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Resistance evolution and change of detoxification enzyme activity in a strain

of Helicoverpa armigera selected with a mixture of fenvalerate and phoxim
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Abstract The resistant YS-FP strain of Helicoverpa armigera was selected from the susceptible YS strain with
a mixture of fenvalerate and phoxim a.i. 1:10 for 16 generations. Compared with the YS strain the YS-
FP strain developed 14.7-fold resistance to the mixture itself 2 170-fold resistance to fenvalerate and 3. 1-fold
resistance to phoxim. During 16 generations of continuous selection with the mixture the co-toxicity coefficient
decreased gradually after a brief increase at F, and the interaction between fenvalerate and phoxim against the
YS-FP strain changed from synergism to antagonism. The YS-FP strain had significant cross resistance to three
pyrethroids  cypermethrin  deltamethrin and cyhalothrin  triazophos and methomyl but no cross resistance to
endosulfan  spinosad and emamectin. The cytochrome P450 oxidase O-demethylation activity in midguts of 6th
instar larvae from the YS-FP strain was 10-fold of that from the YS strain and the glutathione S-transferase
activity CDNB conjugation and esterase activity to the substrate a-naphthyl acetate of 3rd instar larvae
from the YS-FP strain were 1.7- and 2.4-fold respectively compared with the YS strain. The selection of the
fenvalerate and phoxim mixture in the YS strain of H. armigera resulted in broad-spectrum cross resistance
multiple metabolic resistance mechanisms especially enhanced cytochrome P450 oxidase and antagonistic
effect between fenvalerate and phoxim. The results suggested that the role of such fenvalerate and phoxim

mixture in resistance management of H. armigera could be limited and temporary.
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Table 1 Resistance development of the YS-FP strain to the fenvalerate and phoxim mixture, fenvalerate and phoxim

Slope LDsy g/ 95 % *
Insecticides Generation + SE LDsy pg/larva  95%FL RR*
- Fo 2.433+0.243 0.157 0.128 ~0.192 1.0
Fenvalerate/phoxim mixture F, 1.727 + 0.246 0.255 0.195 ~ 0.332 1.6
F, 2.649 +0.336 0.669 0.553 ~ 0.830 4.3
Fe 2.766 +0.334 0.738 0.438 ~ 1.405 4.7
Fg 2.741 £0.318 1.117 0.929 ~ 1.348 7.1
Fio 3.669 +0.427 1.216 1.039 ~ 1.423 7.7
Fi, 3.711 £0.438 1.719 1.471 ~ 2.009 10.9
Fiy 3.071£0.352 1.857 1.561 ~ 2.206 11.8
Fie 3.060 = 0.405 2.307 1.159 ~ 3.031 14.7
Fenvalerate Fy 1.214 +£0.221 0.046 0.027 ~ 0.066 1.0
K 1.265 +0.253 0.438 0.282 ~ 1.007 9.5
F, 0.978 £ 0.259 1.813 0.871 ~ 14.317 39.4
Fg 0.911 £0.225 9.781 5.955 ~ 27.350 213
Fg 0.865+0.222 18.841 11.273 ~ 56.135 410
Fio 0.998 +0.223 28.786 18.812 ~ 58.183 626
Fip 1.158 £0.233 71.425 48.047 ~ 139.562 1 550
Fiu - > 100 >2 170
Fi - > 100 >2 170
Phoxim Fo 2.406 + 0241 0.449 0.363 ~ 0.575 1.0
F, 1.994 +0.271 0.817 0.543 ~ 1.488 1.8
F, 2.158 +0.312 1.141 0.899 ~ 1.567 2.5
Fe 2.821£0.323 1.002 0.836 ~ 1.204 2.2
Fg 2.581 +£0.320 1.138 0.920 ~ 1.379 2.5
Fio 2.366 + 0.305 1.280 1.006 ~ 1.574 2.9
Fi 3.018 £0.363 1.489 1.036 ~ 2.041 3.3
Fiu 2.719 £0.378 1.519 0.625 ~ 2.405 3.4
Fie 2.538 £0.373 1.373 0.668 ~ 2.037 3.1
* - F, LDyy/F, LDy #* RR= LDy of F,/LDs of F,.
2.2 R-FRA I kA2 P FORH B Fe FALBE R 300
EFAHH T 280
260
240
1 1 220
F, £ 200
CTC = 154 % 180
F, £ 160,
140
CTC = 297 F, o
Fs ~Fy 100
CTC  110~90 80
60 — —
Fig F, F, F, F, F, Fy F, Fy Fy
CTC = 65 X5 Generation
1 CTC
YS-FP
2.3 F-FRALT o R0 L L AMEE Fig. 1 The trend of co-toxicity coefficient CTC between
YS-FP 16 fenvalerate and phoxim during selection of the YS-FP strain

of Helicoverpa armigera
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Table 2 Cross-resistance spectrum of the YS-FP strain compared with the YS strain of Helicoverpa armigera
LD. / LD. larva ”
Insecticides % u.g 50 pg/larva ' RR™
YS-FP YS-FP strain YS YS strain
Cypermethrin > 100 0.054 >1 850
Deltamethrin > 100 0.014 >7 140
Cyhalothrin 23.0 0.006 3830
Triazophos 16.02 1.09 14.7
Methomyl 3.87 0.139 27.8
Endosulfan 0.98 0.348 2.8
Spinosad 0.11 0.054 2.0
Emamectin 0.004 0.0037 1.1
* 3 LDsy Yang 2005  * LDsy values of three pyrethroids are adapted from Yang et al. 2005 .
*% = YS-FP LDso/YS LDsy ** RR=LDsy of YS-FP strain/LDsj of YS strain.
A3 AR YS-FP &b 47 YS o 4 69 fif A& 1k
Table 3 Detoxification enzyme activities of the YS-FP strain and the YS strain of Helicoverpa armigera
Enzyme activity
Detoxification enzymes YS-FP YS-FP strain YS YS strain YS-FP/YS
6 Midguts of six instar larvae”
P450 0O- o
Cytochrome P450 oxidase O-demethylase pmot min~" mg™! 1.8+1.83 1.17:£0.42 10
3 Third instar larvae
S- CDNB .
.97 745 +73. 1.7
Glutathione S-transferase CDNB conjugation nmot min~" mg~' 1275£57.9 =739
«hA 384+ 19,2 163+19.6 2.4
+ . .
a-NA esterase  nmol min~" mg~' o B
* Yang 2005 * Data of midgut oxidase activity are adapted from Yang et al. 2005 .
#%YS P<0.05  ** Value significantly different from the YS strain P <0.05 .
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