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Part 3 - Fi, CCIR, ^po, .t Form@t

I. PROJECT113ACKGROUND

The 1997-98 cropping season in southern Queensland was characterised by a severe, sustained and dama in
outbreakofH armtgero. This situation arose as a result of a combination offactors' Hencover a attack t
of the crops grown in the Darling Downs agroecosystem, and successive generations can occur where seasonal
conditions are favourable, and controlpoor, or ineffective. There is a high dependence on insecticides for the
management of henottiis in allcrops. This overreliance on insecticides has led to declinin efficac of
registered insecticides because of resistance in H. armiger@, resulting in more frequent field controlfailures,
increasing pest densities, and increasing costs of control.

The impact of the 1997-98 season on the economic viability of most crops resulted in a wides read realisation
within the fanning COIL"LLunity that a change in the current approach to henothis management was needed to
ensure a fanning future in this region. Under greatest threat was the grains industry because it is highl
dependent on 'old' compounds for henothis management(eg. carbamates). There were also increasing concerns
about envirorrrnentaland human health hazards associated with increasing insecticide use.

In 1998-99 tliis project was initiated to develop a regional management approach for henothis on the Downs.
Reflecting the jinxed cropping system of the region, the project wasjointly funded by the GRDC and CanC.
After consultation with growers, consultants, researchers and funding bodies, two pilotstudy areas were
defined, and a draftstrategy developed. The two study areas were on the limbourfloodplain and the other
between Brookstead and CGcilPlains. The Jimbour floodplain area is predonxinantly a dryland grain production
region with smaller areas of dryland and irrigated cotton. The Brookstead-CecilPlains area roduces
predontinantly inigated cotton and grams with smaller areas of dryland gram crops and cotton. Strong local
support for the project was expressed at initial grower meetings in each of the areas.

The regional managementstrategy forH. armiger@ is based on the theory that it is a local, and recyclin ,
population of the pest that drives the spring-sunrrnerbuild up in pressure. A strategy that targets bottlenecks in
the population development will result in a reduction of the overallH griniger@ population, reducin est
densities and the frequency with which cherritcalcontrolis required. Flowing on from the lowered est ressure
and reduced insecticide use would be a reduction in the level of insecticide resistance in the o ulation, and
consequently greater opportunity for the use of biological insecticides (eg. Bt and NPV), and other IPM options.

Tile strategy was implemented abased on three main components that aimed to reduce (1) the survival of
overwintering, insecticide-resistoritH. armiger@ pupae, (2) the early seasonbuildup of Hencove, PC on a
regionaVdistrictscale, and (3) the mid-season population pressure on HeI^^ove, PC-susceptible crops. The
implementation of the strategy was to be achieved through the participation of growers and their advisers tilthe
study areas.

A research and extension program was designed to support and evaluate the implementation and impact of the
regional managementstrategy. In conjunction, a number of associated projects (eg. spatial analysis, DNA
microsatellite studies) were supported by the collection of data and material from the study areas to answer
specific questions relating to the strategy.

2. lPROJECTOBJECTIVESANDACHIEVEMENTS.

Project objective:
To develop a regional approachforthe management of Hencove?;pospp. on the Darling
Downs, and monitor its implementation and c;ff'ectiveness.
. Develop and evaluate spring trap cropping and additional tools formclusion in the regional management

strategy

. Detemiine the relative contribution of grain crops to the regional hellothis population.

. Maintain cornmunication within the pilot study areas, in relation to projectprogress, as wellas eneral
fanner discussion and learning. Coriumunicate with industry and stakeholders through formal reporting,
presentations at workshops, seminars and conferences, and itITough the media.

. Assess the impact ofHRMS on the local henothis population, and the grower community.



Project achievements:
The key project achievement has been to secure, and maintain, a high level of grower and consultant
involvement in the Henothis Regional Management Strategy (111^S) project. At the conclusion of the project,
growers in both study areas continue to implement the recoinmendations of the Strategy. Components of the
Strategy, such as spitng trap cropping and pupae busting nave been adopted, as an integral part of the fannmg
activities, on tile majority offanus ill the study areas. The perceived success of the strategy, and particularly of
spring trap cropping, has resulted in widespread adoption beyond the pilot study areas. It has also spawned a
large number of groups, implementing in one form or another, a regionalIy focussed henothis management
strategy (39 groups at July 2001) across cotton and Trimed-cropping regions of southern Qld and northern NSW.
This achievement is a result of the supportive extension program of regular group meetings and discussion,
newsletters and technical information Inadc available through DAQ85C. The extension effort has extended
beyond the innnediate study areas through infonnation in the media, the Henothis Horn"e and Haltothis
Stateline newsletters and participation in research updates for growers and consultants in the nomiem region.

The 1999-2000 and 2000-01 seasons havebeen characterised by low to very low henothis pressure by historical
standards. The contribution that the HRMS has made to the lower pressure is difficult to partition relative to the
impact of the unusually dry winter and spring experienced in southern Queensland in these seasons. However,
involvement initie ERMS project, and the low heliothis pressure, has given many growers confidence to
experiment with alternative management options that were previously thought non-viable in an environment of
high and sustained henothis pressure. The change ingower attitude to henothis management, and insect pest
management ingeneral, as a result of involvement in DAQ85C has been dramatic. The assessment of the project
team is that for many of these growers the change in approach to henothis management will persist even in an
environment of higher henothis pressure.

Research has clarified the relative contribution of grain and cotton crops to the local henothis population during
the seasons. As a result, the assumption that gram crops, with the exception of chickpea, are major sources of
henothis has been challenged. The introduction ofNPV (Gemstar@), particularly into sorghuni, has elevated the
natural incidence of TIPV across the study regions. As a consequence, many of the grain crops previously
considered nurseries for henothis, are now proving to be valuable sinks for henothis, and potentially nurseries
for paresitoids and predators (natural enemies) that thrive ingrain crops intrie absence of disruptive, broad-
spectrum chenxistry. This understanding of the role of different crops in the generation of henothis populations
is fundamental to the development of a fanning-systems approachto the management of henothis.

Components of the IRMS have been maled and evaluated, imparticular spring trap cropping. The research has
demonstrated that the reconrrnended sowing date (late July-early August), is appropriate for the Downs to get
trap crops flowering when H grinige, .@ are emerging from winter diapause. Trials have also demonstrated that,
incomparison with a range of otherspring-flowentig crops, chicl:pea is the most suitable trap crop option in this
environment. Chickpeas are agronomically robust, flowering time can be nTanipulated by slashing, making it
suitable for both irrigated and dryland conditions, and henothis larval densities are generally higher in chickj, ea
than in other crops maled.

More difficulthas been the evaluation of the impact of the 111^S on the local henothis population, and tints
objective stillneeds some consideration. In the absence of established techniques for determining the impact of
regional management, three indicators were identified as providing some indication of impact: (a)lower
pressure in the pilotstudy areas relative to areas not implementing HRMS, (b) a delay in the buildup of the local
population during the season, compared with the 1997-98 season, and (c) a decrease in the levelofirisecticide
resistance in the local, study area populations ofH. an"igei. @.

The adoption of spring trap cropping across all cotton-growing regions has meant there was no 'control' region
with which henothis pressure intrie pilotstudy areas could be compared. Henothis pressure was generally lower
across allcotton-growing regions in the 99-00 and 00-01 seasons, suggestive of climatic conditions having a
greater impact on local populationsthan HRMS. The 99-00 and 00-01seasons have seen aprogressive delay in
the time to peak henothis pressure in the pilotstiidy areas, compared with the 98-99 season. However,
partitioning the impact ofHRMS activities from the impact of extremely dry spring conditions has not been
possible. Anecdotal information from growers, and pesticide application records, indicate that henothis
outbreaks in crops have been 'easier' to controlwith insecticides. Records from growers show a decrease in the



number of chemical mixes, and the number of controlfailures. Again it is difficult to partition the contribution
ofHRMS from that of overalllower pestpressure, improvements in application and timing
Based on sound theory, spring trap cropping will be retained in any future HRMS. Direct evidence of a
difference trimsecticide resistance profiles between the pilot study areas and the rest of the Dooms is not
available because of the way the resistance testing uses pooled samples from across the Downs, combining sites
within and outside the study areas.

DAQ85C has importantlinks with the spatial and temporal analysis project "Henothis migration and pest
management: Effects of movements within and between cropping regions". The analysis of data collected by
the regional management project and analysed by Dr Wayne Rochester, University of Queensland, has provided
support to several assumptions that underpin the currentregionalinanagementstiategy. These are (a) that within
the study areas the H. armtgero population is locally generated;(b) that chickpea is potentially a major source of
henothis invading sunnner crops; and (c)that cotton is the major contributorto the local henothis population
from inid January onwards. These findings have contributed to the formulation of research strategies to filther
develop and refine the existing regional managementstrategy.

Project outputs:
Technical information tilthe fonn of brochures, newsletters and general media releases, has been the key
outputs of the project. These outputs are designed in increase the level of grower knowledge and understanding
of henothis biology and ecology. With the introduction of}RMS, and ERM, pestmanagementis becoming more
complex for growers and their advisers. filthis context, management decisions can onlybe made with some
understanding of the biological system and its interactions. ExanlPIes of project outputs are included intrie list
of publications arising froin the project.

Industry benefits:
Adoption of the basic HRMS has been widespread both within and beyond the study areas, in both the grain and
cotton industries. The directimpact of the tactics, such as spring trap cropping, pupae busting and improved
henothis management ingrain crops, is difficult to quantify in tenns of pest pressure or dollars. However, in
qualitative terms, the introduction of a 'new' approach to henothis management has had a dramatic impact on
attitude, and to some extentpractice, of pest management in both the grams and cotton industries over the past
2-3 years' The change in attitude has significantbenefits for the industries because it is driving a movement
away from an unquestioning reliance on insecticides, towards the implementation of integrated pest
management(ERM). With the reduction in henothis pressure expected as a result of contintiing widespread
adoption of the ERMS, it is probable that more regions willsee the benefits from a change in approach to
henothis management.

The benefits of this change in approach to pest management will be seen in potential financial savings to
growers both from reduced insecticide use, and/orreduced crop losses. There are substantial benefits to the
health of individual growers and their families, as wellas to the environment of reduced use of broadspectrum
insecticides. The perception of consumers towards the industry as a result of an ability to demonstrate a
reduction intrie use of pesticides, and particularly the 'old' chenxistry is another area the industries can
potentially exploit in marketing and promotion of products.

Other benefits:

One of the major flow-on benefits of the project, as described by grower participants, has been the opportunity
for increased grower to grower co, ,u, ,unication within the groups that meetregularly. filthe group environment,
grain and cotton growers are talking each other abouttheir different approaches to henothis management, their
basic pest management philosophies and aspirations.

The HRMS has given growers a framework within which to talk about theirpest nianagementissues. As a
group, those involved are very proud of their achievement in tenns of reduced costs, reduced insecticide use,
greater awareness of natural enemies which they associate, to some extent, with being involved tilthe project.
The change in pest management within the faLiLL, Ig COLIu, Minty is something of which they want the wider
coriumunity to be aware, and this was the catalyst forthe Henothis Working Group video project(see list of
publications).



3. RELEVANCE OF RESEARCH To THE CORPORATION's T
OUTlPIJTS

The HRMS has relevance to the sustainability and people and coriumunity outputs of the Corporation.
Successful implementation of the HRMS, resulting in lower henothis pressure and lower levels of insecticide
resistance, contribute directly to the sustainability of cotton production. Sustainability in terms of profitability,
as a result of reduced reliance on, and use of, insecticides. Increased reliance on the contribution of natural
eneintes, cultural control (eg. trap crops) and biopesticides will impact on the fainting system and its natural
resource base. Therefore, sustainability in terms of the environnient as a result of reduced insecticide use, and
substitution of broadspecimin insecticides with biological products and pest-specific products. Flow-on benefits
accrue also for the growers, fann workers, farm farmlies and the rural community exposed to insecticides IISed
on-fann.

Involvement in the HRMS is delivering benefits to participants and the farming communities involved. in each
of the pilot study areas there is a number of small groups of neighbouring growers. Involvement in groups has
been instrumental in developing a regional nTindset in relation to the management of henothis. The realisation
that the management of henothis is a community issue has fostered a high levelofcooperation within groups. In
addition, the regular group meetings have provided a forum in which growers are able to discuss with each other
a range of issues, experiences and perceptions about pest management and other farm management issues. The
sharing of experiences and ideas through group discussion has been the catalyst for resolution of some
neighbourhood hostilities resulting from a lack of understanding of how particular practices were impacting on
neighbours. Many growers have said that these groups have provided them with an opportunity to talk to
neighbours, and for cotton growers to talk with grain growers, in an environment that has not existed for some
time with the denxise of many coriumunity social events.

4. RES ARCHERlPORT

RESE/IRCH'COMPONENTS

TITe following are the research and development components of the HRMS project that comprised the means to
achieve the project objective. Each componentis presented separately including recoinmendations/conclusions,
material andmethods andresults.

I. Develop and evaluate spring trap cropping and additional tools for inclusion inithe regional management
strategy.

2. Determine the relative contribution of grain crops to the regional henothis population.
3. Maintain communication within the pilotstudy areas, in relation to projectprogress, as wellas general

fanner discussion and learning. Cornmunicate with industry and stakeholders through formal reporting,
presentations at workshops, seminars and conferences, and through the media.

4. Assess the impact off11^S on the local henothis population, and the grower community.

E

Developme"t ""ofev"matio" of qpring tmp crops4.1

The draft HRMS recoinmended the planting of chickpea trap crops, in late July-early August, to be attractive at
the time ofH. chingera emergence from winter diapause in October-November. Aspects of trap cropping that
required exaltimation were (a) the effectiveness/attractiveness of chickpea as the spring trap crop, (b) the
appropriateness of the suggested planting time given the potential for variation in the inning of emergence from
diapause between seasons and (c) the potential to manipulate trap crops to accoinmodate planting opportunities
in a dryland situation, or delayed emergence from diapause.



A. EFFECTIVENESS OFCHICKPEAASTHESlPRINGTRAPCROIPSFECIES

Conclusions. .

Comparison trials of differentpote"tioltrap crop species, over tipo seasons, have supported
the recommendation of chickz?ea OS the preferred spring trap crop species on the Downs.

171 each of the two trials attractiveness was measured ill terms of larval abundance.
Internattve!y, attractiveness could be "ledsz, red in terms of egg density te. attractiveness to
ov;posttingfemoles. Larval density may be a measure of the survival of eggs and larvae to on
the targetpl@rets, rather than purely attractivenessfor ovjpositioiz. This aspect of trap crops
warrants some consideration.

Tra cro s eciescom anson 1999

SUMMARY

The primary aim of the spring trap cropping program is to attract and destroy as nianyH. armigera as possible
mrelatively smallareas of trap crops (approx I% of the cultivated area in the study sites). In this trial, chickpea
proved to hosted significantly more henothis larvae than any of the other crops trialed. maddition, chiclcpea
flowering coincided with the period of peak H. armigero emergence from diapause, whilst the majority of the
other crops matured earlier. Chickpea also hosted the lowest number of potential non-henothis pests (green
mind, green vegetable bug and apple dimpling bug) of the crops maled.

As a source of beneficial insects, that may subsequently move into other crops in the fanning system, chicl:pea
performed poorly. Other crops hosted large numbers of generalist, and aphid predators and parasitoids.
PrincipalIy, these beneficial species were present in response to large populations of aphids on canola, fieldpea,
niger and canary.

The benefits of using chickpea as a spring trap crop, with the specific purpose of attracting tlie maximum
number ofH. armiger@, cannot be matched by the other crop species maled. There are a number offactors that
contribute to the recoinmendation that chickpeas should continue to be used as a spring trap crop man area-
wide management context
. agrononxic suitability of chickpea minoisture limited conditions (such as often exist in dryland situations),
. the titntng offlowering to coincide with H armiger@ emergence from diapause,
. the high levelofattractiveness to henothis, and
. the poor suitability of chickpea for non-henothis pests.

INTRODUCTION

One of the key components of the strategy for the area-wide management of henothis(AWM)is spring trap
cropping. initial recoinrriendations are to sow a chiclcpea trap crop in late July - early August, the aimbeing to
have the crops flowering in October-November, the period ofH. armtger@ emergence from diapause.

With the appearance of Ascochyt@ labeiin chickpea crops in Queensland, there are concerns that spring trap
crops may represent a source of inoculum in the fainting system. The perception of many conrrnercialchickpea
growers is that using chickpea as a spring trap crop is potentially a tlireatto subsequent or neighbouring crops.
In response to these concerns it was considered warranted to investigate whether there was a viable alternative
species suitable for spring trap cropping.

Chickpea is considered a very poor host for beneficial insect species, predators and parasitoids. Therefore, their
potential contribution to the beneficial population in the famiing system, early in the season, is considered
negligible. Ithas been proposed that a spring trap crop which also generated good numbers of beneficials, would
be preferable to chickpea.

To address these two issues, field trials were established using a range of spring-flowering crop species.



MATERIALSANDMETHODS

Two replicated field trials were sown on 5 and 6 August, at sites near Jimbour and Brookstead on the Darling
Downs. Species included in the trial are detailed in Table I. A Latin Square design was used with six
replications of each crop. Eachplot was 20m long by 9 rows(Brookstead) or 12 Tows(limbour) wide, on 0.75m
row spacing. Both sites were prepared with 100 units of nitrogen. Trioculant and fungicide were applied with the
pulses (chickpea and fieldpea). Both sites were diyland, without prewateririg, or irrigation forthe duration of the
trial.

Table I. Crop and varieties included in spring trap crop comparison trials, Jimbour and Brookstead
1999.

Plots were sampled for henothis using a beatsheetto sample two metres of row. Each plot was sampled three
times to give a total of6m of row sampled perplot.

A suction machine was used to sample for non-henothis insects in the plots. Twenty metres of row was sampled
from eachplot, and replications of each variety pooled. Henothis density samples were taken on two occasions,
13 October and 3 November. Assessments of beneficial numbers were niade on 9 September, 21 September, 8
October, 22 October and 3 November. Henothis larvae collected during sampling were placed on diet and
reared in the laboratory to assess level of parasitism, disease and species.

Crop (variety)
Chickpea (Norwin)
Fieldpea (Dunfield)

Linseed

Canola (Oscar)
Niger(Forrest)

Canary

Henothis density data was analysed using ANOVA for Latin Square (Genstat 5 v. 4.1).

The Brookstead trial wassampled for henothis during the period ofH armiger@ emergence fromdiapause, as
predicted using the emergence modeland cumenttemperature data (Figure I).
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Figure I. Predicted rate of emergence 1999-00 season, based on actual temperatures recorded at Dalby.
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RESULTSANDDISCUSSION

The trial at limbour failed by nitd-September as a result of the extremely dry conditions that persisted through
August and September. No meaningful comparisons were possible at this site. Therefore, only the results of the
Brookstead malare reported on here.
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Attractiveness to henothis

Sampling only considered larval, and not egg density, therefore it is perhaps measuring survival rather than
attractiveness in relation to oviposition. This is an aspectthat should perhaps be pursued in further work on trap
crops,

The density of larvae on chickpea was significantly higher than on any of the other crops trialed on both
sampling occasions (Table 2). Under the Innited water conditions of the trial, most of the crops trialed, with the
exception of chicl:pea and canary, matured before the period of peak H. omitgero emergence from diapause.

Table 2. Mean henothis density (per 2m row) in a range of spring-flowering crops, assessed for potential
as spring trap crops for beliothis.

Treaiment

1.1iger
Canola

Linseed

Canary
Fieldpea
Chickpea
I, S. d

Mean number of henothislarvae per 2m sample
13 October, 1999 3 November, 1999

Mean Crop Phenology Mean Crop Phenology
Flowering0.22 a Boot-flower0.00 a

0.33 a Flower-pod set 0.33 ab Flower-seed set

Bud - flower1.05 ab 0.83 ab Flower-boilset
1.47 b Vegetative 0.94 an Pod fill

1.72 b Pod fill 1.00 b Flowerpod set
4.00 c Bud - first flower Flower-pod set14.32 c

0938 0,975

Parasitism, disease and species composition

Levels of parasitism and disease were generally low, particularly in chickpea. Microplnts and Heteropelm@
levels infieldpea and canola were similar to levels found in a range of sunnner grain crops in the Brookstead
area.

Allcrops in the malattracted predonxinantly H. on"igera, which is the species being targeted with spring trap
crops.

Table 3. Level of parasitism, ascovirus infection and H cronger" in populations of henothis larvae
collected from potential spring trap crop species, 'Dunbar', Brookstead 1999. Data pooled from
collections made on 13 October, 22 October and 3 November. No larval collections were made from
canary.

Treatriient

Canary
Niger
Linseed

Fieldpea
Canola

Chickpea
Is. d

Crop

Chicl:pea
Fieldpea
Canola

Linseed

Niger

No. larvae

collected

164

58

34

50

4

Other pest and beneficial species (Table 4)

In interpreting these results, it must be remembered that not allbeneficial insects are active during the day when
the sampling occurred, nor are they necessarily easily dislodged by a suction machine.

Microplitis
1.2

20.7

17.6

20

o

Levelofinfection in larval population (%)
Other wasps Tachnids AscovirusHeteropelma

1.2

12.1

14.7

16

o

o

o

5.8

o

o

2.4

o

o

o

o

0.6

1.7

2.9

6

o

H; grinjg'era

66

75

87.5

50

na



The density of non-henothis pests was generally low across the trial, however significant numbers of green
Intrids (GM) were found in niger. Field pea hosted a relatively large number of green vegetable bugs (GVB). Of
anthe crops maled, chickpeas hosted the lowest number of non-henothis pest.

Chickpea also hosted the lowest number of beneficial insects of anthe crops maled. The most abundant
beneficial species were primarily aphid feeders (lady beetles, lacewings, aphid parasitoids). The abundance of
these species was associated with the crops which were moderately to heavily infested with aphids (canola,
fieldpea, niger and canary).

CONCLUSIONS

file primary aim of the spring trap cropping program isto attract and destroy as many H. griniger@ as possible,
in relatively small areas of trap crops (approx I% of the cultivated area in the study sites). In this trial, chickpea
proved to host significantly more henothis larvae than any of the other crops maled. maddition, chiclcpea
flowentig coincided with the period of peakH. armtger@ emergence from diapause, whilstthe n^ionty of the
other crops matured earlier. Chickpea also hosted the lowest number of potential non-henothis pests(green
mind, green vegetable bug and apple dimplirig bug) of the crops maled.

As a source of beneficial insects, that may subsequently move into other crops in the fainting system, chickpea
performed poorly. Other crops hosted large numbers of generalist, and aphid predators andparasitoid.
PrincipalIy, these beneficial species were present in response to large populations of aphids on canola, fieldpea,
niger and canary.

The benefits of using chickpea as a spring trap crop, with the specific purpose of attracting the maximum
number ofH. grintge, .@, cannot be matched by the other crop species maled. The agrononlic suitability of
chickpea in moisture limited conditions (such as often exist in dryland situations), the tnning offlowedrig, the
high levelofattractiveness and the absence of non-henothis pests allcontribute to the recommendation that
chickpeas should continue to be used as a spring trap crop in an area-wide management context.

TITe issue of ascochyta management is being addressed through education of trap crop growers who are not
necessarily commercial chickpea growers. It is considered that wittt good management, chicl:pea trap crops pose
no more threat to the coriumercialchickpea crop than other commercial chicl:pea crops.

Chickpea variety comparison (2000)

SUMMARY

I*10 significant difference was foundbetween the attractiveness of desiand kabulivarieties of chickpeas to
henothis. The recoinmendation for spring trap crops remains to plant a locally adapted desivariety. Seasonal
conditions did not allow an assessment of the advantage of ascochyta resistance to attractiveness, but under the
trial conditions there was no difference in the attractiveness of the commercial varieties and the ascochyta
resistant parental lines to henothis.

Although some of the alternative legume species maled show some potential as hosts for a range of beneficial
insects, their lower levelofattt'activeness to henothis makes them less suitable as spring trap crops man area-
wide management context. However, many of the pasture species maled did not establish wellwith the August
planting. Furilier work may be warranted with such species with an autumn planting.
INTRODUCTION

Both desiand kabulichiclcpea varieties have been used over several seasons as spring trap crops for
Hencove, PC armiger@, as component of the area-wide management trial conducted on the Darling Downs.
Chickpeas were selected as the trap crop species because they are widely reputed to be highly attractive to
henothis in a vegetative as well as flowering stages of development. maddition, trial work has shown that with
chickpea, the period of attractiveness can be manipulated by slashing. These attributes, combined with a good
leveloftolerance to low moisture has made chickpeas and effective trap crop for this application in both
irrigated and dryland situations.

However, there are a couple of issues with using chickpeas that are have required attention. First, the rapid
spread of Ascochyta robet across the Darling Downs has resulted intrie use of spring trap crops being



considered a potential source of itinoculum for coriumercialchickpea crops. Considerable effort has been put
into producing extension material for growers that clearly outlines the management needed for chickpea trap
crops to preventthe development and spread of ascochyta. Second, chickpea is a notoriously hostile
environment for most insect species other than henothis. This meansthat the potential for chickpea trap crops to
contribute beneficial insects (predators andparasitoids) to the fanning system is negligible.

It was detennined that these two issues warranted investigation, and this trial represents the second year of trials
to assess the potential of alternative trap crop species. The comparison between desi and kabulivarieties is
pursued because there is substantial anecdotal information that suggests kabulivarieties are more attractive to
henotliis. Ifthis is the case, then the use ofkabulivarieties may be warranted to martinise the effectiveness of
the spring trap crops.

The perennial pasture species included in the malare currently undergoing assessment by the QDPlpasture
group. A range of spring-flowering species is included in this trial. It was thought that one, or more of these
species, may provide a more manageable alternative to Iuceme in a rotational cropping system. Luceme 1000wn
to be attractive to henothis and to support a wide range of beneficial insects, but the difficulties coriumonly
encountered with establishment, watering and eradication make it unsuitable for a short-term trap crop.

TRIAL AIMS

. To deterrime whether Kabulivarieties of chicl:pea are more attractive to hellothis than desivarieties.

. To testthe attractiveness of ascochyta-resistantparentallines to henothis.

. To test the attractiveness of a range of pasture species to henothis.

. To determule the potential of the species maled to SLIPpoit populations of secondary pests orbeneficial
species.

MATERIALSANDMETHODS

Five chickpeas and one vetch were sown in a replicated, Iatin square design, with six replicates. Each plot was
fourrows wide by 10 metres long. The pasture species were sown msmallplots of varying length, depending on
the amountofseed available, the range was from 5 to 20 in of a single row.

Additional plots (4 rows x 20m) of lentil, field pea, sunflower and sorghum were soonialongside the replicated
trial. The aim of this sowing was to determine the species composition (between H. armtger@ and H.
puncttgera) of populations on the legume species, and to identify whether they were potentially hosts for other
pests and/or beneficial insect species.
The varieties sown in the malare shown in Table 4.

Allvarieties were sown using a cone seeder on 7 August, 2000. Chicl:peas and pasture species were trioculated
with the appropriate trioculum. Chickpea seed was treated with a fungicide seed dressing (P-Pickle T).

The trial was monitored from emergence for heIiothis larvae, and sampled through the period which generally
coincides with the emergence ofH a, Miger@ from diapause (Oct-Nov). Three metres of rowwere sampled
from eachplot to detemiine the larval density. No attempt was made to assess egg numbers. Plants in the three
metres of row (3 x Im row) were cut at ground level, placed in paper bags, andretumed to the lab where the
larval count was made. To assess numbers of non-heIiothisspecies, 20m of row of eachvariety wassampled
with a suction sample machine. Where pasture plots were less than 20m in length, the entire plot was sampled.

Larvae collected on each sampling occasion were placed on diet andreared in the laboratory to dete",, in, e
species and levelofparasitism and disease.

Pheromone traps operated in the Brookstead area to provide an indication oftlie tinting of emergence from
diapause, and the tinting and size ofH. punctiger@ nomigration.

Data was analysed using ANOVA for Latin Square (Genstat 5, v 4.1).



Table 4. Varieties and species sown in the alternative trap crop comparison trial "Anchorfield" August 2000.

Desi varieties

lintbour

Amethyst
ICC3996 (ascocyta resistantline)*
Kabuli varieties

Bumper
FLP94-746C (ascocyta resistant line) dy
Namoi(forage variety)

Hys",, 25 (early)

Cobber

D",, date

MR Goldr"SI, (17"ick)

MR 31 foedq"ick)

B"ster MR foiedi"in)

Pasturespecies Hedysarumcarnosum
Hedys@ruin coronarium
Hymenoc@, pus circin"@!"s
Loins or"i

Tetr@go"o106"spolestin"s
Tr;16n"in clara"drin"in
Trybft","pawc;nor"in
Tryb!i"", vesic"10s"in
Scorni"rus in"neat"s

' Ascochyta-resistantparentalbreeding lines from the Victorian
Institute for Dryland Agriculture chickpea breeding program

Chickpea

Vetch

Sunflower

LenM

Fieldpea

Sorghum

RESULTSrtNDD/SCUSSION

Spring henothis activity
H. punctiger@ activity in the spring of 2000, was high relative to the previous two seasons. Emergence from
diapause occurred earlier than average as a result of a week of higher than average tenTperatures tiliate
September(Figure 2).
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Figure 2. Henothis activity for spring 2000, recorded in the Brookstead area (average of5 pheromone traps)
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Attractiveness of kabiili, desi chickpeas and vetch to heIiothis
There was no consistent, significant difference in the number of larvae on desiand kabulivarieties in the trial,
even though there was variation in the ranking of the varieties amongst dates. The desivarieties flowered earlier
than the kanulivarieties which niay have contributed to the high larval numbers on Amethyst in the firstsample
(Table 5).

There was no difference in attractiveness of the ascochyta blight resistant varieties and coriumercialvarieties
trialed.

Vetch consistently recorded the lowest number of larvae, significantly less than found on the chickpea varieties,
except on the finalsampling date (22 Nov) when there was no differencebetween vetch and chickpea varieties.

Table 5. Mean larval density (per 3 mrow) on different varieties of chickpea andNamoivetch oneach offour
sampling occasions. Means in the same colurnn not followed by the same letter are significantly different
(P<0.05). Comparison only possible between varieties on individualsampling dates, not across dates.

2 November18 October5 October 22 November

Variety Mean no. Variety Meanno.Mean no. Mean no. VarietyVariety
larvae larvaelarvae larvae

15.8 aBumperNamoiOa 0.2 aNamoiNamoi 0.5 a

(vetch) (vetch) (vetch)
FLP94-746C 22.0abAmethystBumper Bumper

(AB* kanuli)(kanuli)
limbourFLP94.746C limbourFLP94-746C

(ABdy kanuli) (AB* kabuli)
AmethystJimbour

(desi)
ICC3996ICC3996

(AB* desi)(ABb desi)
Amethyst limbour

(desi)

Bumper

FLP94-746C

(AB*kanuli)
ICC3996

(AB* desi)

Isd Isd 15.5811.07 Isd6.53 Isd

dy Ascochyta-resistantparentalbreeding lines from the Victorian Institute for Dryland Agriculture chickpea
breeding program.

8.6 b

11.5b

13.9 bc

14.3 bc

18.3 c

Beneficial and estinsect romeofalternativetra cro s ecies

15.5 b

A number of pest and beneficial species were hosted by the crop and pasture species included in the trial(Table
3). In summary:

. Green Timid was the most abundantsecondarypest. Breeding populations were found in allcropssampled,
with the exception of chickpea and wheat. Wheat in the local area was sampled for comparison with the
broadleafcrops in the trial. The presence of breeding populations ofGM is potentially problematic for
neighbouring spring crops like inungbean and cotton.

. The pasture species (Lotus, Terrag0"o10b"s) and vetch hosted relatively high numbers predatory bugs and
beetles. The predatory bugs were predonimantly Geocorts I"bra (big eyed bug), and the predatory beetles
predorimantly ladybird species (Coccinellidae).

. The dense canopied pasture species such as vetch, Terragono!ob"s, and Lotus are potentially good hosts for
a range of beneficial insects and spiders. It may be worni maimg these species with a winter, rather than a
spring planting to allow them to reach their potential in tenns of biomass.

15.5 b

18.3 b

20.8 b

21.8 b

36.0 b

37.5 b

44.2 bc

54.5 c

Namoi

(vetch)
Amethyst

ICC3996

(AB* desi)
57.2 c

23.4 ab

25.0 ab

32.0 b

32.0 b

12.11



CONCLUSIONS

The reconnnendation for a preferred spring trap crop for heIiothis is a locally adapted desivariety. This trial
result demonstrates no advantage to using a kabulitype, and using desi types avoids the disease and cost
disadvantages associated with kabulitypes. It would be desirable to have an ascochyta resistant variety available
for use as trap crops, and this trial resultshow that there is notlikely to be any reduction in attractiveness of
these lines, relative to current coriumercialvarieties.

Alitiouglisome of the alternative legume species maled show some potential as hosts for a range of beneficial
insects, their lower level of attractiveness to henothis makes them less suitable as spring trap crops in an area-
wide management context

B. THEAPPROFRIATENESSOlRTHERECOMMlENDEDPLANTINGTIME
GIVENTHEPOTENTIALFORVARIATIONINTHETIMINGOF
EMERGENCEFROMDIAPAUSEBETWElE;NSEASONS

Conclusion. .

Die recommended lateJt, ree - early Julyp!antingdatejbr chic/77eo trap crops has resulted in
trap cropjZoweri"g coinciding with the periodqfH. armigera emergencef'or" digpaz, se in
the lastthreeseasons (1998, 1999, 2000). The recommendationfor planting time, andthe
planting of chickpea, is appropriatefor the Darling Downs.

The modelthot enables the prediction of the rate of emergencej?Qin digp@t'se has been
demonstrQtedto be SI!fiicie"t!y acc"rate to be a 1,843, /tooli" the management of chickz7ea
trap crops to inclximise theirpote"tto!.

INTRODUCTION

The aim of the trap cropping program is to have the traps as attractive as possible (flowering) during the period
ofH. griniger@ emergence from diapause. Chickpea is highly attractive to henothis at flowering, and has a
relatively long flowering period of up to four weeks given adequate soilmoisture. The timing and duration ofH
ormiger@ emergence from diapause is temperature driven, resulting in variation between years' However,
emergence typically occursthrough October for a period of approximately fourweeks. The lengthy chicF:pea
flowering period offers a significant advantage for trap cropping, making the coincidence offlowering andmoth
emergence more likely.

In the formulation of the draft HRMS a recoimnendation was made for the planting of chickpea trap crops based
on an estimate phenologicaldevelopment of the crop. Over the pasttliree seasons the development of trap crops
and the tinting ofH. amtigera emergence from diapause have beenmonitored to determine whether it is
necessary to make any change to the recoinmended trap crop-planting window.

MATERl'^LSIiNDMETHODS

A network of paired (H. armtgera and H. punctigera) pheromone traps was established across each of the study
areas in 1998, 1999 and 2000. fill998 and 1999, ten sets of traps were monitored in each study area. In 2000,
five sets of traps were monitored. Fanner cooperators monitored and counted moths on a daily basis. Lithe
representation of the data, trap catches are averaged across allsets of traps in each study area and calculated on
a weekly basis to miniintse the 'noise' or variation, across the study areas

The emergence modeldevelopedby DavidMurray and David Butler(QDPl) was used to predict the titntng and
rate of emergence from diapause, using currenttemperatures for each of the seasons. Difficulties with obtaining
reliable temperature data for the Brookstead study area meantthatthe modelhas only been run for the limbour
study area, using Dalby temperature data. The pattern ofH. amtigera activity, as recorded by the pheromone
traps, provided a means of verifying the accuracy of the model

Trap crop phenology was monitored regularly during the spring, in conjunction with monitoring of henothis
populations



RESULTSrtNDD/SCUSSION

In each of the three years of the project, the flowering of late June-early July planted chickpea trap crops
coincided with the period of emergence ofH. armtger@ from diapause (Fig 3). This resultsupports the
recommendation to a) use chicl:pea as the trap crop species and b) plant intrie late June-early July window. It is
important to remember that these recommendations have been shown to be appropriate forthe Darling Downs
pilot study areas, and may not hold in other regions.

Peak moth activity occurred at around 50% predicted emergence. The predicted rate of emergence of the
diapausing population occurs according to a nonnaldistribution. Therefore, from the similarity in the pattern of
moth activity recorded in the traps, and the predicted rate ofenTergence, it appears that the modelis accurately
predicting both the timing and rate of Ginergence from diapause (Fig 3). This resultsuggests that in the absence
of pheromone trap infonnation, the modelis a useful toolfor estimating the initiation of emergence from
diapause, and has application in the management of trap crops to maxintise theirpotential. For example, early
populations of henothis (likely H. punctigero) may warrant controliria trap crops ifit appears that they may
complete development and emerge before the majority of the H. armige, .@ have emerged from diapause. Having
some understanding of the tinting of Harmtger@ emergence from diapause is critical minaximsing the
potential of spring trap crops.

The pheromone trap data, with a clear coincidence between predicted emergence fromdiapause andH.
armtger@ activity in traps, supports the assertion that the H. armiger@ population is generated locally and is not
resulting from substantial hmmigration events in spring. The assertion that the H armiger@ population is
generated locally is fundamental to the success of a regional managementstrategy that aim to reduce the size of
the local population by limitnising breeding and survival of the population at key bottlenecks ie. autumn (pupae
busting) and spring (trap cropping).
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Cô

18- 02- 16-

Sep Oct Oct

Week ending

200

,999

too

90 ^e
80 co

o
70 =

co
60 9

co50
E

40 co
^

30

20 ^

10 .
D.

o

too

^

<

^

30-

Oct

50

O_

13-

I\tov

Trap crop flowering
........ ........

07-

Aug

^

27-

Nov

21-

Aug

^__HaJ

300

^ 250

04-

Sep

Q.

.

co

o. 200
co

^
o 150
E
co 100

;g

18-

Sep

Weekending

2000

^._HaB

02-

Oct

too

90 'S'90 ^̂

Figure 3. Hencove, pa armigero activity as detenninedby pheromone traps, and predicted rate of emergence for
tile 1998, 1999 and 2000 seasons, for each of the Henothis Regional Management pilotstudy areas.
11aJ =H. armtgero, limbourstudy area; HaB =H. armigero, Brookstead-CGcilPlainsstudy area.

16-

Oct

<

70 =
co

60 ^,
co50
E

40 co

30 co
20 -

_ 10 9!
D. .

o

50

--Predicted emergence (%)

30-

Oct

Trap crop flow ering

o

................

13-

I\tov

07-

Aug

27-

I\tov

^._HaJ

21-

Aug

04-

Sep

18-

Sep

Week ending

+_HaB

100

90 ^
80 co

o
70 =

co
60 E,

co50
E

40 co
^

_ 30 e?
o20
^

10 co
D.

o

02-

Oct

^

16-

Oct

^

,Predicted emergence(%)

30-

Oct

13-

I\tov



C. THEPOTENTIALTOMANIPl. ILATETRAPCROPSTOACCOMMODATE

PLANTINGOPPORTUNITIESINADRYLANDSITUATION, ORDELAYlBD
EMERGENCEFROMDIAPAUSE.

Conclusion. .

Sloshing chickpea crops at early nower coll delay peak/lowering/by up to typo weeks
However, the ability for a crop to litl!y recover from sloshing grid continue to nower is
dependent on the availability of moisture. Potentially, available moisture limits the option of
sloshing to malljpt, !ate the timing of trap cropj70wert"g.

Tra CTo slashin mall999.

INTRODUCTION

In some seasons the opportunities for planting a spring trap crop are jintited by rainfallevents. This is
particularly so in dryland areas where adequate planting rainfallmay not occur within the window
recommended by the Henothis Regional Management Flail(HanS) for planting a trap crop (late June-early
July). Options for establishing and managing chickpea trap crops in dryland areas require some investigation
One option that is investigated in this trial is the possibility of delaying flowering of a chickpea crop through
slashing. The ability to manipulate trap crop flowering has applicability in seasons where early planting
opportunities occur, or where emergence from winter diapause is later than average and is not expected to
coincide with trap crop flowering.

MATERIALSANDMETHODS

A replicated trial was established in a dryland chickpea crop direct drilled into standing sorghum stubble minid
July, 1999. The trial was laid out in a replicated Latin Square with fourtreainients and fourreplications of each
treatment. Eachplot was loin longby 5 rows wide. A buffer of3 rows wasleftbetween eachtreaiment and Im
of row separated plots on each end

The fourtreaiments were I) control, 2) slash at budding (22 Sep and 11 Oct), 3) slash at flowering (28 Sep) and
4)slash at podding 01 Oct). Slashing was done with a handheld whippersnipper, reducing plant height by 50%
Measurements of plantheight, flower number, pod number and henothis density were taken at regular intervals
between 22 September and 5 November. Trial data was analysed using an ANOVA for Latin Square (Genstat5,
v 4.2).

RESULTS

Flowering was delayed by approximately two weeks by slashing at early flower. Whilstflowering was delayed,
the number offlowers produced per metre was significantly reduced conTpared with the density offlowers in the
controltr'earnient at peak flowering (Fig 4). This reduced recovery of the slashed plots is attributed to tlie litntted
soilmoisture, which impacted on the ability of the crop to regrow vigorously.

Slashing at budding failed to delay flowering, but reduced the number offlowers. Slashing at early podding
followed the peak in flowering, and the crop continued to produce flowers at a levelsirntlar to the untreated
control, indicating there is no short-tenn advantage to slashing this late in the crop development(Fig 4)
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RECOMMENDATIONS

Slashing at early flower is potentially a viable way to delay flowering in chicl:pea crops to ensure they are most
attractive during the period ofH. armtger@ emergence from diapause. However, the success of this technique is
impacted by water availability for regrowth by the crop. Slashing at budding and podding were less effective in
delaying flowering than slashing at early flower.

This technique has application in manipulating the flowering of areas of cornmercialchickpea crops planted in
May-June (Darling Downs), when there may not be a suitable planting opportunity for a specific chicl=pea trap
crop.
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The contribution of grain crops, with the exce;ptto" of chickpea, is generally limited by the
imp@ct of parasitism, disease, and prest, inab!y predation. nits results in a substantial
decrease in the size of the henothis population, loin larvae to viable pupae. Most groin
crops r, ;presenti, o13, able nurseriesfor natural enemies, particularly the par@sitoidwasps.
INTRODUCTION

At the outset of the HRMS project gram crops, particularly maize and sorghum were considered major
contributors to the H armtger@ population in the study areas. For example, the draft HRMS included a
recommendation, for the December- February period, to "Avoid planting nursery crops eg. maize".

From the perspective of managing a local population of henothis, it is important to understand which crops may
be acting as nurseries for henothis. With this knowledge, a management program can be developed, tliat
emphasises monitoring and controlin suclt nursery crops during the season. This is consistent with a regional
management approach for a highly mobile pestlike henothis, which is 'to contain the pest where it is produced'.



Mr17ERIALSrtNDMETHODS

intensive crop monitoring was conducted in 1998-99 and 1999-00 seasons to deterThine the level of survival and
causes of mortality in grain crops. Throughout the cropping season from September through to April, grain
crops were monitored for populations of henothis. In each crop an estimate of larval density was made, and a
collection of larvae placed on diet(25-50 larvae per site) and returned to the laboratory for rearing. Larvae were
reared t}itouglito emergence as moths, mortality antibutable to disease, parasitism or unlaiown causes were
recorded. Predominantly second to fountiinstar larvae were collected to maximse the chance of detecting
parasitism by Microplitis, and mortality from diseases such as NPV and ascovirus. At an appropriate period
after the larval collection the field was revisited and an estimate of pupaldensity made. Pupae were collected for
rearing in the laboratory. In the second and third years of the project, egg collections were also made to allow an
estimate of egg parasitism, inlis meantthat henothis populations in a field were investigated at three stages; egg,
larval and pupal. The final pupalsample and collection provide the estimate of the contribution of the crop to
the local population.

In conjunction with Wayne Rochester(UQ24C) cotton scouting data was collected from a number of fanns in
the study areas. Analysis of this data provided an indication of which crops were contributing to the overall egg
pressure during the season.

RESULTS/INDDISCUSS/ON

Production of henothis in rain CTo s

The results of the crop monitoring were similar for the two study areas, therefore the results are presented by
crop without separating the sindy areas. To demonstrate the relative survival of henothis meach crop, larval and
pupal data Is combined and specific causes of parasitism (16. MICropl, t!s, Heteropelmo) are not identified
individually (Fig 5).
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Survival to moth is relatively low in grain crops (around 20%) with the exception of chickpea and maize.
Chickpea experiences very little parasitism, and good in-crop control is critical to managing henothis
populations in these crops, as larval and pupal densities are relatively high (Fig 6). Maize has the potential to
contribute a relatively large number of moths to the system, particularly late in the season. However, natural
outbreaks of NPV are seen regularly in maize (which is not sprayed for henothis), and specific application of
NPV to maize crops in periods of high henothis pressure would be a valuable regional management tool. The
'unlariown death' component has still to be resolved as either field infection of some, as yet unidentified
pathogen, or as an artefact of the laboratory rearing process.
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The reasonable level of mortality seen ingrain crops supports the results of the analysis described below which
indicates that cotton is the majorsource of moths from January.

Seasonal nressure and sources of moths

Analysis of egg pressure across the Brookstead study area, in conjunction with backtracking development using
the henothis development model, allowed us to identify which crops were having a major unuence on regional
egg pressure during the season (Fig 7). Cotton is the only crop monitored regularly all season and provides an
indication of season-long pressure in a region. The result indicates that conrrnercial chickpea is potentially a
major source of henothis early in tile season, and has previously been identified as requiring increased
monitoring and improved control. inns issue has been addressed in the GunC-funded project(DAQ364, David
Murray QDPl) which hassome overlap with DAQ85C, particularly in terms of improving henothis management
in gram crops. The result also supports the anecdotal infonnation provided by cotton consultants that henothis
pressure in cotton decreases during the period of peak sorghum flowering in December. The January peak in
oviposition appearsto have been generated by moths emerging from cotton locally (Rochester & Zalucki2001).

With improved management of henothis populations in chickpea and relatively low henothis survival in other
grain crops, research needs to address ways of decreasing the emergence and dispersal of moths from cotton
from January in order to contain the population growth regionalIy.
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Regular cornmunication has been maintained witli growers and consultants operating in the pilotstudy areas.
The monthly newsletter, the Henothts Hotft"e, was produced and distributed to over 400 growers, agribusiness,
consultants and extension staffon the Downs and in other regions. The Hotli"e contains updates on research,
outcomes of discussions at HRMS groups and timely reminders for component activities. The demand for
access to this information from outside the pilotstudy areas has grown considerably over the life of the project.
It has beenpossible to expand the number of people receiving the newsletter, withoutincreasirig the cost of
distribution, by using electronic distribution. Newly formed groups on the Darling Downs receive one copy of
the newsletter, which a group leader then distributes amongst the group members.

Group meetings have been less frequent in the pilotstudy areas in the last 18 months of the project, with the
onus on group members to decide ifand when they wanted meetings, and detennimng the issues they want to
discuss. Of the nine groups initially formed intrie pilotstudy areas, four are meeting regularly at approximately
3-4 month intervals. Other growers continue to participate in implementing the strategy on their fanris and in
their local areas, but the group function has not developed as wellas in these other groups.

Research and extension staffattended allineetings, providing feedback on research results andpromoting
discussion of issues related to pest management. Allgroups set goals forthe season, primarily delaying the use
of synthetic pyrethroids. At strategic times during the season, some groups met to discuss what options there
were for managing henothis, to getinfonnation from the projectteam on the levelofnatural enemy activity in
local areas, and to talk with neighbours and consultants about how their pest manageinentstrategies were
operating.

.

Coriumunication with the broader fanning community has been effected by involvement in a range of extension
activities througliout the project. These have included:
. GnuC adviser and grower updates,



an ERM Update held in Dalby to promote the HRMS and IPM-related research being undertakenby QDPl
articles in the Henothts State!me newsletter, which is distributed to growers across Qld twice a year

presentations at the Cotton Consultant's Association senitnar series
regularpress releases provided to radio, television and print media in relation to the timing of spring trap
crop planting, destruction and management; crop monitoring; general pest activity levels; pupae busting
etc.

Participation in the annual DAQ364 projectreview - an opportunity to cornmunicate results and activities
to researchers

Participation in the Henothis Working Group tour ofQDPl's pest management activities
Numerous presentations at, and participation in, farmer group meetings across Qld and NSW

Many of these activities overlap with, and are closely aligned with, extension activities of DAQ364 the
"Henothis management formM ingrain crops" project.

Technical material, conference papers and other publications are listed in a following section.

The innp"ct of, {RMS o" the IOC@111eliotfoispop"torto", cmdthe grower coinm, ,"t^,.4.4

Impact ofHR!1480" the local hetrothispop"lotion.

This aspect of the project has proven to be more difficult than anticipated, and an exhaustive evaluation has not
been possible to the level initially planned. One of the key difficulties has been the lack of a 'control' area with
which to compare the pilotstudy areas. Although the projectteam has worked directly only with growers in the
pilot study areas, key components of the 1/1^S (particularly spring trap cropping) have been implemented in
all cotton-growing regions.

biterms of the directimpact of spring trap cropping on the local population of henothis, the analysis by Wayne
Rochester (Rochester & Zalucki 2001) was inconclusive and unable to demonstrate any direct association
between the presence of trap crops and subsequent henothis pressure in nearby cotton. However, as discussed in
their report, the data available for analysis was not sufficient for a thorough analysis.

The three years of the project (98-99, 99-00 and 00-01) have been characterised by lower henothis pressure in
both the study areas, compared with the preceding season (1997-98). It is difficultto partition the impact of the
regional management activities from the impact of the adverse seasonal conditions on the size of the local
henotliis population in these three seasons. The evaluation of the direct impact of regional nunagement on the
henothis population requires significant development of techniques. This is one area of the project that has not
been accomplished to the extent tiltitially anticipated.

Impact of HR/IIS activities on the grower community - development and initiation of
evaluation.

The impact of 111^S on the participating growers, consultants and the local coriumunity has been monitored
throughout the project. Changes in attitude, knowledge and practice have been documented through a
grower/consultant survey, and by records from group meetings. This evaluation, which describes changes in the
pilot study areas, is presented below in the fonn of Bennett's Hierarchy, showing the transition of individuals
and groups through participation in the HRMS.



Increased rower kilowled e andunderstandin of henothis mana Ginentand inte rated estmana Ginent

L^I.
There has been a dramatic change in the knowledge and understanding of growers of henothis management and
IPM over the duration of this project. At the beginntng of the project many growers didn't fully understand the
henothis life cycle, making it difficult to then understand why certain tactics of the strategy were in place. For
example, a limbour Flood Plains grower claimed in April1998 that he didn't know that henothis spentpart of
its lifecycle under the ground. Given this levelofunderstanding, the practice of pupae busting would have
seemed irrelevant, and its importance in an IPM strategy would not have been realised. This knowledge changed
quite quickly as evidenced by the high participation rate in the pupae-busting program.

Another area that saw a rapid cliange inkiiowledge was in relation to beneficial insects. in April1998
coriuments were made a meeting that, "beneficials aren't important" and " we don't have any beneficials on the
Downs". This knowledge changed after a number of meetings and demonstrations, By October 1998 growers
were making comments at meetings such as, "pyrethroids were used in winter cereals (a good host for
beneficials), will the beneficials come back?" and "Barley and sorghum will contribute to beneficials".

In more general terms, the kilowledge of growers has advanced from a basic understanding of how to use
chemicals to controlthe majorpestspecies in the fanning system. The majority of growers now have an
understanding of the henothis life cycle, an understanding that there a number of non-chenitcaloptions for
controlling this pest, and an understanding of why they have the potential to work. At the rind-projectreview
with participants in October 1999, growers thought that"awareness has increased, butthings haven't changed a
lot". This reflected a change in attitude of growers and reflected a desire to do more with their newly acquired
knowledge.

Chan e in attitude to henothis niana ement from esticide de endence towards IPM.

Growers haverealised that they can take controland have a realimpactonpestmanagement in their fainting
systems. A recent coriument from an on fann agronomist in the Brookstead pilotstudy area sunmiedup the
change in attitude when he said, "We originally thought that the new ideas were allpie intrie sky, but now we
realise that we can have an impact. It isn't alljust good luck. We are creating our own luck. "

The most significant change in attitude of the participants is in relation to beneficial insects and use of soft
chemistry. Consultants and growers have changed from viewing beneficial insects as unimportant, and even
non-existent in some cases, to wanting infomnation about beneficials, what impact they can have, and what they
can do to encourage them. Attitudes to the use of soft chemistry, and particularly the biological products (virus,
Bt, henothis specific products) has become more positive following experiences of good controlwith these
products under the relatively low pest pressure intrie 99-00 and 00-01 seasons.

Early in the life of the project, groups did riotspontaneously discuss the use of selective chemistry. By the third
round of meetings growers were starting to make co, ,u, ,Grits such as;"the soft options are litntted by pressure",
"go soft early, then when pressure gets to high go hard","need to be prepared to weather more damage". As
wellthere was some discussion about the chemical reco, ,u, ,endations of consultants and advisers being contrary
to the desire of growers to 'go soft'. By February of 1999 Brookstead growers were staiting to make co, ,u, ,Grits
such as;"selective chenitstry is an important component","get rid of'hard' cheintcals, early season" and "we
need a balance between soft chemistry and fruitretention. "In October 1999 the limbour growers wanted to see
greater use ofNPV, and realising the relevance of soft options in grain crops. By December 2000, growers at
Brookstead were acknowledging the advantages from 'going soft' in tenns of reduced subsequentpest pressure,
as a result of preserving beneficial insects in the system. Clearly the growers were gaining an understanding of
the benefits of soft chenxishy, and theirrole in the fanning systems (grain and cotton).

The role the DAQ85C and DAQ364 projectteams have played in achieving this change in attitude cannotbe
underestimated. The successful introduction of virus(Gemstar@) for sorghum and other grain crops has been
pivotalin developing grower confidence with 'soft options', and biological products in particular. Research and
extension support assisted growers with developing confidence in using non-traditional products through
discussion of research data, providing data and feedback on pest and beneficial activity intrie pilotstudy areas
thoughout the season, and participation ingrower discussions of their experiences in the field.



WidesDread jinolementation of the HRMS, and adoption_ofke coin orients into estmana ement activities
(Dractice change).
Participants in the HRMS were quick to adoptsome of the tactics and slower madopting others' Trap cropping
was one of the new technologies intrie strategy, and it was one that growers quickly increased theirl^lowledge
about. This was achieved by asking many questions at the early meeting, and detemiining forthemselves, on the
basis of what they understood trap cropping to be, that it was a technique wellworth trying. The rate of adoption
of trap cropping was very high from the begimiing of the project at limbour in 1998, 27 growers(33%)
participated and at Brookstead 48 growers (43%) participated.

Pupae busting was another key component of the strategy that saw a high rate of adoption from the begirming of
the project. 111February 1999 growers intrie Brookstead area believed that all irrigated growers were pupae
busting, but there was some dryland growers that were not, most likely for soilmoisfure and erosion risk
reasons. In the nitd-projectreview October 1999 growers in the Brookstead area thought that the pupae busting
and trap cropping would continue pastthe life of the project, illustrating that the participant were already
implementing and satisfied with the perceived contribution of these key components to henothis management.

Another key component of the strategy was to delay disruptive pesticides and promote beneficial insects. This
was a part of the strategy that was adopted more slowly by participants. At the beginning of the project growers
did not consider that beneficials insects made a significant contribution to henothis control, so they could see
little reason to preserve them. It has been rewarding to see this attitude change during the course of the project
to the stage now where growers are monitoring and using beneficials in pestnianagement. They are
incorporating them into pest management decisions and actively trying to augment them in the fanning systeius.
Some grower comments that illustrate the state of beneficial-related discussion at grower meetings include.
. "Beneficials are coming initomgrazing country",
. "Thaips are acting as beneficials againstmites",
. "1.1umbers of beneficials dropped off late in the season, especially due to the sprays in cotton",
. "Ifwe loose our beneficials mid-season it is hard to recover, we need to look at importing beneficials from

other areas"

. "Planting into stubble helps buildup numbers",

. "Is it worth putting $1-21ac of cotton across the area to fund an area-wide release of Trickogr@mina?"

. "There are predatory shield bug in the crops and some parasitic wasps" and

. "1100k forward to time when Byvirus/parasites cam take out the population of escapes ie. true working
ERM. "

There were a number of growers initie limbourregion that did some inundative releases of the egg parasitic
wasp Trichogr@mina during the sinnmer of 2000/2001, illustrating how far they have progressed along the IPM
path.

Develo meritof rower ou sin ilotstud areas Increased conrrnunication -flowonbenefits of the To'ect

At the beginmirig of the In^S projectitwas decided that to be effective we would need to operate with a
number of groups within each study area. The Brookstead region wassplit into five groups and the limbour
Flood Plain wassplit into four groups. The limbour groups were each comprised of two established Landcare
groups. Early in the project(March/April1998), the groups were asking many technical questions and looking
for the DPIto provide solutions for them. This continued into July 98, when growers largely understood and had
adopted the spring trap cropping and pupae busting program.

By October 1998, awareness of specific componentissues, and possible solutions, had increased. limbour
growers were starting to look for ways of improving theirperceived lack of beneficials on farm eg. Iuceme
plantings. The Brookstead growers were talking about going "soft" (using the least disruptive available
chenxicals), although this was not what happened in practice during the 1998/99 season.

By February 1999, growers were requesting more information about beneficial insects and how to optimise
them in the f^fining system. Growers were requesting training sessions on ERM techniques. The Brookstead
growers were stilla little scepticalabout how successful IPM could be tilthe paddock, given their recent
experience with another season of high pest pressure.

By May 1999, the limbour growersshowing a high levelofcommitinentto the project, but a little more
cautious about going soft for too long (ie. moving beyond their contort/confidence zone). Both regions were
requesting infonnation on Iuceme, indicating that they thinking about changing the farming system to be more
beneficial- friendly. The Brookstead growers were stilllooking for answers/recipes from the entomologist,



consultants or the extension officer. Tliey continued to make excuses for why they could not employ IPM
tactics. Following the inid-projectreview of progress and aspirations with the groups in October 199, an overall
assessment of group development at this stage was that the limbour growers were clearly looking to the future
in a much more group orientated manner than the Brookstead group. The Brookstead group continued to focus
on outside help and direction from DPI, whilst the limbour growers had placed more importance on the value of
the groups andbeing self-driven.

fire limbour growers initiated a 'crisis' meeting at the end of December 1999. They made a decision, as a
group, to delay the use pyrethroids as long as possible and make us of the beneficial resource they were seeing
in their field. It was not untilJune 2000 that the Brookstead growers started to use the group meetings to discuss
different options and strategies (such as sunmtertrap cropping), progressing as a group. The limbour growers
were continuing to use the nieetings as a basis for discussion, but had the advantage over the Brookstead groups
that they now had some real experiences with the impact they could have on fann through the preservation of
beneficial insects.

The limbour groups had moved to the levelofimplementing newpractices and techniques, whilstthe
Brookstead groups were stilllargelyjusttalking about concepts. However, there was a change intopics for
discussion; more focus on beneficial insects, less on managing pesticides and spray application. Growers were
also perceived to be starting to feelmore incontroloftheir own problems.

An "ERM Progress on the Darling Downs Update" was held in August2000. Around 120 growers and advisers
attended this update, reflecting the changing attitudes and interests of growers and consultants across the region.

By December 2000, Brookstead groups were starting to ask the searching questions that the limbour group do in
relation to beneficials and how to encourage them. Some growers were planting beneficial nursery crops and
thinking about egg parasitoid releases.

At the end of the project it is clear that the Brookstead groups are now operating more successfully as groups,
butthey are stillnot quite as effective as the limbour groups, which have a longer history of working together as
Landcare groups.

5. LIKELYIMFACTOFTHEHRMSONTHECOTTONIN01.1STRY

Increasedprc!/jinbili^, of growers CS " res"It of red, ,ced heltotfoispress"re.
It is difficultto estimate the scale of the decrease in henothis pressure that nitght occur with the success of
regional management of henothis. However, we can speculate that the pressure decrease may be at least of the
same magnitude as the decrease tillocalpressure seen between the 97-98198-99 and 99-00100-01 seasons
(Figure 8). Egg pressure tricotton is used as an indication of regional egg pressure. Cotton is the only crop in the
system that is present throughout the sununer period, and in which pest density is regularly recorded.

Comparative econonxic analysis of henothis controlin cotton for the 98-99 and 99-00 seasons has been
undertakenby Fisher & Wicks Consulting. No regional analysis has been done forthe Brookstead orJimbour
areas, but one has been done for the Goondiwindiregion, which experienced a similarreduction in henothis
pressure in the two seasons. file analysis showed average insect controlcosts for conventional cotton were
$799Aia in 98-99 and $365/11a in 99-00, a reduction of $434/11a or 54% (Chiis Wicks, personal communication).

In an environment of lower henothis pressure, it is viable to use a biological productsuch as Dipel@(Bt) or
Genistar@(NPV). The selectivity of these products preserves namralenenxies, which have been found to make a
significant contribution to egg, larval and pupalmortality in undisrupted gram and cotton crops (eg.
Trtchogr@mina sp. , Microp!, tis/ascovirus, Hete, .opeh, ta, Tachinidae). Efficacy of these products tricotton and
gram crops, particularly early in the season, has benefits to the fanning system as a whole. inlese flow on
benefits are difficultto quantify, but have a significant value:

i) increased control of henothis populations by the use of biological products to which there is 110 resistance in
the population (virus), ii) resistance to the carbamates is not exacerbated by repeated use, particularly as a result
of early season use in chiclcpea, in) preservation of naturaleneintes makes a contribution to henothis controlnot



only in the treated field, but following dispersion to neighbouring and subsequent crops. These aspects are of
particular importance in the context of henothis management on a regional scale, and the scale of impact and
benefits will extend across the grain-growing areas of Qld and NSW as the adoption of 111<I\Is and IPM
becomes more widespread.
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Figure 8. Average fortnightly henothis egg density recorded in cotton from across the Brookstead-CGcilPlairis
pilot study area 1997-98, 1998-99, 1999-2000 and 2000-01 seasons.
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I) A farming systems, or regional, approach to the management of Hencoverpa armigera is feasible
both in scientific and practical terms.

Based on our current understanding ofH. aimgera ecology the HRMS was devised to reduce the size of the
local population, and would only be effective ifthe population was riotsubjectto significantimmigration
events during the sinnmerseason. Temporal analysis of season-long henothis pressure in the pilotstudy
areas (Wayne Rochester, UQ) has demonstrated that there is no substantial nitgration into the region during
the SUITuner period. This assertion is supported by prelinxinary results from the DNA rimcrosatellite studies
(Glenn Grabam, Cm, UQ)that suggest the H. armigera population on the Darling Downs is genetically
distinct from populations in other cropping regions. Therefore, the fundamental prerequisite for an effective
ERMS, a local population, exists on the Darling Downs.

Key componenttactics of the ERMS, spring trap cropping, pupae busting, improved henothis management
in grain crops, have been maled by growers on their owiifanms. Growers have demonstrated these tactics to
be practical to implement, with some modification, on allfarnis from conventional tiliage through to zero
tillage.
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2) The rapid adoption of new pest management concepts and tacticsis greatly facilitated by a
participatory and group approach to learning.

Growers intrie HRMS pilotstudy areas readily implemented and evaluated the practicality of
recommended tactics on their own farms over the life of the project. This outcome is aimbutable to the
intimate involvement of growers with the projectteam, and particularly to the ongoing support and
encouragement provided by the extension officer in the project. Growers have responded wento having
continuity in teams of contact personnel, and have made extensive use of the availability of the extension
officer to provide support and/or information during the cropping season.



Having a specialist extension officer with technical experience in pest management, as wellas facilitation
skills, has been key to the confidence with which growers have attempted new activities. In addition, the
sound technical knowledge of the extension officer has made it possible to conarnunicate research results
froin the research team to growers. The skills of the extension officer have made it possible to presentthe
information with adaptation and interpretation that makes it illunediately accessible to the growers.

Working in groups hasresulted in a high level of communication amongst growers, as wellas between
growers and the project group. The opportunity for coriumunication amongst growers has been important in
fostering the appreciation that henothis management needs to be considered on a scale larger than that of
the individual field or farm. This has been critical to creating the 'regional' mindset central to the
implementation of a Regional Management Strategy for henothis.

b. Recoinme"of"ito"s

D Regional management orbeliothis, or area-wide management, has developed as a movement in
farming communities across Qld and NSW, and should be supported with both research and
extension.

Not only does HRMS offer benefits for the management of henothis, the major pest of most field crops in
the northern region, but it has developed into a movement that has spawned an enthusiasm for alternative
pest management approaches, and particularly interest in ERM. Now is an opportune time to capitalise on
the interest and enthusiasm in IPM that exists in the fanning coriumunity. Attitudes towards pest
management are changing, and there is an overwheiming demand formfonnation and options that the
currentresearch and extension resources cannotservice.

The currentHRMS represents a firststep in the introduction of the regionaVarea-wide management concept
to the fallLitLLg community. Additional research is required to supplement the basic componenttactics of the
current Strategy to extend the capacity of growers to impact on local henothis populations. Areas requiring
research include swumertrap crops, augmentation of natural mortality through the preservation and'or
breeding, and manipulation of natural enemy populations within the farming system.

Experienced and specialised staffare needed in allgrowing areas to assist growers as they implement
tactics and strategies that are unfamiliar, and perceived to be high risk. For growers to aquire new skills and
gain the confidence to implement new tactics, they require ongoing support and information. In the absence
of such support, growers will persist with the 'tried and true' methods of pest management, which are
highly dependent on chemical control.
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c. OtlierR&D OPPort""ittos tfo"ternergedd"ri, ,gtl, e cowrse of theprqject

I) The role of natural enemies of key pests has emerged as an area of research requiring attention. With an
increased awareness of natural enemies, and a greater understanding of the biology and ecology underlying
pest behaviour, growers are keen to explore ways to exploit naturalenenxies to increase pest mortality in
their fields. A number of growers nave moved beyond assunting that'soft' insecticides will mean more
namral enemies, to a point where they are actively attempting to augment natural enemy populations on
their fanns by inundative release (eg. Trichog, .ami"@) and propagation in nursery crops (eg. lablab, Iuceme,
niger).

in a jinxed cropping system, such as exists on the Darling Downs, the opportunities for area-wide
management of natural enemies has huge potential. There are many questions that need answers before
such a strategy becomes possible. For example, (a) which are the key natural enemy species that have
greatest impact on pests, (b) do the natural enenxies have specific crop or pest associations and (c) can
populations of natural enemies be manipulated to be active in crops when pests are active ie. numerical and
temporal manipulation.

2) The expansion of the regional management concept to other regions, particularly agricultural systems
that are less diverse than those of the Darling Downs. From a regional management perspective, the benefit



that a diverse system offers is considerable. Research as part of DAQ85C, has clarified that at different
tmTes of the season, particular crops act as henothis 'sinks' and'or natural enemy nurseries. In other regions
where larger fields predominate, and the diversity of crops is less, HRMS may be more dependant on spring
trap crops, orin-season trap crops to manage the henothis population. How the HRMS could be modified to
be effective in other cropping systems is an area for filtherresearch and development.

6. COMMERCIALLY SIGNIFICANT DEVELOPMENTS, PATENTS
ORLICENSES

1.10 commercially significanttechnologies were developed through this project.

7. PLANFORACTIVITIES:

(a) to further develop or to exploitthe projecttechmology.

With the coriumencement of DAQ112C "Henothis management in southern Queensland fam, ing systems"
there is an opportunity to capitalise on the progress made to date with DAQ85C. Results of research,
development and evaluation suggest key areas that require further investigation to develop additional
tools/tactics to supplement the draft HRMS. These areas are discussed in the section on R&D opportunities,
but briefly, may include:

. containing the henothis population in cotton through improved control, increased mortality in crop or
manipulating emerging moths to prevent dispersal into the farming system

. greater exploitation of natural enemies within the fanning system through the use of existing 'nursery'
crops that exist intrie nitxed fanning systeins that occur in much of southern Qld

. investigating the opportunities to transfer the HRMS to other regions, including identifying necessary
modifications that may be necessary to make the strategy effective fulless diverse fainting systenrs.

(b) for the future presentation and dissemination of the project outcomes.

The demand for the DAQ85C projectteam to presentresults and outcomes of the HRMS to groups across
the cropping regions of Qld and NSW continues. The project team continues to be involved in grower
meetings, presentations to consultants and growers and to stakeholders. Under the auspices of DAQ112C,
the Henothts Horni, e will continue with sponsorship from local companies to cover the costs of distribution.
One of the initial outputs of DAQ112C is to develop a coriumunications plan. The plan is essential to
determine how the output and outcomes of DAQ85C can be comintinicated widely and effectiveIy to the
broader farming coinmunity. It is essential that future coriumunication and disseintnation of results does not
stall and be purely repetitious of what has been done to date. fits equally important that currentleriowledge
be developed and extended as research builds on the cument HRMS. Future presentation and disserrtination
of the outcomes of DAQ85C will be achieved in this context.
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The production of the HenothisRegto"@IMO"@genientvideo was an intmative of the Darn D H I' h'
Working Group (HWG), with considerable input from the DAQ442 team. The aim of the video was to infomT
growers and agribusiness across southern Queensland of the changes in Hencove, PC management bein maled
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9. Are changes to the Intellectual Property register required?
1.11A

References

Rochester WA and MP Zalucki. 2001. Henothis inig, ntto" andpestmanagement. 'I;ff'ects of movements with^"
andbetwee" cropping regions. Final Reportto CRDC for UQ24C. 25 January 2001.



Part 4 - Fi"@IRC;!, ortPI"tm E"glislt S"min"o7
PI'ovide a half to on, = jin^;e Plain 11:11glis i. '
confidence, and Inai call be Dahlislie(l < I I

A draftregionalnianagementstrategy for henothis was devised by researchers(QDPl, Universi ofQld) d
leading growers, as a starting point for the research, development and implementation of such a tr t . Th
strategy was produced as a yearlong activity plan for growers, identifying specific activities and actions th t
should be implemented to comply with the strategy.

The draftstrategy provided a starting point for growers and their advisers to visualis h th
theHRMSfittedtogetherintheschemeofanannualfannprogram, rather than onth b f I
by-fieldmanagement. The draftstrategywasfirstpresentedandexplainedto owersata t' h
designated studyareas. With astronglevelofsupportandcommitrnentforthetrialoftheHRMS, f ,
the implementation, research, development and evaluation phase of the project coriumenced. kith B k t d-
CGcilPlains study area 1/9 growers were involved in the project, and 83 growers were invol d ' th I' b
Floodplainstudyarea. maddition, therewasinvolvementftomagronomists, consulta t d th b
interests associated with these growers.

WhilstgrowersimplementedthecomponenttacticsoftheHRMS, researchwasundertake t I d
refine these components, andto evaluate the appropriateness of the InunS in the Daniri Downs f
system. Recoinmendationsrelating to the use of spring trap crops, management of henothis in ram cro s d
pupaebusinghavebeenconfinned, and/orrefined, as aresuitofttieresearchconducted. FO I, tr" I
overt}reeseasonshaveconfinnedchickpeatobethemostsuitablecropfors rin tra cro itI D I'
Downs. Agronorntcallythe crop is robust; the tinting offlowering can be mani ulatedb SI h' ; I
other candidate crops (vetch, Inger, canola, canary, linseed, field pea, lentil) it is highly attractive to henothis.
The recommended planting date of late July-early August, haveprovento be robustoverthree , th
extended flowering coinciding with the emergenceoftheH. @rintger@ o ulationftomd' U

Progress by growers towards the successful implementation of the HRMS, has been facilitated b d'
suchprojectresults, revised recoinmendationsandgrowerexperiences. Prima dissemination hasb th
HenothisHotlt"eandHeliothisStoteli"enewsletters, industry sentinarsandconferences, fanner t' , d
technicalbrochures. '

Coriumunicationofprojectactivities, progressandresearchoutcomestothebroaderfarmiri co h
promoted the widespread adoption of the HRMS concept. InIPIementation of key strategy coin orients (e .
spring trap cropping)is occuiTing across Queensland andNSW. Beyond the end of DAQ85C, the pro^Ctteam
continues to cornniunicate with farmer groups and industry. Requests continue from groups outside the not
study areas to getinformation andassistancewiththe inIPIementation ofHRMS activities tilth ' . inI
awareness and uptake of the project outputis high, and continues to extend beyond the Darnn Downs. It is
anticipated that allgrain-cotton-growing regions will have functional area-wide Tou s within to

? it. 11' nil yu!11' I'esetircl\ thal. Is iiot coiniiiercit11 ill
' I It. wade web




