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Introduction

Northern Australia has long presented a series of problems in tenns of sustainable cotton insect
management. This is exemplified by the failure of the Ord cotton industry in the early 1970's under
extreme insect pressure. Numerousstudies and reports have suggested that for cottongrowingto be
successful in Northern Australia considerable changes to the production systemwere required (Yeates
2001). The advent of transgenic cotton has provided the impetus for renewed research interest in cotton
in northern Australian. The production system proposed involves growing transgenic varieties in the
winter or dry season. The move to the dry season is largely in response to research findings showing
that insect pressure from Hencove, paminiger",,^:, adoptera lit"ra, and Pectinqphor"gossypiell" are
lower in this period. Nthouglipreliminary research has shown this to be true, a number of additional
problems have become apparent. This paper discusses some of the entomologicalissues associated
with cotton production in northern Australia and the research being undertaken to addressthese
problems.
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Pestinsects being encountered

In the rebornnorthem Australian cotton industry a number of pestinsects have become apparent
(Figure I). Althoughthe movetowinter produstion has meantthatthe problems previously
encountered with .:^?adopter@ Jimr@, andPecii"qphor@gossypiell@ havebeen largely avoided, H.
grinjgera hasremained aproblem.

In addition to the problems being encountered with HeIicoverpa, rucking insects appearto present a
significant problem in the early part of the season with Minds(both brown and green) being a problem
from firstsquare onwards and shield bugssuch as Green Vegetable Bugs(GVB) and Redbanded Shield
Bugs (R. BSB) beconting a problem from about firstflower. incontrastto southern Australia where
Ingard production is capped at 309.6, it is proposed to base any commercial industry in Northern
Australia entirely on transgenic varieties and inparticular Bongard U. This will further exasperate the
problems caused by sucking insects as HeIicoverpa controlwill not be required untillate in the season,
ifat all.
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Figure I: Crop stage and the pest problems encountered in cotton gouminthe Northern Territory.
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Developing an IPM system forthe Northern Territory

Preliminary trials growing Bongard 11 have indicated that it will provide protestion from HeIicoverpa
for considerably longer than Ingard. Ingard expression appearsto last approximately 9 weeks whilst
Ballgard U lasts about 16 weeks. The improved protection afforded by Bongard U will place greater
emphasis on sucking insects in our quest to develop cotton insect managementsystems which have
minimal reliance on insecticides. kideveloping an ^M system appropriate for use in the Northern

Territory we are examining a range of tools including methodsto preserve beneficial insects and the
role of trap crops.
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One of the advantages of growing transgenic cotton varieties is that the requirement for Hencoveipa
control in the early part of the season is negated. This allows beneficial insect populations to build up
in cotton cropsto sufficientlevelsthatthey can controlHelicoverpa populations after the expression of
the Bt gene falls inid season. Although this conceptworks well in the southern production areas, in
Katherine we have observed a different pattern. Following the onset of the dry season (when planting

takes place) beneficial insects move into the cotton. This is thought to bethe result of the rapid dry
down of the bush around the cotton fields which essentially turnsthe cotton into an oasis where both

pest and beneficial insects can seek respite from the dry surrounds. Sampling in bush areas has
confirmed that insect populations in the bush fallrapidly following the onset of the dry meaning that
the seasons compliment of beneficial insects enter the field soon after planting. The requirement to
spray sucking insects early in the season puts considerable pressure on beneficial populations meantng
that the scope for using beneficial insects to control HeIicoverpa populations after the failure of Ingard

LL2



is limited ifsucking insect controlis required. in 2001this was exemplified when levels of egg
parasitism were observed to fallrapidly following planting (Figure 2). mexplanation forthisrapid
decline may have been that the requirement to spray sucking insects toice in the period between first
square and first flower killed the inchogramma resulting in very low levels of parasitism when Bt
expression fellbelow lethal levels in early June.
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Figure 2: Hencoverpa egg parasitism in cotton in 2001. The two arrows represent applications of
Regent to controlBrown Mirids

Trap crops
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Trap crops are seen as an integral part of the ERM system being developed in the Northern Territory.
Due to the complex of insect pests experienced in the Northern Territory the perfecttrap crop would be
onethatis attractive to both sucking insects(GVB, RBSB and brown minds) andHelicove, ;pa. To this

ends a number of crops were investigated in 2001. The crops assessed were niger, chickpea, sesame,
lab lab, keriafand pigeon pea. Sesame established poorly and chickpeawas damaged by wallaby
feeding. Of the remaining crops the results obtained indicate that lab lab was highly attrastive to
sucking insects and pigeon pea and chickpea were highly atlinchve to HeIiothis (Table I). Although
these results are no greatrevelations we do have arequirementtofitthem into our program to get
maximum benefitftom them. In an ingard cotton production system we have several requirements

from our trap crops. These are that they are attractive toHdiothis, RBSB and GVB in inid Junewhen
ingard expression seemsto fallrapidly and when the bugs migrate into cotton (Fig I). With a shiftto
Bonagrd 2 the emphasis willshiftto attractiveness to early season sucking insects and the ease with
which the crops can be established and managed. To achieve this, work will continue to optimise
planting times to ensure the crops are at their peak in antastiveness when they will be of most benefit
in our produstion system
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Table I: Ranking of trap cropstested at Katherine fortheir attractiveness to a range of pest and
beneficial insects. Crops labelled I are the most attractive and 5 are the least attractive.

Crop

LabLab

PigeonPea

Niger
Keriaf

Cotton

H. grunger@
larvae

4

2

5

3

GVB

Thresholds and compensation

Considering the disruption caused to beneficials by the controlofsucking insect populations early in
the season, the necessity to controlthem needsto be closely scrutinised. Two of the sucking insects
identified in Katherine 0<BSB and BM) are of limited econontic importance in southern cotton

growing areas(Pyke and Brown 1996) meaning that thresholds have not been developed. Our initial
observations in a smallunreplicated trial in 2001 suggested that althouglisquare losses of up to 30% at
firstflowerwere antibutable to Brown minds our effortsto controlthem between first square and first

flower resulted in only a 02 bale Iha increase in yield. There may be a number of reasons forthis
including the ability of cotton to compensate for early season square loss without a loss of yield. This
suggeststhat any threshold developed needs to consider compensation particularly in the early part of
the season before flowering commences. A different approach may be required postflowering, as

sucking insect damage to bons does not appearto result in compensation but instead directlosses of
locks within bons(TomLeiPers. Coinm).
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In response to the need forthresholds for 1<13SB and BM, thresholds are being examined in the 2002
season. Two approaches are being taken in these studies. The firstis using directfield studies in which
insecticide applications are applied at predetennined pest densities. The second avenue forthreshold
research is examining the impact of simulated damage to boils in the flowering phase of cotton
production. kiwis work small volumes of pectinase (IUL) are being injected into boilsto simulate the
effect of mind feeding. fujinherent problem with using simulated damage is its lack of
coinparablenessto real insect damage. To overcome this, the results of this study will be overlaid on
the results of the direct field observation study.
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Resistance Management

Ifresistance to Btis selected forthe sustainability of cotton production in northern Australiawould be

seriouslyjepidised. This emphasisesthe requirement for refuges. Studies are being undertaken
examining the areas required for refuge crops for Hencoverpa. A number of options are being
examined including the use of unsprayed conventional cotton, peanuts and sorghum. Peanuts and seed
sorghum are seen as potential rotation crops for cotton. mother areathatis being examined is the
genetic make up of our Hencoverpa populations. This work is being undertaken with CD at University
of Queensland. In 2001the pattern of Hencoverpa egg layssuggested that there were onlythree
immigration events. The dry nature of our surroundswould suggest that there are very limited residual
populations of HeIicoverpa in the environment and that any surviving populations at the end of the
season would constitute a significant proportion of the residual HeIicoverpa in the environment going
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into the wet. Research is being undertaken to see what proportion of the moths conxing into cotton in
the following season are derived from the previous seasons insects. Understanding these seasonal

population dynamics will provide a solid foundation on whichto develop our resistance management
strategies in the future.

Problems with currentresearch

The smallarea in which our research is being undertaken puts a series of caveats on our research. It

remainstobe seenwhetherasthe areas produced increase, themsects problems we have experienced
will decrease. It would be reasonable to hypothesisthat moderate increases in area would notincrease

the "pulling power' of the cotton area by the same degree. To a certain extentthis may have been

observed this year. Our area hasincreased from 18 Hat0 42 Hawith much of the area having avoided
the need for sucking insects sprays (at least up to the time of writing this paper). By the same time last
seasontwo applications had been madeto most areas.

Conclusions

Although significant advances have been made in terms of cotton insect management in Northern
Territory since the original northern Australian cotton industry collapsed there are still a number of
significant entomological problemsto be overcome. Many of these problems centre around reducing
insecticide input to preserve beneficial insects and how to manage sucking insects withoutinsecticides
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