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Part3 -};177alRc^;70rtFormat
The points below are to be used as a guidelinewhencompletingyourfinalreport.
I. Outline the background to the project.

Australian cotton production is in the process of adopting new trarisgenic
(INGARD) to. rin, logy for man^ging heri, uns and nther core"pillar^. INGARD
teclmology has no effect on sucking insects such as green Timids, and under the low
insecticide use patterns envisaged using INGARD cotton, the status of sucking pests
in general will increase. In the past, most trisecticides applied to control henothis
inadvertently controlled sucking pests. As these are removed from operations,
sucking pests willsurvive in the crop.

Conventional cotton producers also have an awareness of the need to adopt a more
selective approach to early season pest management. Both these approaches
highlight the need to develop sound management practices for sucking pests in
general, and green Trimds in particular, as current insecticide treatments against
these pests are invariably disruptive to beneficial fauna. Some of the new, inor^
selective insecticides for green Timids (e. g. , fipronil, initdacloprid) will be more
expensive than organophosphates and pyrethroids, further highlighting the need for
careful consideration aboutwhen and howto controlgreenrriirids.

Green mind controlis usually required during early squaring (November to
December) when the foundations are being established for the conservation of
beneficial fauna in the cotton crop. While Iucerne strips have been employed
successfully for green Timid control under the Envirofeast IPM approach, Iucerne
strips do not suit all situations and are difficult to maintain in an attractive state
under rain~grown conditions. Green Intrid management will depend on insecticides
for the foreseeable future. The challenge is to use the least disruptive approach
available. Current thresholds for green minds on cotton are poorly defined. They
range from I per 10 metres (barely detectable levels) to 4 per metre. As a
consequence of these poorly defined thresholds, controls are sometimes applied
when they are not necessary and vice versa. As new insecticides for cotton pests are
developed, it is important that the Cotton Industry has its own independent
assessment of their effect on beneficial fauna.

2. Listthe project objectives and the extentto which these have been achieved.
Evaluate rotocolsfor eenrriiridsthresholdtrials

A trial to test possible techniques for their efficiency, reliability and ease of use
showed that the general sampling measures used were effective at assessing Intrid
densities. Weekly applications of omethoate were highly effective at removing
mindsfrom the crop, but re-invasion offhe crop by adult minds could occur within
a week if north-westerly winds brought large populations of in^grants. They
probably inhabited new foliage that had not been present at spraying the previous
week. These adults were not escapees as no nymphs appeared in the sprayed part of
the crop. However, safety considerations precluded more frequent spraying of the
product. The current plant mapping techntq. ue used to assess fruit retention was



unable to properly map the fate of a plant's fruit production and a new, fully binary
system developed.

Conduct a series of een mind threshold trialsin INGARD cotton

Four threshold trials were conducted during the 2000/01 season. While Timid
densities were lower than ideal, cotton crops situated near sunflowers and Iucerne
had higher densities than general and provided good experimental sites. The data
show that the current threshold (0.51m) is slightly high for an established mind
population, and should be reduced substantially form^grant populations.

Screennew insecticides a amstbeneficialin a series of small lottrials

A number of products, either brand new for the Australian market, or being
extended for use in cotton, were tested in 7 small plot trials. Green Timids were
presentin most of the trials. The same beneficial groups were coriumon to most trials,
but allowed a range of products to be tested against common cotton beneficials.
Some of these products have had their registrations extended to cover control of
other pests (e. g. , apple dimpling bugs). Steward and Affirm show prointse of
delivering an ideal product for mind control, namely, effective control of green
Intrids withininimalimapct on beneficial fauna.

Conductlar e lottrials to evaluate roducts under COLLULiercialusa e

Two large scale trials using Steward in 2000 and one in 2001 were conducted in
collaboration with Dupont. The trials in 2000 involved sampling twice after a single
spray; that in 2001 involved twice weekly sampling. Beneficials and green Timids
were counted in each trial.

3. How has your research addressed the Corporationsthree outputs: Sustainability,
profitability and international competitiveness, and/or people and coriumunity?

The results of the experiments conducted in this project can be used by consultants
to improve the confidence of their green Timid population assessments and damage
potential of green Timidsto further reduce the impact of controlling green minds on
early season IPM development. The low impact of some new insecticides like
Steward and Affirm on beneficials will also go some way to achieving this aim.
These results should also help to more cost effectiveIy manage green Thinds by
better ensuring that only crops truly requiring treattnentreceive same.

4. Detailthe methodology andjustify the methodology used.
Evaluate rotocolsfor eenmiridstliresholdtrials

A trial to testtechniques was established in a commercial INGARD cotton crop. The
trial site was splitinto two areas with one section sprayed weekly with omethoate
and the other uusprayed. The trial was at one end of the crop; this perlnttted the
farmer to avoid spraying the site when treating his crop. Samples (5) for green
Thinds were taken weekly from each section of the trial with a suction sampler using
the top, forward sampling method. Different rows were used each week. Plant



mapping to estimate the fruit retention of 30 plants from each section was done at
the same time. The rows used for the fruit retention studies were different to the
rows used forthe Thind population estimates. The crop wasthen sprayed to remove
any Thinds that had entered the crop and to give some protection for the nextfew
days. The experiment commenced just prior to the crop commencing squaring, and
ranweekly to late December.

Conduct a series of eenTimid threshold trialsinINGARD cotton

Fourthreshold trials wereconducted in INGARD cotton during the 2000/01season.
Insufficientrriirids occurred in cotton in 1999/2000 to testthe techniques established
in the 1998/99 preliminary trial. Mind densities in 2000/01 were less than ideal, but
cropssituated nearsunflowers and lucerne had higher densities than general and
provided good experimental sites.

Eachsite was divided into an uusprayed plotand asprayed plot. The sprayed plot
wastreatedwith a pyrethroidweekly to remove Timidssinttlarto the technique used.
in the evaluation trial. Fruitretentionwas estimated from 20 plants (top 5 first
position fruit), and mind densities from five 20 metre suction samples in each plot.
Mind counts were corrected for sampling efficiency as a function of plantheight
using functions developed from previousresearchpriorto analyses.

Screen new insecticides a aimtbeneficialin a series of small lottrials

A number of products being registered, or reduced rates of registered products,
were tested for their effects on beneficial fauna, apple dimplitig bugs and green
Timids in 7 small plot trials. These trials were randomised block trials using 6
treatments (including untreated control) over 4 blocks. Plots were sampled prior to
spraying, then at 2, 4, and 7 days after treatment, for all beneficials and pests.
Analyses were done on groups that had sufficient numbers to give a meariingful
result. Table I showsthe products and rates tested in eachtrial.

Conductlar e lottrialsto evaluate roducts under coriumercialusa e

71'zt, Is Z, 2. . Two trials designed to test Dupont's new insecticide indoxacarb
established atOre. er) wereand spinosad(Steward) agairist bitenthrin (Talstar)
design with 3an unblockedestablished asBrookstead and Byee. Each trial was

treatments. Treatments were applied by the respective farmers and included
dimethoate (500 inL/ha of Rogor) with antest treatments for aphid control at
Brookstead. The treatments were:

Brookstead

Steward @ 650 inL/ha for 90 rows(Steward 650);
Steward @ 850 inL/halo^ 90 row^(Stoward 850);
Talstar @ 800 inL/ha + G^^netar @ 200 inL/ha for rest offield (Talstar).

Steward @ 650 inL/halor 90 rows(Steward 650);
Stoward @ 850 inL/hat'^ 90 rows (Stow^^d 850);
Tracer @ 1.50 mL/ha + Genustar @ 200 inL/ha forrest offield (Tracer).

Byee



Table I. Products tested tilthe smallplottrials, 1999 to 2001.

QDPITrialntimber
K1-99

K2-99

Product a. i. /L
Untreated control

Metitox fenozide 240 +D-C-Tron 1680

1100Chiorfena r 360

1000Chior rifosmeth I 500

2000Chior rifosmetti1 500

600Beta- fluffirirL 25

Untreated control

Emamecdri 19

hidoxacarb 150

YRC2894

Amitraz 200

Beta-c fluffirin 25

Untreated control

Novaluron 100

Chior rifosmeth I 500

Chior rifosmefti1 500

Beta-c fluffirin 125

Beta-c fluff^ 25

Untreated control

Azadiraclttiri 15 +S ertrol

Novaluron 100

Fi Torii1 200

Naled 900

Beta-c fluffiriri 25

Untreated control

Fi roni1 200

Fi Torii1 200

Initdaclo rid 200 +Pulse

Omethoate 800

Omethoate 800

Untreated control

Lufenuron 50

Emamectin 19

hidoxacarb 150

hidoxacarb 150

Bitentliriri 100

Untreated control

SI812 500

SI812 500

Novaluron 100

Emamectin 19

BiterLimiti 100

G1~00

G2-00

Rate inL/ha

G3-00

G1-01

700

850

1.05

2000

600

G2-01

750

1000

2000

80

400

2000

750

30

550

600

62.5

125

250

70

280

2000

700

650

850

800

200

400

1000

700

800



Each treatrnent was sampled 10 times, with 5 samples being taken from each of 2
rows 10 rows apart. Sample locations were spaced approximately evenly so that the
length of each row was sampled. Each sample consisted of a 20 in length of row
sampled by a Stihl BG72 suction machine usin;g the side, zigzag sampling method.
Samples were placed into 70% ethanolforlatercounting in the laboratory. Sampling
occurred 3 or 4 and 7 days after spraying (DAS), using different rows on each
occasion. Faunawere selected for analysisbased on the numbersfound ateachsite:

brown smudge bugs (Deraeocorz:s s4gr7atzzs);
ladybird larvae (larvae of various Coccinellidae);
other beetles (beetles other than adult or larval Coccinellidae, but mainly

fung, ,s b^^ties (My. etophagid^e));
total beetles (allColeoptera);
lynx spiders (Oxyopidae);
other spiders (allspiders not grouped into one of the main cotton fantilies of

Ararieae);
totalspiders (all spiders);
wasps (variousfarriilies of small, parasitic Hymenoptera) and
flies (various farmlies of Diptera).

Data were analysed by comparing the Steward treatmentsto the standard by means
of a t-testfor selected beneficial arthropods. A variance ratio testfirstly showed that
variances of each group were not significantly different between treatments. An
equal-variance t-test then deternitned treatment differences. For each test
significancewas based on a5% probability.

fir^, 13. . This trial evaluated indoxacarb (Steward) in a coriumercial situation (i. e. ,
spray the field when required). It was established at Brookstead as an urueplicated
trial with 5 sub-plots (2 rows x 20 in) arranged diagonally across field. Treatments
were applied by the farmer when pest densities warranted econorntcal control. The
trial did not have a controlsub-plot. Each sub-plot was sampled regularly twice per
week, using different rows on each occasion. Each sample consisted of a two 20 in
lengths of row sampled by a Stihl BG72 suction machine using the side, zigzag
sampling method. Samples were placed into 70% ethanolfor later counting in the
laboratory. Fauna were selected for analysis based on the numbers found at each
site, and included various bugs, beetles, smallwasps, flies and brownlacewings.

Data were analysed by comparing numbersfor each faunalgroup before and after a
spray. Endosulfan applied to the whole farm (including the trial site) reduced
numbers such that Steward treatments appeared to have no effect on the groups
studied.

Detailrestilts including the statistical analysis of results.
Evaluate rotocolsfor eenrntridsthresholdtt, ials

The trialshowed that omethoate effectiveIy removed minds. Minds were present in
the untreated section of the trial for its duration. However, some adults reinfested

:,



the treated area following migratory flights. They probably inhabited new foliage
that had not been present at spraying the previous week. These adults were not
survivors from the spraying as nymphs were absent. Problerns were experienced
with the plantmappingtechnique as it could not distinguish between, for example, O
fruit retained on I fruiting position or O fruit retained on 2 positions. Square
retention in the uusprayed section of the trial, where adults counts had been from 5
to 8 per 20metres, was 67% that of the undamaged area at the end of the trial.

Conduct a series of een iriirid threshold trials in INGARD cotton

The background fruitloss (the-difference between treated and untreated retention)
was estimated to be 5%. Assuming that 65% retention is the aimwhen growing
cotton, the threshold was a Intrid density sufficientto cause a 30% ((100 - 65)- 5).

NO Intrids were collected from the treated plots. In the untreated plots, most Timids
collected were adults, with2 or 3 firstinstars collected in early collections. The
nymphswere neglected in the damage estimates astherewereso few and damage
from firstinstar nymphs is low. A regression of weekly fruitlosses againstthe
estimated greenrntrid densities for suction samples corrected for plantheight
showed that 8.5 Intrids per 20 in was sufficientto cause a 30% fruitloss. Those who
use suction samplersto estimate Intrid densities can correcttheir countsfor plant
height and use updated controldecisiontablesto decide ifcontrolis warranted. A
stintlarregressionfor estimated densities forthe standard shake sampling method
gave a threshold of 1.9 Twinds per 5 infor a 30% fruitloss. These values are close to
the currentthreshold of 0.5 per metre.

Screen new insecticides a aimt beneficial in a series of small lottrials

Some of the following information is Coriumercial-in-Goofztfence.

fir^71KZ-98 Allproducts except methoxyfenozide controlled green Intrids, and all
controlled loopers, after 2 days. Loopers were stillcontrolled to some extent after 7
days, with methoxyfenozide possibly displaying looper egg toxicity or a longer
residual activity killing looper neonates.

Methoxyfenozide and chiorfenapyrhad the leastdisruptionto beneficials, withno
group differing from the controlafter 2 days, and sintilarly for most groups after 7
days. While chiorpyrifos methylcontrolled loopers and green Thinds, it displayed
undesirable toxicity to allbeneficialgroups exceptrntcrohymenoptera (wasps). No
clearrate effects were observed with this cherntcal. Chiorpyrifos methylshould be
considered further if greenrntrid controlwithoutregard to disruption to beneficials
is desired.

Ifzt?/K2-98 Allproducts except amitraz had controlled greenrntrids after 2 days,
with controlachievedby amitraz after4 days, althoughnotas good asthe
pyrethroid. Aimtraz lostits effectby day 7, with all other products still effective.
Looperswere controlled by allproducts after 2 days, withinore pronounced effects



after4 and 7days. Emamectinand indoxacarbwere especially effective after4 and 7
days, withYRC2894 showing a stronger effectby 7days.

No productssignificantly reduced brownsmudgebugs during the trial, although
the meansfor emamectinandYRC2894 suggest that prolonged use of these products
would reducethe numbers of brown smudgebtigs.

All productsreduced at least one group of beneficials, although amitraz wasthe
only testproductto reducewasps within7days. YRC2894 appeared to attract
spiders, with counts greater than the controlat2 and 7 days, and equal to the control
at4 days. This producthad the least disruption to beneficials, with countsfor all
beneficial groups being sirnilar to the controlon each sampling occasion.

YRC2894 controlled greenrriirids and showed prorntse of little disruption to
beneficials. Althoughnotstatistically signiticant, the means for the predatory Intrids
(apple dimplingbugs andbrownsmudgebugs)indicate that regularuse of
YRC2894 could reducetheir numbers.

71'z^, IGZ-00 Novaluronhad the least disruption to beneficials. While chiorpyrifos
methylcontrolled loopers and greenrnirids, it displayed undesirable toxicity to
many beneficial groups. No clearrate effects were observed with this cherntcal.
Chiorpyrifos methylshould be considered further if greenandbrownrnirid and
looper controlis desired withoutregard to disruption of beneficials. AnSC
formulation of beta-cyfltithrin showed sintilar effectsto its ECformulation, although
neither productaffected spiders, wasps orsmallblack ants, and had at leastas many
brownsmudgebugs asthecontrol. Bothproductscontrolled green andbrown
Trimds.

71'iaiG2-00 Azadirachtinhad the least disruption to beneficials, only affecting
wasps, but did notcontrolloopers or greenrriirids. Of the products controlling
loopers, novaluronhad the least disruption to beneficials. Its severe effects on night
stalker spiders is reduced to some extentby the rarity of this group in the trial, with
dissirnilar trends being shown to some other spiders. It failed to controlgreenrriirids
after 2 days, while numberssubseq. uentlywere too lowto show any definite trends.

Apartfromthe standard, only naled controlled both green rntrids and loopers, but
adversely affected 4 groups of beneficials - apple dimplingbugs, nightstalker
spiders, wasps and flies. The low rate offipronilreduced countsrelative to the
controlfor 4 beneficial groups, without controlling green Trimds. Most products
failed to give adequate controlofloopers while disrupting beneficials.

77z^, IG3-00 Althoughttiere were no significant differences mineansformost
beneficials between the reduced and fullrates offiproniland omethoate, the full
rarestended to havelower means. Whether this would bestistained over afew
sprays using whole field treatmentsis doubtful, since recruitment into sprayed areas
would be difficultunderthisscenario. The area of the trialsite consisted of 160 rows



of cotton, of which50were used pertrial. This gave a buffer from whichthe sprayed
area could be invaded by beneficials or pests. Single sprays of any product
(especially iftising the reduced rate) mightbe acceptable for its impact on
beneficials, assurriing good controlofthe targetj)estis obtained. However, these
data suggest that the use of a less disruptive productwould be easier to justify for
controlling a pest withoutthe disruption to beneficials caused by the products used
in this trial.

firtalGZ-07: Low densities offauna (mainly bugs, spiders, wasps and flies) were
recorded in this trial. Allproducts exceptltifenuron significantly reduced green
Trimd numbers at2 DAT. Bothrates of indoxacarb had Tmnirnaleffect on predatory
bugs, spiders, wasps and flies. Lufenuronwas disruptiveto predatory bugs but not
to spiders, wasps and flies. Emamectinreduced bugnumbers and hadrntnimal
impact on spiders, wasps and flies.

71. ztalG2-07: As with TrialG1-01, low densities offauna were recorded in this trial.
As expected, bitenthrinwas extremely disruptive to allsampled groups. SI81.2
showed minimal adverse effect on predatory bugs, spiders and wasps. Novaluron
had only Thinor effect on spiders, wasps and flies, but appeared to have some
detrimentaleffect on predatory bugs. Emainectin adversely affected allbug species.
Numbers of wasps and flies werereduced 20ATwithemarnectin, but numbers
recovered quickly.

Conductlar e lottrialsto evaluate roductsunderconunercialusa e

71'z}, Is Z, 2. .Applying dimethoate at the Brookstead trial reduced counts for allfaunal
groups except flies to levels unsuitable for analyses. Flies were more numerous in
both Steward rates than in Talstar 3 and 7 days after spraying (DAS). There was a
hintthatspiders were more numerousinSteward 850 (0.8 I 20 in)thanTalstar(0.2 I
20 in)(P = 0,084) at 7 DAS, butthe numbers were low and subjectto high variation.
Steward 650 did not differ from Talstar (0.4 I 20 in). No differences were present at 3
DAS.

More groups were analysed from Byee, but few showed any significant differences
between the Steward treatments and Tracer. Tables 2 and 3 show the differences
between the Steward treatments and Tracer for the selected faunal groups 4 and 7
DAS respectively. By 3 DAS only flies differed significantly between treatments,
with Steward 650 having more than Tracer. This difference wasstillapparent 7 DAS.
There was a hintthatspiders may have been affected by these treatments by 3 DAS
(P = 0,063), ^s Stoward 650 had in. re than T^^. er. By 7 DAS Stoward 650 had more
brown smudge bugs and other beetles than Tracer. However, these differences were
riotsigriificantly differentfor Steward 850.

Conclusions are difficultto draw from the Brookstead trial as dimethoate had been

applied with antesttreatments and few fauna were found. Given that the Byee trial
had many more arthropods than the Brookstead trial where dimethoate was not
applied, and that the two trials were sampled at aboutthe same time in January, it



would appear that applying dimethoate to the Brookstead trialsite was responsible
forthe lowfaunalcountsrecorded.

The Byee trial showed that Steward 650 had more arthropods in a number of
beneficial faunal groups than did Tracer. Only for some of these were the results
significant. Steward 850 did riotshowthe same result, with no groups differing from
Tracer. It is difficult to assess Steward 650 absolutely, as no controltreattnent was
provided at the Byee trial. However, relative to Tracer the lower rate of Steward had
less effects on beneficial fauna than Steward at the higher rate or Tracer. If the 650
inL/ha rate of Steward perforrus satisfactorily against its target pests then it may
have a lintted place in IPM prograrns. The higher rate could not be justified based
on these data.

71. iai3. .No definite conclusions can be drawn from this trial as Steward was notthe
sole insecticide applied. Numbers of the faunal groups studies decreased after
applying endosulfan and were not of sufficient numbers to allow confident analyses
after Steward applications.

6. Discussthe results, and include an analysis of research outcomes compared with
objectives.

Themdustry nowhas awelldefined damagethreshold for green IntridsinlNGARD
cotton that can be extended to conventional varieties. Combined with the powerful,
easy to use and robustsarnpling technique developed in another project(DAQ72c),
growers and consultants can corndently assesstheircropsfor greenrriirids and have
faith in their decisions. Decisions for control or otherwise are more reliable, being
based on sound ecological principles. The chances of making a wrong decision for
control with expensive consequences (not spraying when required or applying
insecticides when not required) have been vastly reduced with this work and that
from the previous project. The difference in thresholdscurrently recognised between
south and central Queensland (0.51m and 11m, respectively) needs to be
investigated to see ifit holds true. This difference is a relatively recent change to the
threshold andwas not derived from experimental data.

Growers now have a range of relatively new insecticides, or reduced rates of older
products, to control green Timids. Their worth has been proven in small plots trials,
with some also having been tested in large plot trials. A few of these products
provide some measure of limited impact on some or most groups of beneficial fauna.
This improves the prospects for early and rind season IPM prograrns developed to
control other minor pests. The interaction of these insecticides with other beneficial
faunal groups not commonly encountered in Darling Downs cotton, but perhaps
more importantin other locations, should be investigated beforelarge scale adoption
of the newer insecticides occurs.

An understanding of the distribution, abundance and species of beneficial fauna
occurring in cottonand other nearby cropssuch assunflowers will help growers and
consultants to make better decisions regarding control of pests in cotton. The value

,



of suritlowers as early season nurseries for some beneficial fauna has been shown
with many of these fauna likely to depart maturing sunflowers to invade
neighbouring young and actively growing cotton crops. Once in cotton many of
these beneficial are able to establish if not disrupted by insecticides, and the work
from this projectlays a valuable foundation for future studies of beneficial fauna in
cotton, having shaved at leasttwo yearsfrom future projects. The knowledge of the
biology and ecology of some species was established in other projects, but there is
stilla long way to go to thoroughly understand the cotton fauna and how it may be
better protected and encouraged as early and rind season predators or parasites of
various pests.

The knowledge of the biology and ecology of green Thinds has been improved
during the project, with the in-crop distribution and abundance overthe season now
documented. Improved sampling techniques for green Timids have been devised,
both to improve the reliability of decisions made regarding pest management, and
for more reliable data collection by researchers. Many other studies on green minds
could flow from the results and questions generated from the current and previous
projects. We have circumstantialIy proved the thoughts of consultants over the past
few decades that green Timids erritgrate from cental Australia to Queensland on
north-westerly winds and invade cotton asitis an actively growing crop at the time
of nitgration. It would also appear that green Intrid females have mated before
errtigrating or do so on the wing. A greater understanding of green Timids just
before, during and just after elmgration would help in our understanding of green
Timids. Every increase in knowledge of this insect would allow better management
decisions to be made.

7. Provide an assessment of the likely impact of the results and conclusions of the
research project for the cotton industry. Where possible include a statement of
the costs and potential benefits to the Australian cotton industry and future
research needs.

The data generated from the smallplotinsecticide trials have been used by industry
and in part contribute to the IPM Guidelines Support Document I - Impact of
insecticides and nitticides on predators tricotLon.

Better management decisions for green Thinds should result from this project.
Educational costs will increase in the shortterm as advice and demonstrations are

given to growers and consultants on the new thresholds. Longer term benefits will
outsveigh these costs with a better understanding of the pest among allstakeholders,
reduced insecticides costs or crop loss from incorrect control decisions and a more
unitorm assessment of green'Timid densities in cotton areas. The value of the latter
should not be underestimated as the range of techniques used to estimate mind
densities mean that correlating data within or across areas is risky. More useful
information could resultifthe data generated each year on green Thind populations
was more widely useable.



Describe the project technology (eg. commercially significant developments,
patents applied for or granted licenses etc).

The researchersin the project(David Murray and Gordon Simpson) gave inputto a
television segment by Nufarm forthe work done on Rimon (novaluron). The input
showed trialsites and "reallife" examples of pest insects in action. Novaluron gives
growers an additional product that can control target pests without greatly
disrupting early seasonbeneficialpopulations.

Other insecticide companies have applied to extend their registratiorrs to include
other nitnor pests using the results from the small plot trials to support their
applications to NRA. Additional pests able to be controlled by any given product
will help growers to Intriirntse trisecticide usage by allowing one product to be
applied to controlanumber of pests, reducing costs and environmental damage.

9. Provide a techriical summary of any other information developed as part of the
researchproject. Include discoveries minethodology, equipment design, etc.
Distributions of beneficial fauna tricotton

The distributions of greenmiridsincottonwere established in previousresearch,
where it wasshownthatthey tended to be randomly distributed, regardless of stage
or instar. With the move towards using beneficial fauna, particularly allowing them
to develop useful early populationsforlPM, a knowledge of their distributions,
abundances overtime andvariation in abundances within and acrossfields assumes

greater importance. The distributionsforsome common beneficial faunalgroups
was established in 1999/2000 using randomsamplesto deternitne the larger scale
spatial variation in abundance, and in 2000/01by sampling consecutive rowsto
deterTmne spatial variation on a smaller scale.

Distributions and abundances of eenrriirids and beneficialfauna irisunflowers

Cotton and sunflowerscanbe neighbouring cropsinspringon the Darling Downs,
with sur^lowers planted in late winter and cotton in nitdspring. The sunflowers
beginmaturingwhenthe cottonplants are beginning theirfloraldevelopment.
Hence, sunflowers potentially can be a source of the pestrntridsforthe cotton.

Sunflowers also host a range of beneficial fauna, the same species of which help to
manage early seasonpestsincotton. Managing early seasonpests by theirnatural
enemies allows a delay to early seasoninsecticidesprayswhichisimportantin
cotton asit allowscrop managersto form avaluable fauna formtegrated pest
management. Thesefaunapresumably also help to controlsome pests of suriflowers.
Sunflowers can therefore actas a reservoir of beneficial fauna for cotton, allowing
densities to increase priorto migration to neighbouring cotton crops once the
suriflowers mature. Budding sunflowers were sampled for greenrnirids, apple
dimplingbugs, brokenbacked bugs, transverse, striped and minute two-spotted
ladybirds and brownlacewingsto assesstheir population dispersionand to
determine sample sizes for a predeterrntned levelofsampling precision.

.



Greenrriirids andbrokenbackedbugstended to be randomly distributed in
sunflowers, although the firsttwo instars of greenintridstended to be more strongly
clumped than the other instars or adults. Apple dimplingbugs, particularly adults,
tended to be clumped. Sample sizes of 15wouldbe adequate fortherriirids, except
apple dimplingbugnymphs, and for minute two-spotted ladybirds and brown
lacewings. These species would require about30 samples.

Distribution of eenrntride soncotton

A1<nowledge of the egg distributions on plants will help to provide better
management decisions by giving researchers abetterunderstandingofgreenntirid
behaviour. Mindsinsert eggs into planttissue leaving only a smallcap visible, so
counting eggs on plantsinthe field to obtain advanced estimates of populations is
unwarranted. However, the distribution of eggs will allowbetter understanding of
where nymphs may reside, giving better resultsfromsarnplingfornymphs or a
smaller targetfor more efficient application of insecticides.

Field collected greenrriirid females (10) were caged on potted cotton plants
commencing to square and leftfor a few daysto oviposit. Females were assumed to
have mated priorto caging, asthere is no known method to deterTmnethe mated
status of live female Timids. Plants were exarntned for eggs and the distribution of
eggs mapped into various plantlocations (e. g. ,leaf petiole top or underside, stem,
square, etc). The frequency of eggs in eachlocationwas deternitned for allplants
assessed. Leaves (200 per collection)from field collected plants were examined to
check the findings of the above experiments.

Oviposition occurred on annodes, with about 25% in the bottomtercile, 30% tilthe
top, and the remainder in the rinddle. Eggs were laid individually (a few minimetres
apart), or, on the petiole, inline clusters (eggs laid 0.5 to I nun apartin a line,
approximately parallelwith the petiole) or irregular clusters (eggs laid closely to
each other in one location). Most(70%) eggs were distributed along the length of the
petiole, with 70% of these laid dorsalIy. About 75% of eggslaid in the petiole were
laid in the final 20% of the petiole's length, especially with in afew Thinimetres of
(but notin)the pulvinus. Remaining locations, with similar distributions, were the
underside of themam leafvein, with eggs distributed evenly alongthe veinfromthe
pulvinus to a few nullimetres pastthe nectary, the floral structures, and the stem,
withinost eggslocated close to the petiole with the greatest number of eggs.

Occasionally eggs were notinserted into the planttissue and werefully exposed on
a surface;thesewere assumed to haveresulted from females being disturbed during
the egg laying process. Greenntirids eggs are relatively large and eggs notinserted
into planttissue were obvious to the eye. Eggs notinserted into planttissue
desiccated before hatching. Should this be aberrantbehaviouritis ofno practical
consequence asso few eggs were laid in this manner.

Field collected leaves showed a similar distribution of eggs, although only one egg
cluster was observed. Thenumber of eggclusters on caged plants probably resulted



from a number offemaleslaying in the same location. A density of 10 Timids per
plantis very highcompared to field densities. This provides confidence in the
techntque to assess egg distributions and perhapsto allow an accurate estimate of
nymph distributions. Followup workshould investigate the distribution offitst
instar nymphsto match egg distributionsto those of nymphs. Ifnymphsfollow a
similar distribution to eggs, the currentsuction sampling tecliritques, which sample
some proportion of the plant's surface area, would appearto be efficientfor whole
plantsampling.

10. Detaila planforthe activities or other steps that may be taken;

(a) to further develop or to exploitthe projecttechnology.

Easy to use and reliable sampling techniques were developed in a previous project
(DAQ72c). Well defined damage thresholds have been developed in this project.
Currently control for green Timids relies on trisecticides, some of which show
prornise for excellent IPM development with low impact on beneficial fauna.
However, both projects have shown that a virulent fungal pathogen of green TimidS
linght have a place in controlling green Timids if developed. A future project,
perhaps collaborating with Carrie Hauxwell and David Holdom (QDPl,
Indooroopilly) should investigate the use of pathogens for Timid control. That
project could make use of the sampling tec}iniques and thresholds already
developed and muse.

Educational campaigns showing the correct use of the sampling techniques, with an
explanation of the aim of the new damage thresholds, should boostthe adoption of
the project's outcomes. Such expenditure would be rewarded with better
management decisions for controlling green Intrids, reduced impact on early and
nitd season IPM prograrus, and a more unitorm estimation of Thind densities across
the industry.

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

Extension articles will be written for publication in Ihe AUSti. afiarz Cotton8z, ower.
These windetailworkfromthe projectnot published in previous articles. Good data
exist in the 2000/01 small plot trials and will be made available through rite
Australian Cottongror. verto farmers and consultants for products showing prointse
for IPM development in the fanntng system. The industry eagerly awaits the newly
developed thresholds ascurrentthresholds are poorly defined and subjectto change
almost yearly with no reasons given for their change. Current control decisions
tables that have been published annually in Die AUSttalr:an Cotton8ro, lyerwillneed
to be updated to reflectthe changed threshold.

More scientific results will be presented in the scientific literature. The distribution
of eggs on plants and distribution of beneficial fauna in vegetative and squaring
cotton will be of interest to other entomologists, particularly those working with
other Timids or pests of cotton.



Hugh Brier and Kristen Kinght (QDPI Kingaroy) are using some of the ideas
developed and used in this project to develop better management plans for green
IntridsinpulsecropsforsouthQueensland and northernNewSouthWales.

Results will be added to the department's project management database (Prornts).
Yearly summaries are taken from this database and added to the Australian Rural
Research In Progress (ARRIP) database for public distribution.

Poor uptake of this work and its application by some offhe key stakeholders in the
project is hampering the ability of growers to become more profitable by making
better informed decisions regarding management of green Thinds. The results from
this project and their implications will be discussed with consultants at meetings,
workshops, etc. , when the opportunity arises to further emphasise the worth, and
obligationsto their clients, of making competent, informed decisions.
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Provide a half to one page I'lain Engiisl\ Summary. of your resear, cli that is not
conTm. ercialii\ coltidence, alld that can be published o1\ tile \,\'0nd \\;Ide \\!eb.

Following from this research the cotton industry has a well defined damage
threshold for green mindsin INGARD cotton that can be extended to conventional
varieties. Combined with the powerful, easy to use and robust sampling technique
developed earlier, growers and coneultants can corifidently assess their crops for
green Timids and have faith tiltheir decisions. Decisions for control or otherwise are
more reliable, being based on sound ecological principles. The chances of making a
wrong decision for control with expensive consequences (not spraying when
required or applying insecticides when notrequired) have been vastly reduced with
this work and that from the previous project.

Growers now have a range of relatively new insecticides, or reduced rates of older
products, to control green Thinds. Their worth has been proven in small plots trials7
with some also having been tested in large plot trials. A few of these products
provide some measure of jinttted impact on some or most groups of beneficial fauna.
This improves the prospectsfor early and inid season IPM programs developed to
controlotherrntnor pests.

An understanding of the distribution, abundance and species of beneficial fauna
occurring in cotton and other nearby cropssuch as suritlowers will help growers and
consultants to make better decisions regarding control of pests in cotton. The value
of sunflowers as early season nurseries for some beneficial fauna has been shown
with many of these fauna likely to depart maturing surttlowers to invade
neighbouring young and actively growing cotton crops. Once in cotton many of
these beneficials are able to establish if not disrupted by insecticides, and the work
from this projectlays a valuable foundation for future studies of beneficial fauna in
cotton.

Part4-fir7alRc:portPlairiEngli:s.hSummary

The knowledge of the biology and ecology of green Timids has been improved
during the project, with the in-crop distribution and abundance overthe seasonnow
documented. Improved sampling techniques for green Thinds have been devised,
both to improve the reliability of decisions made regarding pest management, and
for more reliable data collection by researchers. Many other studies on green Intrids
could flow from the results and questions generated from the current and previous
projects. We have circumstantialIy proved the thoughts of consultants over the past
few decades that green minds elmgrate from cental Australia to Queensland on
north-westerly winds and invade cotton asitis an actively growing crop at the time
of lingration. It would also appear that green minds females have mated before
elmgrating or do so on the wing. A greater understanding of green minds just
before, during and just after elmgration would help in our understanding of green
Intrids. Every increase in knowledge of this insect would allow better management
decisions to be made.




