 1)
i A1

WAER PTG PEAR 2 . 3 Jad H R T
SR K PR A A s D PR R R e 24 0 L AR
22 SCHR R TR AR ECso -5 IUBIEZE (ECso) 14 EUAEFR by
PUPEACE A 2409, BOZ BT ECR 2 R,
FRIEPPE AT ECRE s R R 2 o s ARt T = e
RPN IR | AR A o AN [R] S 80 B ik T
LU 5 DL T AR B, TR AR b T
FH2PUPERR BE ST A, R, HTME KT 0L 2 L
BRI PUIERRE , IRl TR SOk iy i . ASHF
FE TR SO E VAL T b ANl A8 5N FR %
75 PGS G B e O BT AR B, & BRI B A T
X 5 AR P AR A 687.5 /L SR e - FR A RS
FRER SCH XK. BT B3 bR X FRUIHL FRT B 1 1 7K SF

Pt LT R S RN A R 1Y) S KB AN [ X
AT g5 S BR b g B e DAL 5 R R R R £ A TR A
BT E R AR PR IR SR T hieitEZ A .

DA T TR 8 B0 7 22 7 A 7K
SE3E (Reuveni et al., 1980) , 76 H 4 M F& [F] — 2oy
B JICRG B P s 2 %o Y G 28 AN P i = 24 v K O
Hi Pk (Ishii et al., 2001 ; Zhao et al., 2013 ; 7 75 %5 |
2017) . FEILIARAE AN 048 — B LA 1 e 5 i 2
JE TR B AR B R B, (LB TR B3 1
ATH X} SN BT = AP, PRI, 1 i 2 )N AR
BEIS T AT JRUMH TR B b 3 B A0 L ] B s A
PEEhAS  FRAB 7R B NFE &0 & AL mi o & AR w0 8
687.5 g/L SN TR e - Fa B AR R 4R SC St 2t XU
AR (AR A4, 2013) JEA2 B Bui: Hos sk (v 74
4 ,2017) 9 250 g/L AU TR SC L 50% Jdis ok M Bk
WP S5 [V FATLBE 1) 245 70) 56 e ol TR A i, RS o
T2 , G BRI ZY |, K R AR RS () Ak 2 B 4 5
Bogwa AR ERIBIG A A R GE R S
BRmaR ) ML A, X B R TR B T8 A D 4 L B
TRA B SER B2 TR L e
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