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Studies on the ecological disturbance on resistance of Helicoverpa

armigera and biochemical mechanism
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University, Yangzhou 225001 ,China). Acta Ecologica Sinica,2001,21(10) : 1589~ 1595.

Abstract: The cotton bollworm Heliothis Armigera is a serious pest of cotton and other economic crops in
China,where it has developed resistance to several kinds of insecticides,such as pyrethroids,cabamates and
organophosphates,and has caused huge economic loss and even catastrophe to cotton production. In turn,
the cotton bollworm has received much attention in the past decade in toxicological studies. However,
classic research on resistant cotton bollworm is mainly limited to the laboratory study,little attention has
been paid to the ecological factors in field,such as crop patterns. It is evident that crop patterns may
influence the source of susceptible individual by affecting the distributive density and inhabit location of
cotton bollworm,and as a result,influence the gene dilution of susceptible individual to the gene pool of
inhabit. Secondly,it has been verified that semichemicals in different host plants may induce the tolerance
of cotton bollworm to several insecticides. Finally ,application patterns and level of insecticides tend to vary
among different crops.,which result in different selective pressure and resistance mechanism. Furthermore.
the capacity of facultative and distant migration in cotton bollworm make it possible for the diffusion and
intercommunion of resistant and susceptible gene among different regions. All these demonstrated that crop
patterns may influence the developmental rate of insecticide resistance of the field population. But up to
know, there is still few report home and abroad on the influence of resistant and susceptible gene

intercommunion among different inhabits and crops on the insecticide resistance dynamics of cotton

“ ” (BE 96373-2)
:2000-04-27; :2000-09-06
(1970~)>, s B



10 : 1591

bollworm.

In this paper,the effects of the crop patterns and the detoxification enzymes on the resistance of cotton
bollworm to betacypermethrin have been studied. By taking sample from the fields with different crop
patterns. we assayed the resistance factor of cotton bollworm to betacypermethrin in Jiangyan, Rugao.
Xinghua area by topical application method recommended by FAO using the fourth-instar larvae. The
results indicated that the resistance factor of cotton bollworm to betacypermethrin is the highest in the
single planting area of cotton,which is 3.5 times as high as that of cotton bollworm in the multi-planting
area of cotton and spring corn. In the rice-cotton planting area adjacent to the spring corn planting area,the
resistance factor of cotton bollworm in cotton field is 4. 8 times as high as that in corn field. Research also
revealed that resistance factor in the fourth generation of Southern Jiangyan dropped 2. 3 times compared
with that in the third generation. The results of enzymic activity analysis showed that the activity of
carboxylesterase, glutathione S-transferase and acetylcholinesterase in different field-selected resistant
populations of cotton bollworm is correlated to the betacypermethrin resistance factor,wich correlation
coefficient being 0. 9283.,0. 9671 and 0. 9463 ,respectively. The synergist experiments with cotton bollworm
in vivo showed that monooxygenase is the most important detoxification enzyme,the synergistic values of
the PBO, an inhibitor of mixed-function oxidase, were 22. 79 fold and 12. 33 fold, respectively.
Carboxylesterase also partly contributes to the metabolic detoxification,the synergistic values of TPP,an
inhibitor of carboxylesterase ,were 4. 41 fold and 3. 70 fold,respectively.

In view of the results obtained in this study,the conclusion may be drawn that crop patterns may
influence the development of insecticide resistance in cotton bollworm to some extent. First,in the single
planting area of cotton, the population treated with insecticides is relatively bigger. which results in
relatively higher selective pressure,and migration coefficient and the effect of gene flow are relatively
smaller,so resistance factor in this area is the highest compared with that of other crop patterns. Secondly,
due to the migration of cotton bollworm from corn field or broomcorn field to cotton field in the fourth
generation, the effect of gene flow weakens the selection pressure of insecticides, which results in the
dropped resistance level of the fourth generation compared to that of the third generation. So, from the
point of ecological management of resistance,we suggested that large single planting area of cotton should
be avoided if possible,and in those regions where cotton bollworm seriously occurred in the third and
fourth generation,pyrethroid should be restricted to use in the fourth generation to make good use of gene
dilution effect on development of resistance.

Previous studies have revealed that carboxylesterase. glutathione S-transferase and mixed-function
oxidase are involved in resistance of cotton bollworm to pyrethroids. In this study by biochemical assay and
synergist experiments,it was found that these three detoxification enzymes may be partially responsible for
resistance of cotton bollworm to betacypermethrin.especially the latter.
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Table 1 Resistance of 3" generation cotton bollworm in field populations to betacypermethrin

LDso(pg/ )

Populations LD-p line (95% FL) 21 RR
0.03945
‘ . Y=6.8005+1. 2825X 2.1679  1.00
Jiangyan corn field 0.0278~0.06
0.1877
Y=5.6543+0.9006X 0. 2407 4.76
Southern Jiangyan cotton field 0.106~0.4151
2

Table 2 Resistance of 4'" generation cotton bollworm in field populations to betacypermethrin

[4D3(J(‘ug/ )
Populations LD-p line (95% FL) x? RR
Y=8.6161+1.7210X 0.007901 0.414 1. 00
Agriculture college 0.0058~0.0106
Y=6.3802+1.0663X 0. 05035 0.7381 6. 37
Rugao Daizhuang 0.0307~0. 0813
Y=6.9518+1.5517X 0.05523 0.9107 6.99
Rugao Jiangfang 0.0399~0. 0785
Y=6.2997+1.1962X 0. 08194 0.1792 10. 37
Southern Jiangyan 0.0548~0.1233
Y=5.8545+1.1306X 0.1755 0. 845 22.21
Xinghua 0.1011~0. 3031
2.3 N
3 s s s 2.29 s
b 9’
b o
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Table 3 Resistance of 3™ and 4™ generation cotton bollworm in field populations to betacypermethrin

LDso(pg/ )

Generations LD-p line (95% FL) x? RR
Y=6.2997+1.1962X 0. 08194 0.1792 1. 00
4th generation 0.0548~0.1233
Y=5.6543+0.9006X 0.1877 0. 2407 2.29
3rd generation 0.106~0.4151
2.4
4
s 4. 49pmol/(mg pro * min) 0. 58umol/(mg pro » min), 7.

o s , 0.9283,
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2.5 S-
, S- o 5 ) )
S-
s 7. 22pmol/(mg pro * min) 0. 30pumol/(mg pro * min), 24.07
s S- s 0.9671,
4 5 S-
Table 4  Activity of carboxylesterase in 4" generation Table 5 Activity of glutathione S-transferase in 4"
cotton bollworm in field populations generation cotton bollworm in field populations
S-
Populations  (pmol/(mg pro * min)) Ratio Populations  (pmol/(mg pro * min)) Ratio
© 0.58+0. 024 1. 00 o 0.30£0.011 1. 00
2 0.74+0.088 1.27 2 1.5040. 075 5. 00
© 0.95+0.028 1. 64 @ 2.3540.054 7.83
@ 1. 27+0. 094 2.19 @ 3.0340.046 10. 10
® 4.49+0.12 7.74 9 7.22+1.20 24.07

(D Agriculture college; @ Rugao Jiangfang; ) Southern (D Agriculture college; @ Rugao Daizhuang; 3) Southern

Jiangyan ; @Rugao Daizhuang; 3)Xinghua Jiangyan; @Rugao Jiangfang; G)Xinghua
2.6
s 6 s
S- o
s 5. 32pmol/(mg pro *
min) 0. 24pmol/(mg pro * min), 22.17 s
s 0. 9463.
2.7
7 s
22.79 12.33
o 4. 41
6 3.70
Table 6 Activity of acetylcholinesterase in 4'" generation °
cotton bollworm in field populations 3
3.1
Populations  (pmol/(mg pro * min)) Ratio ° >
0.24+0.024 1. 00

2 1.1140. 0067 1.62 ‘

1.180. 064 1.92 ’

g 1. 9140. 030 7.96 ’ ’ o ’

@ 5.32+0.038 22.17 ’

(DAgriculture college ; @Southern Jiangyan

(3)Rugao Daizhuang; MRugao Jiangfang ; 5)Xinghua
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Table 7 Synergistic effects of PBO and TPP to betacypermethrin in 3" instar larvae of 4'" generation cotton bollworm in

field populations

LDso(pg/ ) (95% FL)

+TPP S.R.
. +PB
Population Betacypermethrin PB TPP
Betacypermethrin  Betacypermethrin +PB
+TPP
0.08194 0. 003596 0.01859 22.79 4. 41
Southern Jiangyan 0.0548~0.1792 0. 0024~0. 005 0.0137~0.0263
0. 05035 0. 004083 0.01361 12. 33 3.70
Rugao Daizhuang 0.0307~0. 0813 0.0032~0. 0054 0.0102~0. 0188
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