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cotton and grainresearch using applied biological controls as part of his
postgraduate program.

Sherree Short isthe ProjectExperimentalist. Sherree has beenworking with the DPI
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determine population structure of Hencozierp" grinigerq.
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Plain English Summary

Hencooerpn spp. continue to present significant challenges for the sustainabl
production of cotton in Central Queensland. As part of on~ oin Inte ated P t
Management and Area Wide Management pro amsthis To' tf d
identifying and testing several novel approaches for Hencooe a s
each of which aim to reduce dependence on traditional insecticide c tr I.

The fungal pathogen Nomi, mea tileyi was assessed for its suitability as a rot t
biopesticide againstHelicooei7?a spp. incottonunderfield conditi . Th I
suggest that the spores of N. fileyipersist well upon cotton Iants in the field d
cause coinparable levels of larvae mortality when coin ared with NPV d t.
The performance of this pathogenwasvariable, with observationssu ti th
factors such as environment, canopy coverage and plant cheintstr ina inn
efficacy. Asigriificantresponsetoincreasedrateofa Iicationwas b d d
a final experiment, suggesting that efficacy may be significantl jin roved with an
increased application rate. At this stage N. fileyihas shown Tomise as a t t
biopesticide.

Several liquidadditiveswereinvestigatedfortheir otentialto ' th f'Id
performance of NPV's under CQ conditions. The results from a number f
experiments suggested that the addition of Aminofeed@ and Aminof d UV@
^ignifi. antly enhan. ^d th^ fi^Id offtoney (by 20%) ofNPV's and prolonged th^ adod
for which NPV wasinfective on cottonfolia e. It was also d tr t d h
infectivitywassirntlarformorrdrig, noonandeveriin a Iications, s t' h
priority should be placed on gaining adequate covera e and tar etin of 11
larvae. A field study on the effects of food sprays (Aminofeed@, Predfeed@ and
Envirofeast@) on Hencozierp" spp. oviposition also suggested that these roducts
have no significant effect on oviposition rates in cotton.

Pulse Industry concerns that ascochyta leaf blight may gain entr into CQ throu h
the current use of chickpea fortrap cropping wasthe impetusfor an ex erime tth t
compared alternative legume species. The main focusforthe ex eriment t
record Hencooerpa spp. oviposition on trap crops of chickpea, o ani vetch, na
vetch and field peas. Results suggested that field eas were si 'f' tl
attractive to ovipositing moths that laid 60-70 eggs per in/row coin ared to 10-20
eggper in/row inchickpeasforthe whole month of September, the eriod for which
peak attractancy is desirable. Field peas were further advanta eous in that 73:!:3.5%
of the eggs were observed to perish before hatching as o OSed to onI 27^:2.9%
chickpeas. The egglosses on fieldpeaswere duelargel to the wax leafsurf d
presence of beneficial insects such as ladybirds. Research on the use of field
an alternative trap crop is ongoing.

Area Wide Management (AWM) can only succeed if Hencooe a glintera
populations are indeed locally recruited within the farmin s stem. The D
andCallideregionisgeographicallyisolatedfromothercottoi\ owin d
compared to southerndistrictslackstheconditionsnesesar to induce I
djaauseinHel' gdiapause in Hencotierp, ISPp. populations. The continuity in cro in within th'



regionbetweensummercottonandgrainsandwinterchick ea d
situation for Hencooerj?, I spp. to cycle locally within the farm'
significantinterruption. With the useofmicrosatelitebiotechn I H
with the University of Queensland's Centre for Ident^7cation &' Din nostics C
(Lead Agency) we have been conducting a sampling ro am to d t r in h
extent of local recruitment within the Dawson Callide Far
results from these studies is suggesting clear differentiation b t Hl'
glintgerq populationsfrom theDawson Callide re ionand It' f
Narrabri, and Darling Downs regions and the enetics f H I' h'
dependent: e. g. the Henothisfound on cotton are not differ tf h
coriumercialchickpea, or trap crops.

TheirLformationcompiledinthisstudyis rovidin an' db
buildandeffectiveareawideandresistancemana em t f
grinigei, a in the Dawson Callideregion. Many of the novelo tion dd d '
projecthavebeensubjecttobasicresearchthathasformedth f d f
research that is currently being continued in other CRDC d GRDC
projects. It is likely that many of the novel options assessed dun th'
go on to be developed and implemented as tools that reduce iris t' d d
within future area wide and integrated pest management To ams.
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I. . Project Background
Hencotierpa spp. moths continue to pose significant pest management problems for
Queensland cotton growers. To address the Hencooei7?a spp. problem the
Department of Primary Industries (DPI) wassuccessfulin securing funding from the
Queensland Treasury for a new initiative entitled Supporting Green Industries. The
objective of this new initiative was to develop new tools and techniques that could
be used to better manage Hencooerp" spp. more sustainably and reduce the cotton
and grainsindustries dependence on insecticides.

A significant feature of the new initiative was the establishment of Biopesticide and
Cherntcal Ecology Units led by Dr's Caroline Hauxwell and Chiis Moore
respectively. These units were chartered to investigate and develop
biopesticides and cherntcal compounds that have potential for Hencozierpa spp
management.

The purpose for this project(DAQ95C) was two fold. A major objective was to field
test and evaluate the technologies developed by the Biopesticide and Chemical
Ecology units. The second objective was to develop and test novel field control
options for Hencooerpq spp. that could be incorporated into an Area Wide
Management program for Central Queensland. A brief background for each of these
technologies is givenbelow.

I. ,.. New Biopesticides

Nucleopolyhedrosis viruses and Bqcilltts thi, ringiensis bacterial pathogens have been
successfully adopted as insecticides in the cotton industry. Likewise fungal
biopesticides have the potential to play a significant role in pest management
programs, offering several advantages compared to viral and bacterial products.
Unlike virus and bacterial biopesticides that act via ingestion, fungal pathogens
ir^ect through contact with the endospore stage of the pathogen. This tritection
pathway may offer a significant advantage in crops such as cotton where it is often
difficult to target application to protected larval feeding sites such as squares,
flowers and bons.

Nomt!7,100 fileyi(Farlow) Samson (Deuteromycotina: Hypomycetes) is a fungal
pathogen thatir^ects the larvae of NOCtuid moths. The QDPlbiopesticide unit have
developed mass-production, stabilisation and formulation techntques for N. rileyi.
Preliminary research has previously demonstrated efficacy on grain crops under
glasshouse and field conditions. In this project we conducted basic field efficacy
experiments with N. rileyiformulated at variousrates and volumes in oiloncotton.

I. .2. Additives To Improve Biopesticide Performance

A difficulty faced by growers using nucleopolyhedrovirus (NPV) products such as
Gemstar@ or Vivus@ can be inconsistency of the products' performance for
Hencooerp, I spp. control. This problem has lead to the advent of additives developed
to improve biopesticide performance. The use of additives to improve the
performance ofNPVs has been the subject of considerable research. The objective for

new



using an additive with biopesticides such as NPV has been to improve field
performance by increasing larval intake, improving the microbes' virulence or
protecting the nitcrobes and enabling them to persist for longer periods of time in
the external environment(Cunningham at at. 1997; Morales at at. 2001). A number of
liquid additives for use with NPVs have recently entered the Australian
marketplace. Aminofeed@ was one of the first products available and was subjectto
testing by Murray at at. (2000). In these tests Aimnofeed@ gave an equivalent
response to the calffeeding supplement Dentavit@ which had been widely used as
an additive after initial work conducted by Teakle and Monsour (unpublished data).
Due to a liquid formulation which eliminates the application difficulties associated
with milk powders, Aminofeed@ has become a popular choice as an additive for
NPVs.

Since the successful introduction of Aminofeed@, several new liquid IPM tank mix
products for use with biopesticides have also entered the Australian market.
Aminofeed UV@ by Agrichem is a new product that incorporates sunscreening
agents with the original Aminofeed@ formulation. Coaton ILP@ by Biostarch
Australia has been designed as a liquid alternative for calf milk powders and
Mobait@ by Nufarm has been promoted as a feeding attractantsuited for addition to
a variety of insecticides. In this project we evaluated the efficacy of these liquid
additives and their ability to enhance the performance of NPVs on cotton under
central Queensland conditions.

I. 3. NewWinterTrap CropsforHelicoz, eru, ISPp.

Chickpeas are currently grown by CQ cotton growers as a spring trap crop for
Hencozierj?a spp. (Sequeira 2001). At present CQ is free of ascochyta blight, a disease
that has seriously reduced the profitability of chickpea production in southern
regions. Members from the Pulse industry have expressed concern that the use of
chickpea as a spring trap crop in CQ may inadvertently lead to the introduction of
ascochyta. In response to these concerns a number of winter active legumes were
evaluated for their potential to be substituted for chickpea as a winter trap crop
under CQ conditions and thus alleviate any cross-industry conflict. Field peas and
vetch were chosen for this purpose as feedback from pulse agronorntsts in other
regions had suggested that these legumes may be suitable candidates for trap
cropping in the CQ environment. A preliminary assessment of these legumes for
their suitability for trap cropping in CQ were made during the last year of this
project.

I. .4. Henothis Movement and Local Recruitment Ecologyln CQ

Area Wide Management (AWM) can only succeed if Hencooerj?a glintgern (Htibner)
populations are indeed locally recruited within the farming system. If H. glintgera are
localised in their origin, management programs can then be implemented to target
these populations as they occur within the cropping cycle of each region. The
Dawson and Callide region is geographicalIy isolated from other cotton growing
areas and compared to southern regions lack, the conditions nesesary to induce a
regular diapause in Hencozierpa spp. populations. The continuity of cropping within



this region between sununer cotton and grains and winter chickpeas provides an
opportunity for Hencooerpa spp. to cycle locally within the farintng system without
significant interruption. Pupae sampling studies by Sequeira (2001), strongly
suggested that there are significant correlations between Hencooei7?a spp. po ulation
in winter chickpeas and summer cotton and grains.

The advent of microsatelite biotechnology has provided a tool whereb the
correlations in Hencooei7?a spp. movement and recruitment as observed by Sequiera
(2001) to be further verified. These genetic markers are short DNA sequences in
which the nucleotides (the building blocks of DNA) repeat themselves. The
University of Queensland's Centre/by Identification 6' Diagnostics (CID) have for the
past few years built a catalogue of these microsatelites for H. ,Initigerq. Since
zincrosatelites occur widely across the genome, the analysis of their frequencies and
sizes are extremely useful for deterThining population structure and can be used to
answer questions as to the movement and origin of Hencooerpa spp. populations
within the farrntng system.

Successful Area Wide Management depends on a knowledge of Harmiera
recruitment patterns so that populations can be better targeted with appropriate
controls. To gain a better understanding of the population dynamics ofH. glintger" in
the Dawson Callideregions an extensive sampling program of moths and larvae was
conducted in both cotton and grain crops throughout the region. In collaboration
with the team at CTD, the nitcrosatelites in these samples have been identified and
used to better explain the pattern of H. griniger@ activity in the local region. The
findings from these studies are generating considerable interest amongst cotton and
grain growers in adopting and implementing better pest management strategies as
partofalargerAWM programinCQ.



2. Projectobjectivesandtheextenttowhichthe h b '
2.1. DevelopNewBiopesticidesandTestNovelC d .
A series of experiments to test application rates, spore ersistence/ ' b'I't f r
application andefficacyofN. fileyiwhencomparedwithexisti b' "
conducted in collaboration with Dr Caroline Hauxwell d D D
(QDPl). Results from these experiments suggest that s ores of N. ItI i r i
on cotton foliage, that N. rileyican give similar control coin ar d t NPV'
optimum application rates have yetto be deterTinned.
A number of novellarvae behaviour modifying coin ounds we t b
during this project. This research was to be conducted in coll b
Moore at QDPl as part of the QDPl's Henothis New Initiative. W
conductthis research during the project due to the un-availab'I't f I
that had been developed sufficiently to the oint at h' h f'I
commence.

2.2. Improve Activity and Field Life of Current Bio esticides.
A series of experiments were conducted during 2000/01 and 2001/02
assess the benefits of using additives with NPV bio esti'd . Th
compared the ability of a range of liquid additives (Aminofeed@, Aminofeed UV@,
Mobait@ & Coaton@) to enhance NPV performance on cotton in the field. As ec ;
such as application timing was also investigated.

orig y suggestt att e a dition of Aminofeed and

of NPV's in CQ cotton. Mobait@ and Coaton@ were less succe f I dd"
with NPV products. An experiment lookin at the ff t f
HeIiothisovipositionincottonsuggestedthatthis roducth "
on HeIicoverpa behaviour asrecorded by field ovi OSitionrates.

2.3. Develop Novel Approaches to Henothis Management.
In-Sanson Trap Crops
Strips of inungbeans, chickpea, ingerandcottonwere Iantedd h
season adjacentto cotton to testtheirpotentialas an in-seasontr . H I'
egg laying in both the trap crops and adjacent cotton was re d d d
experiment. The trap crop rows were only effective incausin d
numbers for the first adjacent 8 rows of cotton. The sink effect fth
minimal beyond this distance.

A second experiment that investigated an in-season tra CTo th f
chickpea-cottonintxplanted meveryfourthrowwasconduct d d h
season. The concept was to condense Henothis e Ia in o t th
then band spray them as part of an IPM program. If successful, th'
be used to reduce the total volume of early season insecticide (b 75% that ould



ot erwise be applied over an entire area. Untort t I
yahailstormbeforemeaningfulmeasurements Id ye

Alternatioe Winter Trap Crops
red peas and vetch were evaluated for th '

cickpeasasaspringtrapcropinCQ. Themamfoc f h or
andf'Id aPCropsochickpea, popariivetch, namoivetch
peas(60-70eggsperm/row)than chickpeas(10_20, ggSonie
monthofSeptember, theperiodforwhicheakt oe
peas were further advantageous in that 73^:3.5% offh
eorelTatchingasopposedtoonly27^:2.9%0 h'k P is

peaswereduelargelytothewaxyleafsurface d "
suchasladybirds. Fieldpeasinthisexperiment I CS

OptionswhichwillContrib eontroj
incQ. gan rogramforHeliothis

At the coriumencement of this To'ect
cjenn Grabam and the Centre/brident;17cqtjons a, d D- " it Mr
university of Queensland. MrGraham'SCRDCfunded ) 'tt. e
investigating the use of Tmcro-satellites to deter ' H I'
forbuildj , yOpportunitiesspecifictolocalconditionsinganAreaWide Management programforthe Dawso IC 11'd

. grinzgera sampling has been conducted in the D
yearswiththeaimofidentifyinglocalrecruitrnent tt '
suc aswhetherornottrapcropsareeffectivel attr t' h
With'thj XCange"occursbetweencottonandgraincropS
aschickpeascottonandmungbeansaswellastr '
throughouteachseason Tosseregion

The H. armigerq samples collected from the Dawson/C 11'd
the University of QueenslandsCIDformicro~satejjjt d -f- Sen. toanalysis. aionanpopulation

reiminary results from these analyses are stro I
percentageoftheH. ,17migerapopulationsamledd h '
werelocallyrecruited. Processingof thesecondse ''
earlyindicationssuggestingacontinuationofth' "
research will provide a platform for the develo me t f
wi emanagementstrategyfortheDawsonand Call'd n



2.5. Promote 'Best Practice'in Insect Pest Management Among CQ Cotton
Growers.

Best management practices have been promoted to the industry through a number
of avenues. Most of the research conducted under this project has been re orted in
briefto CQ cotton growers through the Cotton Tales series coordinated by Mr David
Keny (QDPl). Reports from most of our trials have also been published in the CQ
Cotton Trial and Yearbookscompiled byDavid Keny.

Several meetings and field days that have focused on our research were held with
both the Theodore and Emerald cotton growers. As wellasthese activities, DAQ95C
results have been presented at various industry meetings including the 11th Cotton
Conference and annual CCA meetings. Various articles detailing the SCO e of our
research have been published in the Rural Weekly section of a number of re 'onal
Queensland newspapers. Several radio interviews with the ABC have also been
recorded and broadcast during the last two years' We have also facilitated the
Theodore cotton growers with an Area Wide Management practices. This ou
meets informally, in conjunction with association meetings.



HowthisresearchhasaddressedtheCororati th :
Sustainability, profitability and international cometit' ,
an^I"orpeopleandcommunity? '

The current dependence on insecticides for Henco
cottonindustriesposessignificantrisksintermsofsustai b'I' d "
Theresearchconducted during this projectaimed to d I d
nove approaches to Hencoz, eruaspp. management that would a
soft alternatives to traditional insecticides in a est
project was an integral part of QDPl's new initiative for foster' I
greener industries through the development of inor
Henothis management practices.

ResearchonpotentialnewbiopesticidessuchasN. file 'h a "
preliminary data on how this fungal pathogen ina be devel d d
biopesticide in cotton. If successful the future develo t f N.
provide an alternative controloption for Hencozie a s

Research on additives for NPVbiopesticides has demon tr t d h h
of NPV's can be Tenably increased resultin in b tt Hl'
efficacy. Themcreased performanceofthesebioesticid t}Ir "
additives has resulted in their increased u take as a t ff
synthetic insecticides that has improved the sustainabil't f
and resistance management.

The development offieldpeasasanalternativetra cr '11 I
opportunity for ascochyta leaf blight to enter CQ and thus su tth h' k
industry of which many cotton growers are a artin th I I
effectiveness offield peas as a trap crop would also t f
Hencooerj7a spp. populations and thuslowerinsecticide contr I t .
The microsatelite studies of which this pro^Ct was a art I
our knowledge of Hencooerpn spp. ecology in the local re i . Th kri
developed through this research will be used to eatl nh
ariagement programs with such strategies offerin to ina Hl'
populations in a more sustainable and cost effective manner.

3.



4. Research Methodology & Results
4.1 New Biopesticides -Nomz, me, , 7
4.1. IMethodology

series of experiments wereconducted atv I
Queenslandonirrigatedcottongrownonj go^tcentraj
perormanceandperSistenceofNomz{meanje f. gaete
Spp. oncotton. ppuationsofHelicooerpq

N. ItIcyiisolate EF045 was used '
y ermentation and the spores were harvest d,'ccordin t DPIB. .. P eSWere aTVeSted, processed andformulated

weremi^edwithPTOPar120il(Canex-Ampol)jinm^dj, t, l ' ' icyjSPore^the sus p'' qi(Caltex-Ampol)immediatelypriortoapplicationand
'rOmyardEngja, d). PITmlngisapplicator(Micron,

firstfr th e aterapplication. Larvalsamplesweretake

treat t Se teirhandswithahandcremebetwee
transferredtomdividualartificialdjet' Omeach, j, ,,
e at 25:^IC, 65%RHand12:12photo er' d d .' Cupsand

, , .fileyz, parasitisedorunknowncauseofd h .
Experiment I. Persistence ofN. tileyio" cotton
A laboratory assa was used t
aPliedto t, emitnethepersistenceofN. rileyisporeswhen
asasuspensiOnOflXIO"Conidia/inLin4.0L/ha fp " 'o On plots

'hentransferredfj ,, P Openo for24hours. 301arvaewere
'rimdividualcupandtheirfatedetermined b

Expertme"t2. Field TestN"inberl
This experiment was conducted atths experiment wasconducted at the QDPIBiloelaRe h
500 ' ''"'^/inLN. rileyispores in Propari2at4L/ha, Gemt ''00mL/ha with A rey'SPOreSinPropar12at4L/ha, Gemstar@at
'50Lwater/h, , d ' Ihaappliedwithahydraulicboomat
boomat150Lwater/h, . "PPiewithahydrauiic

o s were arranged in a randomised coin let-bl
thesur d- .P e ya5mbuffer. Nopesticideswereusedon

prior or during the experiment.



Pre~treatment counts deterTinned the larval population density and size structure.
Ten sampling sites were randomly selected across the trial area and at each site I in
of cotton were visually assessed for larvae. For each sample, larvae were recorded as
very small(Vs)less than 3 min in length, small(S) 3 to 7 nun, smallmedium (SM) 7
to 13 mm, medium large (ML) 13 to 23 min and large (L) greater than 23 mm. These
sizes approximated instars I, 11, 111, IV, and V and greater respectively. A collection
of 50 larvae representative of S, and SM size categories was taken to deterThine
species composition and pre-treatment pathogeninfectionlevels.
The treatments were applied early in the morning before 7:00h on December 18,
2000. A north-easterly crosswind of I-3 in/sec was present during the application of
the various treatments. 24 larvae (smalland small/medium, 3-13nun) were collected
from each plottwo days after treatment (DAT) and returned to the laboratory to
deterThine their fate.

Daily maximum and Thinimum temperatures in a Stephenson screen to ether with
Taintall were recorded for the duration of the trial.

Experiment3. Field TestNi, inber2

This experiment was conducted on irrigated cotton (SiCot 189) sown on I in rows
situated near Alton Downs near Rockhampton. The treatments used were the same
as those in experiment 2.

Plots were arranged in a randomised complete-block design with four 25m2
replicates of each treatment separated by a 5m buffer. No pesticides were used on
the surrounding crop either prior or during the experiment.
Pre-treatment counts to determine the larval population density and size structure
were made using the same procedure as for experiment 2. A collection of 50 larvae
representative of S, and SM size categories was taken to determine species
composition and pre-treatment NPV infection levels.

The treatments were applied inid-morning between 9.00 h and 10:30 h on January
11, 200T. A north-easterly crosswind of 2-4 in/sec was experienced during the
application of the various treatments. 30 larvae (small and small/medium 3-13nrrn)
were collected from each plot two days after treatment and returned to the
laboratory for assessment.

Daily maximum and minimum temperatures in a Stephenson screen located at the
Rockhampton airportlocated 20km away. Rainfall was recorded for the duration of
the trial at the property location.

Experiment4. TestofOilVol"me

This experiment was conducted in a field of cotton (SiCot 189) at the same Alton
Downs site used for the second field test. On this occasion N. file i was a lied
using two different volumes of oil at 4 & 8 L/ha. These treatments were again
compared to Gemstar@ (500mL/ha) together with Aminofeed@ (IL/ha) applied
with a hydraulic boom at 150Lwater/ha and a second control of oil applied at
4L/ha.



Plots were arranged in a randointsed coin lete-blo k d
replicates of each treatment separated by a 5m buffer. No t' a
the surrounding crop either prior or during the ex eriment.
The treatmentswereappliedlateintheafternoonbetw 17:00h :
February 11, 2001. A south-easterly crosswind of3-5 in/sec was x ri c a dunn
the application of the various treatments. 30 larvae (,,, nand , all/ ,d' '
13mm) were collected from each plottwo days after treatment and return d o he
laboratory for assessment.

Daily maximumandminimumtemperaturesinaSte hens I
Rockhamptonairportlocated20kmaway. Rair^allwas d df
the trial at the property location.

Experiment5. Test of Spore Rates

This experiment was conducted in a field of cotton (SiCot 189) at the QDPI Bil ela
Research Station. The treatments were, Nomt, man ini d ' h P
Ampol) to make a suspension of I x 10/3 conidia/inL and 2 x 10/3 co idi L b h
^PPIied at 4.0 L/ha, G^instar@ (500mL/ha) together with Aminof^^d@ IL ha
applied with ahydraulic boomat150Lwater/ha and acontrolofP Iat4L/ha. poiappie

Plotswerearrangedinarandorntsedcomlete-blockd 'h 2
replicates of each treatment separated by a 5m buffer. No e ti'd
the surrounding crop either prior or during the ex eriment.
Pre~treatment counts determined the larval population densit d
collection of 50 larvae representative of S, and SM size t
determine species composition and pre-treatment NPVinfection I I.
The treatments were applied early in the morning before7:Ooh on Ia 4, 2002.
easterly crosswind of 1-2 in/sec was present during the a Iication ofth
treatments. 30 larvae (smalllarvae3~7mm) werecollected from each lott da s
after treatment and returned to the laboratory as described ab . L
collected outofthefirst, thirdandfifthrowofeach lot, I th
fourth rows for field assessments of larvae densities.

The proportion killed wascorrectedforcontrolmortalit Abb
The treatments were then compared using Genstat version5. D t
to logits of proportion dead with binomial errors. Si ificant d'ff
using linear regression and pairwise tests.

The plots were re~treated againfour days after the initial a I' ti
Visual counts of Hencooeipa spp. larvae on the cotton I t
randomly selected I in lengths of row of cotton Iants in h tr
days after the first application/ 6 days after second a Iication. The
and squares of the upper two thirds of the plantscano we h df
larvae and the flowers and bonst}IToughoutthe Iants wer I
larvae. Larvaewererecordedassma112-loinm, medium11~20 dl



Daily maximum and minimum temperatures in a Stephenson screen together with
Taintall were recorded for the duration of the trial.

4.1.2 Results

Experiment I. Persistence ofN. fileyi on cotton

N. ItIcyispores were reasonably persistent on cotton foliage under field conditions
and caused mortality for up to 72 hours after application (Fig4.1.1).
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Figure 4.1. I Residual activity of Nom"roan filey on cotton under field conditions
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Experiment2. FieldTestNt, inbe71

At the time of treatment, Hencooerp" spp. infestation levels across the trial site
averaged 0.9 ^ 0.23 larvae/in2 with 100% of larvae in the Vs - S size range. H.
glintger, I made up 98% of the Hencooerp, I spp. present during the pre-treatment
collection of larvae on 170ctober 2000 and no NPV or N. fileyi wasrecorded. By the
time of collection 48 hours after application the larvae were small(7mm or under).
NO N. Ineyiwasrecorded in pre-treatment collections, nor at 2 DAT in any plots not
treated with N. tileyi. A small amount of rairLfall was recorded approximately 12
hours after treatment application which was followed by high ambient relative
humidity of >90% and heavy morning dews(Table 41.2).

The percentage infection rates of the different treatments in collected Hencooerj?a
larvae are given in figure 4.1.2 The application of N. fileyi resulted in moderate
infection levels in the larvae collected and grown out on artificial diet. The mean
mortality caused by N. fileyi was significantly lower (P<0.05, LSD 5.50) than that
caused by Gemstar@. The application of Gemstar@ also caused moderate mortality
levels within the larvae collected and grown out on artificial diet. A higher
proportion of larvae ir^ected with NPV died during the third instar compared with
those infected with N. fileyi whose mortality levels peaked during the fourth instar
(Tanle 4.1. I).
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96 168
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Fig. 4.1.2. Mortality of Hencooerpa spp. larvae collected from treatment plots sprayed with
Gemstar/Aminofeed@ & Nom"mearileyi. NO NPV orNom"mea infected grubs were found in
the control plots. Treatments with the same letter are not significantly different.

o

Table 4.1. I. The percentage larvae that died during each developmentsta e.
Treatment % diedas2"d % diedas3"d % diedas4th % diedas5th

Tristar Tristar Tristar Instar

4.5 32.0 59.0 4.5

24.0 74.0 2.0 o

a

Control

Nomuraea

Gemstar

Nomuraea

Biopesticide Treatment

Table4.1.2. Daily maximum, minimum, average temperatures ('C) and rainfall(mm)
at Biloela Research Station during the trial.

Date 20 Dec

Maximum 34.4

Minimum 17.7

Average 26.0

Evap RH% 96

Rainfall o

Gemstar

Experiment3. Field TestNz, inber2

At the time of treatment, Hencooerpq spp. infestation levels across the trial site
averaged 5.7 :^ 0.42 larvae/in2 with 44% of larvae in the Vs - S size range. H. grinigera
made up 72% of the Hencooerpn spp. present during the pre-treatment collection of
larvae on 11 January 2001. All of the larvae collected 48 hours after application were
of a small medium size (5-13nrrn or under). No rainfall wasrecorded between when

18 Dec

29.6

14.2
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100
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the treatments were applied and the field collections of larvae were made (Table
4.1.3).

Table4.1.3. Daily maximum, minimum, average temperatures ('C) and Taintall(mm)
at Alton Downs during the trial.

Date IIJan 121an 131an
Maximum 30.8 33.9 32.9

Minimum 19.8 17.4 15.9

Average 25.3 24.7 23.9

EvapRH% 73 69 73

Rainfall 0.0 0.0 0.0

Larvae mortality due to the two treatments and control are 'ven fi re 41.3. No
NPV or N. fileyi was recorded in pre~treatment corrections. The a Iicati f
N. fileyi resulted in very low ir^ection levels in the larvae collected and maintained
on artificial diet. The application of Gemstar@ gave moderate ir^ection levels withi
the larvae collected and grown out on artificial diet. The ina'ont of larvae infected
with both NPVand fungus died during the third instar.
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Fig. 4. Z. 3 Mortality of Hencooerpa spp. larvae collected from treatment lots s ra ed 'th
Gemstar/Aminofeed@ & Nomt, r@ea tileyi. NO NPV or Nom"men infected grubs were found in
the control plots. Treatments with the same letter are not significantl different.
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Experiment4. Test o10ilVolt, me

The results from this trial were inconclusive. Treatment effects were hi hl variable
across each replicate which suggests significant cross~contarntnation between
treatments either during application or larvae collection. Overall, treatments
infection levels were low NPV (>30%) and Nomt, man rileyi(>10%). The crop used for
the trial was also overgrown and conditions were hot and dry. This ina have
contributed to the poor treatment responses recorded.

Experiment5. Test of SporeR"tos

At the time of treatment, Hencozierpa spp. infestation levels across the trial site
averaged 5.5 :^ 0.52 larvae/in2 with 75% of larvae in the Vs ~ S size range. H. ,17migerq
made up 96% of the Hencooerp, I spp. present during the pre-treatment collection of
larvae on 4 January 2002. NO NPV or N. fileyi was recorded in pre-treatment
collections. All of the larvae collected 48 hours after each application were of a small
medium size (7-13nrrn).

Table 4.1.4 Daily maximum, Thinimum, average temperatures ('C) and rainfall(min)
at Biloela Research Station during the trial.

Date 4/1 511 611 711 811 911 Toll 1111 12/1 13/1 14/1
Max 34 30 32 32 31 33 34 35 35 36 38
,C

Min

.C

Mean

Evap
RH%

Rain 3.0 1.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0
(min)

18

26

100

18

24

100

21

Larvae mortality due to the three treatments after correction for controlmortality are
given in figure 4.1.4. The time to death differed between larvae collected from lots
treated with NPV and those treated with Nomi{Inea fileyi. Larvae collected from virus
treated plots began to die at 4 days after treatment, with most larvae d in between
4 and 8 days after treatment. Larvae collected from Nomi, roan file itreated lots
began to die at 6 days after treatment, with the majority dyin between 7 and To
days after treatment.

There was a signiticant treatment effect on total mortality of larvae collected from
different treatments. Antreatments were significantly different from each other (fig
4.1.4). The most effective treatment was Gemstar, with a mean of 73% mortality. This
was significantly better than either Nomi{me, ! fileyitreatments, with a mean of 51%
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and 32% mortality at 2x1013 and Ix1013spores/ha respectively.
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Fig, ,re 4.1.4. Mean total number of larvae er metre
Treatments with the same letter are riotsignificantl different.

Gemstar ULV

Therewasnosignificantdifferencebetweenanytreatmentsandco tr I b
of larvae in each of the separate size classes (small, medium, large) counted at 10
days after first treatment/ 6 days after second application (table 4.1.5). However,
analysis of variance of total number of larvae in all size classes show d th t NPV
had a significant effect, reducing the mean number of larvae fr 3
controlplots to 2 per inch^ in the NPV plots (fig. 4.1.5).
Table4.1.5. Meannumberoflarvaepermetrerowb treatment, 10d f f'
application and 6 days aftersecond application. Treatments with the same I tt
not significantly different.

Treatment
Mean number of larvae/in

Medium Large
1.32d 1.2e

0.88d 0.76e

1.36d 1.24e

1.32d Ie

Gemstar

conventional

Treatment

C

Nomuraea 2 x 10'' Nomuraea I x 10''

Control

Gemstar

Nomz!1'00, I2 x 10/3

Nomz, roan Ix 10/3

with different treatments.

Neither of the Nomt, Taeatreatmentsshowedasi 'ficantdiff 11
numbers from control. This may have been due to o0r control, 0 'bl d
climate, or dose, or coverage, but may also be affected b the date of r d'
Counts of larval numbers were taken at 10 days after firsttreatment a d 6 d f
repeat application. Records of time to death show that larvae U t d f
Nomiirae@ treated plots only began to die at 6 days, with the ina'ont d i b t
7 and 10 days after treatment. In comparison, viral deaths be an t 4 d f
treatment and most larvae died between 4 and 8 da s after treatm t. It ' h

Small

0.56c

0.28c

0.88c

0.48c

All sizes

3.08a

1.92b

3.48a

2.8a



possible that counts of larval numbers at 6 days after second application
underestimated the eventual mortality from Nomt, me, I, but would have included
some of the larvae killed by the second application ofNPV.

4.2. Additives To Improve Biopesticide Performance

4.2. I. Methodology

A series of experiments were conducted at the Biloela Research Station on irrigated
cotton (SiCot 189) grown on I metre rows with sub-surface drip irrigation during
2000-02. A series of assays were conducted during this period to investigate the
performance and persistence of NPVs when used with differentliquid additives on
cotton.

A standard method was used to assess the persistence of Gemstar when used with
different additives. This method will be referred to as a Field Based Laboratory
Assay. This assay was used to assess the presence of virus on sprayed leaf surfaces
for increasing time periods after an initial application. For each assay, twelve leaves
were sampled from each treatment plot at 12 hourly intervals from 0-96 hours after
application. The leaves for these assays were sampled from the terminals of the
plants as this canopy section was fully exposed to sunlight throughout the day.
Upon return to the laboratory, each sample of leaves was divided and 4 leaves were
placed into individual disposable plastic containers (750 inL). 30-40 Hencooerp, I
grinigera neonates were then introduced into each container. The larvae were leftto
feed at 25 ^ I'C, 65% RH and 12:12 photoperiod untilthey had become satiated (24-
36 hours later). 30 larvae were then transferred from the leaves for each treatment
replicate and placed onto artificial dietin 28 inL plastic portion cups with 8 pin holes
in each lid for ventilation. Only larvae that had fed on the upper leaf surface were
transferred to artificial diet as this leaf surface had been exposed to the maximum
amount of sunlight whilst in the field. Larvae were then grown out and their fate
determined :- healthy, NPV, or unknown

Antreatment results were corrected for control mortality using Abbott's formulae.
The data was then converted to probits and the values of each slope and intercept
were checked in Genstat 5 (Payne at at. 1989) after pooling the replicates for each
experiment.

Experiment I. Ami"ofeed@As AllAdditioeForNPV

This first experiment was conducted to quantify the potential benefit of using
Aminofeed as an additive for NPV under central Queensland conditions. Two
treatments of Gemstar@ (500 inL/ha) together with Aimnofeed@ (IL/ha) and
Gemstar@ (500 inL/ha) alone, were applied to cotton plots (20 in long x 3 rows
wide) at 6:00a. in on 15 November 2000 together with an untreated control.
Treatments were applied with hand held hydraulic equipment equipped with 0.02
110 flatfan nozzles operated at 3 bar delivering 150 L water/ha. Each treatment was
replicated three times. Leaves were then collected from the plots for 0-96 hours and
exposed to larvae as per the Field Based Laboratory Assay protocol outlined earlier
Weather conditions during the trial period were predointnantly sunny with daily
maximumsvaryingbetween32-36'C.
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E^pertinent2. Ami"of^^do, NPVA"dAj, pit, "ti, " Tm^ OfD, ,
A common concern for NPVs usage is theirra id breakd d
alkaloidsonleafsurfaces. Giventheintensit of trl I
season, this experiment was conducted to test whether or tth
application takes placemakesadifferencetothe erfor fG
used with Aminofeed@on cotton.

Gemstar@ (500mL/ha)togather with Aminofeed@ (IL/ha) was ^ had . co on
plots (20 in longx 3 rows wide) at 600 a. in. , 12:00 p. in. and 600 .in on 10 Decem er
2000 using the sameapplicationmethod and e ui t I'
were againsampled from the plots and exposed to larvae h
Laboratory Assay protocol. Weather conditions du ' th
predominantlysunnywithdailymaximumsvar in betw 30-34'C.
Experiment3. Ami"ofeed@ gildsilic" Shall, s JIS additioesforNPV
Liquid Silica Sharps is a product currentl b ' d I
Technologies Australia Pts? Ltd as a potential additive for th '
spray products and as an additive for conventional insecti 'd . Th
create a microscopic layer of razor sharp pieces of silicate t ' I
surface. This productservestoirritatetargetinsectsb d h
asthey move aboutthe plant. The product also serves to d h
and stomach linings of the insect upon ingestion. We t t d h
including this product with Gemstar@ and Aimn f do h
abrasive qualities of the product may increase infection tlir h '
to the gutlining of larvae.
The treatments were:

Gemsta^@(500mL/ha) &Aminofeed@ (IL/ha)
2. Gemstar@ (500 inL/ha), Aimnofeed@ (IL/ha) &Liquid Sinc^Shar s IL ha
3. Water/Aminofeed@control.

Plots were arranged in a randomised coin lete-block d 'h
replicates of each treatment separated by a 5 in buffer. No e ti'd
the surrounding crop either prior or during the ex eriment.
Pre~treatment counts determined the larvalpo ulationden 't d
collection of 50 larvae representative of smalland small- d'
taken to determine species composition and pre-treatment NPV 'of
treatments were applied before 9:30 a. in. on Januar 11, 2001. A h-
crosswind of I-3 in/sec was experienced during the a Iication of th v r' u
treatments. Two days alter treatment (DAT), 30 larva^ (small medium 7-13
were collected from each plot and transferred sin ularl t t'f" I
were returned to the laboratory and held at 25 :^I'C, 65% RH d 12:12 h
to determine theirfate - healthy, NPV, parasitised or unkri

I.



Experiment 4. Laboratory Assessment of Aminofeed@, Aminofeed UV@, Mob, ,it@
gild Coatoit ILP@ JIS additiziesforNPV

This experiment wasconducted to compare Aminofeed with Aminofeed U\/, Coaton
and Mobait as additives for NPV under central Queensland conditions. Treatments
of Aminofeed@ (IL/ha), Aminofeed UV@ (IL/ha), Coaton LFO (2 L/ha) and
Mobait (250 inL/ha) were combined with Gemstar@ (500 inL/ha) and applied to
cotton plots (SiCot 189) at 6:00 a. in using 100 L water per hectare on 27 November
2001. An un-sprayed control and treatment of Gemstar@ (500 inL/ha) alone were
also applied for comparison. Each of the treatments were replicated four times
within a randorntsed block experimental design. Leaves were sampled from the
plots and exposed to larvae using the Field Based Laboratory Assay protocol.
Weather conditions during the trial period were predorninantly sunny with daily
maximums varying between 31-35'C.

Experiment 5. Field Mortality assessment of Aminofeed@, Aminofeed in/@,
Mobait@ grid Coatoiz ILP@ JIS additioesfor NPV

Treatments of Aimnofeed@ (IL/ha), Aminofeed UV@ (IL/ha), Coaton ILP@ (2
L/ha) and Mobait (250 inL/ha) were combined with Gemstar@ (500 inL/ha) and
applied to cotton plots at 5:00 a. in using 120 L water perhectare on 6 December 2002.
An un-sprayed control and treatment of Gemstar@ (500 inL/ha) alone were also
applied for comparison. Each of the treatments were replicated four times within a
randomised block experimental design. 4-6 small (>3mm) Haltcooerpq glintgerq
larvae were presentin the crop at the time of application.

30 larvae were field collected from each treatment plot48 hours after application and
transferred onto artificial diet in 28 inL plastic portion cups with 8 pin holes in the
lid for ventilation. Larvae were then grown out in a constant climate laboratory at
25 :!= I'C and their fate deterTinned. Data was corrected for control mortality using
Abbots (1925) formulae and subject to ANOVA using the Genstat 5 computer
program (Payne at at. 1989) with LSDs calculated to determine treatment differences
at P<0.05. Weather conditions during the trial period were predominantly sunny
with daily maximums varying between 31~35'C An evening shower of rain in which
4 mm fell occurred 36 hours after application.

Expertme"t 6. Effects of Aminofeed@, Errtiirofe, ,st@ and Pre4feed @ o11 Hencooerp, I
spp. outposttio, I.

The experiment was conducted in the centre of a 2 ha field of subsurface drip
irrigated cotton (SiCot 80) sown on I in rows. No pesticides were used on the
surrounding crop either priorto or during the experiment.

The treatments were Aminofeed@ applied at I and 3 L per hectare and Predfeed &
Envirofeast applied at 2.5Kg per hectare respectively. An untreated controlwas used
for comparison. The treatments were applied to plot 10 rows wide by 40m in length
Each treatment and controlwasreplicated 4 times.

On each occasion the treatments were applied either early in the inorriing before
09:00 or late in the afternoon after 16:00. The treatments were applied on 6, 13, 19, 24,
30 March and 4 April2002.
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The density of Hencooerpa spp. eggs and larvae were checked every several days
throughoutthe trial period. To ascertain Hencozierp, ISPp. densities in each treatment,
four I in lengths of row were selected randomly per plot(16 samples per treatment
per sample interval) and at each site the plants where visually searched for
Hencooerj?, I eggs and larvae.

Beat sheet sampling was used to assess the presence of beneficial insects at weekly
intervals during the trial. The sheet used was 1.5m wide by 2mlong and made from
yellow canvas. A 2511un diameter piece of timber dowel(1.5 in long) was fixed to
each end of the sheetto preventthe endslifting in the breeze. Samples were taken by
placing the sheet behind the cotton plantsto be sampled, along the inter-row and up
over the adjacent row of cotton to create a 'wall' to catch flying insects. A one metre
long stick made of plastic conduit was then used to shake the predators of I in of
row onto the sheetfor assessment. The cottonbushes were then shaken several times

from the base of the plants to the top. Insects were then assessed quickly before
flying off the beat sheet. Four I in lengths of row were selected randomly per plot
for beat cloth sampling (16 samples per treatment per sample interval) every 6-8
days during the experiment.

Insect count data for each sampling date were subjectto ANOVAs using a Genstat
computer program. Least significant differences were calculated to determine
treatment differences at P<0.05.

4.2.2 Results

Experiment I. Ami"ofeed@AsA, IAdditioeForNPV

The effect of Gemstar@ with and without Aminofeed@ on larvae mortality over time
is given in Figure 4.2. I. Regressions for the data (excluding data for Ohrs) and a
comparison of slopes indicated no significant differences between treatrnent slopes
but a significant difference (P<0.03) for slope intercepts. What this suggests is that
Aminofeed@ delayed the onset of the viruses decline on the cotton foliage for a short
period of time which in this case was 24 hours, before then proceeding to decay at a
similar rate as for Gemstar@ applied alone. The netresult of this process was greater
persistence of virus as indicated by higher larvae mortality over time (Fig 4.2. I).

Expert, ?lent2. Ami, toy'eed@, NPVA, I, IAPplic, Ittoll Time Of Day

The effect of each treatment being Gemstar@ and Aminofeed@ applied at 06:00,
12:00 and 18:00 hours on the rate of larvae mortality over time is given in Figure
4.2.2. Regressions for the data (excluding data for 011rs) and a comparison of
treatment slopes and their intercepts suggested that time of day that the treatments
were applied had no significant effect on the persistence of Gemstar@ whether it had
been applied during the morning, noon or night. Figure 4.2.2 shows that the virus
was viable on the leaves for a considerable period of time and that mortality
dropped off more rapidly after the first36 hours,

23



100

,~

Be

^,
co
^
o

^ 60
co
to

^

. 40
CG

S-
g:
o
Q
.=

a:

^

80

24 36 48 60

Tire After Application (Fburs)

Figt, re 4.2. I. Mortality of Hencooerpa neonates exposed to NPV-treated foliage weathered in
the field for increasing periods of time. There was a significantincrease in larvae mortality
when Aminofeed@ was used with Gemstar@.
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Fig, ,re4.2.2. Mortality of Hencooerp@ neonates exposed to NPV-treated foliage weathered in
the field for increasing periods of time. There no significant difference between applications
made at 6:00 a. in. , 12:00 p. in. and 6:00 p. in.

Experiment3. Aminofeed@ gild Silica Sharps JIS additioesforNPV

The Hencooei7?, I complex present in the field at the time of application consisted of
88% Hencotierj?" grinigern. The effect of the treatments on larvae mortality is given in
Figure 4.2.3. In this experiment the addition of silica sharps with Aminofeed@
resulted in significantly reduced (P<0.05)infection levels compared to Aimnofeed@
and Gemstar@ alone.
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Figure 4.2.3. The percentage larvae mortality of Hencooeip@ collected from cotton plots
sprayed with Water/Aminofeed (control), Gemstar/Aminofeed (Gemstar) and
Gemstar/Aimnofeed/Liquidsilica Sharps(Gemstar/Sharps)

o

Experiment 4. Laboratory Assessment of Aminofeed@, Aminofeed in/@, Mob, lit@
gild Coato, ,ILP@ JIS additiziesforNPV

The effect of each of the additive treatments on larvae mortality over time is given in
Figure 4.2.4. Regressions for the data (excluding data for O firs) and a comparison of
slopes suggested no significant differences between each of the treatments.
However, a comparison of treatment slope intercepts suggested that Aminofeed
UV@ had a significantly different(P<0.01)interceptto all of the other treatments. In
this experiment the addition of Aimnofeed@ did not provide a significant response
(P>0.11) compared to Gemstar@ alone. Whatthe results suggest is that Aminofeed
UV@ initially delayed the onset of the viruses decline on the cotton foliage before
then proceeding to decay at a similar rate as for Gemstar@ applied alone. This
resulted in an overallincrease in persistence as indicated by larvae mortality (Fig
4.2.4). The original formulation of Aminofeed@ in this experiment did not provide
the same level of persistence as recorded in earlier experiments. However,
conditions during this experiment were warmer and dryer than in previous tests.
Coaton@ and Mobait@ did not provide a response that was differentto Gemstar@
applied alone in this experiment.

Control Gemstar

Biopesticide Treatments

Gemstar/Sharps
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Figure 4.2.4. Mortality of Hencozierpn neonates exposed to foliage treated with Gemstar@ and
various additives that have been weathered in the field for increasing periods of time
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Experiment 5. Field Mortality assessment of Aminofeed@, Aminofeed try@,
Mob, ,it@ grid Coato, I ILP@ as additit, color NPV

The effect of the treatments on larvae mortality is given in Figure 4.2.5. In this
experiment the addition of Aminofeed@ resulted in significantly higher levels of
infection (P<0.05) in field collected larvae than did Gemstar@ alone. The addition of
Aminofeed UV@ produced the highest irffection levels which were significantl
better (P<0.05) than Aminofeed@ and Gemstar@ alone. In this experiment the
addition of Coaton ILP@ and Mobait@ did notimprovethelevelofinfectionb NPV
compared to the application of Gemstar@ alone. However, Mobait@ was applied at
250mL/Ha in 120L of water which according to the label(that recommends a 2.5%
application concentration) would have been 17% lower than the reconunended rate.
This reduction in the applied rate may have affected the efficacy of Mobait@.

A comparison of the rate at which larvae succumbed to viral infection afterspraying
suggeststhatmortality occurred more rapidly in the Aimnofeed treatmentsthanfor
Mobait@, Coaton ILP@ and Gemstar@ alone (Fig4.2.6).
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Experiment 6. Effects D/Ami, 101eed@, Eizz, frofe, zst@ and Pre, !feed @ o11 Hencooerp, ,
spp. outposttioiz.

Trends in the number of Hencooerj?, zspp eggs is given in figure 4.2.7 which suggests
little difference in the mean number of eggs per metre row in each of the treatments;
and indeed, ANOVA's for egg numbers on each sampling date showed no
significant difference (P>0.05) in egg numbers between each treatment and the
control throughout the experiment. Hencozierj?q spp. larvae were present in in-
sufficient numbers to make meaningful assessments of their densities in response to
each of the treatments.
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Damsel bugs, ladybirds and spiders were the only frequently abundant beneficial
insects found during the experiment and trends in their numbers is given in figure
42.8. ANOVA for damsel bug numbers suggested that each of the food spray
treatments increased the number of predators significantly (P<0.05) compared to the
unsprayed control during the first half of the experiment (Fig 4.2.8). However, there
were no significant differences (P<0.05) between each of the treatments and the
controlfor ladybird and spider densities (Fig 42.8).
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4.3. Trap Crops for Hencoz, eru, , spp.
4.3. I. Methodology

Spring Trap Crops

A replicated experiment was conducted on the Biloela Research Station, c tr I
Queensland (24'22'S, 150'06'E). The legumes Popani vetch, Namoivetch, Field eas
and Chickpeas were planted during the first week of July 2001 on I in rows in the
centre of a 10 ha field of wheat. The treatments were arran ed in a random' d bl k
design with four replicates. Treatment plots were 400m2(20 rows x 20 in) with each
plot being surrounded with 10 in of buffersown to wheat on each side.

Hencozierj?a spp. were abundant during the experiments. H, ,17migern (Htibner) was
the dominant species, with only low numbers (<30%) of H, PI, nctigera (Wanen en)
observed. Counts of Hencooerpq spp. eggs were made on 4 randomly selected I in
lengths of row offonage in each treatment replicate. The folia e for each sam Ie was
destructiveIy takenfromtheplots andsearched thoroughl for Hencooe JIS . e s.
Hencooerpa spp. larvae were also assessed during the experiment usin a beat sheet
method on 4 randomly selected I in lengths of row of folia e in each treatment
replicate. The plots were sampled regularly for Hencooerj?@ spp. eg s and larvae
throughoutthe experiment.

The fate of Hencooerj?, I spp. eggs laid on the chickpeas and field eas were also
investigated during the experiment. This involved tagging 110 newl laid e s in
each treatment replicate and then re-visiting the eggs every day to determine ifthe
had hatched or disappeared (presumed eaten orfallen off the plants).
Count data for Hencooen?, I spp. eggs and larvae at each sampling date were anal sed
using a repeated measures ANOVA with the Genstat version5.0 coin uter ro am
(Payne at at. 1989). Differences between treatments (P<0.05) on each samplin date
were determined with the leastsignificant differences.

111-Field Early Season Trap Crops

A replicated experiment was conducted to investigate the usefulness of an earl
season in-field trap crops in cotton. The experiment was conducted on a commercial
cotton property near the township of Biloela, central Queensland. Trap crops of
chickpea, chickpea Tmxed with inungbean, chickpea mixed with ni er and a control
of cotton were planted during the first week of October 2000 on I in rows. The
treatments were arranged in a randorntsed block design with four re 11cates.
Treatment plots were 420m2(6 rows x 70 in) and were planted down the centre of a
40ha field of commercial cotton. The adjacent cotton cro on each side was in t d
at the same time asthe trap crop rows.

The crop was checked for Hencozierp, I spp. oviposition activity during the first ten
weeks of the crop. The aim of sampling the cotton crop ad'acent to the tra CTo
rows was to try and detect a gradientin Hencotierp, I spp. egg numbers that ini ht
suggest a sink effect associated with the trap crop rows.
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Hencooerp, I spp. were scarce during the experiment. Only one major oviposition
event occurred during the experiment from which data could be collected. On this
occasion, three Tin samples of cotton row were checked for eggs at increasing
distances (adjacent rows I, 2, 4, 8, 16, 32, 64 & 130) from the trap rows for each
treatment replicate (96 samples per treatment). The data was collated and entered
into a spread sheet and used to create a chart. No statistical analysis was applied to
the data as no obvious trends were apparent within the data gathered during the
experiment.

4.3.2 Results

Spring Trap Crops

Chickpeas had significantly (P<0.05) more larvae from late Augustt}ITough untilthe
end of September (Fig 4.31)that would suggest that chickpeas attracted significantly
higher numbers of Hencoziei7?a spp than the other three species. However, the
number of eggs found suggested a different response with field peas attracting far
greater (P<0.05) egg-laying activity than chickpeas (Fig 4.3.2). The field peas carried
on average 50-70 eggs per metre row for most of September, the period for which a
trap crop needs to be most attractive for CQ conditions.
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mix inungbeans and chickpea mix niger, the trap rows of each treatment appeared to
have increased egg density on the directly adjacent first row of cotton, before
declining in density by rows 4-8 and then increasing by row 16. There appeared to
be no additional effects beyond row 16 rows of cotton. The rows beside the cotton
control had elevated numbers of eggs for the first 4 rows before plateuing for the
remaining rows.
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4.4. Henothis Movement andLocalRecruitment Ecologyln CQ

4.4. I Sampling Methodology

The sowing of chickpeas from May onwards during winter and growing of cotton
and grains such as sorghum and inungbeans from September through to April
provides a significant opportunity for Hencooei77q glintgern to cycle continuously
within the farming system. In an effortto try and measure the extentto which such
cycling may be occurring an extensive sampling program was coriumenced in July
2000 in collaboration with the Centre/by Identification grid Diagnostics at the University
of Queensland. The main aim of the sampling strategy was to sample H. glintgerq
moth and larvae from as many host crops as possible across the region throughout
the year to try and ascertain the profile of local populations. This involved collecting
H. grinigerq from commercial dryland chickpea crops between the months of May
and September, chickpea trap crops in August and September, Cotton from
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eptember to March and summer
pingprogramwastocaptureH. "r ' "ritentofthe
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4.4.2 Results
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5. General Discussion.

5.1 New Biopesticides -Nomz, me, I fileyi
N. rileyi, spores werefound to be reasonably persistentoncottonfolia e and d
mortality for up to 72 hours after application. This result coin ared wellwith NPV'
that degrade more rapidly.

The application of N. fileyiin oilto HeItconerp, I spp. in cotton resulted in si if' t
levels of larvae infection in most experiments, giving coin arable res onses t NPV
(Figs 4.1.2 & 4.1.3). However, not dis^jinilarly to NPV's the res onee from N. tire i
varied considerably and irisome experimentsresulted in lower nitection level.

It should be emphasised that each of the experiments re orted were r I'
The main aim was to provide preliminary data on efficac in cotton art f
development and there is significant potential to improve erformance t}Ir h
improved coverage and increased rates. However, the experiments re orted here
have highlighted a number of considerations that re uire further i ti t'
concerning the use ofN. fileyias a biopesticide.

The cause of variable responses observed in some experiments ina have been d
to dosage, coverage or environmental factors. Free moisture from rainfall and hi h
ambient relative hurntdities were recorded during the occasions where N. I
performed wellin field tests. Alternatively dry conditions with low a b' t
huntdities were present during the less successful experiments with N. I, ile i. Tm
suggests that moisture and relative humidity may have an jin act the OSt-
application activity of N, fileyiin cotton. The application of fungal spores in oil has
been shown to overcome the effects of relative hurntdity with Metarhizium on
locusts with significantirLfection being recorded at hurntdities as low as 35% (Loiner
eta1. , 1992). Further research is needed to address gapsin the knowled e with re ard
to humidity and to perhapsidentify better oilsthan Propar 12 for formulation.
The lastfield experimentshowed a significantdoseres onsewithth d
application of spores resulting in improved efficacy. This result su ests that the
performance of N. rileyimay be improved with increased a Itcation rates ofs or
per hectare. A higher rate of N. rileyishould be tested in further trials.

Larvae collected from the field took a several days to die from infection b N. I
(6-10 days), with larvae reaching later instars before death in some trials. Trials in
inungbeans have shown that increased rates can decrease mean time to d th
(Hauxwell, Holdom and Grundy, unpublished). However, time to death is likel to
be longer than withNPV, and must be considered when considerin control.
N. fileyihas shown considerable promise as a bio esticide in the ex t
reported here. Future research will focus on improving the covera e and rate f
application as well as investigating environmental effects such as cano closure,
humidity and Taintall.
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5.2. Additives To Improve Biopesticide P f
Thedatafromtheseexerimentss "b -- .PrimentSstronglysuggestthattheuseofadditivesiS
andAminofeedUV@werebothfoundtocon't I '
mortality compared to when Gemstar@ was used alone. It'
these additives improve the performance ofGe t @ I
servetoboth, ,, t, ,tth, ,iru, fromthefield, ,, i, , '
ingestionbylarvaeafterapplication "'
Applications of NPV and Aminofeed@ at inor ,
suggestedthatthereislittleadvantaeinmaki "

Ing exposure to U. V light. Instead application sho Id fPOSure o ight. Insteadapplicationshouldfadeuatecov OCusonensuring
NPV'sincotton eperormanceof

esearchontheeffectsthatAminofeed@ina have Hl' "
cotton suggested that neither Aminofeed@, Predf d@
significant effect on the rate of oviposition recorded ' f' Id
pressurewaslowduringtheexperiment. However, it b "
lessb d beingspp. duringaperiodwheremothswere
to a situation where very high numbers of ovi OSit' h
competing for a Iirntted food source which in this ca
cotton. ysmaieldof

Each of the food spray treatments did increase th b
plots compared with the un-treated controlduri th f'
suggesting that each product may be useful for
P df d y an spierstendedtobemoreabundantjnthe
treatments. ynoeother

5.3. Trap Crops for Hencoz, eij7, , spp.
satrapcropisintendedtoattractanddiverte I Hl' ,
peaswerefoundtooutperformchickpeasinthjs I
eggs. Asanaddedbonus, incontrasttochick ,f'Id '
populationsofpredatorssuchasladybeetlesandlac .11'1 '
wouldovercometheascochytadiseaseriskcurrentl '
CQ. The lackofHelicooerpnspp. activityinthetwoveth P h
are poortrap crop candidates, however it does bod 11f
perspective forthislegume's use as a greenmanure cro d
esearch on the use offield peasis continuin under a
e attemptto use chickpea, chickpea mixed with in b

with niger as an in-field trap crop in cotton had littl ff
oviposition. Duringtheoriesignificantovipositionev t, th "
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to have a negligible effect on the adjacentcottonrowsfrom an econorntc perspective.
The only reduction observed was restricted to within the first 16 rows and even
within this area, the actual reduction achieved was not sufficient to gain econointc
control. Such ariapproach is unlikely to succeed undercurrent agronomic conditions
and hence no further experiments were conducted.

5.4. Henothis Movement and Local RecruitmentlEcology In CQ
Although preliminary in that the results are only based on the first 12 months of
samples, the Tmcro-satellite data is strongly suggesting that the Hencooerp, I armigern
population within the Dawson Callide region is largely locally recruited. This result
has several implications for the management of H. grinigera if continued sampling
within the Dawson Callide demonstrates a consistent trend towards local
recruitment.

Insecticide resistance management within the Dawson Callide would be of greater
importance as part of an area wide management program where a H. grinigera
population is locally recruited. Greater emphasis should be given to a resistance
management strategy for both cotton and grains particularly for newer chemistry
such as Steward@ (indoxacarb) that may come under increasing pressure due to
widespread use in chickpeas, cotton and inungbeans. Such products deserve careful
consideration withinfuture resistance managementstrategies.

Increasing H. armiger" mortality in both cotton and grains using sustainable soft
options such as NPV's should be a second consideration for an area wide

management program in the Dawson Callide region. NPV's would be besttargeted
on H. grinigern populations in winter chickpeas, summer grains and early season
cotton where the efficacy of these products is often adequate for control. Early
season controlthresholds should perhaps be evaluated and NPV's instead used on
what would be considered to be sub-threshold populations that would otherwise
survive and contribute to later populations. Early season H. grinigera thresholds
perhaps need to be more dynaintc with respect to considering potential future
generations rather than dealing with this pest as a series of un-related discrete
outbreak events.

The third implication relates to the management of the farming system so as to
disadvantage H. ,Ifmiger, I populations via Area Wide Management. Samples taken
from both chickpea and pigeon pea trap crops for micro-satellite analysis have
indicated that the populations are the same as those collected form cotton and
commercial chickpea. This suggests that the trap crops are indeed attracting a
proportion of the populations that are emerging from winter chickpeas and late
summer cotton. With further sampling it may be possible to ascertain the relative
proportions that are being attracted to and destroyed in the trap crops currently
grown.

Future research at CID will determine the extent of Tingration within the Dawson
Cantde valley. Since current collections have been limited to a short time period, it
essential that further analysis and increased sampling be continued to further



identify the genetic structure of populations with the Dawson Callide valley in
comparison with other regions. Several more years of data will be required to
determine whether ringration trends observed to date are typical. It is also unclear
whether the rates of genetic change over time are normal, and the result of
evolutionary pressure. The following year's data will help to determined what is
driving this change.

38



6. The likely impact of the results and conclusions of the research
projectforthe cotton industry.

The novel options investigated during this project offer to provide alternative
control options for Hencooerpa spp in the futtire and reduce insecticide dependence
Some of the research reported here is of a developmental nature and thus is not yet
ready for immediate implementation within the cotton industry. However, the
currentstudy hasshown that

. Nomt!mea fileyihas the potential to be further developed as a biopesticide for use
in cotton. Further research and development is being conducted by QDPl and
GRDC.

The use of additives such as Aminofeed@ have been shown to consistently
improve the performance of NPV biopesticides by 10-20%. Given that the cost of
this additive is $3.50 per hectare, it represents an increase of 10-12% to the
application cost of an NPV. This is favourable given that the corresponding
increase in mortality is often greater than this cost but more importantly the
additional increase in efficacy is often enough to make the selection of an NPV a
viable option for a wider range of control situations. The demonstration of
additives and NPV's on cotton has increased confidence within thegrower

industry concerning the use of NPV's. The use of NPV's is useful from both
sustainability and resistance management viewpoints.

New winter trap crops such as field pea offer to significantly improve the
effectiveness of CQ area wide management strategies writlst also eliminating
friction between the cotton and grains industries within CQ over ascochyta leaf
blight concerns. Research to ensure the results are replicable under both
experimental and commercial conditionsis being continued.
Data from the micro-satellite studies on H. local recruitment willgrinigera

strengthen the case for implanting area wide management and more judicious
use of insecticides. The data from this study has already had a significantimpact
on the local cotton industry with the realisation that pest populations may be
more localised than previously thought and therefore current management
decisions may have further reaching implications on future pest population
densities and resistance levels.
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7. Detaila plan forthe activities or otherstepsthatmay be taken;
(a) to further develop or to exploitthe projecttechnology.
Much of the research and development of novelo tionsre ort d h b '
continued undercurrent and new projects. N. tileyiwillcontinue to be de I d
as a potential biopesticide by the QDPl biopesticides unit at Indooroo ill.
Further researchwithfieldpeasandmicro-satellite local recruitm t t d' 11
be continued in thenew CRDCfunded project DAQ122C.
(b) forthe future presentation and dissemination offhe ro'ect outcomes.

The majority of project outcomes have already been disseminated to ' d tr . A
muchoftheresearchreportedhereiscontinuin innewand oth ,
further outcomes will be reported in due course.
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