Section 5

Pyrethroid and endosulfan
resistance: biology of resistant and
susceptible larvae and pupae

Summary

Both pyrethroid and endosulfan resistant Helicoverpa armigera larvae were
shown to have marginally longer development times. Pyrethroid resistant
larvae were slower developers often requiring an extra moult before ulti-
mately pupating to the same size pupa as susceptibles. There were no differ-
ences between pyrethroid resistant and susceptible pupal development times
(male or fernale). Laboratory and field competition studies could demonstrate
no selective advantage for either pyrethroid resistant or susceptible larvae or
prepupae. Thus it would seem that the slightly longer larval development
times do not manifest as significant biological deficits. This helps explain the
gradually deteriorating pyrethroid resistance situation documented during
evaluation of the Australian insecticide resistance management (IRM) strate-
gy. There was no evidence of the selection of fitness modifiers (co-adaptation)
to overcome the slower development of either pyrethroid or endosulfan resis-
tant larvae. Endosulfan fithess disadvantages were not sufficiently researched
in this study to discount the possibility of a fitness deficit contributing to the

much more successful management of endosulfan resistance.

Introduction

It has been widely recognized that the key assump-
tion underlying the success of an IRM rotation strategy
is that fitness disadvantages, as pleiotropic effects of the
resistant allele, will cause the decline of resistance in the
absence of selection pressure {(Georghiou, 1980, 1983;
Georghiou ef al, 1983; Leeper ef al, 1986; Roush &
McKenzie, 1987; Roush, 1989; Tabashnik, 1989). If there
were no biological disadvantage to the resistant insect,
then all that could be expected to be achieved by a rota-
tion strategy would be to delay the problem and ‘buy
time’ (Plapp et al., 1989, Denholm et af., 1990}. The con-
cept of primitive resistance mechanisms incurring sub-
stantial pleiotropic costs has been weil entrenched in the
literature {Georghiou & Taylor, 1976, 1986; Brown, 1977;
Brown, 1982; Uyenoyama, 1986). However, in their land-
mark 1987 review, Roush & McKenzie challenged this
traditional view stating that ‘one generality emerging
from fitness studies is that large disadvantages in resis-
tant arthropods, unlike those in some other biological
taxa, seem to be the exception, rather than the rule’.

As mentioned previously, the presence of a biclogi-
cal deficit is considered critical for the long-term success
of an ]JRM rotation strategy. In the light of Roush &
McKenzje's (1987) review, there was clearly a need to
determine the pleiotropic costs of the pyrethroid and
endosulfan resistance mechanisms for this particular
case, rather than extrapolate from the general literature,
This study aims to examine various larval and pupal
development parameters in Tesistant and susceptible

Helicoverpa armigera and to determine the impact of these
on selection in field and laboratory competition studies.
The data generated from this study were anticipated
to be helpful in interpreting the resistance trends
documented during evaluation of the Australian IRM
strategy (Section 2.

Methods and materials
Early larval development

As well as proving extremely successful in docu-
menting the impact of the strategy on pyrethroid and
endosulfan resistance, the menitoring techmique out-
lined in Section 2 (discriminating dose screening of lar-
vae reared from field collected eggs) also allowed a
direct comparison of the early larval development of
resistant and susceptible H. armigera. As each sample
site was processed individually and testing size larvae
{30-40 mg) assessed daily, it was possible to calculate the
time taken for individual Reld collected eggs to develop
to 30-40 mg larvae. The resistance status of each individ-
ual Jarva was then assessed by its response to the fen-
valerate (0.2 ug/larva) or endosulfan (10 pg/larva) dis-
criminating dose. Larvae were classed simply as suscep-
tible or resistant {killed by or surviving the discriminat-
ing dose, respectively). No attempt was made to
partition the resistant larvae into homozygotes or het-
erozygotes due to the reasons discussed in Section 2 (i.e.
unknown interaction of multiple resistance genes, etc.)
so the resistant larvae are necessarily a variable mixture
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Table 17. Time taken for field collected eggs of Helicoverpn armigera, reared on artificial diet at 25 + 2°C, to develop to 3040
mg larvae. Larvae then screened with the fenvalerate discriminating dose (0.2 pg/larva) to determine pyrethroid resistance
or susceptibility. Numbers in brackets refer to the number of larvae assessed. Difference either signiificant (*, P <0.05),
highly significant (**, P <0.01) or non significant (ns, P <0.05), {t test).

Survey area Year Stage Average number of days to reach 3040 mg
Susceptible Resistant Difference (Res minus sus)
Namoi/Gwydir 1983/84 1 10.38 (891 10.82 (72) +0.45%*
2 9.13 (593) 9.40 {48) +0.27ns
3 882 (278) 9.64 (42) +0.82+
1984/85 1 9.05 7o) 9.20 (55) +0.15ns
2 B48  (1,839) 8.64 (280 +0.16*
3 834 (2,058} 8.45 (801) +0.11%
1985/86 1 925 (1,604) 9.56 (131} +0.31%
2 951 (3,516 9.66 (539 +0.15*
3 B9 (2,864} 9.18 (2,356 +0.19%+
198B6/87 1 974 (1,117) 10.09 (542} +0.35%%
2 950  (1,892) 973 (1,088) +0.23+
3 9.22  (2,465) 953 (1,842} +0.31
1987/88 1 9.15 721 972 (173} +0.57+*
2 9.16  (1,188) 9.47 (522) +0.31%
3 870 (1,246} 874 (782) +0.04ns
1988/89 1 9.12 (353) 9.17 (89} +0.05ns
2 10.37 (236) 11.46 (172) +1.09%
3 10.26 416} 10.52 (638) +0.26%%
1989/90 1
2 10.40 (171) 10.76 (177) +0.36*
3 10.57 (256} 11.06 (432) +0.49%*
Emerald 1985/86 1 1152 (6728) 1216 (475) +0.57+*
2 1160 (2,229) 12.24 (467) +0.64%
3 13.06 {5,014 13.58 (831) +0.52%*
1986/87 1 1242 (2,564) 12,74 (247 +0.32%
2 1117 (1,193 11.49 (444) +0.32%
3 1217 (2,370 1220 (1,039 +0.03ns
1987/88 1 1224 (1,687) 12.57 (340) +0.33*
2 10.79 611) 11.10 (227 +0.31*
3 11.83 (1,437 11.74 {535) -0.19ns
1988/89 1 1258 {1,013) 13.04 (241} +0.45%*
2 13.25 (197 14.31 (123) +1.06**
3 14.12 (762) 14.20 {591) +0.08ns
1989 /90 1
. 2 1345 (42) 13.32 (34 -0.13ns
3 1230 (225) 1224 278) -0.06ns
Inverell 1987 /88 1 9.34 {363) 9.93 4 +0.59**
2 9.36 (537} 9.56 {133) +0.20*
3 10.08 (389 10.38 (89) +0.30ns
1988/89 1 5.11 {227) 9.45 (60) +0.34%
2 10.77 (319) 11.24 {148) +0.47*
3 11.04 410 11.14 (308) +0.10ns
1989/90 !
2 11.10 (334} 1117 {140 +0.07ns
3 11.58 (55) 11.62 (37) +0.04ns

natural enemies, disease, weather, etc. The number of
samples reared through from each life stage (eggs, large
larvae or pupae) are given in table 20. The percentage
resistance of moths reared from each life stage for each
site, were compared by chi-squared tests.

Results
Early larval development

Both pyrethraid and endosulfan resistant H. armigera
were slightly slower (up to one day) to develop to 30-40

mg larvae (tabies 17 and 18, figures 28 and 29).
Approximately 70% of the 42 pyrethroid Stage cornpar-
isons indicated significantly longer development times
for resistant larvae, the remainder being non-significant.
However, for endosulfan, only about 40% of the 30 Stage
comparisons indicated significantly longer development
times for resistant larvae, the remainder being either
non-significant or, in one case, indicating a slightly
shorter development time for resistant larvae. As expect-
ed, the initial cooling and subsequent transport at ambi-
ent ternperatures of the sampies from the remote
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Eary larval development — pyrethioid resistant Helficoverpa armigera
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Fig, 28. Average number of days Ionger for pyrethroid resistant
Helicoverpa armigera larvae to reach 30-40 mg {reared from field
collected eggs on artificial diet at 25 £ 2°C). Solid columns
indicate significantly longer development times for resistant
larvae at P <0.05 () or P <0.01 {*). Open columns indicate
development times not significantly different (ns, P »0.05),

{t test). Data from table 17.

Discussion

Both pyrethroid and endosulfan resistant larvae
were shown to have marginally slower development
times. This has also been shown for a wide range of
variously resistant insects e.g. cyclodiene resistant
anopheline mosquitees (Emeka-Ejiofor ef al., 1983), DDT
resistant houseflies (Pimentel ¢f al., 1951; McKenzie &
Hoskins, 1954; Kerr, 1970}, cyromazine resistant house-
flies (Bloomeamp et al., 1987), malathion resistant
Drosophily melanogaster Meigen (Diptera: Drosophilidae)
{Singh & Morton, 1981) and pyrethroid resistant
Colorado potato beetles {Leptinotarsa decemlineata (Say)
(Coleoptera: Chrysomelidae)) (Argentine et al., 1989b).
However, occasionally, resistant insects have also been
shown to be slightly faster e.g. cyclodiene resistant

Early larval development — endesulfan resislant Halleoverpa amigera
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Fig. 29. Average number of days longer for endosulfan resistas

Helicoverpa armigera larvae to reach 3040 mg (reared from fiel

collected eggs on artificial diet at 25 * 2°C). Solid columu

indicate significantly longer development Hmes for resistas

larvae at P <0.05 () or P <001 (**). Open colnmns indica

development times not significantly different (ns, P »0.05
(t test). Data from tabie 18.

onion maggot (Delis anfigua (Meigen} (Dipters
Anthomyiidae)) (Missorier & Brunel, 1972) or to be n
different to susceptibles e.g. pyrethroid resistan
Liriomyza trifolii (Burgess) (Diptera: Agromyzidae) an
Heliothis virescens (Keil & Parrella, 1950 and Payne ef ol
1988, respectively). Development parameters wer
unchanged in larvae of Helicoverpa zea (Boddie) expres:
ing increased levels of monooxygenases (Neal, 1987
From an examination of the factors affecting the intrinsi
growth rate, Roush & Crof (1986} suggested that eve
small delays in development could affect populatio
growth rates more than similar differences in fecundil
However, it would seem that in this study, slighti
longer development times do not manifest as significar
biological deficits. A similar situation has been found i
pyrethroid resistant Leptinotarsa decemlineats which ha
aiso been shown to have a marginally longer larv:
development time but which does not result in any sig
nificant change i the intrinsic rate of increas
{Argentine ef al., 198%b). Thus, there would appear to b
no significant biological disadvantage to pyrethroi


























































































































































































