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Effect of temperature on the toxicity of pyrethroids to
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Abstract [Objectives] Aphis gossypii Glover is a major pest of wolfberry crops. Chemical control is currently one of the
main methods used to control the crop damage caused by this pest. The effectiveness of pyrethroids is generally thought to
decrease with temperature increasing. [Methods] The effect of temperature on the toxicity of pyrethroids to A. gossypii was
investigated. The residual film method was used to determine the toxicity of three pyrethroids to A. gossypii. at 17, 27 and 37

. An ATPase kit was used to measure the effect of the above three pyrethroids on mitochondrial Na'-K'-ATPase and
Ca’>-Mg**-ATPase activity at different temperatures. Fluorescence polarization was used to study mitochondrial membrane
fluidity in A. gossypii with DPH as a fluorescent probe. [Results] In the three pyrethroids tested, the toxicity of deltamethrin
increased, whereas that of phenvalerate and cyfluthrin, decreased with temperature increasing. At a pyrethroid concentration of
1x10 *mol /L, the inhibitory effect of all the three pyrethroids on Na™-K*-ATPase and Ca®"-Mg*"-ATPase activity decreased
with temperature increasing. There was similar trend in the effect of the three pyrethroids on mitochondrial membrane fluidity
at the three tested temperatures. Changes in DPH polarization caused by the three pyrethroids were greater at lower than higher
temperatures, which is consistent with the generally accepted negative correlation between pyrethroid toxicity and temperature.
[Conclusion] The relationship between temperature and pyrethroid toxicity is complex, and ATPase and mitochondrial

membrane fluidity play an important role in the general negative temperature coefficient of pyrethroid toxicity.
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Table 1 Influence of post-treatment temperature on pyrethroid toxicity to Aphis gossypii

*

LCso 95‘351?i)duci1 limit * Temperature coefficients
Insecticide =~ Temperature () (mg/L) (loi;ver - upper) Slope = SE 0 0
17 49.169 33.053-73.973 1.033+0.188
Deltamethrin 27 24.979 15.695-37.896 1.370 % 0.145 +1.97
37 20.713 14.107-26.969 1.531+£0.231 +1.21 +2.37
17 3.485 2.253-4.930 1.099+0.138
Phenvalerate 27 5.551 3.876-7.510 1.18320.134 -0.63
37 6.109 2.723-11.447 0.556+0.118 -0.91 -0.57
17 1.473 0.597-2.573 0.735+0.113
Cyfluthrin 27 7.047 4.706-9.863 1.055+0.123 -0.21
37 2.840 1.751-4.084 1.049+0.126 +2.48 -0.51
* 10 20 + ;
*: Temperature coefficients for 10 and 20 differences in temperature; +: Positive; -: Negative .
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Table 2 Inhibition of 3 pyrethroids to two kinds of ATPase of Aphis gossypii at three temperatures

Na'-K'-ATPase
Na'-K'-ATPase Temperature
inhibition (%)+SE coefficient

Ca**-Mg?*-ATPase

Ca**-Mg?"-ATPase Temperature
inhibition (%)+SE coefficient

*

Insecticides ~ Temperature ()

17 63.636+1.750 a - 46.497+3.978 a -
Deltamethrin 27 58.065+2.812 ab 47.826+1.438 a

37 47.586+3.160 b 37.714+1.714 a

17 56.061£0.875 a 50.318+1.103 a -
Phenvalerate 27 51.613£1.707 a 46.739+2.369 a

37 36.552+2.487 b 36.000+2.619 b

17 48.485£1.750 a 47.134+2.297 a -
Cyfluthrin 27 47.74241.707 a 46.196:1.960 a

37 40.690+2.487 a 30.286£1.143 b

* Concentration: 1x10™ mol/L. P=0.05

Data within a column followed by the different small letters are significantly different (P=<0.05).
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Fig.1 Fluorescence polarization of DPH in mitochondrial membrane as a function of
temperature in the absence (0 pmol-L™") and presence of pyrethroids (100 pmol-L™")
T(K): #ExHEE(K) Thermodynamic temperature (K).
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Table 3 Toxicity of pyrethroids to some pest at different temperature
SR
Insecticide Insect Temperature () LDso(ug/g)  LDsg ratio Slope Reference
15.6 0.34 +1.89 1.71  Sparks, 1982
Deltamethrin S. frugiperda 26.7 0.18 1.54
37.8 0.18 1.31
15.6 0.005 -3.20 2.39  Sparks, 1982
T.ni 26.7 0.012 1.88
37.8 0.016 2.08
15.6 0.088 +5.0 2.11  Sparks, 1982
H. virescens 26.7 0.044 1.45
37.8 0.016 1.73
15.6 0.005 -13.00 5.43  Sparks etal., 1983
A. grandis grandis 26.7 0.032 1.21
37.8 0.065 1.79
17.0 0.029 6 +5.59 1.56 Lietal., 2006
C suppressalis 27.0 0.001 8 2.08

37.0 0.0053 0.79
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4%3% 3 (Table 3 continued)

SCHRR IS
Insecticide Insect Temperature () LDsy(ug/g)  LDsg ratio Slope Reference
24.0 2.33 -9.5 0.83  Musser and Shelton,
Bifenthrin O. nubilalis 0.0 11.60 109 2005
35.0 22.10 0.71
17.0 0.003 2 +1.68 152 Lietal, 2006
C  suppressalis 27.0 0.005 0 1.86
37.0 0.0019 3.60
15.6 0.208 -5.21 1.86  Sparks, 1982
Permethrin S. frugiperda 26.7 0.733 225
37.8 1.084 4.08
15.6 0.072 -7.5 2.90  Sparks, 1982
T.ni 26.7 0.244 3.58
37.8 0.540 3.10
15.6 0.216 -9.0 1.51 Sparks, 1982
H. virescens 26.7 1.440 2.99
37.8 1.944 1.64
15.6 0.013 -9.23 2.52  Sparks et al., 1983
A. grandis grandis 267 0.053 200
37.8 0.120 4.83
20.0 0.790 -1.80 0.54 .
M. separate 30.0 1.400 3.2 1989
15.6 0.283 -1.81 1.52  Sparks, 1982
Cypermrthrin H. virescens 267 0.241 429
37.8 0.511 2.34
20.0 3.130 1.40 0.93 ,
M. separate 30.0 2.170 107 19%
15.6 0.512 2.29 1.65  Sparks, 1982
Fenvalerate H. virescens 26.7 0.396 265
37.8 0.224 1.64
20.0 0.890 1.25 7.56 ,
M. separate 30.0 0.710 146 ¥
19.0 0.005 3 1.21 6.70 Valles et al., 1998
A-Cyhaloyhrin B. germanica 26.0 0.004 7 8.40
31.0 0.004 4 10.50
20.0 2641.68 2.21 1.11 ,2012
Fenpropathrin B. tabaci 270 | 42401 L16

34.0 1193.09 1.32
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