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SUMMARY OF MAJOR FINDINGS

This study determined the genetic basis of pyrethroid resistance in Heliothis armigera
and characterised those factors that lead to cyclical fluctuations in the frequency of
resistance in field populations, The major findings were:

(1) A single major semi-dominant gene, associated with mixed function oxidases, is
responsible for most pyrethroid resistance in field populations.

(2) The nerve insensitivity mechanism, which appeared to be important in field failures
with pyrethroids in the early 1980’s, no longer coniributes significantly to the
expression of resistance in field populations,

(3) Field application rates kill resistant larvae < 4-days old.

(4) Very small resistant larvae can survive field exposure to pyrethroids as the pesticide
decays or is diluted by plant growth,

(5) Field application rates kill susceptible but not resistant adults.

(6) Pupae overwintering under cotton crops have high levels of resistance and high
survival,

These findings have been integrated into the resistance management strategy for control
of spring/summer pests in broadacre crops in eastern Australia. In particular, these
results led to, or validated, recommendations about the commercial use of pyrethroids:
. use pyrethroids only on larvae < 5 mm,
. do not use pyrethroids at low rates against non-Heliothis pests,
. do cultivate cotton crop stubble to destroy overwintering populations of Heliothis,
. use a synergist, piperonyl butoxide, with pyrethroids to reduce selection pressure
for resistance.
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INTRODUCTION

The use of insecticides for pest control in broadacre crops in Queensland and
northern New South Wales is regulated by a resistance management strategy. The
strategy was introduced in 1983 afier resistance to the synthetic pyrethroids led to field
failures in the control of the major pest species, Heliothis armigera, in the Emerald
district in Queensland. Subsequently, pyrethroid resistance was observed to be
widespread in H. armigera populations in eastern Australia. Endosulfan resistance in H,
armigera had been a problem in the 1970’s.

When the strategy was designed little was known about pyrethroid resistance in H.
armigera, and vital information about the biology of the species was lacking. So the
design was based on general notions about resistance rather than tailor-made to suit the
cotton industry or the specific cases of resistance. The strategy aimed to moderate the
frequencies of resistance to the pyrethroid and endosulfan insecticides in H. armigera by
limiting selection pressurc for resistant individuals. In cotton crops, the use of
endosulfan was restricted to spring and early summer and that of synthetic pyrethroids to
a 5-6 week period in January and February.

Since 1983, pyrethroids have continued to be used for H. armigera contol and
resistance frequencies have cycled annually. Resistance is at relatively low frequency in
spring; there is a rise during, and immediately after, the pyrethroid use period in mid-
summer; and then a decline by the beginning of spring. The extent to which these
fluctuations are caused by the sirategy cannot be tested directly because of the serious
financial constraints of establishing a control region. Such a region would have been
allowed the continued use of pyrethroids for Heliothis control, for comparison with
regions which adopted the strategy. Yet assessment of the strategy, and its effects on
resistance frequencies in H. armigera, is vital if the cotton industry is to avoid
unnecessary costs incurred from restrictions in the choice of chemical pesticides.

This project (CSE 1L) has taken an alternative approach to validate the strategy: it
has studied the genetics of resistance and has determined those factors which have
influenced the evolution of the resistance genes. From this information inferences can
be drawn about how the strategy has altered the relative importance of the factors.

An ability to categorise resistant individuals into different genotypes is essential
before resistance can be studied in the field. Laboratory studies determined the number
of major genes involved in pyrethroid resistance. Field studies then examined the causes



of annual fluctuations in frequencies of these resistance genes. Experiments evaluated
the selection pressure on both larvae and adults when pyrethroids were applied to
commercial farms. Observations were made on the effect of overwintering, and of
immigration on the winter/spring decline in frequencies (see final report of grant DAN
36L., 1987-90).

Collaboration was undertaken with Dr Gary Fitt, CSIRQ Division of Entomology,
Narrabri (field studies of winter and spring generations), Dr Robin Gunning and Mr Neil
Forrester, New South Wales Agriculture and Fisheries, and Dr Andrew Hobbs,
University of Western Australia (all collaborated on aspects of the mechanisms and
genetics of resistance).

OBJECTIVES

The following objectives were proposed for the project:

1. to determine the number of genes involved in resistance to synthetic pyrethroids,

2. to determine those factors which affect the frequency of these genes in sprayed and
unsprayed populations. Particular emphasis will be placed on the life-stage when
selection for resistance occurs,

3. to establish reference strains of H. armigera, each homozygous (true-breeding) for
each resistance gene isolated. This work will extend to resistance to other
insecticides, and

4. to establish linkage relationships between these genes and other genetic
(electrophoretic) markers.

Objectives 1-3 were achieved and preliminary studies were begun with objective 4 (see
below). Major findings have been published (see attached list).



RESEARCH FINDINGS

1, Genetic Studies

In H, armigera, pyrethroid resistance is expressed in all larval instars and in adulis,
Laboratory crosses indicate that the major component of pyrethroid resistance is inherited
as a single, incompletely dominant gene, mfo (Fig. 1) [publication 15]; it is completely
dominant in expression under field conditions (see Fig. 5 below). The gene confers 33-
fold increase in tolerance to pyrethroids in 4th instar larvae (Fig. 1) [15] and 200-fold
increase in freshly emerged adults (Fig 2) [4,9]. Expression of MFO resistance in adulis
declines with their age; it is almost absent in adults > 6-d old (Fig. 3) [9].

The resistance phenotype can be suppressed in both adults and larvae with the
addition of the synergist, piperonyl butoxide, which is specific to the mixed function
oxidase (MFQ) enzymes (Fig, 2), Thus, it can be inferred that the mechanism of
resistance is associated with this group of enzymes [15].

A true discriminating dose between heterozygous and susceptible individuals does
not exist in 4th instar larvae. Between 15-50% of heterozygous individuals are killed at
the diagnostic dose currently used in field monitoring programs. As a consequence,
programs which monitor 4th instar larvae will underestimate pyrethroid resistance
frequencies [15].

A second mechanism, nerve insensitivity (NIS), was shown to be a relatively minor
component of resistance, By itself, it did not appear to be contributing to the resistance
phenotype under bioassay conditions [4]. The genetics of this mechanism appear to be
complex: the resistance phenotype within a strain containing on NIS mechanism was
increased over a 3-5 generations of selection. Furthermore, Dr R.V. Gunning observed
an increased nerve insensitivity in the selected strain. The limited effect of NIS on
resistance phenotype in contemporary populations is in contrast to observations by Dr
R.V. Gunning shortly after field failures with pyrethroids in 1983. At that time Dr
Gunning found that nerve insensitivity was the main mechanism of resistance. However,
our ability to increase the expression of NIS expression with selection indicates that NIS
could again become a problem if pyrethroid use increased.

2. Field Studies
Field studies examined the expression of MFQ resistance in H. armigera exposed
to commercial applications of insecticide. Although resistant larvae, < 4-d old, are killed



when exposed to fresh applications of synthetic pyrethroids (Fig. 4), selective mortality
can occur in smaller larvae as the insecticide is degraded by weather (Fig. 5): 2 days after
application with 2-d old larvae and 8 days after application with neonate larvae [8].

Another important life-stage in which selection can occur is in adults. Experiments
gave direct evidence of adult selection in the field. Both susceptible and resistance adults
were restrained on platforms in cotton fields and exposed to aerial applications of
pyrethroids at commercial rates. Between 57-75% of resistant adults survived compared
with 23% of susceptible ones [9].

The frequency of pyrethroid resistance is known to cycle annually. Of particular
interest is the decline in frequency observed from the autumn generation of H. armigera
to that in the first and second spring generations. Resistance frequencies were examined
in overwintering and spring populations of H. armigera in the Namoi/Gwydir Valleys (in
collaboration with Dr Gary Fitt; see also final report of DAN 36L). In 1987 and in 1988,
a majority of the overwintering pupae were found in cotton fields. These populations had
significantly higher levels of resistance, and lower levels of parasitism, than populations
found under other crops. Little selective mortality was observed in these pupae so that
populations of moths emerging in springtime would be expected also to have high
resistance frequencies (Fig. 6).

In spring, larval populations with high frequencies of resistance (60-70%) were
observed concurrently with the emergence of local overwintering populations. However,
other populations were sampled before local emergence had significantly lower
frequencies of resistance. From the results of this study, and those of the ecology of
Heliothis (G.P. Fitt), it appears that the spring decline in resistance frequencies is due to
immigration of H. armigera which are less resistant than the resident populations
[2,3,5.9].

3. Reference Strains
Three pure-breeding reference sirains for resistance studies have been established
during the course of this project. These are:

F3.1: Pyrethroid resistant; established from a single pair cross; contains
metabolic resistance.

ANO2: Similar to F3.1 except that it is more outbred.

K: Contains nerve insensitivity but no metabolic resistance.

More recent studies have established strains for endosulfan resistance.



4. Cytogenetics of Heliothis species
(J.H. Fisk)

Both H. armigera and its sibling species, H. punctigera, were observed to have 31
pairs of chromosomes which are in a graded series of sizes with none distinctive. H.
punctigera had a consistently higher number of dumb-bell shaped bivalents at male
meiotic first metaphase than did H. armigera [6].

Female meiosis was confirmed to be achiasmatic [6]. This observation will assist
in the mapping of genes to specific chromosomes.
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Figure 4. The percentage of larvae that are killed when exposed to field application rates of pyrethroids,
Noie that resistant larvae become more tolerant to pyrethroids as they get older,









