
New Zealand Journal of Crop and Horticultural Science, 1995, Vol. 23: 429-436
0114-0671/95/2304-0429 $2.50/0 © The Royal Society of New Zealand 1995

429

Development of resistance to fenvalerate in Helicoverpa armigera
(Lepidoptera: Noctuidae) in New Zealand

P. J. CAMERON
G. P. WALKER
T. J. B. HERMAN

New Zealand Institute of Crop & Food
Research Limited

Private Bag 92169
Auckland, New Zealand

Abstract A programme to monitor Helicoverpa
armigera (Hiibner) for resistance to fenvalerate
was initiated in 1991. Bioassays that exposed
individuals to insecticide residues in glass vials
were carried out on pheromone-trapped adults and
on Fl larvae reared from insects collected in the
field. These assays assessed changes in susceptibility
to fenvalerate during each cropping season and
from year to year. H. armigera for assays were
collected from processing tomato, sweet corn, and
lucerne crops, mainly from the Gisborne and
Hawke's Bay regionsof New Zealand. Comparison
of LD50S showed significant increases in resistance
of 69-fold for adults and 47-fold for third instar
larvae within a season. A diagnostic dose of 1 |j,g
(LD95 for susceptible populations) showed a
significant trend of declining mortality from 1992
to 1994 for adults, but trends were unclear for
larvae. Assays with a diagnostic dose of 10 \ig
(LD99 for susceptible populations) showed
decreasing mortality from 1992 to 1994, and at 90
\x.g c. 1% survival of field-collected adults was
detected in 1994. Comparison with Australian data
and lack of control failure suggests that New Zealand
populations are still widely susceptible to the
insecticide, but that the frequency of resistance to
pyrethroids is increasing. A reduction in the rate of
decrease in susceptibility within the 1994 cropping
season suggests that integrated pest management
procedures have reduced selection for fenvalerate
resistance in H. armigera.
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INTRODUCTION

Helicoverpa armigera (Hiibner) is a key pest of
processing tomato and sweet corn crops in the
northern half of New Zealand. Before the widespread
establishment of new larval parasitoids in 1985
(Cameron & Valentine 1989) and the
commencement of an integrated pest management
(IPM) programme in 1987 (Walker & Cameron
1990), control of H. armigera was reliant on
insecticides. The use of synthetic pyrethroid
insecticides for this pest has predominated from
c. 1979/80 to the present, but the number of
applications has been reduced from 1991 as a result
of IPM recommendations (Herman & Cameron
1993). Although there have been no reports of
control failures in New Zealand, the failure of
synthetic pyrethroids to control Helicoverpa spp. or
Heliothis spp. in several countries has been attributed
to resistance. These observations prompted the
initiation of a programme to monitor pyrethroid
resistance for these insects in New Zealand.

Resistance of H. armigera to synthetic
pyrethroids has been detected in Australia (Gunning
etal. 1984), Thailand (Ahmad &McCaffery 1988),
India (McCaffery et al. 1989), and resistance has
similarly been documented for Heliothis virescens
(F.) in several American states including California
(Twine & Reynolds 1980) and Texas (Plapp &
Campanola 1986). Monitoring programmes for H.
armigera overseas have used various bioassay
techniques to compare LD50S derived from dose-
response lines for different populations, or to
compare survival at diagnostic doses. Although the
use of LD50S has provided estimates of relative
levels of resistance in populations, Roush & Miller
(1986) recommended the use of diagnostic tests to
detect low frequencies of resistance before control
failures occur.
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In the study reported in this paper, adult and
larval stages were exposed to insecticide residues
using the "vial technique" developed by Plapp et al.
(1987) to monitor resistance in the southern cotton
growing areas of the United States (Campanhola &
Plapp 1989) and by Daly & Fitt (1990) in Australia.
Topical application tests were also used with larvae
to provide further comparisons. Initially a range of
doses was used to derive dose-response relationships,
but in 1993 and 1994 greater emphasis was placed
on the use of diagnostic doses to determine changes
in mortality at the LD95 and LD99. Our study aimed
to determine if the frequency of resistance to
fenvalerate has increased from 1991 to 1994 and to
consider if failures in control are likely to occur.

METHODS

Insects
The bioassay techniques used in this study were
based on those of Plapp et al. (1987) and Daly & Fitt
(1990). Assays were carried out on male moths, and
second and third instar larvae. Adults were collected
from field sites using hollow cone pheromone traps
(Scentry Inc.) baited with a rubber septum
impregnated with 500 |ig of a 10 : 1 mixture of (Z)-
11 -hexadecenal and (Z)-9-hexadecenal acetate,
described by Rothschild et al. (1982). Each year,
two or three traps were located in commercial
tomato crops in Gisborne and Hawke's Bay and
operated at approximately monthly intervals from
December to April. The traps were cleared each day
and only fresh adults capable of normal movement
were used for the assays.

Test larvae were the progeny of larvae collected
from four commercial tomato crops, four sweet
corn crops or two to three lucerne crops and reared
through one generation. At least 30 larvae were
collected from each tomato or lucerne crop, but
fewer larvae were collected from the low populations
found in sweet corn crops. Adults reared from each
collection area were placed in separate oviposition
containers and the resulting progeny were reared on
lucerne until they reached the 2nd instar stage (7-10
mg) for vial assays, or were transferred to a standard
bean diet (Teakle & Jensen 1985) to reach 3rd instar
(30-40 mg) for topical application tests.
Comparisons with a standard culture susceptible to
fenvalerate were provided by H. armigera obtained
from a reference culture held by Dr R. E. Teakle of
the Queensland Department of Primary Industries
at Indooroopilly, Australia.

Assays
For residue tests (vial tests), individual insects were
exposed to fenvalerate (Sumicidin EC; 49 g/litre)
residues formed by rolling 0.25 ml of acetone
containing the insecticide inside 40 ml glass vials
until it evaporated. Adults were placed in treated
vials, fed water by moistening the cork stoppers,
and held at room temperature for 24 h. Individuals
that did not move when the vial was inverted were
considered to be dead. A comparison between 24
and 48 h exposures in the adult vial test produced
dose response lines with a similar slope and a
difference at the LD50 of 1.2 (ig. The exposure
period was standardised at 24 h. For larval tests, 7-
10 mg larvae were placed in vials and supplied with
granules of general lepidopteran diet (Singh 1985)
small enough to prevent the insects from avoiding
contact with the treated glass. The test larvae were
held at 25°C and, after 48 h, individuals that did not
move when touched with a brush were considered
to be dead. Dose-response analyses for adults were
based on four to six doses of fenvalerate ranging
from 0.03 to 10 )J.g per vial with a minimum of 30
individuals per dose. These results were analysed
using POLO (Robertson & Preisler 1992).
Diagnostic doses of fenvalerate were based on the
LD95 (1 \ig), the LD99 (10 ug) of susceptible
populations in 1992, and the 90 p,g discriminating
dose used by Daly & Fitt (1990) to distinguish
resistant and susceptible adults. An average of 50
larvae were treated at each dose. Trends in
proportional mortality were analysed by fitting a
generalised linear model with logistic link and
binomial errors (McCullagh & Nelder 1989) and
mortality for larvae from different crops was
compared using ANOVA.

In topical application tests, larvae weighing 30-
40 mg were dosed with fenvalerate in 1 u,l of
acetone applied dorsally with a capillary tube
and then placed in 5 ml vials with diet for 48 h.
Mortality was assessed as above and the response
of populations compared using Chi square
analysis.

RESULTS

Adult H. armigera were caught in pheromone traps
from December to April. Peak flights in tomato
crops occurred from early January to March (Walker
& Cameron 1990) and commercial applications of
synthetic pyrethroids usually commenced in mid
January (Cameron et al. 1992) following the


