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Appendix 1

Insect rearing

M. demolitor

The M. demolitor colony was established from approximately 50 parasitised H. armigera
larvae collected from cotton and sorghum in southeast Queensland during February and March
1990. M. demolitor were cultured using methods modified from Shepard er al. (1983b), Lewis
(1970b) and Powell and Hartley (1987). The culture was initially maintained in H. armigera larvae.
From November 1991 to November 1997, Chrysodeixis argentifera (Guenee) (Lepidoptera:
Noctuidae) were used as hosts. During 1995-6, H. armigera was used as hosts due to problems
with the C. argentifera colony. New field material, collected either as adults or from parasitised

larvae was been added periodically.

H. armigera and C. argentifera larvae used for M. demolitor colony maintenance and for
experimentation were reared using methods described below. Parasitoids were reared at 25°C, 60-

70% relative humidity and a 14:10 light: dark photoperiod.

H. armigera and C. argentifera

H. armigera larvae were reared using methods modified from Teakle and Jensen (1985),
and Gunning et al. (1984). The H. armigera culture has been maintained for approximately 10
years. Larvae were fed artificial diet modified from Shorey and Hale (1965), by the substitution of
navy beans for pinto beans and the addition of 4 g wheat germ per 10 g of beans. Cultures were
maintained at 25°C, 60-70% relative humidity and a 14:10 light: dark photoperiod.
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Diet preparation

Navy beans were weighed and washed several times with tap water. The beans/water and
agar/water mixtures were steamed separately in covered beakers for about 2 hours. Beans and agar
were then cooled to about 70°C (about 5-8 minutes). All ingredients were then combined in an
industrial blender and mixed thoroughly. Diet was then poured into stainless steel trays or Solo®

cups and allowed to set at room temperature.

Standard Heliothis diet Mould inhibitor preparation

Navy Bean 172 g. Propionic acid 42 ml.
Tap water 940 ml Phosphoric acid 4 ml
Agar 25 g. Water 54 ml.
Tap water 606 ml.

Sugar solution for moths
Wheat germ 120 g. Water 1000 ml.
Torula yeast 100 g. Sugar 100 g.
L-Ascorbic acid 6g. Ascorbic acid 6g.
Nipagin 6g. Teramycin 100 soluble
Sorbic acid 2g. powder concentrate
Formaldehyde 2 ml (anti-biotic) 2¢g
Mold inhibitor 5.2 ml
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Appendix 2

Insecticides

Topical testing

Insecticides used in the topical testing were technical grade chemicals. Insecticides used
included:
e alpha-cypermethrin (Alpha-Scud®, pyrethroid, 96.16%, Bayer),
e bifenthrin (Talstar®, pyrethroid, 90.4%, Crop Care Australasia),
e chlorfluazuron (Helix®, IGR compound, 97.3%, Crop Care Australasia),
e lambda-cyhalothrin (Karate®, pyrethroids, 87.8%, Crop Care Australasia),
o deltamethrin (Decis Forte®, pyrethroid, 98.9%, AgrEvo),
e dimethoate (Rogor®, carbamate, 97.7%, Rhone-Poulenc),
e endosulfan (Endosulfan®, organochlorine, 98.1% NSW agriculture),
e methoxyfenozide (Prodigy®, MAC compound, 95%, Rohm and Haas),
e pirimicarb (Pirimor®, carbamate, 97.6%, Crop Care Australasia),
e profenofos (Curacron®, organophosphate, 100%, Ciba),
e spinosad (XDE-105) (Tracer®, spinosyn, 90.0% Dow AgroSciences).

Stomach poisons

Unless otherwise noted emulsifiable concentrate formulations were used from the stomach
poisons. Stomach poisons used included:
e Bacillus thuringiensis (Dipel®, powder),
e chlorfluazuron (Helix®, IGR compound, Crop Care Australasia),
e cyhalothrin (Karate® EC, pyrethroids, Crop Care Australasia),
e endosulfan (Endosulfan® 350EC, organochlorine, NSW agriculture),
e lufenuron (Match®, 50 EC, Ciba-Geigy),
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methoxyfenozide (Prodigy®, MAC compound, 210 EC, Rohm and Haas),
profenofos (Curacron® Flexi, organophosphate, Ciba),

spinosad (Tracer®, NAF-85, 125 g ai/L, Dow AgroSciences),

spinosad (Tracer®, XDE-105, 125 g ai/L, Dow AgroSciences),
thiodicarb (Larvin 375, Rhone-Poulenc).
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Appendix 3

Equipment register

Table Appendix 3-1. Equipment used in this thesis.

Item Model/size Supplier

Acetone (analytical B & J Brand® high purity solvent Selby Biolab, Musgrave North, Vic,

grade) 3170.

Acetone (laboratory Anala® laboratory grade acetone See Acetone (analytical grade)

grade)

Alcohol Laboratory grade alcohol See Acetone (analytical grade)

Birdoff® Tangle foot Amalgamated Pest Control,
Toowoomba.

Bleach Hypo-10, 10% w/v Liquid chlorine, Elite chemicals Pty Ltd., Lindum, QId,
4178.

Cardboard milk 1 litre, 28 x 7 x 7 cm open ended Tetrapac, Vic.

containers

Conduit poles 10 cm diameter, 2 m long. Mitre 10 hardware, Toowoomba.

Costar® tissue culture

trays

Dental wicks

Diethyl ether

Falcon® dishes

Microsyringe

Porous plastic sheet

Plastic capsules

Repeat dispenser

12 wells trays

No. 2, 6 inch

Univar analytical reagent

50 mm diameter clear plastic

Hamilton 25 :1 microsyringe. 700 series
Rapfast 15 film (water permeable). 15 x
15 cm perforated rolls

1.5 x .5 cm plastic capsules

For Hamilton microsinge

Linbro Cat. N. 76/053/05. ICN
Biomedicals P/L. Seven Hills, NSW,
2147.

Dental Products Aust. P/L., Collaroy
Beach NSW, 2097.

Ajax chemicals. Cnr Production st and
Progress Rd, Wacol, Qld, 4076.
Science Supply Associates P/L Glen
Waverly, Vic, 3150.

Alltech Associates (Aust.) Pty Ltd,
Baulkhan Hills

Kent Paper Company P/L., Spit
Junction, NSW, 2088.

QDL (Qld. Druggist Ltd.), 31 Vanity St.
Toowoomba.

See Microsyringe.
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Sartorius Balance

Solo® cups

Stereo Microscope
UV steriliser

Vacuum sampler

Type 1219 MP

P101M Graduated measuring cups.

PL1 Lids

wild M7A

Type not avaliable

McCullock Super Air Stream I'V Blower

Vacuum

See Acetone (analytical grade)
MPM Marketing, Albion, Qld, 4010.

Wild-Leitz, Brisbane.
Custom made by R. Lloyd, QDPIL.

Mitre 10 hardware, Toowoomba.
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Appendix 4

Field sites

Trials were carried out over 3 seasons, starting in the 1994/1995. Field trials described
were carried out at 6 trial sites on the Darling Downs, southeast Queensland. These sites included:
Witu, Nandi, Dalby and two sites at Warra. Trial location, configuration, and yields are described.
Trial sites were often part of larger IPM trials, carried out by Dr D. Murray (Farming Systems
Institute, QDPI) or unsprayed refuges, sown as part of the resistance management requirement for
Ingard® crops. Often the layout and size of treatments were a compromise between experimental
needs, and the interests of the farmers. Ground rig applications of insecticides were made at

recommended rates, operating at 5 bar and a ground speed of 20 km/hr in 50 L/ha water.

1994/95

Warra site

This site was part of an IPM in raingrown cotton trial. It was situated near Warra (26°53’E,
150°54°S), about 150 km west of Toowoomba, Queensland. Cotton variety CS189 was sown on
31 October 1994 in a single skip row configuration. There were four large plot (3-6 ha)
unreplicated treatments, including:

e Unsprayed. No insect control strategies were employed.

e Biological. No synthetic insecticide treatments were used. Natural enemies of Helicoverpa spp.
were conserved and supplemented by releases of an egg parasite, (Trichogramma sp.) and
larval parasites, such as M. demolitor and C. kazak. Food sprays (molasses), designed to attract
predators were also used. B. thuringiensis and NPV sprays were the main control agent of
Helicoverpa spp. This block was split into two, with different NPV formulations (a home made
NPV spray and a commercially produced product, Gemstar®) were trialed in each.

e Reduced or soft block. Selective insecticides such as endosulfan, thiodicarb, and Bt were used

for Heliothis spp. control. Food sprays were also used.
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e Conventional block. Standard commercial control strategy was used. All insecticides available,
including: endosulfan, thiodicarb and esfenvalerate were used for Helicoverpa spp. control.

Dimethoate was used for mirid and thrip control.

Plot sizes and layout are shown in Figure Appendix 4.1. All insecticide applications were
made using a ground rig at recommended field rates. Spray history for each treatment is displayed

on Table Appendix 5-1.

Biological B Biological A Untreated
2.8 ha. 3.0 ha. 2.5 ha.

Reduced
N 5.9 ha.

Conventional

5.9 ha.

Figure Appendix 4-1. Layout and treatment sizes for the Warra IPM trial site, 1994/95.

Yield and brief review

All treatments experienced relatively low Helicoverpa spp. activity throughout the season.
Yield estimates, determined by machine harvest were similar for the five treatments. These were
unsprayed 3.69, biological A 3.90, biological B 3.60, reduced 3.82, conventional 3.88 bales/ha.

Harvest of the unsprayed treatment was delayed by 1 week.

Nandi site

This site was situated at Nandi (27°17’E, 151°11°S), about 100 km west of Toowoomba,
Queensland. Cotton variety was CS189+ was sown on 14 November in a single skip row
configuration after irrigation. No further irrigation was applied. Before commencement of work at
this site, the entire site was treated with 2 insecticide treatments. There were four large plot (2 ha)

unreplicated treatments, including:
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e Unsprayed. No further insect control strategies were employed after the 2 initial treatments.

e NPV block. Treatments of nuclear polyhedrosis virus (Gemstar®) were made periodically to
control Helicoverpa spp., when numbers justified treatment.

e NPV and spinosad. Spinosad (Tracer®) and NPV (Gemstar®) were used to control Helicoverpa
Spp.

e Conventional. Standard commercial control strategy was used. All insecticides available,
including: endosulfan, thiodicarb deltamethrin, parathion and profenofos were used for

Helicoverpa spp. control. Dimethoate was used for thrip control.

Plot sizes and layout are displayed on Figure Appendix 4.2. All insecticide applications
were made using a ground rig at recommended field rates. Spray history for each treatment is

displayed on Table Appendix 5-2.

NPV 1.04 ha. Untreated .39 ha. NPV & Spinosad .83 ha.
Buffer 2.26 ha.
—>5 N Conventional

Figure Appendix 4-2. Layout and plot sizes for trial site at Nandi, 1994/95.

Yield and brief review

Yield estimates from machine harvest for the 4 treatments were as follows: untreated 4.99,
Gemstar® 5.48, spinosad and Gemstar® 5.85 and conventional 6.82. Helicoverpa spp. pressure was
light early in the season, but increased during January and February, where levels were maintained
at about 7 grubs per metre in the unsprayed. Helicoverpa spp. activity was also high in all the other
treatments. Poor timing and application problems were blamed for the lower yield in the NPV trial,

which was considered satisfactory in controlling Helicoverpa spp.
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1995/96

Warra

This site was part of an [PM in raingrown cotton trial. It was situated near Warra (26°53’E,

150°54°S), about 150 km west of Toowoomba, Queensland. Cotton variety CS189+ was sown on

29 September 1995 in a double skip row configuration (two rows planted, two rows missed).

There were five large plot (2.5-5 ha) unreplicated treatments, including:

Unsprayed. No insect control strategies were employed.

Biological. No synthetic insecticide treatments were used. Natural enemies were conserved and
supplemented by releases of egg parasites (7richogramma spp.). Treatments of nuclear
polyhedrosis virus (Gemstar®) were used for Helicoverpa spp. control.

Spinosad. Spinosad (Tracer®) was used for Helicoverpa spp. control.

Reduced block. Selective insecticides such as endosulfan, thiodicarb, and Bt were used for
Heliothis spp. control.

Conventional block. The standard commercial control strategy was used. All insecticides
available, including endosulfan, B. thuringiensis, thiodicarb, cyfluthrin, profenofos, armitraz,
bifenthrin and methomyl were used for Helicoverpa spp. control. Dimethoate was used for

mirid and thrip control.

Plot sizes and layout are displayed on Figure Appendix 4.3. One insecticide application was

made to the conventional block on the 6th January by aircraft due to wet conditions. All other

insecticide applications were made using a ground rig at recommended field rates. Spray history for

each treatment is shown in Table Appendix 5-3.
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Unsprayed Biological Spinosad Reduced
2.5 ha. 2.5 ha. 2.5 ha. 2.5 ha.
— Conventional

N 5 ha.

Figure Appendix 4-3. Layout and plot sizes of the Warra IPM trial site, 1995/96.

Yield and brief review

Wet conditions prevented ground rig application of insecticides and aerial applications were
considered too disruptive to the small plots due to spray drift. As a result, Helicoverpa spp. control
was disrupted in the period after 8th January. Yields estimated from machine harvest were as
follows: unsprayed 3.24, biological 4.15, spinosad 4.10, reduced 3.93 and conventional 4.10.
Green mirid attack during early squaring impacted heavily on the unsprayed and biological
treatments. Helicoverpa spp. pressure was high during January and February and affected all

treatments severely.

Dalby

This site was part of a trial testing arthropod diversity in raingrown Ingard® cotton. The site
was situated at the Dalby Agricultural College (27°9°S, 151°17’E), about 100 km west of
Toowoomba, Queensland. Cotton variety Ingard® (variety DP 5415) was sown in a solid
configuration. The cotton was irrigated when required. There were three large plot (2.5-5 ha)
unreplicated treatments, including:

e Unsprayed, conventional seed. No insect control strategies were employed.
e Ingard® cotton.
e Conventional insecticide program, conventional seed. All insecticides available were used to

control Helicoverpa spp. Spray history is unknown.

Plot sizes and layout are displayed on Figure Appendix 4.4.
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Conventional

Ingard®

Unsprayed
o pray

Figure Appendix 4-4. Layout and plot sizes of Bt trial at Dalby Agricultural College, 1995/96.

1996/1997

Warra

There were 3 sites situated at Warra during 1996/97. The first site was part of an IPM in

raingrown cotton trial. It was situated near Warra (26°53’E, 150°54°S), about 150 km west of

Toowoomba, Queensland. Cotton variety V15 was sown on 12 October 1995 in a single skip row

configuration. There were four large plot (2.5-5 ha) unreplicated treatments, including:

Unsprayed. No insect control strategies were employed.

Spinosad. Spinosad (Tracer®) was the sole Helicoverpa spp. control agent. Other pests
received no specific control measures.

Best practice block. This treatment utilised the most selective products available. Selective
insecticides such as Gemstar®, Thiodan® (endosulfan), Regent® (fipronil), and spinosad
(Tracer™) were used for Helicoverpa spp. and other pest control. Pred. Feed® was used to
attract predators.

Conventional block. Standard commercial control strategy was used. All insecticides available,
including: Thiodan® (endosulfan), pyrethroids, ovasyn® (amitraz), and Larvin® (thiodicarb)

were used for Helicoverpa spp. control. Dimethoate was used for mirid and thrip control.
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Two sites were unsprayed Ingard® refuges. The Ingard® refuges were 10 ha. Details of the
cotton variety and sowing dates were not available. These sites were part of the farmers’ obligation
in growing Ingard®. cotton. (Farmers were required to sow 1 ha of unsprayed cotton for every 10
ha of Ingard® cotton). No control measures could by taken against Helicoverpa spp., although
other pests could be controlled normally.

e Ingard® refuge at Warra. No control measures were taken against Helicoverpa spp., but other
pest insects, such as aphids were controlled normally. Dimethoate was used to control aphids.
o Ingard® refuge at Witu. No control measures were taken against Helicoverpa spp.

¢ Plot sizes and layout for The Warra IPM trial site are shown in Figure Appendix 4.5.

Spray history for each treatment is shown in Table Appendix 5-4.

Unsprayed Spinosad Best Practice
2 ha. 2 ha. 2 ha.
Conventional
30 ha.
N «——

Figure Appendix 4-5. Layout and plot sizes of the Warra IPM trial, 1996/97.

Spray applications were made by ground rig at recommended rates. Dimethoate was
applied to the unsprayed block on 22 March 1997, to control aphid infestations, as open bolls were
present and contamination of lint with honeydew was a risk. The Ingard® refuge block at Warra

was sprayed with dimethoate on the 26 November to control mirids.
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Yield and brief review

Yield estimates from machine harvest for the treatments were as follows: unsprayed 3.82,
spinosad (Tracer®) 2.17, best practice 3.17 and conventional 3.16. Harvests of all treatments other
than the conventional were delayed, due mainly to green mirids. The reason for the poor yield of
the spinosad treatment is unclear, as the spinosad treatment was considered to have controlled
Helicoverpa spp. satisfactorily. Poor yield was possibly due to attack by N. viridula late season.

The unsprayed yielded extremely well, due possibly to late season rain.
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Spray histories for trial sites

Table Appendix 5-1. Spray history of the IPM site at Warra during 1994/95. Trade name (active ingredient).

No. Date Biological A Biological B Soft Conventional
1 19-December-94 Dipel (B. Dipel (B. Dipel (B. Endosulfan
thuringiensis) thuringiensis) thuringiensis) (endosulfan) &
Larvin (thiodicarb)
2 23-December-94 “home made” (NPV) Gemstar (NPV) Endosulfan
(endosulfan) &
Larvin (thiodicarb)
3 29-December-94 unknown pyrethroid
& Larvin
(thiodicarb)
4 13-January-95 Endosulfan
(endosulfan) &
Rogor (dimethoate)
17-January-95 Pred Feed (Food Pred Feed (Food Pred Feed (Food
spray) spray) spray)
23-Janunary-95 Pred Feed (Food Pred Feed (Food Pred Feed (Food
spray) spray) spray)
5 3-February-95 Endosulfan
(endosulfan) &
Rogor (dimethoate)
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Table Appendix 5-2. Spray history for Nandi during 1994/95. Trade name (active ingredient).

No. Date Commercial Biological (Gemstar®)
1 16-December-94 Larvin (thiodicarb) Larvin (thiodicarb)
2 21-December-94 Endosulfan (endosulfan) & Larvin Endosulfan (endosulfan) &

(thiodicarb) Larvin (thiodicarb)
3 5-January-95 Decis (deltamethrin) & Folidol
(parathion-methyl)
4 16-January-95 Decis (deltamethrin) & Larvin Gemstar (NPV)
(thiodicarb)
5 26-January-95 Decis (deltamethrin) & Folidol Gemstar (NPV)
(parathion-methyl)
6 2-February-95 Decis (deltamethrin), Folidol
(parathion-methyl) & (piperonyl
butoxide)
8-February-95 Gemstar (NPV)
7 9-February-95 Curacron (profenofos)
8 20-February-95 Larvin (thiodicarb)
23-February-95 Gemstar (NPV)
9 27-February-95 Larvin (thiodicarb)
3-March-95 Gemstar (NPV)
10 9-March-95 Larvin (thiodicarb)
11 21-March-95 Larvin (thiodicarb)
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Table Appendix 5-3. Spray history for the IPM site at Warra during 1995/96. Trade name (active ingredient).

No. Date Conventional Biological Soft Spinosad
1 27-November-95 | Endosulfan (endosulfan) &
Dipel (B. thuringiensis)
28-November-95 Gemstar (NPV) | Endosulfan (endosulfan) & } XDE-105
Dipel (B. thuringiensis) ULV
2 2-December-95 Endosulfan (endosulfan),
Dipel (B. thuringiensis) &
Rogor (dimethoate)
4-December-95 Gemstar (NPV)
3 9-December-95 Bulldock (beta-cyfluthrin) Endosulfan (endosulfan) & NAF-85
& Dipel (B. thuringiensis) Dipel (B. thuringiensis)
4 18-December-95 | Bulldock (beta-cyfluthrin)
& Lannate L (methomyl)
20-December-95 Gemstar (NPV) NAF-85
5 22-December-95 | Bulldock (beta-cyfluthrin) Endosulfan (endosulfan) &
& Larvin (thiodicarb) Larvin (thiodicarb)
28-December-95 Gemstar (NPV)
6 29-December-95 Curacron (profenofos) Dipel (B. thuringiensis) &
Larvin (thiodicarb)
2-Jannary-96 Gemstar (NPV) NAF-85
7 6-January-96 Endosulfan (endosulfan) & Endosulfan (endosulfan) &
Larvin (thiodicarb) Larvin (thiodicarb)
8 19-January-96 Bulidock (beta-cyfluthrin) Bulldock (beta-cyfluthrin) NAF-85
& Dipel (B. thuringiensis) & Dipel (B. thuringiensis)
9 22-January-96 Larvin (thiodicarb) Gemstar (NPV) Larvin (thiodicarb) NAF-85
31-January-96 Gemstar (NPV)
10 1-February-96 Bulldock (beta-cyfluthrin) Bulldock (beta-cyfluthrin)
& Ovasyn (amitraz) & Ovasyn (amitraz)
11 9-February-96 Larvin (thiodicarb) Gemstar (NPV) Larvin (thiodicarb)
12-February-96 Gemstar (NPV) NAF-85
(half rate)
12 13-February-96 | Bulldock (beta~-cyfluthrin), Bulldock (beta-cyfluthrin),
Ovasyn (amitraz) & Rogor Ovasyrt(g?rr:é:;iz)tg Rogor
(dimethoate)
13 17-February-96 Talstar (bifenthrin) Talstar (bifenthrin) XDE-105
24-February-9¢ Gemstar (NPV)




Table Appendix 5-4. Spray history for the IPM site at Warra during 1996/97. Trade name (active ingredient).
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No. Date Conventional hgardg(NuCom 37i)
1 |22-November-96] Thiodan (endosulfan)
27-November-96 Thiodan (endosuifan)
29-November-96
2 | 2-December-96 | Thiodan (endosulfan)
6-December-96 Thiodan (endosulfan)
3 ]10-December-96] Thiodan (endosulfan)
16-December-96
4 117-December-96] Thiodan (endosulfan) Thiodan (endosulfan)
5 |23-December-96] Scud (cypermethrin)
24-December-96
27-December-96
31-December-96
3-January-97
6 6-January-97 | Scud (cypermethrin) +
Ovasyn (amitraz)
7-January-97
7 | 13-January-97 |Bulldock (beta-cyfluthrin){Bulldock (beta-cyfluthrin)]
+ Ovasyn (amitraz) + Ovasyn (amitraz)
19-January-97
21-January-97
8 | 24-January-97 [Bulldock (beta-cyfluthrin)|
+ Larvin (thiodicarb) +
Rogor (dimethoate)
28-January-97
7-February-97 Rogor (dimethoate)
9 |25February-97| Rogor (dimethoate) Rogor (dimethoate)
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