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The Insecticide, endosulfari, Is still an effective weapon In the arsenal against

Hellothis pest species. It Is used extensively in spring and summer as a

cheap alternative to the synthetic pyrethroids. This is despite the recurrence

of endosulfariresistarice first observed in the 1970's (Kay etaL 1983).

According to the moultontig data obtained by NetlForrester (1992), NSW

Agriculture & Fisheries, endosulfan resistance was present at levels of 10-

30% In the NamoiValIey dutingyears 1986-1989. However, intrie pasttwo

years resistance has undergone a sudden increase, with frequencies of up to

50% duntig summer. A slimlar patternwas observed In Emerald, although

resistance frequencies are higher than intrie NamoiValley (Forrester 1992).

Ihave been investigating the ecology and genetics of endosulfan

resistance. Of particular interest is why the frequency of resistance was low

untilrecently even though up to 50% of insecticide applications for Hellothis

controlper season are with this pesticide. There area number of

possibilities:

(1) The e>EPOsure ofH. glintgero. to endosulfan may be himted because

most applications are mspntigUme aganist H. punct@era.

(2) Tile genetic basis of resistance may impede the rate at which

resistance develops.

(3) The insecticide may stUl kill resistant larvae when applied at

Joarme Daly

CSIRO Dtutston ofEntomolcgg, Canberra, ACT.
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I have investigated the last two areas.

coriumercial rates in cotton fields.



re

When resistance is deterTinned by a single gene there are usually three

kinds of individuals intrie populations: resistant hornozygotes that have two

copies of the resistance gene; resistant heterozygotes that have only one copy;

and susceptible Individuals that have no copies.

The rate at which resistance develops depends, in part, on the relative

dontinance of the heterozygotes compared with the fully resistant

hornozygotes. Ifthe heterozygotes resemble the susceptible individuals then

the gene Is recessive and resistance develops very slowly, if at all. The rate Is

in^rinsed when the heterozygotes resemblethe resistant hornozygotes; the

gene is said to be dormnant.

Endosulfan resistance is sex-linked (Daly & F1sk 1991), so that the

gene(s) contentrig resistance is located on the sex chromosomes. This

means that females have only one copy of the gene associated with

resistance, either the susceptible or resistant one, Males have two copies of

the gene so that they have alithree type of individuals described above. In

endosulfari, females with the resistance gene are as resistant 121- to 34-fold)

as males which have two copies. Heterozygous males have an interniediate

nettos of^ridosulfari Resistance.
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fonn of resistance (10-fold).

This mode of inheritance is particularly important when resistance is at

low frequency, say when less than 10% of individuals are resistant, a

situation that occurs when resistance is first evolving. At these frequencies,

the pattern of inheritance depends on which parentis resistant. Resistant

mothers give rise to susceptible daughters and heterozygous sons;

heterozygous resistantfathers produce fully resistant daughters and

susceptible sons. The rate at which resistance develops can be maxmmsed in



such a genetic system because even at low frequencies, fully resistant
Individuals Ian females) are present in the population.

Thus, the genetics of endosulfan resistance would appear to avour

rapid evolution of resistance.
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Discrimination between resistant and susceptible individuals In cot on

fields.

Relative dominance relationships, described above, were

laboratory conditions under carefully controlled conditions. These

relationships may differ mule cottonfield under realistic conditions. Suc a

situation was observed with pyrethrold resistance in which very sin arvae

were killed at coriumerclal application rates even ifthey are resistant (Daly ^L

a1. 1988).

Resistant and susceptible larvae were exposed to cotton leaves trea e

under coriumerclalconditions with aerial applications of endosulfan. Progeny

from the cross betweenthe resistant and susceptible parentswere

tested. These individuals are referred to as the F1 progeny. Leaves were

Larvae of two ages, 0-d old and 2-dplaced In petri dishes on nutrient agar.

old were examined. The results are illustrated in the Figure.

When neonate larvae were exposed to freshly sprayed leaves, mortality

of antndividuals was high. There was very little difference in the mortality of

the three types tsusceptible, F1 progeny, and resistant). This was stiU true in

2-d old larvae, although the proportion kined was slightly lower. However,

when larvae were e>EPOsed to leaves 2 days after the leaves had been sprayed,

mortality was very low (<10%). Again there was little difference minortahty

between the three types melther neonates or 2-d old larvae. The rapid drop

derived in

also



in the efficacy

residual activity.

These results may explaniwhy endosulfan resistance

The window of time In which endosulfanme^jor problem infield populations.

canselectivelyklllsusceptibleversusresistantlnsectsappearsvery e ,

possibly to larvae I'd old, or tillamae exposed to spray deposits e ay

application, or to adults.

Whythen do frequencies of resistance increase eachyearwhen t ere is

little evidence that endosulfan can lead to selective mortality of susceptible

I have calculated that even small differencesbut not resistant individuals?

frequency In H.minortality between types can lead to large changes ingene

donjgerci, because larvae of this size are very abundant in the crop.

Although most O-d and 2-d larvae are killed by endosulfari, the gene

frequency intrie smallnumber of survivors can be double that o the origin

population.

Thus, to the grower, endosulfan appears to Tetalriits efficacy, even

when resistance is present mule population because most small amae can

However, the continued use of endosulfaristnlbe killed with this pesticide.

leads to a detectable increase mreslstarice frequencies.

of endosulfariovertwo days presumably Is because of its short
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has notbecome a

Conclusions

Endosulfarireslstarice has the potential to become a problem infield

However, its use on spring populations ofH. mintgero. and thpopulations.

short residual activity of endosulfari appear to litntt the risk offield failures

Future studies win detenrilne under what conditions these failures can occur.

In particular, they win focus on selection in I'd old larvae and in adu ts.
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