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Resistance monitoring of Pseudoperonospora cubensis to dimethomorph and man-
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Abstract: The study was conducted to clarify the temporal and spatial dynamics of resistance to dimethomorph,
mandipropamid in Pseudoperonospora cubensis in Hebei and Shandong provinces of China and control effects of
the corresponding fungicides against cucumber downy mildew in the fields. The sensitivities to dimethomorph
and mandipropamid in 1 821 P. cubensis strains collected from main cucumber production areas of Hebei prov-
ince and Shandong province from 2011 to 2016 were measured with the leaf disc floating method, and the control
efficacies of the two fungicides against cucumber downy mildew were assayed in the fields with the method of by

spraying stems and leaves. The results showed that the strains lowly resistant to dimethomorph, and sensitive to
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mandipropamid predominate in all 1 821 P. cubensis strains, resistance frequencies to dimethomorph, mandipro-
pamid were 88.5% and 34.3% , respectively; average resistance factors to the two fungicides were 8.92 and 2.44,
respectively ; and resistance index to the two fungicides were 0.42 and 0.27, respectively. Resistance frequencies,
resistance factors and resisance index of P. cubensis to the two fungicides fluctuated over years of monitoring and
locations of sampling. In the field trials of control efficacy performed at the solar greenhouses in Dingxing region
of Hebei province and Shouguang region of Shandong province with two fungicides sprayed four times under the
recommended doses, the good control efficacies of more than 85.00% were given by dimethomorph 50 WP or
mandipropamid 250 g - L' SC, the good performance of the two fungicides in controlling cucumber downy
mildew was consistent with the resistance monitoring results that P. cubensis developed low resistance to
dimethomorph and remained sensitive to mandipropamid in Hebei province and Shandong province. Thus, dime-
thomorph 50 WP and mandipropamid 250 g-L™" SC could be used singly or in mixtures with the other fungicides
with different modes of action for control of cucumber downy mildew in the areas where P. cubensis widely
developed high resistance to metalaxyl mefenoxam oxadixyl or azoxystrobin as substitutes for metalaxyl - mancoz-
eb 58 WP, mefenoxam-mancozeb 68 WG, oxadixyl-mancozeb 64 WP and azoxystrobin 250 g-L" SC.

Key words: Pseudoperonospora cubensis; dimethomorph; mandipropamid; resistance; control efficacy
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Table 1 Resistance of Pseudoperonospora cubensis population to dimethomorph and
mandipropamid in Hebei and Shandong provinces of China
No. of Range of  Average The percentage of isolates /% Frequency  Resistance
Fungicide Year strains EC,, resistance LR MR HR EHR of resistance index
(png-mL™')  factor /% (RI)
dimethomorph 2011 212 0.30-22.49  7.72 127 67.0 203 0.0 0.0 87.3 0.42
2012 344 0.70-16.98  6.87 49 834 11.6 0.0 0.0 95.1 0.41
2013 473 0.43-29.35  8.25 127 634 239 0.0 0.0 87.3 0.42
2014 291  0.37- 9.19  5.54 13.7 829 34 0.0 0.0 86.3 0.38
2015 235 1.40-49.20  22.02 0.0 268 732 0.0 0.0 100.0 0.55
2016 265  0.62- 5.78  3.01 249 751 0.0 0.0 0.0 75.1 0.35
Total 1821  0.30-49.20  8.92 11.5 67.7 208 0.0 0.0 88.5 0.42
mandipropamid 2011 212 0.18- 1.73 212 53.3  46.7 0.0 0.0 0.0 46.7 0.29
2012 344 0.20- 9.14  2.64 79.9 154 4.7 0.0 0.0 20.1 0.25
2013 473 0.30- 390  1.68 68.5 309 0.6 0.0 0.0 31.5 0.26
2014 291 0.04- 2.02  1.39 79.5  20.5 0.0 0.0 0.0 20.5 0.24
2015 235 0.07- 420  4.17 25,5 677 6.8 0.0 0.0 74.5 0.36
2016 265  0.04- 3.91  2.53 725 275 0.0 0.0 0.0 27.5 0.26
Total 1821  0.04- 9.14  2.44 65.7 324 19 0.0 0.0 34.3 0.27

S: Sensitive; LR: Low resistance; MR: Moderate resistance; HR: High resistance; EHR: Extremely high resistance.
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Table 2 Resistance to dimethomorph and mandipropamid in Pseudoperospora cubensis
in the solar greenhouses in Longhua village, Dingxing county of Hebei province,and
Mazhai village, Shouguang city of Shandong province

Average Average The percentage of Frequency
Fungicides Year EC;, resistance different type of isolates /% of resistance
(ng-mL")  factor S LR MR HR EHR (%)
Dimethomorph 2011 2.03 3.1 50.0 50.0 0.0 0.0 0.0 50.0
2016 2.54 3.9 12.5 65.0 22.5 0.0 0.0 87.5
Mandipropamid 2011 0.40 1.1 80.0 20.0 0.0 0.0 0.0 20.0
2016 0.46 1.3 52.5 47.5 0.0 0.0 0.0 47.5

S: Sensitive; LR low resistance; MR Moderate resistance; HR: High resistance; EHR: Extremely high resistance.

Table 3 Efficacy of dimethomorph and mandipropamid in controlling cucumber downy
mildew in the solar greenhouses

Dingxing, Hebei Shouguang, Shandong

Dosage

Year Fungicides ) 5., Disease Control Disease Control
[g (al)-(hm™)" ] index efficacy/ % index efficacy/ %
2011 Dimethomorph 50 WP 300 5.26+0.26b 86.4+3.7ab 6.06+0.51b 86.0+4.0a
Mandipropamid 250 g-L™* SC 150 4.99+0.38b 87.1+6.7a 5.49+0.45b 87.3+4.4a
Check 38.66+4.12a 43.26+4.03a
2016 Dimethomorph 50 WP 300 5.12+0.36b 86.0+4.3a 5.65+0.51b 86.6+4.6a
Mandipropamid 250 g-L" SC 150 4.08+0.32b 88.8+4.7a 4.93+0.44b 88.3+4.8a
Check 36.52+4.12a 42.05%4.03a

Data are mean + SE. The same letters in the same column indicate no significant difference at P<0.05 level by LSD test.
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