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Resistance of Phytophthora capsici isolates to metalaxyl in Anhui Province
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Abstract: In order to investigate the resistance level and geographical distribution of resistant isolates in
Phytophthora capsici to metalaxyl in Anhui, about 200 samples of pepper Phytophihora blight were col-
lected in major vegetable growing areas among 16 cities and counties of the province during 2005 —2006,
and 125 strains of P. capsici were isolated and purified from these samples. The sensitivity of these strains
to metalaxyl was determined by mycelial growth rate method in vitro and biological test in vivo, respective-
ly. The results showed that 79 isolates were sensitive to metalaxyl ( <40% growth at 5.0 pg/ml of metal-
axyl) , 38 isolates intermediate in sensitivity to metalaxyl ( >40% growth at 5.0 pg/mL of metalaxyl and <
40% growth at 100 pwg/mL of metalaxyl), and 8 isolates resistant to metalaxyl ( >40% growth at 100
pg/mL of metalaxyl) according to Parra & Ristaino’ s (2001) criterion. The proportion of metalaxyl-sen-
sitive isolates ( MS) , metalaxyl-intermediate isolates ( MI) and metalaxyl-resistant isolates (MR) cov-
ered 63.2% , 30.4% and 6.4% in P. capsici isolate population, respectively. There was also a signifi-
cant difference in the sensitivity of the strains from different areas to metalaxyl. The strains from Shouxian
were the most sensitive, with the minimum and mean ECs, value being 0. 10 pug/mL and 0. 81 +0. 20 pg/
mL, respectively, while the strains from Dangshan and Hexian represented the resistance, with the mean
EC,, value being more than 8.32 +0. 19 wg/mL, and the maximum 25. 47 pwg/mL, which suggested the
highest resistant level was about 90 folds.
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RPN S FHBRARUEE EE Phytophthora capsici Le-
onian 5| EAY—F B ZAE YN F , B AT 2
Biiia 77 e b A7 4 . B AR R (metalaxyl) J& B iR
BRI O T 35 19 T 2550 2 — (H il T2
700 AR S P S A 3R, X D R 1 P L B,
KIS = A Btk —2 . A 20 k4l 70 4E4R
RN LR FEVE 22 B 5880 & X F R 2 7 A=
PUPERYR ISR, BB & e s B, Br ik -F-
A RS RAEVFZ 10 IX B BOR B AIG, B = 58 2k
R o X B & B B AR R
FEASKRN T HLATCHE AR R BT K P 45 5 . Pen-
nisi & Agosteo"*' & B HE A S HI 7] 81% FBfARE
WA R R h %‘?{Ffﬁ[‘i’ Parra & Ristai-
no ™ %2 B 5% [ HH 18] 4776 K ek A4 P 76 22 28 A8 vk 5 I
DLBHAEC IRIE VT PS4 55. 6% Y HMURE B 1 A Xt
R RAAEDUIE , b 3T R PURAR & 27.5% ] o
P AR T AR AL L X 78. 49% Y B B T R
R BAHUE, B R &k 200 ~ 500 . %
Boe Tk [ 2 BRUAE 7 Bk, — BB g T
3 X6 FF R 2R 7 AR UM R X 12 DX ) SRR M 3
JEEE RO, SR, O T RS BAUEE R T P. capsici
X FR R R BT PE I 4 R WU B, AT %
TR AN [l DX BRBUE 0] FP R R 29 Mk AT T &%
G 5 TE BT 2 DXOBURUE 25 0T T 7R R i Bt i
K B AT TR 4 1 3373 A1, g BROBURE 5 %o R R
PUPE I XU EAG Bk BRAR (IS AR .

1 MR 577%

1.1 #ilE#%

2005—2006 4E53 i WL B G I8 784 FE
FBHAE 16 AT (B (X)) 55 352 R AU o 7Y
Stk , RAERTIC S A% B 7 Rl S L,
BRI Ry alifh, 2 %5, L3R4S 125 BRI
YEFF Phytophthora capsici Tk
1.2 A

91.2% MR (metalaxyl) B2 TR R T
N EVAE T P/ DR R A A K TR 78 R K TS 1
5mg/mL BHE A, 80 T A K ERHE (ampi-
cillin) , BT 88 200 A FRA R A 7750 15 ¢ Fl4E
- (rifampicin) BE#E, FIAEIEHZG A FRA 7 A 5=,
90% TLAMFEA (PCNB) 524, 1 P44 £l Bk B
SRR A,

1.3 #RE

B NRERIE(CA) MY K 200 g B EEEA S M)
B/NA IR B K 500 mLL, $#5R%, FHBUZ 20 A i ik
2, APKZE 1000 mL, ATA BRI 20 g, 121 °C g R 2%
VR K 20 min,

PEREVESI S DGR 2 CA B R IR R =
50 ~60 “CH, % 100 mL FFAIA 10 mg N F &R 5
mg FHFFH 5 mg AR,

TR RIS B IR AL IS mg/mL AR R
BE 1 mL, KA £ B K FC LR SR BRI, B
fBIR) CA FE 3R HI B 2 50 °C |, i ERE RS 430
TIAKH R e B A b 3 s o T, TC 80 28 k52 0 il
0.005.0.01.0.05.0.1.,0.5.,1.0.2.5.5.0.,10.0,
20.0.40.0.80.0.160. 0 wg/mL [ 2555 55 34
1.4 HHXE RIS R R SR RN E
1.4.1 BknE

RIUERHRE " AT MRAE CA AR I
B3t 7 KIm, A EEHNGIERE 5 mm 238k, 7
SRR S HFER 0.5 F1 100 pg/mL ) CA SFH
Je,25 CHiFR,5 RIGIE R &4 K&, b3 dE i
3K, MR R YRR R A BURAE R 73 2% Parra
%[3] 1 Fraser %[13] RIbRERE , BITE S S g/ mL HH
RN CA FAEKE/NTZ A KRR 40% A U
T FE ( metalaxyl-sensitive isolate, fij X MS) ; £ % 5
pe/mL AR A CA FAKERTEHAKED
40% fHFE 100 pg/mL R R CA LA K&/
T FARKE R 40% 9 HUBAEAL T RS 1
Fk ( metalaxyl-intermediate isolate, fij FX ' [B] B
MI) 5 7E% 100 wg/mL I FER 1) CA _EAE R HE =S
HAEK & 40% 1Y TE Bk b B B AR (metalaxyl-resist-
ant isolate , 8K MR) ,

1.4.2 FkmE

BEALLEI 10 8028 T Pk L 10 v 18] T kA 8
APURERR SR M BB TRE EAT I E . SR
B R/ A TR R A T AN A
W, B A BRI LT 2 4 x 10° >/ mL S5 K
A5 ~8CHIVKAE 15 min, F T2 25 C = iR E
30 min R S AL 7B 7E HAZ 9 em HYEEFRIL
PSS 20 mL ¥ 73504 0. 1.1 .10 ,100 pg/ml
14 F AR R 25, AT T 25 8 1K R o) B R AR
9 14 mm BB Fr 3 T 1 TR I
105,122 h5 ¥ it i B R BT g i 28 v
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15 pL Esh T2, B 22 °C 12 h SBIRAF T
Bt 5 K FRARILBHEE" B 4 G e A1 1A
S TR BB IR ROCR |

1.5 HHXEHXT PR RITEKFERNE

PHLKEARTE CA i 3558 7 K IR 50
GOV AE 5 mm A TRB ARYE 1.4 W2 258 4%
PR R AR BT HFER 0.2.5.5.10,
20 .40 80,160 pg/mL 4 CA F-Hx b, SUSHH k73 31
BAEEHHFER 0.0.005.0.01.0.05.0.1.0.5.1.0,
5.0.10.0 wg/mL ) CA 4R 1,25 CHi 7,5 Kl
FEREERKE, BAAMEER 3 K, @l EERm
A (i R H i SR 7 e B X 0 1) Y e 1 [ )5 4
Bt IR EC, MH.

RO L ZR I o 2 BE SR [ 15 ] i 07 v, AR 4R
AR DX ECs, fEI i 45 5 | e bf oA i it H HY 4R 2 1Yy
K EHNEPE JEH HE R USR5 5)
BT, 5B ECs, i 25 538 18 35 KT 0 B Ak, P52 DU
JE 2 AT E KO EL RS R EC,, i, AR

5 E BURE R EC,, (EAE A st Rk
AP AR I EC,, 855 BURFLL 1) EC,, 0
9 HEARL, B A0 T R R P 7K

2 RGO
2.1 RYEHME BRI PR RSB EE

ME

B RIEA T 200 CA i B2 KR
I (AR S AR )k B 7R R Y CA Sl B 2248 K
2 SN, AS 5] B bk 1) B 22 A K P R 25 S B 3
RHE Parra %m E':J)F/]_‘/ﬁ, 125 BRALE B AR o6 FE R
PP (MR) 94T 8 Bk, i 6. 4% ; AT BRI B (M)
38k, 1530. 4% ; BURBE PR (MS) B79%%k, 5
63.2% (F 1), HA SUSEH EZORIE TP %
i T BAERD BRI R R AU X BT
PERRE E R AR 10 % H 5F R 2GRk il
FHUER 0 BRAR= X

R ZBERMEBEHRMBEERNGRERESH

Table 1 Sensitivities and their distribution of Phytophthora capsici isolates in Anhui to metalaxyl

U PR ERLTEESE S E/RERSEY S
SRAE REAr PR Sensitive isolate Intermediate isolate Resistant isolate R B A
Year Isolate Use history
Locality isolated number Bt Hdi (% ) Bt HeA (%) Rkt Hp (% ) of metalaxyl
Number  Frequency Number  Frequency Number  Frequency

AN Hefei 2005 ,2006 9 5 55.56 4 44.44 0 0.00 ++
JEVT Feixi 2006 5 5 100. 00 0 0.00 0 0.00 -

£ F Changfeng 2005 ,2006 9 7 77.78 2 22.22 0 0.00 +
F1E Hexian 2005 ,2006 9 3 33.33 3 33.33 3 33.33 +++
JEHE Juchao 2006 4 4 100. 00 0 0.00 0 0.00 -
JBYT. Lujiang 2006 7 5 71.43 2 28.57 0 0.00 +
V0 Yuexi 2006 8 5 62.50 3 37.50 0 0.00 ++

% B Shouxian 2005 ,2006 8 7 87.50 1 12.50 0 0.00 -
i Yingshang 2005 ,2006 11 5 45.45 5 45.45 1 9.10 +++
¥ Funan 2005 ,2006 10 5 50.00 5 50.00 0 0.00 ++
Ifi 2% Linquan 2006 6 5 83.33 1 16.67 0 0.00 -
M Yingzhou 2005 ,2006 10 6 60.00 4 40.00 0 0.00 ++
#7111 Dangshan 2005 ,2006 9 4 44.45 2 22.22 3 33.33 +++

Z M Bozhou 2006 5 55.56 3 33.33 1 11.11 ++
JPH Fengyang 2005 5 4 80.00 1 20.00 0 0.00 ++
75N% Lu’ an 2005 ,2006 6 4 66. 67 2 33.33 0 0.00 +
At Total 125 79 63.20 38 30.40 8 6.40

VT RRAR AR 4 R AL A " RR AR AR e BRI A S A

Note: “

“ +++ "7 for metalaxyl being applied continuously for many years.

— ”Stands for no metalaxyl being applied; “ + " for metalaxyl being applied occasionally; “ ++ ” for metalaxyl being applied often, and
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I AE SR, AR R AT O 22 RO XK
B PSR , (AR B e AR P B E SR
B X PR R AU 22 57, L BE T AU B D 2y
PSR B R AR RGTPERR Y™ A4 5
R FHIRA K
2.2 BMEENRER SRR E R

AR B BRI B 10 8O 25 S 3, B AR A rh 3
BB B TR A AE T A AGL I P A7 3 I SBURR (A
e B ), B A I v SR B A TR R T 3 1A
AN Z2 3R BN BUIE (AR B 22 ), R AE 10
e/ mL AYHEEE TR, YRG5 X TR AR B4 B 9 R
ANBRAEL, LR T ARG 00 45 2R 5 R A 25 SR A — X
(%2),

A e LR X B R P R RS A T
TSI, 25 SRR AR R B2 14 B R R U

R2 FMEEXFEIGFRMENFEENER

Table 2 In vivo bio-test of metalaxyl-sensitivities of Phytophthora capsici isolates in Anhui

Btk 5 R AT v FH 5 R % B RS 1 F- B BRSO (% )
Type of Number Average efficacy of metalaxyl against Phytophthora blight of pepper
isolate of test CK 0.1 pg/mL 1 pg/mL 10 pg/ml 100 pg/ml,
HBURA R MS 10 — 40.7 A 73.5 A 97.9 A 100.0 A
TR R ML 10 — 20.7 B 46.9 B 75.5 B 98.3 A
ibEwitk MR 8 — 6.1C 21.0 C 39.3C 90.5 A

7 Rl —FN B e bR A MR PR R TE o =0.01 KF FIE R 22 5. Note: Data in same column followed by the same capital letters

are not significant different at oo =0. 01 as determined by Duncan’s LSR test. MS, MI and MR stand for metalaxyl-sensitive isolates, metalaxyl-

intermediate isolates and metalaxyl-resistant isolates, respectively.

2.3 HMEEFEERYRRERISREREL

TE b AR B W0 0 Al - 40 3 A )
DXRIR A ECofH A A ARt FH i HY 7R R ALY
Ju i F7 B B R BURTE R EC, (HREAT 7
Z200 W Bk A 5 B BURRI MRS (F =2.77 /N T
Fos7,=2.996) LA 3 A HLIX A BURRTR &R ECs, TELIH]

(22 S Y IR BB K . PR 7 L R A R b
(1) 6 BRIEATHUSAE 0 2, 6 TR EC, i F
40.10 ~0. 52 pg/mL, F#°4 0. 27 +0. 18 pg/mL
(%3), Hitk, kA B HURHERHE EC, 19718
0.27 +0. 18 wg/mL 1 Ay BB B % FH 7 R 1% B0k
PEILZE

®3 HFMEEHFERKNPRERNEREEL

Table 3 The sensitive baseline of wild type isolates in Phytophthora capsici to metalaxyl

73 E]Epz P AR EC,, 95% E{HHR ECy TH{H( pg/mL)
Isolate Regression equation R’ (pg/mL) 95% FL Average EC,,
SX1 Y =3.3430 + 1. 297X 0.9775 0.19 0.13~0.28 0.27

SX2 Y =3.9157 +1. 090X 0.9706 0.10 0.01 ~0.02

SX3 Y =3.9593 +1. 002X 0.9651 0.11 0.07 ~0.16

SX4 Y =3.4880 +1. 127X 0.9874 0.22 0.14 ~0.33

SX5 Y=3.0390 +1. 145X 0.9590 0.52 0.33 ~0.80

SX8 Y=3.0190 +1. 162X 0.9444 0.51 0.33~0.79

2.4 RPAFTHBBIIEREKIFEROHTIEKTE
FHFE RN 79 PR BEURE TR bR 1Y ECS, 23 A 70 [ Ry
0.19 ~2.75 pg/mL,F¥ 8 1. 04 £0. 20 pg/mlL, 7
FHUEFEL 0. 27 +0. 18 wg/mL; XF 38 £k o [] H bk
) ECy, o 1.79 ~10.37 pg/mL, FI°4 5.05 £0. 24
pg/mL; XF 8 FRPTPE R R EY ECy, o 10. 02 ~ 25. 47

pg/mL, 14 16.95 0. 13 pg/mL( # 4) . R
TR RURE B AN [R) TR b X FR A R A R M 22 7 R
Ko #2550k B, A5 TA [] b XA TR B X R
o R AU A A 0 2 25 S ook A S IR P
b TR FE 7 2R 4 e 30 Ay R, HL A bl I Y T
PRI AR R EE 234k . R B 5 By TR R P R
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Table 4 EC,, and resistant level of Phytophthora capsici isolates from different areas in Anhui Province to metalaxyl

Py TAMREL ECs, ( pg/mL) bR Y
Locality Isolate IR bR SREINESR S E/INE 7S I PR
number Sensitive isolate Intermediate isolate Resistant isolate Average Resistant level

B Hefei 9 0.49 ~2.63 4.30 ~10.37 — 3.60 —
JIEPE Feixi 5 0.52~2.55 — 1.10 —
K Changfeng 9 0.45~2.29 4.15 ~6.45 — 2.00 —
MIE Hexian 9 0.77 ~2.31 4.65 ~7.34 10.0159 ~23.9924 8.32 36.7 ~87.9
JEHL Juchao 4 0.40~1.93 — 1.41 —
JFYT. Lujiang 7 0.35~0.96 1.79 ~2.03 — 1.06 —
P Yuexi 8 0.23 ~0.76 2.51 ~2.81 — 1.33 —
# B Shouxian 8 0.10~1.03 2.67 — 0.81 —
i E Yingshang 11 0.39 ~2.11 2.34 ~8.07 12.3905 4.43 45.4
iR Funan 10 0.21 ~1.99 1.79 ~8.10 — 2.84 —
55 Linquan 6 0.46 ~2.26 2.58 — 1.29 —
B Yingzhou 10 0.45~2.75 5.08 ~9.56 — 3.82 —
fiz71l] Dangshan 9 0.58 ~2.28 2.28 ~8.88 11.4927 ~25.4721 8.31 42.1~93.3
ZZ M| Bozhou 9 0.20 ~1.27 2.95~9.04 13.1911 3.61 48.3
RBH Fengyang 5 0.42 ~1.54 3.92 — 1.56 —
AN Tu’ an 6 0.32~2.13 3.01 ~3.44 — 1.62 —

RECHHUR, ECy, (MMM 0. 10 pg/mL, FHK
0.81 £0. 20 pg/mL; >k B F1EL A8 LU A9 40 B R
d B ok, Y93k 33.33% |, B K R, S Pt
PEAERGK 93.3 (£ 4) .

3 it

Wt P R AR B 16 AL B0 R L B Rl
HI, B O A7 B — A gt A A
FERI, LR AR H X ) B R A 6. 4% I TE
PR HURR R T W BT (R R AT A2
IR . AN TRl DX SRR BRI R P R R I o ) L A1)
ANTR], G R TR R I 2K 5 e ) T PR g
H BT 25 YOI S 254 FRAC A A B (A 11 45
B X BEIADTIE R (47 Az 55 1 310 Bt
RS IRBEBE AR R — 2 A

R T N =) RN 7 S R B
T ERAE ML AR A TR | T L T
S g TR U R AR R R B AR R AR AR A T
e AR AR 987 AR O, 0 R 1 A R T
R Xk JHG 7 AR A A BT 2 R N R T 2 A
38. 6% MR BL T Pk, ASHETE A BB B

PEFFIPPE R RR L 6. 4% |, A T 7B L FH 45
HRIE Y 55. 6% FMA] il %0 IR IE Y 78. 48% , i
TR DX ORIE B 1 A R T ARG H R R AR b
FH 78 RATY 2 H HT B IR BRACEERS A R

AW 5T % B8 Parra 250 (4025 MR 20 bR v 7R
125 ARAER T R PP ARG 38 Bk (5 BA 30. 4% ) X
FH 5 % SHURAE Ak T HP PR 285 A9 BT 388 P ) B R ( MIT)
EAFES S pe/mL FRERE CA HEKERTEH
KB 40% (BAE 100 pg/mL HAHER B CA |
ARENTE AAEKER 40% , 2R B, MI#
AR R AP R Ak, R P R A iR #
Parra 250 WPTE R MRARE EL . AR &
B, 22550 94k, R 7 0t R R R A 2 MKk SF- fig
ez, P, 7E 42 il R R (490 o (i 24 )
(55T, MI B RERESS bk B R 1L

FRAE I A W 0 235 SR, 7 22 B IX fif T VP 7 2R B
TR AF AL R T2 R, PR L, 75 223
— 5 WA R 0 R R BT 2GR i AR b B A R
i W 35 SR T ok o] R By 3 SR s R 245 7 vk, I R
FEAIE A7 11055 2 B — aE HU 2 ok i b X BT {51
FHHFE R R M I sk 355 W55 5 AR R JCsC B
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