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Abstract [Objectives] To understand trends in insecticide resistance in the diamondback moth, Plutella xylostella (L.), and
the population dynamics of this species, in Tonghai and Midu counties, which are the two main vegetable growing areas of
Yunnan province. [Methods] During 2008-2015, resistance levels of these two diamondback moth populations to
abamection, spinosad and Bacillus thuringiensis(BT) were assessed by the leaf-dipping method in a laboratory. [Results] In
2008, resistance to abamectin and spinosad were high in both populations. With respect to abamectin, the respective LCs, for
Tonghai and Midu were 34.017 and 25.688 mg/L, and the resistance ratios were 1 700.85 and 1 284.40, respectively. For

spinosad, LCsos were 13.728 and 19.830 mg/L, respectively, and the resistance ratios were 114.40 and 165.25, respectively.
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Both populations were highly resistant to spinosad. With respect to Bt, the respective LCs, for each population were 0.530 and
0.538 mg/L, and the resistance ratios were 2.04 and 2.07, respectively, which are relatively low. By 2015, the respective
resistance ratios of the two diamondback moth populations to abamectin had dropped to 455.70 and 255.05. Although this
decrease was statistically significant, resistance remained high. There was no significant drop in spinosad resistance in either
population in 2015, resistance ratios remained a moderate 35.56 and 75.28, respectively, in that year. There was, however, a
significant difference in resistance between years; the LCs, increasing from 0.885 to 19.830 mg/L. Both populations remained
sensitive to Bt; with resistance ratios in 2015 of 5.41 and 1.73, respectively. [Conclusion] The resistance of the Tonghai and
Midu populations of P. xylostella to the three biopesticides were similar from 2008 to 2015. Although resistance to abamectin
and spinosad declined over time, it remained relatively high. Both populations currently only display low resistance to Bt and
consequently we recommend using Bt in rotation with other insecticides to improve control of the diamondback moth in
Yunnan.
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Table 1 Susceptible toxicity baseline of diamondback moth (Shao et al., 2013)

95% mg/L
. LCs (mg/L) . . . .
Insecticides Toxic regression equation 95% confidence limits Notes
Bamection 0.02 Y=2.04X+8.50 0.01-0.03 NJS
Bt 0.26 Y=1.54X+0.91 0.03-0.50 BIS
Spinosad 0.12 Y=2.05X+6.96 0.09-0.14 NJS
1. NJS 2001
2. BJS 1995

1. Toxicity baseline of Nanjing susceptible strain (NJS): bought from Lausanne Experimental Station in 2001, single paired
purified screening and contacted with not any insecticides in laboratory. 2. Toxicity baseline of Beijing susceptible strain
(BJS): bought from Cornell University in 1995, single paired purified screening and contacted with not any insecticides in
laboratory.

*F2 TmRAXEXNEHITERZNRESDT (2008—2015)

Table 2 The resistance of diamondback moth from Yunnan to abamection (2008-2015)

b=*SE 95%
Population  Year LCo mglL Toxic regression equation 95% confidence limits Va Resistance ratios
2008 34.017 2.05840.209 24.663-48.146 6.229 1.700.85
Tonghai 5009 20.418 1.668 - 0.215 10.290-39.015 1.076 1 020.90
2010 28.301 1.77740.240 18.783-58.091 1.860 1 415.05
2011 38.540 2.371%0.315 31.291-49.120 2.829 1.927.00
2012 16.598 1.37140.247 9.661-23.417 1.747 829.90
2013 6.907 1.97940.345 4.123-9.018 1.034 345.35
2014 11.335 1.61340.264 7.971-15.199 1.292 566.75
2015 9.114 2.01840.299 6.831-11.671 2.763 455.70
2008 25.688 1.50840.176 18.695-34.780 1.979 1 284.40
Midu 2009 38.398 1.64640.220 26.997-52.406 2.123 1.919.90
2010 19.745 2.51840.346 10.802-40.548 5.485 987.25
2011 24.498 1.96240.303 18.566-32.808 2.668 1224.90
2012 47.375 2.11420.368 28.841-79.119 3.559 2 368.75
2013 9.829 1.37740.254 5.420-14.127 0.421 491.45
2014 13.055 2.166%0.346 9.252-16.777 1.393 652.75
2015 5.101 2.0124+0.314 2.454-7.681 3.016 255.05
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Table 3 The resistance of diamondback moth from Yunnan to spinosad (2008-2015)

b=+SE 95%

Population  Year LG mg/L Toxic regression equation 95% confidence limits Vs Resistance ratios
2008 13.728 1.73940.261 9.696-18.551 1.840 114.40
Tonghai 5509 1.624 1.65920.505 0.244-3.201 2.130 13.53
2010 2.017 1.746=20.390 1.118-2.858 0.158 16.81
2011 9.225 1.553=%0.256 6.899-12.974 0.320 76.88
2012 3.802 2.061=%0.284 2.903-4.804 1.563 31.68
2013 5.268 2.467+0.311 3.401-9.381 5.006 43.90
2014 6.601 2.533+0.412 5.247-8.584 2.180 55.01
2015 9.034 1.891%0.298 6.823-13.677 0.151 75.28
2008 19.830 2.101=%0.274 15.294-25.782 3.611 165.25
Midu 2009 5.895 0.283=%0.320 4.31-7.437 3.572 49.13
2010 3.069 1.774=20.278 2.274-3.878 0.218 25.58
2011 13.746 1.316=+0.280 9.198-26.736 2.062 114.55
2012 3.409 1.65240.255 2.375-4.508 1.355 28.41
2013 0.885 1.58240.357 0.263-1.500 0.867 7.38
2014 11.821 2.757%0.507 9.387-15.192 1.669 98.51
2015 4.267 2.203=%0.298 2.091-7.018 5.078 35.56

R4 SERRXNEENFEEFEMRMEDS (2008—2015)
Table 4 The resistance of diamondback moth from Yunnan to Bt (2008-2015)
b==SE 95%

Population  Year LCo mg/ Toxic regression equation 95% confidence limits 4 Resistance ratios
2008 0.530 2.091=%0.412 0.294-0.731 4.740 2.04
Tonghai 509 0.670 2.0400.448 0.281-1.005 2.394 2.58
2010 1.169 1.59940.248 0.600-1.927 3.3683 4.50
2011 1.592 1.351%0.232 1.145-2.238 0.181 6.12
2012 1.047 1.589=40.251 0.341-1.665 5.374 4.03
2013 0.742 1.13120.237 0.425-1.040 0.393 2.85
2014 1.384 1.528 - 0.246 1.008-1.865 0.396 5.32
2015 1.407 1.393%0.241 0.997-1.950 2.494 5.41
2008 0.538 2.064+0.579 0.100-0.927 0.858 2.07
Midu 2009 0.585 1.27540.307 0.143-1.806 1.964 2.25
2010 0.846 2.361%+0.330 0.502-1.240 3.240 3.25
2011 0.278 0.915=20.284 0.023-0.578 1.489 1.07
2012 0.335 0.970=0.283 0.050-0.643 1.619 1.29
2013 0.879 2.180=%0.309 0.659-1.112 2.744 3.38
2014 0.640 1.95120.300 0.448-0.830 2.525 2.46
2015 0.449 1.745%0.310 0.258-0.627 1.868 1.73
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