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N 667 m? 2d ., 667 m*
12.5. 150 kg 1 2.5~15.0 kg 9.64%~28.26%
o N 21.52% 667 m? 10 kg
° 667 m* 1 819 kg 28.26%
667 m? 2.5~10.0 kg
¥ % 667 m’
Table 3 Influences on potato quality when fertilized with
potassium sulfate 10.0 kg
667 m* 10 kg
Code  Dry matter Protein  Starch Total sugar Reducing sugar ’
D 26.06 2.17 17.70 2.66 0.20 . ©
C 26.18 2.21 17.63 2.63 0.19 N N
F 26.23 222 1848 274 0.20 667 m* 5.0 ~10.0 kg o
E 26.21 2.31 18.17 2.67 0.19
B 26.50 2.26 17.84 2.80 0.20 [ ]
A 2545 2.30 17.38 2.61 0.19 [1] R [M]. : , 1995:
CK 25.30 2.21 17.16 2.56 0.19 172-210.
[2] . (M) , 1992:
315-343.
3 [3] [M]. , 1978:90-94.
[4] , , ,
1. , 2005(9): 279-283.
[5] , , ..
667 m> 15 kg [J]. , 2009, 41(5): 844-848.
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Cross Resistance of Phytophthora infestans Isolates
to Metalaxyl andCymoxanil
WANG Chen, ZHANG Xuanzhe*, LIU Tienan, LI Xinxin, XIE Mingjing , CHEN Cong

( Department of Plant Pathology, Northeast Agricultural University, Harbin, Heilongjiang 150030, China )

Abstract: A total of 41 Phytophthora infestans isolates were isolated from Heilongjiang Province, and determined for the
sensitivity and cross resistance of these isolates to metalaxyl and cymoxanil. As for metalaxyl resistance, six 14.63% isolates
were sensitive, 24 58.54% isolates were intermediate resistant, and 24 58.54% isolates were resistant. The results
suggested that P. infestans isolates collected from Heilongjiang Province have occurred the resistance to metalaxyl. As for
cymoxanil, EC50 values ranged from 0.0630 to 2.1289 g / mL, with ECs, values of the most insensitive isolate being 33.79
times the most sensitive, and the value of base line sensitivity was 0.1879 g / mL. The results of cross resistance indicated
that no cross resistant isolates was 73.16%, and cross resistant isolates was 26.84% . The above results suggested that
cymoxanil could not be cross used with metalaxyl.

Key Words: Phytophthora infestans; metalaxyl; cymoxanil; sensitivity; cross resistance
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o = ECs/ o 14.63% 26.83% 58.54% .,
<3 3< < 10 2009
10 < < 100 14.2% 2011 0% 42.9%
> 100 161, ECs 2011 0% 2009  42.9%
2011 100%
(e} 1 o
2.2
2
2.1 °
2008~2011 41 41
1 2008~2009
Table 1 Response to metalaxyl of Phytophthora infestans isolates obtained from Heilongjiang Province in 2008~2009
No. % Response to metalaxyl
Years and locations isolated No. of isolates MS MIR MR
Harbin 2 00 00 2 100
2008 Jiamusi 3 2 66.7 00 1333
Subtotal 5 2 40.0 00 3 60.0
Harbin 10 2 20.0 4 40.0 4 40.0
2009 Jiamusi 4 00 2 50.0 2 50.0
Subtotal 14 2 142 6 429 6 429
Harbin 2 00 00 2 100
Jiamusi 4 1250 3750 00
2010
Qiqihaer 12 183 2 16.7 9 75.0
Subtotal 18 2 11.1 5 27.8 11 61.1
2011 Harbin 4 00 00 4 100
Total 41 6 14.63 11 26.83 24 58.54
ECs, 0.0630~2.1289 g / ml.  ECs
0.4702 = 0.5293 pg / mL. JMS090809-9
ECy  2.1289 pe / mL 0.1879 pg / mL. 1 ECs
NH10-29 33.79 0.4000 g/ mlL 11
2 5 o
° 0.1879 g / mL
41 ECs ° 41
ECs, 3 30 73.17%
° 1 ECs 0~0.4000 g/ mL 3~10
10 24.39%
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Table 2 Baseline sensitivity for Phytophthora infestans isolated from various times and locations to cymoxanil in vitro

No. ECs  (ng/mL)
Years and locations isolated No. of isolates Range Average Standard deviation
2008 Harbin 2 0.227~1.7856 1.0065 1.1018
Jiamusi 3 0.255~1.5600 0.7132 0.7342
2009 Harbin 10 0.0999~0.3397 0.1903 0.0686
Jiamusi 4 0.1026~2.1289 0.9102 0.9605
Harbin 2 0.1130~0.2428 0.1779 0.0918
2010 Jiamusi 4 0.2512~0.8908 0.6461 0.2786
Qigihaer 12 0.0630~1.4704 0.5067 0.5099
2011 Harbin 4 0.1101~0.1641 0.1400 0.0234
Total 41 0.0630~2.1289 0.4702 0.5293
3
30 Table 3 The sensitivity of Phytophthora infestans isolates
% 40 [ to cymoxanil in vitro
&
s
230 o .
z Sensitivity to cymoxanil
220
§ Years and locations CS CLR CIR
S 107 isolated 3< 10<
0 ) RI<3 RI<10 RI<100
1 2 3 4 5 6
Harbin 2 1 0
ECs pg/mL 2008
Jiamusi 1 1 0
Note 1- < 0.1000 2- 0.1001 ~0.2000 3 - 0.2001 ~ Harbin 10 0 0
0.3000 4 - 0.3001~0.4000 5 - 0.4001~1.000 6 - >1.0001 2009 ) )
Jiamusi 2 1 1
1 Harbin 2 0
Figure 1 Sensitivity distribution of Phytophthora infestans 2010 Jiamusi 1 3
isolates to cymoxanil in vitro Qigihaer 3 4
o 2008 Total 30 73.17% 10 24.39% 1 2.44%
1 . 2008~2010 1 1 3 2010
4 2009 1 MIR-CLR. MIR-CIR MR-
3, CLR 9.76%. 2.44% 14.63%,
2.3
R 14.63% . 9.76% 2.44%
MS-CS. MIR-CS 46.34%
MR-CS 14.63% . 14.63%  43.90% 12.20% 4,
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Table 4 Cross resistance to different fungicides in Phytophthora infestans in vitro

Combination groups of sensitivity to metalaxyl and cymoxani

No.
Years and locations isolated No. of isolates MS—CS MIR-CS MIR-CLR MIR-CIR MR-CS MR-CLR
Harbin 2 0 0 0 0 1 1
2008
Jiamusi 3 2 0 0 0 0 1
Harbin 10 2 4 0 0 4 1
2009
Jiamusi 4 0 0 1 1 2 0
Harbin 2 0 0 0
2010 Jiamusi 4 1 0 3 0 0
Qiqihaer 12 1 2 0
2011 Harbin 4 0 0 0 0 4 0
Total 41 6 14.63 6 14.63 4 9.76 1244 18 43.90 6 14.63
MS-CS- MIR-CS- MIR-CLR- MIR-
CIR- MR-CS- MR-CLR- o

Note: MS—CS-sensitive groups to metalaxyl and cymoxanil; MIR-CS —groups of intermediate resistance to metalaxyl and sensitivity to cymoxanil;
MIR-CLR-groups of intermediate resistance to metalaxyl and low resistance to cymoxanil; MIR-CIR —intermediate resistance groups to metalaxyl and

cymoxanil; MR-CS—groups of resistance to metalaxyl and sensitivity to cymoxanil; MR—CLR —groups of resistance to metalaxyl and low resistance to

cymoxanil.
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