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Summary 

The use of pyrethroid insecticides on Helicoverpa armigera susceptible crops has been restricted to 

only 6 weeks each summer since 1983, when resistance to pyrethroids was diagnosed. The long term 

management of resistance in H.armigera is based on the hypothesis that after pyrethroid spraying 

ceases, resistance will decrease, partly due to dilution by susceptible immigrants from unsprayed 

refugia. The long term liability of the strategy will be favoured by the refugia remaining 

uncontaminated by resistant H.armigera. Sucess of the strategy will be enhanced if resistant 

individuals have a higher overwintering mortality than susceptibles. 

Project DAN 36 L aimed to test these assumptions by determining the frequency of pyrethroid 

resistant H.annigera from areas where insecticide use was infrequent and to test the resistance status 

of the overwintering and spring populations of H.armigera . Tiris project was a colaborative effort 

between researchers from NSW Agriculture & Fisheries and CSIRO Division of Entomology. 

Findings are summarised below. 

The frequency of pyrethroid resistant H.armigera from unsprayed crops in NSW, some 300 - 400 

km from the Namoi Valley, was monitored from 1983/84 - 1989/90 and showed a substantial rate of 

resistance contamination of the susceptible populations. Resistant individuals were distributed 

throughout the unsprayed populations sampled, apparently at little or no selective disadvantage. An 

unsprayed site at Inverell, which was 50- 100 Ian from the intensively sprayed cotton areas, was 

also sampled and results indicated a declining effectiveness of the refugia as a source of susceptibles 

for the dilution of pyrethroid resistance. 

Oveiwintering populations of H.annigera in the Namoi Valley had a high frequency of resistance to 

pyrethroids. But lower resistance frequencies were observed in spring populations, the spring 

populations appeared to be a result of populations from areas with lower levels of resistance than the 

Namoi Valley. 
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Introduction 

The use of pyrethroid insecticides on Helicoverpa annigera susceptible crops has been restricted to 

only 6 weeks each summer since 1983, when resistance to pyrethroids was diagnosed. The long term 

management of resistance in H.armi.gera is based on the hypothesis that after pyrethroid spraying 

ceases, resistance will decrease, partly due to dilution by susceptible immigrants from unsprayed 

refugia. The long term liability of the strategy will be favoured by the refugia remaining 

uncontaminated by resistant H.annigera. Sucess of the strategy will be enhanced if resistant 

individuals have a higher overwintering mortality than susceptibles. 

The aims of this project were then, to test these two assumptions: 

1. To determine the frequency of pyreth.roid resistant H.annigera from areas where insecticide use is 

infrequent This study was undertaken by Dr. Gunning and Mr. Forrester 

2. To determine the resistance status of overwintering moths and of the first spring generation 

J in theNamoi Valley. This work was conducted by Dr. Daly and Dr Fitt. 
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Introduction 

DAN36L 

Helicoverpa armigera, the cotton boll worm is a serious pest of cotton in Australia and 

insecticides are regularly used for its control. Pyrethroid insecticides were sucessfully used to 

control H armigera on cotton from 1978 to 1982. In early 1983, following field failures at 

Emerald, pyrethroid resistance in H. armigera was diagnosed (Gunning et al. 1984). At this time 

resistance in was shown in H. armigera from summer crops sprayed with pyrethroids; however 

Q collections of non-sprayed H. annigera populations showed negliable resistance In response to 

this resistance problem, an insecticide resistance management strategy to restrict pyrethroid use on 

H. annigera was initiated. 

The long term management of pyrethroid resistance in H armigera is based on the assumption that 

each season, after pyrethroid spraying ceases, resistance levels will drop, because of dilution by 

inunigration and, breeding witq the majority of susceptible H.annigera in non sprayed 

populations. At the time of the initiation of the Heliothis resistance management strategy, there 

was a need to demonstrate, particularly as H. armigera have a confirmed capacity for long range 

movement, that any increase in resistance was limited to crops sprayed with pyrethroids. An 

increase in resistance in non-sprayed populations could eventually lead to a consistently high level 

of resistance in cotton areas. This report details the results of a pyrethroid resistance survey on H. 

armigera collected from unsprayed crops from 1983 to 1990 (Gunning and Easton,1989). 
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Methods 

Maize is very attractive to H. annigera and is grown in as cattle fodder in dairying areas of NSW 

remote from cotton growing. Maize used for this purpose is rarely, if ever, sprayed with 

insecticides and provides a source of unsprayed populations of H. annigera. Over the 7 seasons 

of this resistance survey, H. armigera were collected from maize sites in districts some 300-400 

Km from the Namio Gwydir irrigation areas in NSW. The districts and sampling sites (Fig. 1) 

were: North Coast (Murwillumbah, Lismore, Tenterfield, McLean, Grafton), Central Coast 

(Bellingen, Kempsey, Port Macquarie, Taree), Central West (Merriwa, Mudgee, Dubbo) and New 

England (Armidale, Tamworth). Each district was visited during stages 1, 2 and 3 of the 

He/icoverpa resistance management season. Some 50-100 H. armigera were collected at each site 
,• 

and bred in the laboratory for the collections 1983 to 1986/87 . A rapid pyrethroid resistance 

screening method was used on the 1st lab generation. This method (Gunning et al. 1984) was 

based on a discriminating dose of 0.125 µg of fenvalerate on 30 - 40 mg larvae, which resulted in 

greater than 99% mortality of susceptibles. In 1987/88. 1988/89 and 1989/90, H. armigera eggs 

and small larvae only were collected. These field insects were directly bioassayed for pyrethroid 

resistance as described above. The percentage of pyrethroid resistant larvae for each H. armigera 

sample was calculated from the survival data. results were pooled across sites to produce the mean 

percent resistances for stages 1, 2 and 3 of each year. 

Results 

The average levels of pyretbroid resistance in H. ann.ige ra collected from each stage and year of the 

survey are shown in Fig. 1 Initially, the resistance levels were low, during 1983/84 3 - 15% and 

in 1984/85 15 - 18% and some H. armigera populations were fully susceptible to pyrethroids. 

However in 1985/86 there followed a loss of susceptibility, pyrethroid resistance frequency 

increased considerably throughout the season to peak at 45% in stage 3. In the hvo following 

seasons (1986/87, 1987 /88), resistance frequencies remained stable at approximately 40 % 

throught the seasons, suggesting some self regulation of resistance levels. However, data for 

1988/89 and 1989/90, show evidence of further increasing resistance frequencies, (to over 50% ). 

There were no obvious anomalies between resistance frequencies derived from the F1 lab 

generation of field collected material (1983/84 to 1986/87) and those derived directly from field H. 

amiigera. Either collection technique is considered suitable for accurate resistance monitoring in H 

armigera, producing comparable data. 
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Discussion 

The implications of the survey results for the long tenn management of pyrethroid resistance in H 

armigera are serious, given the present rate of contamination of susceptible populations. For two 

years, following the introduction of the Helicoverpa resistance management strategy resistance 

frequencies of unsprayed insects were low, but since then there has been an inexorable loss of 

susceptibility. 

The long term management of H. annigera resistance has been based on the assumption that 

limited insecticide use will preserve some susceptibity allowing some resistance dilution/reversion, 

which will allow levels to fall by the start of the next spraying season. Forrester has shown that 

this has occurred with fenvalerate resistance in sprayed H.annigera populations every year so far 

since the onset of the strategy, despite a continual loss of susceptibility (Fig.2). The yearly 

resistance dilution or reversion is probably not sufficient to last indefinitly because our data show 

that there is a high degree of pyrethroid, methomyl and endosulfan (CRC Final Report DAN 33L) 

resistance contamination in the refugia that we have sampled in NSW. Endosulfan, methomyl and 

pyrethroid resistants are distributed throught these unsprayed populations in NSW, apparently at 

little or no selective disadvantage. 

Daly and Gregg, who studied genetic variation of H. annigera in Australia, concluded that 

individuals over regions formed a large common gene pool and that the effective size of the 

resultant populations was very large. Their data suggested that given suitable conditions, H. 

annigera could disperse over long distances, facilitating gene flow. Our data certainly showed that 

resistant individuals appeared to have dispersed widely. 

If the present management practicies are maintained, there are several factors which will influence 

Q the ultimate resistance frequencies of H. armigera. Increasing resistance will depend on pyrethroid 

use and the relative fitness of resistant individuals. Resistant individuals are nonnally asumed to 

be at a selective disadvantage in the absence of pesticides, however from this study it seemed that 

pyrethroid resistant H. armigera are not disadvantaged relative to susceptibles.An agronomic factor 

which will limit the rate of increase of pyrethroid resistant H. armigera is the fact that growers will 

not use pyrethroid compounds unless effective control is guaranteed, thus limiting pyrethroid 

selection pressure. 
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Figure 1. Sampling sites of non-sprayed H. armigera 
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Fig. 2 - Pyrethroid resistance in H. armigera larvae collected from non-sprayed crops in NSW 
1983 - 1990. Vertical bars represent standard errors. Pyrethroid resistance indicated by survival of 
a discriminating dose of 0.125 µg fenvalerate per 30-40 mg larva. Stage 1 • , Stage 2 m:I 
Stage 3 E?:a 

100 

90 

80 

70 
4.) 
(.) 
c 60 .s 
<.fl ...... 
~ 50 ....., 
c: 
§ 40 
Cl) 

~ 30 

20 

IO 

0 
83/84 84/85 85/86 86/87 87/88 88/89 89/90 

Year 



0 

0 

9 

References 

Publications 
Gunning, R.V., Easton, C.S., Greenup, L.R. and Edge, V.E. (1984) - Pyrethroid resistance in 

Heliothis annigera (Hubner) (Lepidoptera : Noctuidae) in Australia. J. econ. Ent. 77: 
1283-1287. 

Gunning, R. V. and F.aston, C.S. (1987) - Inheritance of resistance to fenvalerate in 
Heliothis armigera (Hubner) (Lepidoptera: Noctuidae). J. Aust. ent. Soc. 26: 249-250. 

Gunning, R.V. and B.aston, C.S. (1989) - Pyrethroid resistance in Heliothis armigera (Hubner) 
collected from unsprayed maize crops in New South Wales 1983- 1987. 
Journal of the Australian Entomological Society 28: 57-61. 

Gunning, R.V., Forrester, N.W. F.aston, C.S. and Greenup L.R. ( 1990) - Relationship 
between DDT and pyrethroid resistance in Heliothis armigera (Hubner) (Lepidoptera 
:Noctuidae) in Australia Tropical Pest Management 36: 293-298. . 

Conference proceedings 
Gunning, R.V. (1988) - Pyrethroid resistance in H. armigera collected from unsprayed crops 

in NSW. 19th Scientific Conference, Australian Entomological Society, Brisbane, Q. 

Gunning, RV. (1988) - Pyrethroid resistance in Heliothis armigera from unsprayed crops in 
New South Wales 1983-1988. Australian Cotton Conference, Surfers Paradise, Q. pp. 
55-60 



10 

Pyrethroid resistance in H.armigera from unsprayed crops in lnverell. 

Mr. Neil Forrester, NSW Agriculture & Fisheries, Narrabri, NSW. 

DAN36L 

Pyrethroid and endosulfan resistance monitoring has been carried out at Inverell for the past three 

seasons (Table 1, Fig 3). Pyrethroid resistance levels at the start of the season (Stage 1) have 

increased to similar levels as those found in the sprayed Namoi/Gwydir cotton area Stage II and 

III levels match fairly closely the same pattern as for the Namoi Gwydir but at a lower level. 

Endosulfan resistance at Inverell remains low and relatively constant throughout the season and 

does not reflect closely the increases recorded in the nearby Namoi/Gwydir study area This may 

be because endosulfan is not considered to posess the irritant and repellent properties of the 

Q pyrethroid insecticides which promote effective dispersal ofpyrethroid resistant moths. 

0 

The unsprayed refugia at Inverell is relatively close to the intensively sprayed cotton areas (with.in 

50 - 100 Km). As such, it would be expected that immigration of resistant moths from the sprayed 

areas should have contaminated the pool of susceptibles to some extent. This is quite clear for the 

pyrethroids and indicates a declining effectiveness of the refugia as a source of susceptibles for 

dilution of pyrethroid resistance. However, it would seem that the refugia still remains useful as a 

source for dilution of endosulfan resistance. 
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STUDY AREA SEASON av ±s.e. n 

Namoi/Gwydir 1983184 9.3 1.1 1,207 
84/85 7.5 1.2 732 
85/86 7.8 0.6 1,769 
86/87 32.2 1.6 1,765 
87/88 19.8 1.9 904 
88/89 19.6 2.8 440 
89/90 24.7 1.6 619 

Emerald 1985/86 6.8 0.6 7,269 
86187 8.8 0.6 2,831 
87188 15.9 1.4 2,027 
88/89 19.8 1.5 1,255 
89/90 27.9 3.1 274 

lnverell 1987/88 10.2 1.8 408 
88/89 21.9 2.8 291 
89/90 22.1 1.8 269 
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Average pyrethroid and endosulfan resistance levels in Heliothis armigera for each Stage( I, II & III) of the Resistance Management Strategy, for three study areas (the Namoi 
and Gwydir valleys of northern NSW, the Emerald Irrigation Area of central Queensland and a sample of the unsprayed refugia area centred on lnverell in northern NSW). 
Results expressed as the percentage of larvae (reared from field collected eggs) surviving the discriminating dose(0.2 and 10 micrograms of fenvalerate and endosulfan 
respectively, per 30-40 mg larva)± the standard error of the mean. n =the total number of larvae tested in each Stage. 
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Resistance frequencies In Overwintering Pupae 
and In Spring Populations of Hellcoverpa armlgera In Northern New South Wales. 

Dr Joanne Daly, CSIRO Division of Entomology, Canberra ACT 
Dr Gary Fitt, CSIRO Division of Entomology, Narrabri, NSW. 

AIM: To detennlne which factors were Important In the annual decline In resistance 
frequencies from autumn to spring. 

BACKGROUND: The frequency of resistance to synthetic pyrethroids fluctuates cyclically. This 
project examined two possible causes of the decline in resistance frequencies from the high 
levels observed in late summer/autumn to the low levels in spring: immigration of susceptible 
moths in springtime or the selective mortality of resistant individuals during diapause. During 
these seasons, populations of H. armigera are not exposed to chemical control with pyrethroids. 
Dr Frtt was responsible for collecting field samples and for determining the relative distribution 
and abundance of H. armigera. Dr Daly reared the samples and then determined the resistance 
status of the moths or other causes of death. The funds from this grant were used to employ a 
technical assistant to collect the pupae and larvae each winter and spring. Other financial 
support was provided f rorn other grants to the investigators. 

METHODS: During winter, diapausing pupae were collected in cropping areas within, and 
adjacent to, the cotton growing areas of the Namoi and Gwydir Valleys. Deaths from parasitism 
were recorded. Diapause was broken in the laboratory and the adult moths were tested for their 
resistance status using a treated vial test, modified for H. armigera (Daly and Fitt 1990b). In 
spring, larvae and eggs were collected from weeds, and crops in northern New South Wales. 
Individuals were tested as adults, as above. 

RESULTS: The majority of the viable overwintering pupae in the NamoVGwydir region were in 
the soil under cotton stubble (99% of pupae in 1987; 50% in 1988). These populations had the 
highest frequencies of resistance (53-87%) compared with those observed in populations located 
under other crop stubble, such as sunflower or maize (23-55%). Rates of parasitism were very 
low in cotton populations (19-46%) compared with those observed elsewhere (33-100%}. 
However, significant source populations with low resistance frequencies could not be found in the 
cropping areas. 

There was a small but detectable decline in the frequency of resistance in an overwintering 
population of pupae. It is possible that resistant diapausing pupae had higher mortality rates than 
did susceptible ones, but such difference was small (ca. 10%) and was insufficient to account for 
all the decline in resistance frequencies from autumn to spring (Daly and Fitt 1990a). 

In early spring, populations with high levels of resistance could be observed (ca. 60%). These H. 
armigera were presumed to have been of local origin as their appearance coincided with local 
emergence of H. armigera. Most spring populations, however, had lower resistance frequencies 
(23-53%). Trapping data from Fitt and Daly (1990) indicate that these populations were a mixture 
of local and immigrant moths. The immigrants were presumed to be from areas in which 
resistance to pyrethroids was at relatively lower levels (Daly and Fitt 1990a) to that in the cotton 
growing areas. 

CONCLUSIONS: Populations of Helicoverpa armigera overwinter in the Namoi/Gwydir Valley in 
large numbers, mostly under cotton stubble. These populations have a high frequency of 
resistance to synthetic pyrethrolds. The lower resistance f requencles observed. in spring 
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populations appear to be a result of dilution by immigration of populations from source areas with 
relatively lower levels of resistance. Selective mortality of resistant moths in the absent of 
Insecticides appeared to be of only minor importance. 

PUBLICATIONS AND CONFERENCE PROCEEDINGS: 

Daly, J.C. and G.P. Fitt. 1990a. Resistance frequencies in over..vintering pupae and the spring 
generation of Helicoverpa armigera (Hubner) (lepidoptera: Noctuidae) in northern New 
South Wales, Australia: selective mortality and gene flow. J. Econ. Entomol. 83: 1682~ 
1688. 

Fitt, G.P. and J.C. Daly. 1990. Abundance of over..vintering pupae and the spring generation of 
Helicoverpa spp. (Lepidoptera: Noctuidae) in northern New South Wales, Australia: 
impllcations for pest management. J. Econ. Entomol. 83:1827-1836. 

Daly, J.C. and G.P. Fitt. 1990a. Monitoring for pyrethroid resistance in relation to body weight in 
adult Helicoverpa armigera (HObner) (Lepidoptera: Noctuidae). J. Econ. Entomol. 83: 705~ 
709. 

Daly, J., s. Trowell and A. Hobbs. 1990. Ecological genetics of Heliothis. pp 259-266. 
Australian Cotton Growers Research Conference, Broadbeach, QLD, August 1990. 

Fitt, G.P. and J.C. Daly. 1988. The overwintering foe. Australian Cotton Growers Research 
Conference, Surfers Paradise, August 1988. 

Daly, J.C., G.P. Fitt and J.H. Fisk. 1988. Pyrethroid resistance in pupae and adult Heliothis 
armigera. Australian Cotton Growers Research Conference, Surfers Paradise, August 
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Relationship between DDT and pyrethroid resistance in Heliothis armigera 
(Hubner) (Lepidoptera: Noctuidae) in Australia 

(Keywords: Hefiofhis armigera, resistance, DDT, pyrethroids) 

R. V. GUNNING, N. W. FORRESTER, C. S. EASTON and L. R. GREENUP 

New South Wales Agriculture and Fisheries, RMB 944, Tamworth, NSW 2340, Australia 

Abstract. From 1974 to 1978 field populations of Heliothis 
armigera in Australia were strongly (up to 500-foJd) resistant to 
DDT, but fully susceptible to pyrethroids. Following the introduction 
of pyrethroids for bollworm control in 1979, resistance to DDT 
dropped very markedly, but it reappeared in 1983 when H. 
armigera became resistant to pyrethroids. The evidence indicates 
that the initial strong DDT resistance was caused by DDT· 
dehydrochlorinase, which was subsequently replaced by kdr 
(nerve insensitivity) which confers resistance to both DDT and the 
pyrethroids. 

Introduction 

Heliothls armigera (Hubner) is a major pest in field crops 

in Australia, attacking cereals, oil seeds, grain legumes, 

tobacco, cotton and a wide range of vegetables and 

ornamentals. Insecticides are widely used for its control 

especially in cotton. DDT resistance In H. armigera was 

discovered in the Ord River irrigation area of Western 

Australia in 1972 (Wilson, 1974), and was soon reported in 

Queensland and New South Wales (Twine and Kay, 1973: 

Goodyer et af., 1975; Goodyer and Greenup, 1980). DDT 
resistance levels exceeding 500-fold were reported by 

these workers. In 1983 resistance to pyrethroid insecticides 

was detected in H. armigera (Gunning et al., 1984). Subse­

quently it was found to be widespread in eastern Australia. 

DDT resistance has been found to confer cross-resistance 

to pyrethroids in several insect species (for review see 

Sawicki, 1982). It has been suggested that the develop­

ment of pyrethroid resistance in H. armigera was due to 

residual DDT cross-resistance (Anon., 1983; Miller, 1984; 

Twine, 1984). 

In this paper we present data to elucidate the rela· 
tionship between DDT resistance and the development of 

pyrethroid resistance in H. armigera. 

Materials and methods 

From 1975 to 1982, H. armlgera larvae and adults were 

collected in New South Wales at many sites from crops or 

by light trapping (Table 1). At least 50 H. armigera from 

each site (Table 1) were used to establish laboratory 

cultures (Gunning et al., 1984). Their progeny and subse· 

quent insecticide-selected generations were tested with 

insecticides using a topical application bioassay procedure 

similar to that recommended by the Entomological Society 

of America (Anon., 1970). 

The overall response to DDT and the pyrethroids of 

these populations was investigated further using a repre­

sentative strain (Narrabrt/1 978) collected from cotton at 
Narrabri in 1978. After testing on receipt with DDT, fen­

valerate and permethrin this strain selected with DDT 

(50 µ.gtlarva), and its progeny was subsequently tested 

with DOT and the pyrethroids. 

In 1983, three pyrethroid-resistant strains of H. armigera, 

collected at Emerald (Queensland), Moree (New South 

Wales) ~nd Kingaroy (Queensland) were tested on receipt 

and after selection for one or more generations with DDT 

(50 µ.g/larva) or fenvalerate 0·25 µ.g/Jarva equivalent to 

twice LD99 They were tested to establish whether they 

differed in cross-resistance from the populations collected 

previously. The insecticides used were: DDT, 73·5% 

Table 1. Toxicity of DOT due to Heliothis armigera collected from New South Wales, 1975-1982 

Year Location Crop LD50 (JJ.gllarva) Fiducial limits 95% Slope R.F.t 

1974-75 WeeWaa Cotton 61 35-105 2·2 183 
Narrabri Sorghum 53 28-97 1·8 159 
Wee Waa Cotton 79 35-179 1·4 238 

1976-77 Moore Ck Tohacco 60 30-1 17 1·3 180 
Narrabri Maize 44 12-163 0·7 131 

1977-78 Narrabri Light 51 33-78 2·2 152 
Narrabrl Light >166 0·7 >500 
Wee Waa Cotton >166 1 ·1 >500 
Narrabri Maize 61 23-152 0·9 182 

1978-79 Tamworth Cabbage 0·8 0·5-1·3 1·6 2·5 
1979-80 Wee Waa Cotton 0·8 0·4-1·4 1·4 2·5 
1980-81 Narrabri Light 3·6 2·5-5·2 1·3 10·6 
1981 -82 Wee Waa Maize 0·6 0·4-0·8 2·1 1·8 

Narrabri Light 0·8 0·6-1·0 2·1 2·4 

tR.F. (Resistance factor) = ratio of LD50 resistant straintl0 50 suscepUble strain (0·3 µg/larva derived from Goodyer et af., 1975). 
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{Bayer); permethrin, 89·7%, 40:60 cis/trans ratio (ICI); and Schnitzerling et al., 1982; Pree et al., 1986) which all 

fenvalerate, 95·5% (Shell). Three replicates of 20 larvae 
were treated at five insecticide concentrations; controls 

were treated with acetone only. The larvae were then 
placed in individual containers and supplied with food. 

Mortality was assessed 48 h (permethrin and fenvalerate) 

and 72 h (DDT) after treatment. Data were analysed by 

probit analysis (Finney, 1971). 

Results 

Between 1975 and 1977/78, H. armigera populations 

from New South Wales (NSW) were strongly resistant to 

DDT, up to 238-fold (Table 1}, but in 1979 DDT resistance 

dropped dramatically and stayed low until 1983. High 

levels of resistance were no longer detected and DDT 

resistance ranged between 1 ·8 and 10·6-fold (Table 1 ). 
However, in 1983 the progenies of pyrethroid-resistant 

strains from Queensland and NSW again demonstrated 

very strong resistance to DDT (Table 2) whilst the 

laboratory-reared DDT-resistant Narrabri st rain had re-

) mained fully susceptible to pyrethroids (Table 2). Clearly 

pyrethroids had selected in the field DDT resistance that 

was dissimilar to the one present In 1975-78 DDT­

resistant populations. 

Discussion 

From 1975 to 1978 populations of H. armigera in NSW 

were strongly resistant to DDT but not to pyrethroids. Their 

DDT resistance dropped very sharply after the introduction 

of pyrethroids to control DDT-resistant H. armigera, but it 

reappeared once H. armigera became resistant to 

pyrethroids (Gunning et al., 1984). This had already been 

noted in many other arthropods, viz. the buffalo fly; various 

mosquito species; some ticks; the diamond back moth; and 

the tentitorm leaf miner (Whitehead 1959; Plapp and Hoyer 

1968; Nolan et al. 1977; Omer et al., 1980; Liu et at., 1982; 

gained strong DDT resistance on becoming resistant to 

pyrethroids. 

This cross-resistance (reviewed by Sawicki, 1982) is 

probably due to the resistance mechanism referred to as 
knockdown resistance (kdr) (Busvine, 1958) which is 

thought to reduce the rate of closing of the activation gate 

of the sodium channels (Vi jverber et al., 1982) by both 

DDT and pyrethroids. 

It is very likely that. during the 1970s, H. armigera 

resisted DDT solely through having the enzyme DDT­

dehydrochlorinase (Sucksoong, 1979) which detoxifies only 

DDT. Because of this, in the late 1970s. bollworms did not 

resist pyrethroids; the subsequent reduced use of DDT 
resulted in decreased selection for DDTase and the con­

comitant drop in DDT resistance. The reappearance of 

DDT resistance was caused by the selection by pyrethroids 
of ·kdr', decreased nerve insensitivity (Gunning, to be 

published) which conferred re~istance to DDT and 

pyrethroids. 
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