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EXECUTIVE SUMMARY

Insecticide resistance in the cotton bollworm Helicoverpa armigera has been one of the
greatest limitations to successful pest control and economic cotton production in Australia.
The introduction of transgenic cotton has reduced the dependence on insecticides for control
of this pest, however sprayed conventional (non Bt) cotton is still a viable cropping option in
its own right as well as acting as a refuge for transgenic cotton. It is imperative therefore that
resistance is monitored and managed to ensure insecticides remain an effective option now

and in the future.

This research project focussed on the incidence and cause of insecticide resistance by
Helicoverpa armigera and to a lesser extent H. punctigera. The objectives included
continuing the insecticide resistance monitoring program for Helicoverpa spp., investigating
resistance development within a Helicovpera spp. population, assessing the impact of
AWM/IPM on resistance management, and formulating and promoting improved resistance

management guidelines. Key findings include:

¢ Detection of low frequency resistance to the newer IPM compatible chemistries used
against H armigera including indoxacarb (Steward®) and emamectin benzoate
(Afflrm ).

e Indication that resistance to spinosad (Tracer ®and chloxfenapyr (Int;ep1d®) which had
been increasing in previous years has decreased to low frequencies.

e Resistance is still present at variable frequencies in field populations to those
chemistries that H. armigera are known to have developed resistance to, including
endosulfan, pyrethroids, methomyl and organophosphates (profenofos).

e Very low frequency detection of resistance to endosulfan, pyrethroids and abamectin
(Agrimec®)by H. punctigera in some valleys.

e Information recorded on species complex across time and space within cotton
growing regions which has implications for the monitoring project and also for

resistance management.
This mfmmquon was usell in assessment of current strategies and formulation of new

strategies for managing insecticide resistance by the TIMS committee. The results and
general resistance management tactics and information were promoted to the industry both

verbally and written.

Various external factors inhibited effective analysis of the effects of AWM and IPM practises
on resistance management. These included drought effects, low H. armigera pressure and
high H. punctigera pressure resulting in several farms in the Macintyre Trial in 2003/04 and
2004/05 exiting the trial to nse harder chemistry on this pressure.

Attempts to stidy resistance developruent o indoxacarb and emamectin benzoate, key IPM
compatible chemistries about which little is know in regard to resistance, were unsuccessful.
Problems encountered however have implications for resistance management, with further
research to be undertaken.



- FULL REPORT

1. Background

Helicoverpa armigera, and to a lessey extent F. punctigera, are the primary insect pests of the
cotton industry in Australia. Insecticides have until recently provided the key management
tool in the control of these pests. The introduction of transgenic cotton, firstly Ingard® and
now Bollgard 1I® have provxded an opportunity for growers to reduce their insecticidal inputs,
Insecticides however remain the primary method of pest corltrol in conventional non-
transgenic cotton crops grown as either refuges for Bollgard 1® or as crops in their own right,
The biggest threat to their continued efficacy is the development of resistance, hence the
importance of resistance related research incorporating monitoring and management.

Resistance monitoring and active management has been conducted in the Australian Cotton
Industry for over twenty years, since pyrethroid resistance was observed at the field level in
1983. Such monitoring and management has ensured these chemicals are still viable options
when used appropriately today. Helicoverpa spp. monitoring and management has evolved to
include twelve chemicals in ten groups, encompassing the older less selective chemistries as
well as the newer less disruptive insecticides utilised as part of an integrated pest management
approach. Resistance monitoring and the formulation of management tactics is conducted for
all cotton growing valleys and areas across Eastern Australia.

The expansion of Area Wide Management (AWM) groups and the adoption of IPM
guidelines in many districts have raised the question, ‘how effective are AWM strategies in
limiting the development of resistance?’ In the Macintyre Valley growers have suggested that
if AWM and IPM strategies can be used to significantly reduce insecticide use, does this
provide the opportunity for a more flexible resistance management strategy. Such a strategy
was trialled by four AWM groups in the Macintyre Valley over three seasons from 2002/03
with resistance monitoring data collected as part of assessing and answering this question.

In adopting IPM strategies, growers may delay the use of insecticides until crop damage
thresholds are reached. This may result in insecticides being applied to Helicoverpa
populations that contain a higher proportion of small and medium larvae than wouldn't be
present if lower thresholds were used. While growers may reduce overall insecticide use, one
concern is that spraying larger larvae may reduce the effectiveness of insecticides and thereby
increase the risk of resistance developing. To further assess the merit of AWM and the use of
IPM strategies in resistance management it would be of use to determine the impact of using
higher insect thresholds on the mortality of susceptible and both homozygous and

heterozygous resistant populations.

This research project was designed to monitor resistance across all cotton growing regions as
an indicator of emerging resistance problems and as assessment of the strategy taken to
manage resistance. The monttoring program also allowed for assessment of the impact of
AWM/IPM practises in the Macintyre Valley. Additional research investigating the effects of
higher thresholds on insects resistant to some of the IPM compauble chemistries was included

utilising field collected insect material.



2. Objectives and extent to which they have been achieved

i) Monitor insecticide resistance in Helicoverpa spp. from Australian cotton
growing areas.

Insecticide resistance monitoring for Helicoverpa armigera and H. punctigera was conducted
on field collected material from all cotton growing regions during the 2002/03, 2003/04 and
2004/05 cotton seasons. As limited H. armigera insect material was obtained from the field,
emphasis was placed on the newer softer chemistries due to their increasing popularity and
widespread use as part of beneficial preservation and IPM. Attempts were made to include all
chemistries where practicable to ensure resistance information was as complete as possible.

ii) Assess the impact of Area Wide Management / IPM practises on

resistance management.

Extensive egg collections covering all four AWM groups in the Macintyre Valley as well as
non trial farms allowed for resistance monitoring in all these areas as part of assessing the
impact on resistance of IPM practises on an area wide scale, incorporating a less restrictive
trial IRMS.

Insect samples from across the cotton growing regions were supplied to the University of
Queensland for use in moth movement and migration studies. Information on moth dispersal
can have a major impact on AWM tactics and resistance management.

iii} Study the development of resistance within a Helicoverpa spp.

population.

Resistant field collected insects, as determined by monitoring assays, were used in single pair
matings to try and establish resistant colonies for the purpose of studying the development of
resistance to indoxacarb and emamectin benzoate. These experiments were met with limited
success. Selection of field collected colonies with these insecticides was also unsuccessful.
These experiments and their implications are chscussed in the results and discussion (Section

4).

iv) Formulate improved insecticide resistance management guidelines that
incorporate the management of secondary pests and the use of insecticides

on crops other than cotton.

Resistance monitoring results were presented to the TIMS Committee as part of assessing the
success of the IRMS. Dr Rossiter was involved in formulating improved resistance
management guidelines incorporating secondary pests and crops other than cotton in her role
as a member of the TIMS Committee and TIMS trouble shooting committee.

v) Promote resistance management strategies to the cotton and other broad

acre cropping industries.

Resistance management strategies were promoted extenszveiy to the cotton and associated
broad acre industries through grower and consultant meetings, contributions to trial books and
cotton tales, inagazine publications, industry publications and the TIMS resistance roadshow

in 2003 and 2004 (see Section 9).



3. Methodology and justification

Resistance Monitoring

The Helicoverpa spp. resistance monitoring program relies on the collection of insect eggs for
lab rearing and resistance testing. Eggs are preferable as they can be collected and
transported with relative ease. Unlike larvae, they are abundant in both sprayed conventional
and transgenic cotton, have a lower risk of disease introduction to lab facilities and can be
collected before exposure to insecticide. The disadvantage of egg collections are that they
must be reared to 30-40 mg larvae for bioassay. In addition, H. armigera vs H. punctigera
eggs cannot be distinguished, nor can Trichogramma parasitised white eggs, with both these
factors potentially significantly affecting the number of H. armigera available for testing. H.
armigera is the only species of the two to have developed field resistance to insecticides in
Australian cotton, and monitoring focuses on this species, with H. punctigera included to a
lesser extent. Despite these disadvantages, they remain the preferred collection material.

Helicoverpa spp. eggs were collected across all key cotton growing districts in Eastern
Australia for the resistance monitoring program. Egg collections in the Upper and Lower
Namoi, Gwydir and Walgett regions were carried out by a NSW DPI collection team in
collaboration with the CSIRO Bt resistance collection group based at ACRIL Collections from
the Macintyre, Emerald and Kingaroy areas were supplied by CRDC funded dedicated egg
collectors. Other cotton growing areas had dedicated collectors in some years, but generally
relied on contributions from growers, consultants, Industry Development Officers and District
Agronomists and other industry representatives. Coliections were not structured in time and
area sampled as egg pressure can be highly variable across both aspects. Collections were
however co-ordinated as much as practicable to extend across the entire area of a region
across the whole season, incorporating all cropping types including conventional and
transgenic cotton, pigeon peas, maize, sorghum and other attractive crops and weed species.
and tested against the discriminating dose of the respective insecticide.

Egg collections were sent to the monitoring team based at ACRI and reared on an artificial
soy flour based diet at 25 °C. Prior to testing larvae were speciated as H. armigera or H.
punctigera using established visual identification techniques. Larvae were tested for
resistance between 30 and 40 mg (3™ ~ 4™ instar) using a discriminating dose bioassay.
Discriminating doses (LDyogs) for each insecticide, and the times to assessment were
previously determined by Dr Robin Gunning. A topical bioassay was employed, involving
application of 1 uL of acetone dissolved insecticide to the dorsal surface of the insect. A
feeding bioassay however was employed for methoxyfenozide which was found to have no
topical contact toxicity (Dr Robin Gunning, pers comm.). This feeding bioassay involved
adding the insects to diet previously overlayed with formulated insecticide and air dried.
Ovicide resistance was tested by applying a known volume of insecticide at the discriminating

dose using o Potter Spray Tower.

Where adequate numbers permitted, attempts were made to divide individual collections so as
to test for numerous insecticides. Because of limited insect material, the newer IPM
compatible chemistries were prioritised for testing. For H. armigera testing, these products
were spinosad (Tracer®), emamectin benzoatc (Affirm®), indoxacarb (Steward®) and
chlorfenapyr (Illtx'cpid®), and mcthoxyfenozide (Prodigy®) in 2004/05. Other chemicals
tested to a lesser extent were endosulfan, profenofos, chlorpyrifos, pyrethroids {fenvalerate
and bifenthrin (Talstar®}and methomyl. The ovicides amitraz and methomyl were also
included. H. punctigera monitoring involved endosulfan and fenvalerate, two chemicals that
have been used tor over twenty years, but for which field resistance in H. punctigera has not



evolved. Abamectin (Agrimec®) was also included as a chemistry that specifically targets H.

punctigera.

Impact of AWM /IPM practices on resistance management

A trial was conducted in the Macintyre Valley involving four AWM groups incorporating
IPM ‘principles. A less restrictive IRMS was followed in this trial to allow for maximum
effectiveness of beneficial preservation. Intensive insecticide resistance monitoring was
undertaken in this trial using egg collections from dedicated egg collectors. Collections were
taken from farms across the four area wide management groups as well as from non trial
farms. Insecticide resistance results were used to investigate if the less restrictive [RMS had
any impact on resistance development when incorporated with beneficial preservation.

It wz{s originally anticipated that this study would include aﬁother AWM group in the Lower
Namoti, the TRAMS group. This area was omitted as inadequate collections were obtained
from this area, particularly in 2003/04 when effects of the drought resulted in greatly reduced

planting in this area.

In addition to this trial, insect samples supplied from across all cotton growing regions for
resistance monitoring were sent to a research group at the University of Queensland for use in
moth dispersal studies (Project UQ35c). These samples were dead larvae after they had been
~tested for resistance and would have otherwise been disposed.

Laboratory Resistance Studies
Two approaches were taken to initiate resistance studies in H. armigera:

1. Insects found to be resistant to key chemistries through the monitoring program were
reared through to adults and single pair mated with lab reared insects to establish a
resistant colony, with further outcrossing to establish some genetic diversity within a

resistant colony.
2. H. armigera colontes reared from field collections were selected with varying doses of
- specific insecticides to establish resistant colonies for further studies.

Both approaches resulted in limited success, as discussed in the results and discussion
(Section 4), with further development and threshold studies not able to be conducted.



4. Results and discussion

4.1 Insecticide Resistance monitoring

Insecticide resistance monitoring was successfully conducted for the 2002/03, 2003/04 and
2004/05 seasons. Total data collected from field samples for monitoring purposes includes
information on overall species complex at the time of sampling. This information is used in
the monitoring program and also has implications for resistance management, with H.
punctigera easily controlled due to its susceptible status. Over the last three seasons H.
punctigera pressure has been in most areas typically high during late spring/early summer,
unusually continuing through to January in some areas in 2003/04 and 2004/05 (Tables la-c.).
While H. armigera eggs sampled in 2002/03 indicated this to be the dominant species
yielding moderate pressure in the mid-late part of the season, overall pressure on cotton
throughout the season in 2003/04 and 2004/05 was low. The exception to this high H.
punctigera and low H. armigera pressure was observed in the Darling Downs, where
individual samples were observed to vary greatly in their species complex. This variation can
be attributed to the diversity of cropping systems in this area, and individual field proximity to
these other crops.

The implications for the resistance monitoring program of the species complex observed were
that the low numbers of H. armigera made accurate analysis and determination of resistance
incidence and trends difficult. Reasonable numbers of H. armigera were collected in some
areas 2002/03 (10,500) to give an idea of the incidence of resistance for some of the key
insecticides. Despite extensive collecting in 2003/04 and 2004/05 however, with over 500
and 390 samples processed respectively, the numbers of H. armigera tested across all areas
across the season was greatly reduced, totally only 7500 in 2003/04 and 3600 in 2004/05,
with particularly low H. armigera pressure in the latter season. Conversely, total numbers of
H. punctigera collected were 2800 in 2002/03, 12,000 in 2003/04 and 19300 in 2004/05.
Analysis of the resistance status of H. armigera within the cotton industry therefore has
focussed on detecting any resistant individuals in the testing and reporting results in terms of
whole numbers tested, with trend observations and statistical analysis between areas, years
and within the season almost impossible and moreover meaningless. ‘

Overall resistance monitoring results for H. armigera for the three seasons are summarised in
Appendix 1: Tables 2a-c.



Tables 1a-c: % H. armigera from resistance monitoring collections
Source: crops that attract both Helicoverpa species: cotton and pigeon pea, chick peas and
mung beans - excludes maize and sorghum. Total insect numbers speciated are given in
brackets. Blanks indicate no collections were received or collections were from sorghum or

maize.

Table 1a: 2002/03

Region Nov Dec Jan Feb March
Emerald 97 (148) 92 (159) 99 (796) 99 (395)
Callide 100 (64)
Darling Downs | 96 (128) 94 (189) 100 (96)
St George 7 (151) 41 (468) 100 (67) '
Macintyre 27 (335) 88 (1931) 95 (604)
Gwydir 87 (252) 95 (675) 97 (252)
Lower Namoi 18 (526) 65 (1434) 91 (2317)
Upper Namoi 48 (73)
Macquarie 2(61) 31 (134 97 (195)
Riverina 43 (545) 94 (99)
Table 1b: 2003/04
Region Nov Dec Jan Feb March
Emerald 13 (551) 84 (51) 48 (621)
Dawson/Callide 58 (53) 66 (348)
Darling Downs | 63 (454) 51 (419) 39 (295) 50 (104) 74 (272)
St George 10 (920) 9 (295) 53 (638) 18 (489)
Macintyre 25 (20) 11(2595) 42 (1007) 74 (618)
Gwydir 5(961) 16 (37) 88 (791) 93 (1001
Lower Namoi 14 (284) 11 (1629) 20 (561) 32 (303) 71 (558).
Upper Namoi g 6 (673) 16 (479) 86 (375)-
Macquarie 7(29) 29 (392) 45 (69)
Riverina 0 (184) 1 (160) 24 (267)
Table 1c: 2004/05

| Region Nov Dec Jan Feb March

Emerald 21 (281) 21 (94) 33 (3)
Callide 9 (183) 0(15) 0(133) 19 (132)
Darling Downs 7(1334) 32 (743) 88 (288) 69 (51)
St George 1 (307} 16 (45) 0(5)
Macintyre 5 (1442) 18 (1201) 5(391) 65 (37)
Gwydir 3 (1015) 31 (1122) 9 (53)
Lower Namoi 1{(1114) 3 (3590) 16 (1753) 69 (273)
Walgett 12 (1004)
Upper Namoi 5 (795) 3 (1398) 15 (263)
Macquarie 6 (68) 8 (2071) 11 (95) 25 (60)
Riverina 0 (218} 0 (134) 2(49) 5 (64)
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Individual insecticides and resistance trends/observations for the previous three cotton
seasons are discussed below,

Helicoverpa armigera
Spinosad (Tracer®)

Variable but low levels of resistance to spinosad have been detected across all areas in the
past three seasons, following a peak in the resistance frequency in 2001/02 (Figures la and
1b). This reduction in resistance can be attributed to a combination of management strategies
implemented to curb an increasing resistance trend, and reduced usage due to an_ increase in
alternative soft options, and the relative recent widespread uptake of Bollgard 1%, Average
resistance frequencies varied between valleys and years, however the low numbers tested in
most areas, as labelled in Figure Ib, did not allow for accurate analysis of these differences.
In those valleys were collections were substantial across the valley and across the season, the
Upper and Lower Namoi, Gwydir, Macintyre and Darling Downs, resistance frequencies were
again variable and did not indicate developing or persistent problems in specific areas, with
none of the individual samples tested using spinosad suggesting ‘hotspots’ of resistance on

specific farms or sub regions within a valiey.

10 - 1484
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Figure 1la: Spmosad resistance frequencies, average of all valleys for each season (1997/98 2001/02 data from
previous monitoring project, R, Gunning). Numbers on the graph indicate total larvae tested.
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Figure 1b: Spinosad resistance frequencies for each valley in 2002/03, 2003/04 and 2004/05. Numbcrs on the
graph indicate total larvde tested.
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Indoxacarb (Steward®)

Indoxacarb resistant larvac were detected for the first time in 2002/03 in most valleys, and in
the following two years (Figures 2a and 2b). Data from those areas with greatest collection
and monitoring suggests that while survivors are found, resistance frequencies have remained
low and there has been no indication of resistance development. Resistance frequencies in
other areas or years with low numbers monitored have been varidble, however cannot be
regarded as an accurate assessment of the levels of resistance due to the low numbers tested
which may be skewed by ‘hotspots” of resistance, as was found in Emerald where one
collection late season in 2003/04 had 10 % resistance (49 insects tested). Further monitoring
in 2004/05 failed to confirm the possibility of an indoxacarb problem at least in this particular
area because of low H. armigera pressure and subsequently few larvae collected,

5_

% resistance

T

2001/02 2002/03 year 2003/04 2004/05
Figure 2a: Indoxacarb resistance frequencies, average of all valleys for each season. Numbers on the graph
indicate total larvae tested.
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Figure 2b: Indoxacarb resistance frequencies for each valley in 2002/03, 2003/04 and 2004/05. Numbers on the
graph indicate total larvae tested.
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Emamectin Benzoate (Affirm®)

The 2002/03 season was also the first season that emamectin benzoate resistance was detected
throughout the Australian cotton growing regions. Resistance frequencies have remained low
and in some areas resistant larvae have not been detected, despite some extensive collecting
(Figures 3a and 3b). Despite some variable frequencies in some valleys, there is no indication
that resistance is developing in any particular valley or across the industry as a whole.

3 -

% resistance

2002/03 ) 2003/04 2004/05
year

Figure 3a: Emamectin benzoate resistance frequencies, average of all valleys for each season. Numbers on the

graph indicate total larvae tested.
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Figure 3b: Emamectin benzoate resistance frequencies for each valley in 2002/03, 2003/04 and 2004/05.

Numbers on the graph indicate total larvae tested.
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Chlorfenapyr (Intrepid®)

Chlorfenapyr resistance frequencies have decreased over the last three seasons following a
peak in the 2001/02 season (Figures 4a and 4b). This fall can be attributed to a decrease in
usage of this chemical, due to numerous factors, including a restriction of only one spray as
detailed in the IRMS due to the risk of mite resistance. There was minor use of the chemical
in 2004/05, with little use anticipated in 2005/06 due to discontinuation of this product.
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Figure 4a: Chlorfenapyr resistance frequencies, average of all valleys for each season. Numbers on the graph
indicate total larvae tested.
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Figure 4b: Chiorfenapyr resistance frequencies for each valley in 2002/03, 2003/04 and 2004/05. Numbers on
the graph indicate total larvae tested,

Methoxyfenozide (Prodigy®)

Methoxyfenozide has been rcgistered for use in cotton since 2003/04. Monitoring has been
limited in the two seasons (236 larvae in 2003/04 and 60 in 2004/05 total across all areas) due
to low H. armigera pressure and emphasis on monitoring those other soft chemistries that
have been registered for several years. As yet however there has been no resistance detected

to this insecticide.
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Organophosphates {Chlorpyrifos and Profenofos)

* Resistance to chlorpyrifos was detected again in 2002/03 following initial detection in
2001/02 (R. Gunning, pers cornm.) and continued to be found at low frequencies in 2003/04
(Figures 5a and 5b.). Only 19 larvae were tested in 2004/05, with 1 resistant individual found

from the Darling Downs.
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Figure 5a: Chlorpyrifos resistance frequencies, average of all valleys for each season (1997/98 — 2001/02 data
from previous monitoring project, R. Gunning). Numbers on the graph indicate total larvae tested.
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Figure 5b: Chlorpyrifos resistance frequencies for each valley in 2002/03 and 2003/04. Numbers on the graph
indicate total larvae tested.

Unlike chlorpyrifos, profenofos resistance has been presenl w H. armigera populations in
cotlon growing arcas since 1985, Although both insecticides are organophosphates, there is
no cross resistance between the two chemicals. Monitoring for profenofos resistance was not
conducted in 2002/03 due to emphasis being placed on testing those chemistries most used
and about which little information on resistance was known (ie the newer softer chemistries,
with other chemicals tested where numbers permitted). Resistance monitoring for this
chemical resumed in 2003/04 following requests to continue monitoring for all chemistries



used in cotton against H. armigera. Monitoring was limited in 2003/04 and further restricted
in 2004/05 because of low H. armigera pressure, however resistant individuals were detected
in most regions at variable frequencies (Figures 6a and 6b).

Resistance frequency

not tested

1956/97 1997/68 1998/99 1999/00  2000/01 2001702 2002/03 200304 2004/05

Year

Figure 6a: Profenofos resistance frequencies, average of all valleys for each season (1996/97 - 2001/02 data
from previous monitoring project, R. Gunning). Numbers on the graph indicate total larvae tested.
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Figure 6b: Profenofos resistance frequencies for each valley in 2003/04 and 2004/05. Numbers on the graph
indicate total larvae tested.
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Endosulfan

Endosulfan resistance frequencies have been typically variable in different areas. Endosulfan
resistance has been known to be present in H. armigera populations now for over thirty years
(first reported in 1972/73), and variation in resistance frequency reflects overall use patterns
in different areas. Limited insect material has been utilised in monitoring resistance to the
newer softer chemistries at the expense of epdosulfan monitoring. Resistance frequencies for
each area over each season are provided in Appendix I, Tables 2a-c, however because of the
low numbers tested, particularly in 2004/05, they cannot be considered an accurate reflection
of the average frequency of resistance in each valley and serve more to show the presence of
resistance at variable frequencies.

Pyrethroids

Pyrethroid resistance is also established in H. armigera populations throughout the cotton
growing regions of Australia, at variable but generally high frequencies. Monitoring for
pyrethroid resistance has been minimal in recent years, utilising limited insect material for
monitoring resistance to the newer softer chemistries. Pyrethroid resistance monitoring in the
2002/03 season involved a now redundant pyrethroid, fenvalerate, which had been used in
assays since 1983 as an indicator of pyrethroid resistance. Subsequent monitoring has
involved only bifenthrin which is stilled used in cotton (Talstar®). (Figures 7a, b and ¢).
Monitoring using both chemicals shows that resistance continues to be present at variable but
widespread and at frequencies that would cause field problems. There was insufficient
bifenthrin monitoring in 2004/05 to be of use in assessing resistance frequencies in any area,
with only 100 larvae tested over all areas across the season.
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0%

299

% Resistance

Emeralkd Griffth Gwydir Lower Namot  Macintyre
Yalley

Figure 7a: Fenvalerate resistance frequencies for each valley in 2002/03. Numbers on the graph indicate total
larvae tested.
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Figare 7b: Bifenthrin resistance frequencics, average of all valieys for each season (1996/97 — 2001/02 data
from previous monitoring project, R. Gunning). Numbers on the graph indicate total larvae tested.
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Figure 7c: Bifenthrin resistance frequencies for each valley in 2002/0% and 2003/04. Numbers on the graph
indicate total larvae tested.

18



Methomy!l

Methomy! was not included in monitoring in 2002/03 because resistance was known to be
established and widespread throughout all cotton growing regions from previous resistance
monitoring projects, with insect material utilised to concentrate on the newer softer
chemistries most used. It was re-introduced in 2003/04 following requests to continue to
monitor where possible all chemistries in use. The monitoring results in 2003/04 confirmed
that methomyl resistance was still present in . armigera populations at variable but high
frequencies (Figure 8a), with limited insect material resulting in little monitoring in 2004/05.

60% 1 37

1435

Resistance frequency
Qo
<
B3

20% 4
10% -
0% y " T
Emeraid Macintyre Gwydi
Valley

Figure 8a: Mcthomyl resistance frequencies for several valleys in 2003/04. Numbers on the graph indicate total
larvac tested.

Ovicides — Amitraz and Methomyl

No ovicide resistance has yet been detected for either amitraz or methomyl (ovicidal rate) in
H. armigera in cotton growing regions of Australia.
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Helicoverpa punctigera

Abundant and heavy H. punctigera pressure early and mid season in all three seasons ensured
there was sufficient monitoring in most areas to assess if resistance is present or developing in
these populations.

Endosulfan

Endosulfan resistance has been detected in previous years at variable low frequencies, but
there has never been any indication that resistance was increasing. Monitoring in 2002/03 -
2004/05 confirmed that this is still the situation (Figure 9), with migration of very large
numbers in 2004/05 resulting in detection of almost no resistance in these populations.
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7 ]
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—

3%-

Resistance frequency

2%

19 161119170

Valley

Figure 9 Endosulfan resistance frequencies for cach valley in 2002/03 — 2004/05. Numbers on the graph
indicate total larvae tested.
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Pyrethroids (Fenvalerate)

Pyrethroid resistance has also been detected in previous years at varying frequencies,
generally reflecting pyrethroid use for both Helicoverpa spp. and other secondary pests. Over
the 20002/03 and 2003/04 generally low frequency resistance was detected. In 2004/05 very
few resistant individuals were found, with the large migration of H. punctigera throughout the
season diluting any resistance which may have been present.
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Figure 10: Pyrethroid (fenvalerate) resistance frequencies for each valley in 2002/03 — 2004/05. Numbers on
the graph indicate total larvae tested.

Abamectin (Agrimec®)

Some survivors were found to Abamectin in 2002/03, 2003/04 and 2004/05 at generally very
low frequencies. The high H. punctigera pressure in 2004/05 however again diluted any

resistance that may have been developing.
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Fignre 11: Abamectin resistance frequencies for each valley in 2002/03 — 2004/05. Numbers on the graph
indicate total larvae tested.



4.2 Assessment of AWM/IPM practises on resistance management

Assessment of the impact of AWM and IPM practises on resistance management was made
difficult over the last three seasons for a variety of factors. In 2003/04 drought effects
resulted in one area that was to be used, the TRAMS area wide management group in the
Lower Namoi being omitted due to very little cotton being grown that year. In the Macintyre
Valley where four active area wide management groups were following a trial IRMS, several
farms in both 2003/04 and 2004/05 broke the strategy and reverted to the standard because
very high H. punctigera pressure resulted in more sprays than anticipated, with the broad
spectrum pyrethroids and organophosphates providing a cheap and effective control measure.
In addition, in both years, while there was high H. punctigera pressure, there was low H.
armigera pressure, particularly in 2004/05. Despite extensive egg collections, there were
insufficient H. armigera available for testing differences in resistance between different
groups and those areas/farms not in the trial, and coupled with farms breaking the strategy,
any benefit of AWM or IPM practises could not be assessed.

Figure 11 compares insecticide resistance frequencies in trial areas with non trial areas for
2003/04. This graph show the low numbers of F. armigera tested, and the inability to
distinguish a clear difference between trial and non trial areas. Data for 2004/05 are not
provided due to the exceptionally low numbers of H. armigera tested (approx. 330 compared

with 1260 in 2003/04).

Part of the difficulty in assessing the impact of AWM/IPM practises within a small area is
moth movement within valleys and between valleys. As part of investigating the extent of
moth movement in 2003/04 and 2004/05, larvae that had been utilised in resistance
monitoring were supplied to a group at the University of Queensland for movement studies,
CRDC Project UQ35¢c. This project has investigated moth movement between valleys and
also within valleys between different crops, showing that moths can move very large
distances, certainly beyond the confines of an AWM group or valley. Contribution to this
project has resulted in one publication currently undergoing review (see 9.1 Publications}.



resistance frequency (%)

00 -

insecticide

Figure 11a: Resistance frequencies for H. armigera for different insecticides for those farms in trial
areas (Y), those that broke the trial (B) and those out of the trial (N). Numbers on the graph indicate total
larvae tested.
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4.3 Study resistance development within a Helicoverpa population.

In order to study resistance development within a F. armigera population, attempts were
made to establish resistant colonies. Focus was placed on those chemistries of greatest
interest, namely indoxacarb and emamectin benzoate. Spinosad resistant colonies were
already being investigated under Project DAN 178C. Following resistance monitoring,
survivors to these chemistries were single pair mated, with varying results. Single pair mating
with emamectin benzoate resulted in weak F1 colonies which failed to establish at the F2
generation for outcrossing with other moths. Single pair matings with indoxacarb resulted in
sterile eggs, with no F1 generation successfully being established.

Attempts were also made to select lab colonies of H. armigera with each insecticide to
-establish resistant colonies, also with limited success. This work is still continuing.

-Conversely, colonies were readily established with single pair matings of pyrethroid or
endosuifan resistant field collected insects with lab or field mates. While single pair mating is
not always successful, the ease with which these colonies were established illustrates that the
rearing conditions for the moths were suitable for successful single pair mating, and the

problems encountered were insecticide specific.
The problems encountered here in establishing resistant colonies have implications for

resistance development in the field, particularly if a fitness cost is associated with resistance.
Investigation of indoxacarb and emamectin benzoate resistance therefore is continuing,

4.4 Formulation and promotion of Improved insecticide resistance
management strategies incorporating secondary pests and other broad acre

Crops.
Resistance monitoring results were presented to the TIMS Committee as part of assessing the
success of the IRMS. Dr Rossiter was involved in formulating improved resistance
management guidelines incorporating secondary pests and crops other than cotton in her role
as a member of the TIMS Committee and TIMS trouble shooting committee.

‘Resistance management strategies were promoted extensively to the cotton and associated
broad acre industries through grower and consultant meetings, contributions to trial books and
cotton tales, magazine publications, industry publications and the TIMS resistance roadshow

in 2003 and 2004. Details provided in Section 9.
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5. Conclusions (research outcomes versus objectives)

5.1 Insecticide Resistance monitoring

Insecticide resistance monitoring was successfully conducted in 2002/03, 2003/04 and
2004/05. The objective of this monitoring was to detect resistance to chemistries used against
Helicoverpa spp. and if possible monitor trends and changes in resistance frequency over time
and between arcas as part of assessing the success of the IRMS.
Outcomes from this monitoring were: _
e Detection of resistance to the newer IPM compatible chemistries used against #.
armigera including indoxacarb and emamectin benzoate.
o Indication that resistance to spinosad and chlorfenapyr which had been increasing in
previous years has decreased to low frequencies. :
e Resistance is still present in field populations to those chemistries that H. armigera
are known to have developed resistance to, including endosulfan, pyrethroids,
methomyl and organophosphates (profenofos).
e Very low frequency detection of resistance to endosulfan, pyrethroids and abamectin
by H. punctigera in some valleys.
¢ Resistance monitoring information was utilised in assessing the effectiveness of the
IRMS for Helicoverpa spp.
e Information recorded on species complex across time and space within cotton
growing regions which has implications for the monitoring project and also for
resistance management.

Accurate measurement of resistance frequencies in different areas and trends across the
season and between years was not able to be determined because of the low numbers of H.
armigera available for testing, particularly in 2003/04 and 2004/05 despite extensive

collection in most key areas.

5.2 Impact of AWM/IPM practises on resistance management.

The objective-of this investigation was to assess the effect of AWM and IPM practises on
resistance management through examination of resistance monitoring data from areas
practising AWM/IPM. Drought effects resulted in one area being omitted from this study and
high H. punctigera pressure resulted in some farms participating in a AWM/IPM trial leaving
the trial in both 2003/04 and 2004/05 through the use of hard chemistry. Additionally, low H.
armigera pressure, particularly in 2004/05 resulted in monitoring data which was not
adequate enough to allow for an accurate assessment of resistance, both in the trial areas and

other areas outside the trial.

A positive outcome regarding the use of AWM to manage resistance was the supply of larval
material to CRDC [unded Project UQ35¢ for investigation of moth movement studies, with
moth movement and migration impacting on managing resistance on an area wide basis and
allowing for the spread of resistance between regions

5.3 Study resistance development within a Helicoverpa population

The objective of this study was to investigate resistance development within a . armigera
population, focussing on indoxacarb and emamectin benzoate as two chemicals about which
little is known but resistance has been detected. Difficulties with establishing resistant
colonies for investigation hindered this investigation and resulted in no definite outcomes.
These results in themselves however have implications for resistance management, and are

continuing to be investigated.
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5.4 Formulate and promote improved insecticide resistance management
strategies incorporating secondary pests and other broad acre crops.

Formulation and promotion of improved insecticide resistance management strategies is vital
in ensuring appropriate resistance measures are applicable in an ever evolving industry. This
objective was completed through involvement with the TIMS committee in formulating the
annual IRMS, with further extension to the industry via the Resistance Roadshow, grower and
consultant meetings, and written extension articles (see Section 9).

6. Cotton R&D Corporation outputs

Resistance monitoring and formulation of management strategies, including the role of
AWM/IPM strategies in resistance management, link strongly into the CRDC output of
sustainability. This project has provided information on Helicoverpa spp. insecticide
resistance in the field for use in directly assessing current insecticide resistance management
strategies as well as formulating new ones to minimise the development of resistance.
Insecticide resistance is one of the greatest threats to successful insect control and
sustainability of the cotton industry in which insect control is a major cost.

This project also contributes to the CRDC output of profitability & competitiveness.
Chemical control of insect pests is a major cost to cotton growers. Resistance can result in
increased sprays, and therefore decreased profits, and overall decreased competitiveness on
world markets. In addition, there are great costs involved in developing new chemistries
often required if current ones lose their efficacy because of resistance. This monitoring
project allows for resistance to be detected before it is observed at the field level, enabling
management strategies to be moditied and implemented if necessary with a view to retain all
chemical options available for effective insect control.
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7. Project summary

Insecticide resistance monitoring for Helicoverpa spp. across the cotton growing regions of
Australia for 2002/03, 2003/04 and 2004/05 was successfully completed and yielded some
interesting outcomes with regard to incidence and effectiveness of management strategies in
place: :

e Resistance to indoxacarb and emamectin benzoate was detected, however there is no
indication that frequencies have been increasing across the three years.

e Resistance frequencies to spinosad and chlorfenapyr, which from previous monitoring
projects was increasing, has declined over the past three seasons.

e Resistance to the older chemistries is still found at variable frequencies, generally
reflecting use patterns. ‘

e Despite over twenty years of use, there is negligible resistance to endosuifan or
pyrethroids by H. punctigera. Additionally, abamectin resistance while occasionally
detected, is of no threat to efficacy.

o H. armigera pressure has been low in the last two seasons, resulting in limited
monitoring despite extensive collections. Conversely H. punctigera pressure has been
very high, persisting in some areas into January and February in 2004/05.

Assessment of the impact of AWM and IPM practises on resistance management in the
Macintyre Valley was non conclusive. This was hindered by drought effects, high H.
punctigera pressure and low numbers of H. armigera tested, despite extensive collection.
Larval provisions to Project UQ 35¢ however contributed to conclusive information gathering
on moth movement between cotton areas which has implications for AWM.

Selection for resistance to the key insecticides indoxacarb and emamectin benzoate has had
limited success. The difficulty experienced in establishing resistant colonies, particularly for
indoxacarb has interesting implications for resistance development, and further research shall

be conducted in the future.

Formulation and promotion of resistance management strategies has been a key component of
this project. Resistance monitoring results were utilised by the TIMS committee in
formulating the annual IRMS, with further extension to the industry via the Resistance
Roadshow, grower and consultant meetings, and written extension articles,
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8. Further research and development

As long as insecticides with action against Helicoverpa spp. are utilised in cotton, resistance
will remain a threat to their future efficacy. With the widespread adoption of Bollgard II in
2004/05 and anticipated for the 2005/06 season, insecticides are no longer the primary
défence against Helicoverpa spp. for the majority of cotton being grown. They do however
remain the key defence in conventional cotton and it is important that their use continues to be
managed in a way that minimises the development of resistance. Further, future use of
Bollgard II is unknown, and may overall or in some seasons or particular areas not be the
dominant cropping system, so for the foreseeable future conventional sprayed cotton will
continue to have a place in cotton production in Australia. It is important therefore that
resistance monitoring and management continue for the industry to have confidence in the

chemical options available.

Resistance management is benefited by information on the mechanisms conferring resistance
to insecticides, and with the exception of chlorfenapyr and spinosad, little is known about this
for the key IPM compatible chemistries, including indoxacarb and emamectin benzoate.
Future research shall include investigation of these resistance mechanisms and their
inheritance for use in developing effective resistance management strategies. Incorporated in
these studies shall be investigation of cross resistance to other insecticides as well as to the Bt
toxins in Bollgard II, which if present is a major threat to resistance management for both

insecticides and Bollgard II.

In addition to future research and formulation of resistance management technigues,
promotion of resistance management strategies and dissemination of resistance results will
remain a key objective. It is important that all involved in the cotton industry are aware of the
resistance issues that affect successful pest control and the strategies that ensure best
management of these pests. It is also important that the basis for resistance management
techniques are understood, particularly where multiple pest complexes exist, and these shall
continue to be explained and promoted through both verbal and written communication.
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9. Communication of results

9.1 Publications

Refereed Journal papers

Lawrence, N., Scott, L.J., Lange, C.L., Graham, G.C., Hardwick, S., R0531ter L., Dilion,
M.L. & Scott, K.D. (2005). Population Dynamics and gene flow of Helicoverpa armigera
(Hubner) (Lepidoptera: Noctuidae) on Cotton and Grain crops in the Murrumbidgee Valley,
Australia. J. Econ. Entomol (submitted).

Conference and meeting abstracts and oral presentations

Rossiter, L. (2005). ‘Overview of resistance management in the Austrahan Cotton Industry’.
CRDC Resistance Forum, June 2005, oral presentation.

Rossiter, L. (2005). ‘Helicoverpa spp. Insecticide Resistance: Status and Knowledge’. CRDC
Resistance Forum, June 2005, oral presentation.

Rossiter, LC and Gunning, RV (2004). “Twenty years of insecticide resistance management in the
Australian Cotton Industry - the past and the future’. XXII International Congress of
Entomology, Brisbane 2004, oral presentation and abstract

Extension articles

Rossiter, L., Wilson, L., Larsen, D., Pyke, B., Gunning, R., Herron, G. & Kelly D. (2004).
Insecticide Resistance, Where are we now? Dec 2003

Downes, S and Rossiter L. (2004). Preventing Helicoverpa resistance: Why we need your
eggs. The Australian Cotton Grower, 25(6): 14-16

Rossiter, L., Herron, G., and Gunning, R. (2004). Review of Insecticide Resistance
Management Strategy Principles. The Australian Cotton Grower, 25(6): 20-24

Rossiter L. (2004) Key changes to the 2004-05 insecticide strategy. The Australian Cotton
Grower, 25(6): 26 27.

Contributions to extension publications and manuals

e Contribution: Integrated Pest Management Guidelines for Cotton Production Systems in
Australia. S A Deutscher, L. J Wilson and R K Mensah (Eds). Australian Cotton CRC, 2005

e Rossiter, L., Gunning, R., Herron, G., Gibb, D., Larsen, D., Pyke B. and Wilson L.
(2004). Insecticide Resistance Management Strategy (IRMS) for conventional cotton,
2004/05. In Johnson, A and Farrell T (Eds) Cotton Pest Management Guide, 2004-05. NSW
Dept. of Primary Industries.

e Rossiter, L., Gunning, R., Larsen, D., Pyke B., Wilson L., and O’Connell, P (2003).
Insecticide Resistance Management Strategy for conventional cotton, 2003-04. In Johnson, A
and Farrell T (Eds) Cotton Pest Management Guide, 2003-01. NSW Agriculture

® Ruwssiler, L., and Gibb, D. (2003). Mixtures. In Johnson, A and Farrell T (Eds) Cotton
Pest Management Guide, 2003-04. NSW Agriculture

e Rossiter, L. (2003). Insecticide Resistance by Helicoverpa spp. Monitoring and
Management CSD Variety Trial Book, pages 91-93.

e Contributions of insecticide resistance monitoring results to individual valley trial books
including Balonne, Macintyre, Gwydir, Lower Namot and Macquarie, 2003-2004
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e Contributions of insecticide resistance monitoring results to Cotton Tales newsletters
compiled by Industry Development Officers and District Agronomists across all cotton
growing valleys, 2003-2005.

Invited Oral presentations at field days and grower meetings

e TIMS Resistance Roadshow 2003. Three oral presentations to growers and consultants at
eight locations covering the cotton growing regions of NSW and QLD:

‘Insecticide Resistance: Definition and related terms’.
‘Insecticide Resistance Monitoring Resuits, 2002/03°.
2003/04 IRMS — changes and invitation for feedback’.
e Cotton Consultant Australia Inc AGM, May 2003. ‘Insecticide resistance monitoring
results, 2002/03’, oral presentation and paper.
o St George end of year Growers meeting, May 2003
e Macintyre end of year Growers meeting, May 2003
e TIMS Resistance Roadshow 2004. Three oral presentations at nine locations covering the
cotton growing regions of NSW and QLD:
‘How do we manage insecticide resistance in pests of Australian cotton? Principles
and Strategies’.
‘Insecticide Resistance Monitoring Results, 2003/04”.
2004/05 IRMS - changes and invitation for feedback’.

e ACGRA Cotton Conference, Hands On Research Presenter, Gold Coast, August 2004

e Hiiston Bollgard II field day, December 2004

o Cotton Consultants Australia Inc AGM, May 2005. ‘Twenty-one years of resistance
management in the Australian Cotton Industry’, oral presentation and paper.

e Macintyre Valley Cotton Research Review, May 2005

- Media presentations :

e Helicoverpa spp. pressure review. CSD Web on Wednesday, February 2004

e Three radio interviews regarding Helicoverpa armigera pressure and resistance
monitoring, 2003, 2004,

9.2 On-line resources
A number of the extension publications and manuals listed above are available on-line at the
Cotton CRC website (www.cotton.crc.org.au). Also available on the website are the annual

resistance monitoring results.
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10. Likely impact of research outcomes (cost/benefit)

The insecticide resistance monitoring results have been utilised by the industry for over
twenty years in detecting resistance and implementing strategies to prevent or delay its
development. The benefit of such a project is evident through the preservation of the older
chemistries such as endosulfan and the pyrethroids which have a history of resistance in H.
armigera dating back over 20 years, however they are still used today. In more recent times,
the monitoring program has detected increasing resistance to spinosad, with measures taken
following this detection to restrict its use to ensure its continued efficacy. Such a project
coupled with formulation and promotion of resistance management strategies has proved the
benefits of such research outweigh the associated costs.

The results of the resistance monitoring project in the last three years have not provided
strongly conclusive results regarding the exact frequencies of resistance to all the chemistries
used against Helicoverpa spp. The research has however satisfied the requirement of
detecting the presence of resistance, particularly to the newer IPM compatible chemistries
which have established themselves as an integral part of chemical pest control in cotton,
namely indoxacarb, emamectin benzoate, abamectin and spinosad. This has enabled the
management strategies in place for these chemistries to be assessed and modified where

necessary, impacting directly on the industry.

Additional species complex information has also been gained from the monitoring program in
the last three seasons which has major implications for both resistance and pest management.
A shift in the species present in the field may influence chemical use in the future, particularly
if H. punctigera becomes the dominant species, with the annual migration of this species
making it a lower risk for resistance development. Coliection of this information is therefore
is vital for ensuring resistance management tactics are relevant and effective.
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Appendix 1

H. armigera Insecticide Resistance Monitoring Results

Table 2a: 2002/03

Helicoverpa armigera resistance frequencies during the season, with number of larvae tested in brackets

Steward | Tracer Intrepid Affirm Pyrethroid | Pyrethroid | Chlorpyrifos | Amitraz | Methomyl
Valil ey endosulfan | (indoxacarb) (spinosad} | (chlorfenapyr) | (emamectin benz.) | (fenvalerate) | (Bifenthrin) (OP) (ovicide) (ovicide)
Emerald . ‘

18/12/02 ~ 15/01/03 0 (18) 2 {44) 2 (97) - 3(61) 0 (54) 0 (54)
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e I)arhn0 Downs

4/12/2003 14 (166) | 1(146) 0(53) 2 {88)

6/02/2003 REC)] 07 0 (6) 0(2)

7/2/03 -26/02/03 29 5 (40) 0 (35) 2 (46) 94 (17) 0(12) 0 (12) 0(12)
77/2/03 9/04/03 ] 1 (8) 1 (75) 0(8)

St George
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Table 2b: 2003/04

Helicoverpa armigera resistance frequencies during the season, with number of larvae tested in brackets

Steward | Tracer | Intrepid Affirm Pyrethroid | Chlorpyrifos | Profenofos | Carbamate | Prodigy
Valley Endosulfan  (indoxacarb) | (Spinosad) | (Chlorfenapyr) | (Emamectin benz.) | (Bifenthrin) (0P (89 {methomyl) i (methoxyfen.)
Emerald

December - . 0(6) - 0en 38 (21) g3{12) - - -
January - - 0 011 0013 - 04 . -
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Februar 03D 1 (68)
DD ngaroy
November 13 (1583 2 {149y 1104y - 0 (125 -
December - . 4 (25) - ; 43 (7 - -
January - 0 (28) 0 (16) - 0(8) - 01y 5(21) 100 (3),
February - 0 (6} 0(9) - 0(9)
March 0 (21)
DD DalllL
November - - - -

December - 0(28) 1 (78) - 8 (24) 80 (15) 4(23)

10 (1)

January - - 0(7) - - - - -

February - 0(7) 0(6) 0(7) 8(12) . - -
__March | tab - _

December 5(22) 0(35) 0 (69) 0(23) 0(22) 28 (29) 0(34) -

January - . - 3 a0
= : D) : 6 (16) 10 20) : Y0

e LT T, S RS OEROE Tl R 8 N YL S0 T S PR MR NN AT R SR g8 B o0 D ey AT A 2 T o o AT e o e
Macm Ere

December 11(27) 6 (50 3(71) 0(13) — 2 (44) 79 (33) 0 (58)
Januarv 7 (14) 6{(52) 6 (95) 0(36) 0(72) 33 (15) 3 (64) 0(59) 62 (21)
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Steward | Tracer Intrepid Affirm Pyrethre_.. | Chlorpyrifos | Profenofos | Carbamate | Prodigy
Endosulfan | (Indoxacarb) | (Spinosad) | (Chlorfenapyr) | (Emamectin benz.) | (Bifenthrin) {OP) (OP) (methomyl) | (methoxyfen.)
Gwydir
December - 0(19) 0(25) 60 (5) 05 - -
January - - - - - - - - -
Februaw 12 (8) 1 (70} 177 2 (46) 1(169) 5 (@7 1(133) 19 (16} 75 (32) 0030

March

Lower Namoi

14 (79)

| 1am

A -

LAON

DT

At/ —

25 (73) 68 (73)

November - - 0(13) - - - - i
December Q10 4 (25) 2(92) 0an 55 (22) 8 (12) _ B
January - 0 (30) 0 (30) 0(14) - 0 (15)
February 12 (8) 3 (29) 0 (33} 011 12(8) 0 (20)
Marck (84) 1(115) 14 (50) 37 (38) 3 (59
Upper Namoi
December 12 (25) 3(73) 0(59) £ (39) 7 (5% - 0 () - - -
- January -~ 0(1) 1(11) 0(16) 0(14) 8 (24) 20 (10) 9 (11 0(8) 9(11) 07
February - 7029 0(58) 6(32) 2 (42) . 6 (16) _ _ A
March _ _17(12) 072 039 6(18) 29 (17)
Macquarie =
January 37(8) -

Riverina

21 (14)

January 14 (20 024) 023 02D 03 33 (18) 07 7(28) 54 (37 ~
Februacy - o0 0% - - - 0(8) - - 0(%)
March - 2(59) 0D - 2 (43) 11{N a(28) 30 (27 - 02
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Table 2¢: 2004/05

~ Helicoverpa armigera resistance frequencies season wide, with number of larvae tested in brackets. Due to the low numbers of larvae
tested, resistance frequencies for individual months were collated.

Steward | Tracer Intrepid Affirm Pyrethroid | Chlorpyrifos | Profenofos | Carbamate { Prodigy
Valley Endosulfan | (Indoxacarb) | (Spinosad) | (Chlorfenapyr) | (Emamectin benz.) | (Bifenthrin) oP) (OP) (methomyl) | (methoxyfen.)
Emerald 10(10) 4 (25) 6 (31) 0(5) 017
Dawson/Callide 0 (5) 0 (16} 0 (18) 0 (14) O(4)
Kingaroy 1(19) 1 (120 2 (198) 0 (84) 1(142) 029
Dalby 25 (8) 0 (36) 2 (43) 0 (6) 0 (20)
St George 0(10) 0(2) 0(3) 0
Macintyre 20 (10) 0 (69) 1(89) 0 (37) 2 (95) 100 (3) 0 (1) 33 (3) 0(2)
Gwydir 2 (48) 1 (1313 2(L16) 0 (11) 0(148) 8 (24) 0@2)
Lower Namoi 62 (21) 1{190) 1 (200) 2 (66) 0 (190) 76 (80) Q(2) 14 (95) 24 (21) 0(15)
Upper Namoi 41 (37) 0 (130 0 (130) 0 (55) 0 (107) 04)
Walgett 0(8) 0 (20) 0(2) 041) 47 (17) 7(29)
Macquarie 3 (30) 0 (10D 0 (20) 0(39) 100 (2) 0(5)
Riverina 1169)
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