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PYR.JiTHR.OID R.HSISTANCH MECHANISMS IN 

HBLIOTHIS ARMIGBRA 

R. V. Gunning and M. E. Balfe 

NSW Agriculture & Fisheries, Agricultural Research Centre, Tamworth . 

la&:rodvctioa 

A complex of pests attacks the Australian cotto.n aop. none more importantthan 

the coiton bollworm, HeliotlJis~en. and insecticides are considered 

necessary for its control. H. M711i1en has a long .bi.story of insecticide resistance 

in Australia. To DDT in the early 1970's and more rece.ntly, in 1983. to the 

sy.ntbeticpyretbroids. Since 1983 , H. llnlli8ent insec:ticideresistancehasbeen 

the subject of an insecticide resistance management program inNSW and 

Queensland. A.knowledge of re~stance mechanisms is fundamental to the 

resistance management strategy, so manage.meJtt can be targeted at avoiding or 

counteracting the mechanisms. 

Pyretbroid resistance is common amongst insects, and resistance 

mechanisms are varied. The resistance mechanisms fall into three types; 

reduced nerve sensitivity to poisoning 1 reduced pyretbroid penetration through the 

cuticle and its enhanced metabolism. Resistance has been found, usually to be 

due to a combination of these factors 

In tbis paper, we discuss our investigations of pyrethtoid resistance 

mechanisms in H. lflnlliKen. We also present results of a 198 7-1990 sw:vey of 

the frequeacies of the pyretbroid resistance mechanisms in resistant populations. 
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1983 R.esisc.ace Meell••isms 

In 1983 , at the oaset of pyrethroid resistance , we found three 

mechanisms of resistance in. H llrm.lffent . Resistant larvae had reduced 

pyrethroid penetration , a nervous system that was Jess sensitive to the insecticide 

attack and another factor, synergisable by pipero.nyl butoxide ( Pbo), that gave 

anextradegreeof resistance. Ktlr was themosti.mportaotmechanism, shown 

by a 100 % frequency in resistants and their ability to withstand injected large 

doses offenvalerate. Peo and the Pho factor, were minor factors, probably 

only important as modifiers of the Kdr resistance gen.e . 

Field Sarvey of die &eff aeacy of pyretlaroid resi.staace •ec.haais.m.s 

ia NSW -d Qveeaslaad 1917-90 

Following the 1983 diagnosis of pyrethroid resiMD.t H. mmigen 

andtheiden.tificationofthree resistancemechanisms, a Helio/./Jis resistance 

management strategy was started. The strategy has restricted pyretbroi.d use on all 

crops i.11 inland northern NS Wand Queemland to approximately one of the 4-5 

generatioas of H. 111111igem that can occur each year. The effectivness of the 

strategy has been monitored by resistance monitoring and a field survey of the 

frequencies of resistance mechanisms in resistant individuals. 

Pyrethroid resistance frequency in H. arm.igera has been monitored, via 

the discriminating dose technique. Following concern in 1987 about the 

increasing resistance frequency in NSW and Quee.nsland ( Fig. 1), a survey of 

pyrethroid resistance mechanisms in H. 111111f$era was undertaken . Eggs and 

small larvae were collectedthro'Ughout the sum.mercroppiog season from 

unsprayed NSW and sprayed populations ( Namoi I Gwydir and Emera.Id ) 
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and bioassayed with a discrim1natiog dose of f envalerate. Survivors were 

tested, forpyrethroid penetration resistance ( pe.a) and nerve insensitivity ( Kdr), 

with 14C fenvalerate andviaelectrophys:iology. The weekly pea and Kdr 

frequencies were cowited and percentages calculated for Stages 1, 2 and 3 of the 

Heliot/Jis resistance strategy season. The frequency of the P!Jo factor in 

unsprayedNSW populations was determined, bypre-treating H. anrJise.t11 
with Pbo prior to application of the fenvalerate discriminating dose . Mortality. 

caused by the fenvalerate / Pbo mix, was assessed. 

Fi1. 1 
Pyrethroid resistance frequency in NSW 
unsprayed H. armigera 1983-1990 
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Our survey data show that there have been considerable changes in the nature 

and frequency of H. ~era pyrethroid resistance mechanisms since the 

resistance managem.entstrategywasbegun. 

Since 1983, the Kdr mechanism has falleninpopulationfrequency 

(Fig 2), and decli.o.ed in potency . In 1983, supw -Kdr was the major cause 
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of resistance, but now there is only a low order, low frequency Kdr f actOt", that 

delayes nerve poisoning and alone confers .no resistance. The partial withdraw! of 

pyretbroidi.nsecticidesfromuseagainstH. 11/'rJJfGent since 1983 has lessened 

the selectio.n pressure o.n the K dr resistan.cemechanism, causing tbe decline in its 

frequency. 

Fig. 2 
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The P~.o and Pf:>o resistance factors were present in resistant sprayed and 

unsprayed populations at high frequencies during 1988 -90, there is some 

evidence of a decline i.n the 1989/90 season. In 1983 Pu and Pbo were minor 

contributors to resistance. Today, in the absence of a strong nerve insensitivity 

factor. pen and P!Jo are respo.nsibleforthe present high resistance frequencies 

in NSW (Fig. 1) and Queensland . Present day resistant H. N'.tlligen are .not 

strongly pyretbroid resistant (-x20 ) compared to the 1983 strain (-xlOO), This 

supports our observations that pea and the Pho factor do not cause high order 

pyrethroid resistance. 
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Pen resistance frequency in Py-R H .armipra 
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Our work has shown that the Hefttxhls i.osecticide resistance 

management strategy has altered the nature of the H. anrzicera pyrethroid 

resistance mechanisms. Super-Kdr has been replaced as the major resistance 

mechanism of by pen and the .Plto factors. These changes have-coincided with 

increasesin pyrethroid resistance f requecy in the field despite decreased 

pyrethroid use. The increasing resistancefreque.ncy has been accompanied by the 

selection of peo and .Pboresistance mechanisms. The reasons for this are not 

clear, as cross resistance selection by other insecticides seems improbable. 

By the removal of pyrethroid selection. pressure, the Heliot./Jisresistance 

managemen.t strategy has been responsible fort.be loss of a Super-Ktlr 

mechanism. Ktlr is normally an i.otraaablem.echanism, conferring such high 

order resistance that the resistants are difficult to control. Pea and .Pbo although 

co.mm.on, produce much lower order resistance in H. 111711iget11 and are still 

controlled by the normal field rates of pyrethroids. Yet the obvious dynamic 

nature of the H. armigenr pyrethroid resistance system is a cause for co.ocern. 

Future researcb must be directed toward understanding it, if adequate pyrethroid 

resistancemanagementis to be maintained. 
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