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MEDIA SUMMARY  
Western flower thrips (WFT, Frankliniella occidentalis) damages a range of vegetable crops 
by directly feeding on leaves, fruits and other plant parts, and by transmitting tomato spotted 
wilt virus (TSWV). In capsicum, tomato and lettuce, WFT and TSWV are managed with 
prophylactic pesticide applications. This is not effective as WFT has developed resistance to 
all major pesticide classes in Australia, Europe and the USA. Growers need to use a range of 
control tactics referred to as IPM (Integrated Pest Management) to manage WFT and TSWV.  

Prior to this project, grower uptake of IPM in Western Australia was poor, with lettuce and 
capsicum growers spraying prophylactically for WFT. To increase IPM adoption, growers 
were able to access an IPM provider for three months to monitor their crops for pests and to 
provide control advice. Lettuce and capsicum were chosen because lettuce growers were 
spraying prophylactically for WFT, and pesticide control failures were occurring in capsicum.  

Additional management tools were developed during the project and included evaluation of a 
native WFT predator (Orius armatus) and a thrips predatory mite (Neoseiulus cucumeris) in 
greenhouse capsicum, and bioassays to determine which commonly used pesticides could be 
safely used with O. armatus. The potential of a non-chemical control method using thrips 
attractants was also evaluated.  

IPM uptake increased during the project, with all growers participating in the program 
retaining the service of the IPM provider. Lettuce growers involved in the study now only 
treat for WFT during the main period of TSWV activity (November-December). However, 
the biggest gains were for greenhouse capsicum growers who were having problems 
controlling spinosad-resistant WFT. The project demonstrated that WFT can be successfully 
controlled biologically by releasing N. cucumeris and O. armatus. However, O. armatus is not 
compatible with most commonly used insecticides, including some that are regarded to be 
IPM compatible.  

As an extension to this work, biological control of WFT with O. armatus and N. cucumeris 
should be trialled in other greenhouse crops, and in field crops such as capsicum. Trap trials 
with new thrips attractants demonstrated that trap capture of WFT can be increased by 
10-50%, and mass trapping should be evaluated as a non-chemical control for WFT, 
particularly in greenhouses. 
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TECHNICAL SUMMARY  
Western flower thrips (WFT, Frankliniella occidentalis) is a major pest of vegetable crops, 
feeding on flowers, fruits and leaves. WFT also transmits a plant tospovirus, tomato spotted 
wilt virus (TSWV) in capsicum, lettuce and tomato. While outbreaks of TSWV are sporadic, 
losses of up to 100% can occur in crops such as lettuce in some seasons. To control WFT, 
pesticides are widely used (Broughton & Herron 2009), but field control failures (Herron et 
al. 2010) demonstrate that the strategy is not sustainable. Growers need to adopt a range of 
tactics known as IPM (Integrated Pest Management) to manage WFT and TSWV effectively.  

Some management tactics for WFT and TSWV had been developed nationally (Cook et al. 
2000) and include correct thrips identification, an insecticide resistance management strategy 
and good sanitation, but were not being widely used by growers. For example, Western 
Australian lettuce growers were spraying prophylactically with older, broad-spectrum 
pesticides to control WFT. A one-to-one approach was identified as the best model to 
improve IPM uptake.  

Biological control was also developed to control spinosad-resistant WFT, and included 
rearing and evaluating a native thrips predator, the minute pirate bug Orius armatus, and a 
thrips-eating mite, Neoseiulus cucumeris. Bioassays were used to determine if commonly 
used insecticides were compatible with O. armatus, and a non-chemical control using thrips 
attractants was also evaluated. 

Major research findings and industry outcomes 
• The one-to-one approach provided by a consultant increased IPM uptake, with all 

participating growers continuing to use the service.  
• Major WA lettuce growers no longer spray prophylactically for WFT, confining their 

treatment to the period of TSWV activity (November-December).  
• Spinosad-resistant WFT can be suppressed by releasing N. cucumeris and O. armatus. 

However, growers will not be able to combine O. armatus with chemicals, as bioassays 
have shown that O. armatus is sensitive to common insecticides, including some regarded 
as IPM compatible.  

• By adding thrips attractants to traps, capture of WFT could be increased by 10-50% 
compared to unbaited traps. This suggests that a mass-trapping approach may be feasible. 

Suggested future work 
• As development of new pesticides appears unlikely (Birch et al. 2011), WFT management 

needs to focus on conserving existing insecticides and developing non-chemical controls. 
This project demonstrated that biological control of WFT with O. armatus and N. 
cucumeris is effective under greenhouse conditions in capsicum, but needs to be tested in 
other greenhouse (cucumber, eggplant) and field-grown crops (capsicum). Mass trapping 
with thrips attractants could also be developed as a non-chemical control. This is used to 
manage pests such as codling moth (Cydia pomonella) in deciduous tree crops, but has not 
been used for smaller insects. Mass trapping has been used effectively to control thrips in 
high-value ornamentals in Victoria (D. Telon, pers. comm. 2010). Development would 
require evaluating trap densities in different crops.  

• To further improve lettuce IPM, the status of currant lettuce aphid (CLA, Nasonovia 
ribisnigri) needs to be re-examined. CLA was first recorded in December 2006 in WA, 
and has not been recorded from the field since 2008. Imidacloprid drenches are widely 
used as a prophylactic control, which kills naturally occurring generalist predators (Cole 
& Horne 2006). If CLA is no longer a pest, treatment will not be required. 
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INTRODUCTION 

The pest – Western flower thrips (WFT) 
Western flower thrips (WFT), Frankliniella occidentalis, is a key pest of horticultural crops 
including field and greenhouse grown vegetables in Australia. First detected in Perth in 1993 
(Malipatil et al. 1993), it is present in all Australian states and territories except the Northern 
Territory. WFT is highly polyphagous, attacking over 240 species from 62 plant families. 
Since 1993, control of WFT has been mainly pesticide-based (Broughton & Herron 2009). 
However, this strategy is not sustainable as WFT populations have developed resistance to 
older chemistry insecticides developed during the 1940s–70s (organochlorines, 
organophosphates, carbamates, and synthetic pyrethroids) in Australia (Herron et al. 1996; 
Herron & Gullick 1998, 2001; Herron & James 2005). This mirrors WFT resistance problems 
in Canada, Kenya, Spain, Switzerland, Israel and California, USA (reviewed by Jensen 2000).   

Pesticide-resistant WFT  
The 17 pesticides which are, or were, available to vegetable growers are listed in Table 1. The 
table also indicates if the pesticide is currently permitted for use, whether WFT-resistant 
populations have been detected, the level of resistance, and if the pesticide is under review by 
the Australian Pesticides and Veterinary Medicines Authority (APVMA). Reviews of older 
chemicals due to human health and environmental concerns have led to the suspension of 
eight insecticides and the removal of one (endosulfan) for WFT control (APVMA, October 
2011). Of the four remaining insecticides, populations resistant to spinosad have been 
detected in cucumber in NSW, lettuce in NSW and WA, and capsicum in WA and SA, with a 
peak in resistance of 156-fold (Herron et al. 2010). In 2010/11 a single strain collected from 
ornamentals was measured at 1402-fold, suggesting that spinosad resistance is increasing 
(Herron & Langfield 2011). However, spinosad resistance in Australia is much lower than the 
Spanish laboratory study of Bielza (2008) which documented >23,000-fold levels. Spinosad-
resistant populations have also been detected in the USA (Reitz 2009). 

Cross-resistance, where resistance to one insecticide confers resistance to another insecticide 
to which the insect has not been previously exposed, has been detected for acetamiprid and 
thiamethoxam (neonicitinoids), and fipronil (Herron et al. 2010, Herron & Langfield 2011). 
This is likely to have occurred from spinosad use (Herron et al. 2010). Thiamethoxam is 
currently used with chlortranitroprole (Durivo®) in cucumber, capsicum, lettuce and tomato. 
Abamectin and spinetoram are the only insecticides available to Australian vegetable growers 
that are not yet compromised by resistance. 
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Table 1: Insecticides for control of WFT in vegetable crops in Australia 
Insecticide Crop Chemical group Comment 
Abamectin vegetables Avermectin (group 6) Permit expires 2011 
Bifenthrin T SP (group 3) 

Pyrethroids abandoned 
due to high level 
resistance in WFT 
populations. 

Permit expired 1997 
α-cypermethrin L Resistance detected 1994 
Deltamethrin T Permit expired 2000 
Fluvalinate T Permit expired 2000 

OP (group 1B). Most are under review by APVMA. 
Acephate L 

 

Permit expired 2001; APVMA review 2010 
(HH, R concerns). 

Chlorpyrifos L 1997 Low-moderate resistance detected; 
permit expired 2004. APVMA review 2000 
(HH, R, E concerns). 

Maldison  1997 Resistance detected in Vic, Qld, SA, 
Tas and NSW strains. APVMA review 2003 
(HH concerns). 

Endosulfan C,T Review 1995 (HH,R,E); product cancelled 
2010. 

Methamidophos 
(Nitofol®) 

Cuc, C, L, T Permit expires 2013. APVMA review 2002 
(HH concerns), permit expires in 2013 
(lettuce). 

Methidathion L,C,T Permit expired 2001. APVMA review 2002 
(HH concerns). 

Pyrazophos Cuc Permit expired 2007. Withdrawn from use 
by the EU (1999). 

Methiocarb Cuc, C, L, T Carbamates (group 1A). 
Under review by 
APVMA. 

Permit expired 1997; APVMA review 2005 
(HH, R concerns). 

Methomyl Cuc, C, L, T Permit expired 2010. APVMA review 2002 
(HH concerns) 

Spinosad 
(Success™) 

Vegetables Spinosyns (group 5) 
 

2005 NSW lettuce, further resistance 
detected in Qld, NSW, WA. Product is 
being phased out and replaced with 
spinetoram. 

Spinetoram 
(Success™ Neo) 

Vegetables Spinosyns (group 5) 
 

Registered April 2011. 

Thiamethoxam/ 
chlortranitroprole 
(Durivo®) 

Cuc, C, L, T Neonictinoid (group 4a) Registered August 2010. Cross-resistance 
detected. 

NOTE: Abbreviations: Cuc=cucumber, C=capsicum, L=lettuce, T=tomato; HH=human health concerns,  
R=residue concerns, E=environmental concerns.  high resistance detected;  moderate-high resistance, 
resistance increasing;  low-moderate resistance. 

Integrated Pest Management (IPM) 

Integrated Pest Management (IPM) is a science-based strategy that enables growers to reduce 
their pesticide use. Rather than relying on a single control tactic, IPM utilises multiple 
controls such as biological control, cultural control (e.g. crop hygiene), prevention (e.g. 
TSWV-resistant cultivars) and physical control. Achieving a reduction in pesticide use 
through the use of multiple control tactics is vital as the availability of old and new pesticides 
is declining due to concerns about their effect on the environment and human health. In 
Australia, these reviews are being conducted by the APVMA. In the European Union, 60% of 
active substances have been withdrawn from the European market, affecting both major and 
minor crops (Birch et al. 2011). At the same time, fewer new pesticides are being registered 
(Jacobsen 2009).  
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The following are steps used in an IPM program: 

1. Monitor and identify pests. Monitoring is carried out on a regular basis during the 
life of the crop for pests, other insects and diseases, so that appropriate control 
decisions can be made. The presence of a pest does not necessarily mean that control 
is required: the decision to treat is based on the number of pests present in the crop, 
estimating the potential damage that they can cause, and the number of natural 
enemies present. Correct identification of a pest is crucial as not all insects are pests.  

2. Prevention. Pests are prevented from becoming a threat. For example, by excluding 
pests from crops by growing them in greenhouses with insect proof mesh, growing 
crops in isolated areas where there are less likely to be pest and disease problems, 
removal and destruction of diseased plants, crop rotation, and selection of pest and 
disease resistant varieties. 

3. Control. Once monitoring indicates that control is required and preventive methods 
are no longer effective or are unavailable, control methods are selected based on their 
effectiveness and risk. Effective, less risky pest controls are chosen first such as 
releasing commercially available beneficial insects, and physical control such as mass 
trapping. If further monitoring indicates that controls are not working, additional 
methods are employed. If pesticides are required, they should be narrow-spectrum, 
minimizing adverse effects to beneficial organisms, humans, and the environment.  
Use of broad-spectrum pesticides that are lethal to the pest and beneficials is regarded 
to be last resort. 

4. Communication and training. IPM can only be implemented once it has been tested, 
demonstrated in the area in which it will be used, integrated into the farming system 
and the benefits IPM realised by growers. Examples of extension methods include 
field days, mass media, farm visits, and farmer-to-farmer communication. Of these, 
meeting with WA growers indicated that farmer-to-farmer communication is regarded 
to be the best method. 

IPM is regarded to be a core component of sustainable agriculture (Kelly 2005). In the USA, 
the US Department of Agriculture's IPM Initiative was to achieve the national goal of IPM 
implementation on 75% of crop acres by the year 2000, and in the European Union (EU), IPM 
will be compulsory for all EU agriculture by 2014 (Birch et al. 2011). 

Project strategy 

Extension of WFT and TSWV management tactics 
WFT and TSWV management tactics have been developed through the National WFT 
strategy (Cook et al. 2000; Kay et al. 2009). Tactics include correct thrips identification, 
implementing an insecticide resistance management strategy (IRMS), selecting insecticides 
that have minimal effects on beneficial insects, good sanitation and growing TSWV resistant 
varieties where possible.  

A benchmarking survey was planned to establish the level of IPM in the WA vegetable 
industry, but was not carried out due to staffing changes at vegetables WA. Surveys of lettuce 
growers as part of a national project on Lettuce IPM Further developing integrated pest 
management for lettuce (HAL project VG05044) indicated that IPM uptake was poor (six 
WA respondents). Meetings with WA vegetable growers and vegetablesWA confirmed that 
many growers were at the ‘No IPM’, or low end of the IPM continuum (Broughton, unpub. 
data 2006, Table 2).  
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Table 2: The IPM continuum (adapted from Jacobsen 2009) 

No IPM Low Medium High or Biologically-
based IPM 

No preventative 
tactics, no 
monitoring, 
reliance on 
pesticides. 

Monitoring, crop rotation, 
use of pest-free seed/plant 
material, pest or disease 
resistant varieties, attractant 
baits/crops, selective 
pesticides. 

Weather-based 
forecasting, nutrient and 
water monitoring, 
elimination of alternate 
hosts, resistant strain 
monitoring. 

Release of beneficials, 
use of pheromones, trap 
crops, primarily non-
chemical preventative 
approach. 

Crops selected 
From 2006 through to 2009, the project focused on extension of IPM to lettuce growers as 
they were having the most problems controlling WFT and TSWV. They were also most likely 
to be spraying for thrips (WFT, Thrips imaginis, T. tabaci, F. schultzei) prophylactically with 
older chemistry pesticides such as methomyl (Lannate®) and thiamethoxam (Nitofol®). From 
January 2009 to 2010, the project developed a biologically-based IPM program for 
greenhouse capsicum since spinosad-resistance WFT strains were detected in WA in 2007. 

Selection of an IPM service provider 

A service provider was selected by a tender invitation process conducted by DAFWA 
(Procurement). The tender was restricted in that we wanted a company that had knowledge of 
IPM, and would be able to continue once the project had ended. This was important since 
IPM is an on-going process that continuously requires tweaking, due to climate changes, 
introduction of new plant varieties, and changes in levels of pests and diseases, or 
introductions of new ones. Manchil IPM was the only IPM service in the Perth metropolitan 
area. Manchil IPM had prior experience with monitoring and implementing IPM in 
strawberries in Queensland, and extended this to WA growers. At the commencement of this 
project, most of its client base was strawberry and greenhouse (cucumber, ornamental) 
growers. Little formal training of Manchil IPM staff was required, which would normally 
include monitoring techniques, data recording, and identification and use of control tactics.  

Ten growers were selected for the project through invitations in the WA Grower, a magazine 
produced by vegetablesWA, and selection by a committee comprising DAFWA specialist 
staff, the vegetable industry development officer (vegetablesWA) and Manchil IPM. These 
crops are dominated by a few large growers, all of whom were represented in the project. 

Development of new strategies for control of WFT 
In 2007, a native thrips predator, Orius armatus, was discovered by Manchil IPM in WA. 
After consultation with HAL, the project was extended to develop O. armatus for biological 
control from 2008 to 2010. Although found by Cook et al. (1993), previous attempts to rear it 
were unsuccessful. Overseas Orius species are extremely efficient thrips predators that are 
reared commercially for biological control of WFT in greenhouses, and occur naturally in 
some field crops such as capsicum (Funderburk et al. 2000; Gillett-Kaufman et al. 2009).  

The effect of commercially available thrips attractants (semiochemicals) on capture of WFT 
was also evaluated. Semiochemicals are used by insects in insect-insect or plant-insect 
interactions such as mate finding (insect-insect) or finding host plants (plant-insect). A range 
of attractant-based technologies have been successfully developed for the management of 
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many large insect pests such as moths, but these technologies have been under-exploited for 
small insects such as thrips.  

Structure of the report 
The report has been divided into four parts.  

• Part 1 deals with the extension of IPM for a field (lettuce) crop. 
• Part 2 with the development of biologically based IPM for a greenhouse (capsicum) 

crop. Parts 1 and 2 illustrate the changes in grower use of IPM using case studies.  
• In Part 3, lab bioassays were used to determine the compatibility of common 

insecticides with O. armatus.  
• Part 4 details the effect of thrips attractants on capture of WFT on sticky traps.  
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PART 1. IMPLEMENTING IPM IN A FIELD CROP - 
LETTUCE  
Lettuce (Lactuca sativa) is mainly grown as a field crop in Western Australia (WA). Four 
types are grown - iceberg (Crisphead), butterhead, cos (Romaine) and loose leaf. WA 
produces over 12,000 tonnes of lettuce (2006 figures), with most grown for the ‘fresh’ local 
market. The 2006 census (ABS 2006) recorded 58 commercial lettuce growers, though the 
industry is dominated by a few large commercial growers. The main production areas are 
northern Perth (Wanneroo, Carabooda, Gingin, Lancelin), Baldivis south of Perth, Manjimup 
and Albany in the South West. Production can be year-round, and harvest dates from planting 
are approximately 42 days in summer and 84 days in winter. Common lettuce pests are shown 
in Figure 1. 

Monitoring for thrips and other pests in lettuce 
There are two main methods for monitoring thrips in lettuce. Sticky traps (yellow or blue) 
placed on field margins can indicate when adults begin to disperse into the field from adjacent 
vegetation. However, direct observation of whole plants is the most accurate sampling 
method. This involves examination of leaves for feeding scars and for WFT adults and larvae 
(see Figure 1). In addition, the presence of aphids and other pests is recorded.  

Case study 1 – Monte 
Monte produces approximately 30% of WA’s lettuce, with properties in Lancelin (production 
April through to August), Bullsbrook (August through to December) and Carabooda 
(November to April). In addition, broccoli, cabbage, celery and cauliflower are produced on 
the same farms. Prior to this project, lettuce was being treated prophylactically for WFT and 
no crop monitoring for pests and diseases was done.  

From October 2006 to December 2009, monitoring was carried out weekly by Manchil IPM. 
This included visual inspection of lettuce for pests (thrips, Heliothis, aphids, Rutherglen bug, 
Nysius vinitor, loopers) and diseases (Sclerotinia, TSWV). Lettuce was dissected once it had 
formed a firm head to check for currant lettuce aphid (Nasonovia ribisnigri). Sticky traps 
were also used to monitor for thrips and other insects on the crop boundary.  

Relationship between farm location and WFT and TSWV pressure 
Thrips and TSWV were rarely a problem on the Lancelin farm. However, in Bullsbrook and 
Carabooda, thrips and virus were abundant. Three to six sprays with spinosad were applied 
through the season for WFT, and one to seven applications of methomyl or methamidophos 
(Table 3). While these organophosphates are non-selective pesticides that kill beneficial 
insects such as ladybirds and brown lacewings, growers have no other option but to include 
them in their management strategy for WFT due to a lack of alternatives. However, the use 
pattern of methamidophos had changed, with younger (<4 weeks old) rather than older plants 
treated.  
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Figure 1: Some pests and diseases of lettuce in WA 
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Malathion was applied to control Rutherglen bug (Nysius vinitor; contaminant pest), an 
endemic species that is present from November through to March, with up to 12 sprays per 
season. No selective pesticides are available at present for its control. Gemstar® (NPV, 
nuclear polyhedrosis virus) was used to control Heliothis, which caused <1% to 10% crop 
loss, requiring up to 12 sprays per season. Currant lettuce aphids (Nasonovia ribisnigri) were 
a problem at the Carabooda farm in 2007/08, infesting up to 70% of the lettuce in December 
2007. These were treated with weekly applications of Chess® (pymetrozine).  
Diseases included Sclerotinia (lettuce drop), a soil-borne fungal disease which was present 
year-round infecting 1-10% of the crop. Mancozeb, Folicur® and copper were used for fungal 
disease control. However, TSWV caused the most damage (1-25% crop loss).  

Table 3: Farms monitored by Manchil IPM 2006-2009 at three locations showing the 
number of production weeks, and the pesticides applied 

Farm Production period No 
weeks 

Thrips RGB Heliothis 

spinosad methomyl, 
methamidophos  malathion  Gemstar® 

(NPV) 
Lancelin 2007 (Apr-Aug) 21 2 0 0 0 

2008 (Apr-Aug) 21 2 0 1 0 
Bullsbrook 2006 (Oct-Dec) 7 3 1 3 3 

2007 (Aug-Dec) 14 6 2 2 0 
2008 (Sept-Dec) 10 4 5 4 3 

Carabooda 2006-2007 (Nov-
Apr) 

24 4 0 8 4 

Nov 2007-April 
2008 

24 5 6 12 4 

Nov 2008-April 
2009 

20 0 7 10 12 

 

Seasonal thrips abundance and TSWV 
Figure 2 shows monitoring results from Carabooda, the farm with highest thrips and virus 
pressure. TSWV caused most crop loss from November to December each year, ranging from 
2% to 25% loss. The incidence of TSWV was associated with a peak in thrips abundance on 
sticky traps in 2006/07 and 2007/08.  
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Figure 2: Seasonal thrips abundance at Carabooda from November 2006 to April 2009. 
The black arrow indicates the period when incidence of TSWV is highest. 
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Case study 2 – Bogdanich 
Andrew, Paul and Michael Bogdanich are third generation farmers. Their main production 
farm is located in Gingin West where cos and iceberg varieties are grown. Other crops include 
cauliflower, cabbage, celery and broccoli. From August 2007, lettuces at different stages of 
development were sampled weekly by Manchil IPM.  

Thrips, Rutherglen bug and heliothis were the main pests, and black spot and grey mould 
were the two main diseases. The incidence of TSWV was low, with crop loss of <1-3%. 
Western flower thrips were treated with spinosad in 2007/08 and the 2008/09 season with 
methamidophos or methomyl (Table 4). However, methamidophos was only used on younger 
plants and methomyl on older plants. Other pesticides included malathion to control 
Rutherglen bug and Gemstar® for Heliothis. Aphid numbers were not sufficient to require 
treatment.  

Table 4: Bogdanich farm monitored by Manchil IPM 2007-2009 showing number of 
production weeks for each year, and pesticides applied to control for major pests 

Production period No 
weeks 

Thrips RGB Heliothis 

spinosad 
methomyl, 
methamidophos 
(OP) 

malathion 
(OP) 

Gemstar® 
(NPV) 

August 2007-April 2008 35 9 6 14 14 
October 2008-March 2009 31 0 8 6 12 
 
Seasonal thrips abundance and TSWV 
Thrips abundance was high from October through to December, with TSWV present in 
November and December. The low incidence of TSWV is attributed to isolation of the farm, 
which is surrounded by pasture and native bush.  

Other field crops 
From October 2008 to March 2009, cabbage and cauliflower were also monitored as part of 
this project on the Bogdanich farm. The monitoring data show that diamondback moth (DBM, 
Plutella xylostella) was the main pest species, with up to 50% of the crop infested with DBM 
larvae in October 2008. Interestingly, thrips were also present in the cabbage and cauliflower 
crops, with up to 60% infestation recorded in November 2008.  

DBM also develops insecticide resistance, and resistance management strategies are required 
for its control. Manchil IPM recommended a resistance management strategy was 
recommended for DBM control with rotations of Proclaim® (emamectin), Avatar® 
(indoxacarb), DiPel® (Bt), and Success™ (spinosad). 
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Outcomes 
• WFT was confirmed to be a key pest of lettuce, with thrips and virus problems highest 

in Baldivis-Carabooda-Wanneroo, which are high horticultural production areas close 
to, or adjacent to urban areas (peri-urban).  

• Farms isolated by native bush with no neighbouring vegetable farms had fewer pest 
and disease problems. However, the source of seedlings can be critical as TSWV, and 
other diseases and pests can be introduced via seedlings. Growers raising their own 
seedlings need to ensure that the area is free of weeds and other crops that can be 
sources of TSWV.  

• Thrips abundance as measured by estimates of adults on lettuce does not necessarily 
correspond with an increased incidence of TSWV. Thrips are only a risk requiring 
chemical control between November and December, when the incidence of TSWV is 
highest and thrips are mostly likely to be carrying TSWV. Outside these dates, thrips 
are not normally a problem as they usually cause little feeding damage.  

• By using an IPM service provider, growers involved in the project moved from ‘no 
IPM’ to ‘low IPM’. Growers have continued to use Manchil IPM if they have any 
problems, but otherwise have been able to manage pests based on seasonal 
information. 

• Further development of IPM in lettuce is being hampered by pesticide treatments for 
other lettuce pests. In particular, imidacloprid drenches for the prophylactic control of 
currant lettuce aphid (CLA), which is not compatible with IPM (Cole & Horne 2006). 
Though imidacloprid drenches may be masking its occurrence, no reports of CLA-
infested lettuce have been received from commercial or household lettuce growers in 
WA since 2008. CLA has not been found on lettuce or alternate hosts in South 
Australia (P. Crisp, SARDI, pers. comm.) or New South Wales (S. McDougall, NSW 
DPI, pers. comm) in the last few years, thought it has been found in Tasmania on 
weeds such as smooth hawk’s-beard, Crepis capillaris and nipplewort, Lapsana 
communis (L. Hill, Department of Primary Industries, Parks, Water & Environment, 
Tasmania).  
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PART 2. DEVELOPMENT OF BIOLOGICALLY-BASED IPM 
(GREENHOUSE CAPSICUM) 
Approximately 80% of Australia's capsicum are grown as a field crop (1907 ha), with 
protected cropping (plastic, glasshouse) comprising 20% (136 ha). Though protected cropping 
only accounts for 8% of the total growing area, it accounts for 20% of total national 
production (ABS 2008). This is because capsicum can be harvested for much longer (up to six 
months) and produce higher yields per plant. And as conditions can be controlled to some 
extent, there is a smaller problem with pests and diseases.  

In WA, the major production areas are the northern Perth area (Carabooda, Wanneroo) to the 
south of Perth (Baldivis, Serpentine), and Carnarvon. The Australian Bureau of Statistics in 
1996/97 showed an area of 144 ha producing 2081 tonnes. Most capsicums and chillies are 
grown in soil, using trickle irrigation and polythene mulch.  

Biological control of WFT  
Spinosad (Success™) is a selective insecticide for WFT (Funderburk et al. 2000), and the 
only insecticide efficacious against WFT and considered to be IPM-compatible (Herron et al. 
2010). Growers wanting to use biologically-based IPM in capsicum are limited to spinosad, 
and for this reason spinosad is applied without rotation (L. Chilman, pers. comm). It is not 
surprising then, that spinosad-resistant WFT strains have been detected in field-grown 
capsicum in Qld, and greenhouse capsicum, lettuce and ornamentals from Qld, WA, NSW 
and South Australia (Herron et al. 2010).  

To ensure that useful insecticides such as spinosad are preserved for future use, biological 
control needs to be further developed. In Australia, three species of mite are commercially 
available (Table 5). Transeius (Typlodropmips) montdorensis Schicha (Phytoseiidae) predates 
on first and second instar larvae of WFT and forages on all parts of the host plant (Steiner & 
Goodwin 2002). Neoseiulus cucumeris (Oudemans) (Phytoseiidae) predates on first instar 
WFT larvae (Bakker & Sabelis 1989) and prefers the lower part of the host plant (Messelink 
et al. 2006). Hypoaspis miles (Berlese) (Laelapidae) is a soil-dwelling predatory mite that 
predates on the prepupal and pupal stages (Glockemann 1992), although some studies suggest 
that it may also prey on late second instar larvae (Berndt 2003).  

In December 2007, Manchil IPM started rearing Orius armatus, a native pirate bug 
(Figure 3). It is considered a more efficient predator of WFT as it feeds on all stages including 
larvae and adults, is more mobile and can withstand lower humidity. Overseas experiments 
with Orius and pollen suggest that when Orius are provided with pollen, they are more likely 
to remain on the plant (Skirvin et al. 2007). Capsicums are an ideal crop for O. armatus as 
they have a high pollen production compared to other vegetable crops, which should help O. 
armatus establish when thrips numbers are low.  

The aim of this part of the project was to determine if, Orius armatus can provide effective 
control of WFT under commercial conditions, benefiting both WA and Australian capsicum 
growers. 



16 

Table 5: Predatory mites and bug available commercially in Australia for thrips control 
Species Stage attacked 

and consumption 
rate (per day) 

Lifecycle (25oC) 
egg to adult 

Release rates 

Neoseiulus  
cucumeris 

0.5 mm 6 x 1st instar 

8-11 50-100 m2 

Transeius 
montdorensis  

0.5 mm 

10.6 x 1st 
instar 

6-7 1L/150 m2 onto seedlings 1 week 
before planting. Main crop, 2 
releases commencing at 1st 
flowering at 1L/500 m2 2 weeks 
apart. 

Hypoaspis miles  

0.5-1 mm 1.6 pupae 

14 15,000/250-400 m2 
 

Orius armatus  

2 mm 
 

 

Being determined 3-4 releases.  
Total release 32/m2 for high 
thrips, 16-24/m2 for moderate 
thrips and 8/m2 for low thrips 
populations  

Monitoring WFT in capsicum 
Two main methods are used to sample for WFT on capsicum – sticky traps and direct 
observation. Sticky traps (yellow or blue) placed within and on the margins of the crop can 
indicate whether there is a potential thrips problem. However, direct observation is the most 
accurate sampling method. This involves careful examination of the flowers and under the 
calyx for WFT adults and larvae. Flowers are randomly chosen from the crop and examined 
in-situ with a hand-lens. In addition, the presence of aphids, two-spotted mite, whiteflies and 
other pests is recorded on examination of the leaves and fruits.  

 
Figure 3: Orius armatus adult in capsicum flower, left (photo P. Scanlon); adult female 

feeding on WFT larva, right (photo S. Broughton) 
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Case study – Plenty Grow Hydroponics (Coultard, Serpentine) 
In 2007, Terry Coultard reported control failures with spinosad in his hydroponically-grown 
capsicum. Insecticide resistance was suspected since Terry had been spraying spinosad 
without rotation. WFT were collected and forwarded to Grant Herron, NSW Industry and 
Investment, to determine their susceptibility to spinosad (Success2 Naturalyte, 240 g/L SC, 
Dow AgroSciences Australia Ltd).  

Grant performed bioassays on the strain based on the discriminating dose (DD; dose of 
insecticide required to kill 90% of a susceptible strain). This was estimated to be 0.01 g ai L-1 
spinosad (Figure 4). The WA strain was tested at 10 rates from 0.01 to 3 g ai L-1 spinosad. 
Mortality was less than 43% at the DD, indicating that tolerance to spinosad had developed. 
100% of the strain was killed when exposed to a dose of 3 gai L-1, which is 62.5 times the 
recommended rate (recommended application rate 0.048 g ai L-1; Figure 3). A second 
spinosad-resistant strain was detected in another glasshouse in Serpentine in 2009 (Goodwin 
& Steiner 2011). 

Terry Coultard has two main capsicum growing areas, an Azrom glasshouse (Figure 5) where 
temperature and humidity can be controlled; and a tunnel house where conditions cannot be 
controlled. The total area is 2000 m2. In capsicum, WFT causes feeding damage resulting in 
scarring, and transmission of TSWV. TSWV affects the fruit, leaving it with an uneven 
ripening colour, rings, spots, and in some cases, fruit distortion. Though TSWV-resistant 
cultivars are available commercially, Coultard uses non-resistant varieties. The incidence of 
TSWV is generally low on his farm, probably due to isolation from other production areas. 
There is also zero tolerance for TSWV, with plants infected requiring immediate removal. 

 
Figure 4: Bioassay of WA capsicum strain. Spinosad resistance is confirmed, with an 
increased rate of 3.0 g ai L-1 required to kill 100% of the strain (Source: Herron et al. 2010) 
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Figure 5: Terry Coultard’s Azrom greenhouse in Serpentine (Photo L Chilman) 

From May 2008 greenhouses were monitored by Manchil IPM. Figure 6 shows the effect of a 
pesticide-based strategy on thrips abundance. Over 10-months, nine pesticide applications 
appeared to have little effect.  

In the 2009/10 season after a five week break between crops, the tactic changed to 
biologically-based IPM and no pesticides were applied (Figure 6). In February 2009, O. 
armatus was released into the tunnel house and in April 2009, releases were made into the 
Azrom glasshouse after the crop had been re-established in the glasshouse. The results of 
releases which included Neoseiulus cucumeris, another WFT predator, are shown in Figure 6. 
This mite is not as effective as O. armatus, since it only feeds on first instar larvae (Table 3). 
The numbers of WFT were initially very low, building up through July-October when over 
10% of flowers with three or more WFT. On 23 July and 6 August 2009, >40% of flowers 
had thrips larvae. However, once O. armatus and N. cucumeris numbers increased, they were 
able to suppress WFT to below 5% of flowers with three or more adult WFT.  

Other capsicum pests  
Two-spotted mite (TSM, Tetranychus urticae) feed on the lower side of leaves, causing 
yellow marks. In severe infestations whole leaves can turn yellow and webbing can cover the 
entire plant. Prior to biologically-based IPM being implemented in 2009/10, Terry did not use 
biological control (Figure 7). In 2009/10, the predatory mite Phytoseiulus persimilis was 
released. P. persimilis is an efficient TSM predator and is applied in a range of other crops 
including field-grown strawberry in Australia. In total, six releases of P. persimilis were 
made, four prior to buildup in TSM abundance and two in October and November when P. 
persimilis numbers had declined. In general, two releases of 10,000 mites per square metre 
are recommended. Aphids are controlled by releasing two parasitic wasps, Aphidius colemani 
and Aphelinus abdominalis. 
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Terry also released the ladybird Cryptolaemus montrouzieri for mealybug control. However, 
this was unsuccessful and a spot spray of buprofezin (insect growth regulator) was required. 

Figure 6:  Effect of no-IPM (top) versus IPM (bottom) on the number of WFT in 
greenhouse capsicums 
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Figure 7:  Effect of no-IPM (top) versus IPM (bottom) on the number of two-spotted 
mite in greenhouse capsicum 
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Outcomes 
• Orius armatus is a very effective predator of WFT under greenhouse conditions. Terry 

Coultard was the first grower in Australia or New Zealand to successfully release  
O. armatus for control of WFT.  

• Based on the experience gained in this project, changes were made to the initial  
O. armatus release rate of 7/m2. Three to four releases are currently recommended, 
with the first release at early flowering, then at weekly intervals.  

• The number of O. armatus released depends on thrips pressure. If pressure is low, the 
recommended release rate is 8/m2 increasing to 16--24/m2 for high thrips pressure. 

• The major demand for Orius armatus in Australia is between August and January. 
Further work by Manchil IPM has shown that O. armatus performs better when 
released in August and September. To date Orius has been trialled in South Australia, 
Victoria, Tasmania and Western Australia. 

• The cost of a standard IPM program (scouting, release of beneficials) in greenhouse 
capsicum is approximately $1.50 per square metre. 

• As an extension to this work, biological control of WFT needs to be tested in other 
vegetable crops including field (capsicum, eggplant) and greenhouse (eggplant, 
cucumber). 
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PART 3. EFFECT OF PESTICIDES ON ORIUS ARMATUS  
An important component of this project was to evaluate pesticides and their effect on O. 
armatus. In a previous HAL-funded project VG06087 Pesticide Effects on Beneficial Insects 
and Mites in Vegetables, Horne et al. (2009) began evaluating pesticides on a range of 
beneficial insects for the Australian vegetable industry, but did not include O. armatus. 
Knowledge of the effect of pesticides on beneficial insects and mites is vital so that growers 
can select pesticides that will reduce pest numbers, but have a reduced effect, or are 
compatible to use with beneficials. Anecdotal data suggested that Orius armatus failed to 
establish on plants treated with spinosad (Success™), pymetrozine (Chess™) and 
chlorantraniliprole (Coragen®) (L. Chilman, pers. comm. 2009). 

The aim was to evaluate commonly used pesticides on the mortality and fecundity of O. 
armatus. These results are the first produced for this species world-wide. 

Materials and methods  

Insects 
Orius armatus were obtained from Manchil IPM on the day of the trial. Adults or nymphs 
(about seven days old) were sent in vermiculite with food, and were received one day after 
being dispatched. In the laboratory, individuals were sorted by placing the vermiculite and O. 
armatus into a large tray. Individuals were carefully removed from vermiculite with a fine 
paint-brush.  

Insecticides 
Insecticides were selected for testing depending on their use for WFT control by the vegetable 
industry, or claims by the manufacturer that they are compatible for use in IPM. We also 
tested pesticides that, based on anecdotal information, appeared to reduce the mortality or 
fecundity of O. armatus in the field. The insecticides tested, manufacturers, their mode of 
action and the type of bioassays performed are listed in Table 6. 

Bioassays 
Three main pathways of pesticide exposure (Croft 1990, as cited in Studebaker & Kring 
2003) were considered when devising bioassays for O. armatus:  

• direct contact with insecticide residues (acute and semi-field bioassays) 
• residual uptake (contacting pesticide through another surface) 
• food chain uptake (by feeding on host plants or pests containing the insecticide).  

Pesticide solutions were prepared by mixing the required volume or weight of pesticide with 
tap water. Filter papers (Whatman® filter papers, 70 mm diameter) were dipped into the 
pesticide solution and air-dried to dryness for one hour under a fume hood: controls were 
treated with water only. Filter papers were then fitted separately into the base of a plastic 
container (70 mm wide, 30 mm high, 52 mm base; Genfac Plastics) with a ventilated lid to 
ensure that test insects were not fumigated. Ten adults or nymphs (seven days old) were 
placed into the cage for an exposure period of one hour. Individuals were then moved from 
the cage to their own uncontaminated, ventilated cage, and provided with food (Sitotroga 
eggs) and water (dental wick; Figure 8).  

Cages were placed in a constant temperature cabinet (25±1°C, photoperiod 16L: 8D) in a 
randomised block design. There were three to four replications per treatment, and 10-12 
individuals per replicate; trials were repeated three times. Mortality was checked every 24 
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hours for four days (72 hours). O. armatus was classified as dead if individuals did not to 
respond when prodded with a fine paintbrush. Separate paintbrushes were used for each 
treatment to avoid cross-contamination. 
Table 6: Insecticides tested. Asterisks indicate whether the insecticide is regarded to be reduced risk 
or IPM compatible. EC = emulsifiable concentrate, SC = suspension concentrate, WP = wettable 
powder. Further details including manufacturer are provided in Appendix 1. 

Active ingredient  
(trade name) Chemical family  Selectivity & main 

target pest 

A
ctive ingredient 

Form
ulation 

R
ate tested  

(g ai L) 

Bioassay 

Abamectin (Vertimec®) Avermectin Intermediate (mites, 
insects) 

18 g/L EC 0.027 A, 
SF 

Methamidophos 
(Nitofol®) 

Organophosphate Broad (WFT, mites) 580 
g/L  

SC 0.5 A 

Dimethoate Organophosphate Broad (mites, 
aphids, thrips, green 
vegetable bug) 

400g/L EC 0.3 A 

*Pirimor (Pirimicarb) Carbamate Narrow (aphids) 500 
g/kg 

WG 0.5 A 

*Imidacloprid 
(Confidor®) 

Neonicotinoid Narrow (aphids, 
thrips, whitefly) 

200 
g/L 

SC 0.05 I 

*Spinosad (Success2™, 
Naturalyte™, Insect 
Control Insecticide) 

Spinosyn Narrow (WFT) 240g/L 
 

SC 0.048 A, 
SF, 
F 

*Spinetoram (Success™ 
NEO) 

Spinosyn Narrow (WFT) 120 
g/L 

SC 0.048 I, 
F 

*Pymetrozine (Chess®) Pymetrozine Narrow (aphids, 
other sucking 
insects) 

500 
g/kg 

WG 0.05 A, 
I, 
F 

*Flubendiamide (Belt™) Diamide Narrow (moths) 480g/L SC 0.072 A 
*Spirotetramat 
(Movento®) 

Tetronic/tetramic 
acid 

Broad (aphids, 
mites, diamondback 
moth) 

240g/L SC 0.096 A, 
I 

*Chlorantraniliprole 
(Coragen®) 

Diamide Narrow (insects e.g. 
moths, bugs) 

200g/L SC 0.03 A 
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Figure 8: Cages used in bioassays; egg laying was determined by counting the number of 
eggs laid in pole beans (Photos S. Broughton) 

Effect of direct exposure of O. armatus to insecticide residues on fecundity 
Spinosad (Success™2), pymetrozine (Chess®) and spinetoram (Delegate™) were assessed in 
this experiment (Table 4). All are narrow-spectrum insecticides regarded to have an IPM fit. 
Insecticides were prepared as above. Twenty Orius adults (10 male, 10 female) were added to 
each cage for a total exposure period of one hour, with four cages (= replicates) per treatment 
in the first trial and five replicates per treatment in the second and third trials. After exposure, 
adults were transferred with a fine paintbrush to a new container. Separate paintbrushes were 
used for each treatment to avoid cross-contamination. Each cage was provisioned with a 
water-moistened cotton wick, a 6 cm piece of bean for oviposition, and 0.019 g Sitotroga eggs 
and 0.034 g bee pollen for food. The cages were placed in a constant temperature cabinet 
(25°C) in a randomised complete block design. Water and beans were replaced every 24 
hours. Trials were repeated four times.  

Mortality was assessed as for the previous bioassay, and the sex of the dead adult was also 
recorded. Oviposition was assessed by counting the number of eggs laid over the previous 24 
hour period (Figure 8). The bean was then placed in a plastic petri dish and returned to the 
constant temperature cabinet, and a new bean was added to the cage. After three to four days 
(the time take for O. armatus eggs to hatch), the numbers of hatched eggs were recorded and 
any nymphs removed to avoid cannibalism of unhatched eggs. Beans were kept for a further 
two days for egg hatch before being discarded.  
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The number of eggs produced per female was estimated by dividing the total number of eggs 
by the number of surviving females in each cage. Fecundity was similarly determined. 

Semi-field bioassays  
Treating potted plants in the glasshouse is viewed as more realistic than laboratory bioassays 
(Studebaker & Kring 2003). Effects of spinosad (Success™2), pymetrozine (Chess®) and 
spinetoram (Delegate) on mortality and fecundity were assessed. These insecticides were 
selected because they were used for WFT control (spinosad), or were to be registered in 
Australia for this (spinetoram). Pymetrozine was included because Lachlan Chilman 
suggested that it affected mortality or fecundity of O. armatus in the field in WA and SA.  

Pesticides were prepared as for the acute bioassay, except pesticides were applied to a whole 
plant (capsicum) with a hand-held atomiser until run-off. Plants were dried for one hour 
before O. armatus were introduced. Small clip cages were used to enclose four O. armatus 
adults or nymphs on leaves, with six cages per treatment (Figure 8). Food was provided in the 
cages to ensure that cannibalism did not occur. Plants were then placed into a constant 
temperature cabinet (25ºC) in a randomised block design. Mortality was assessed as for the 
acute bioassay and the experiment was repeated three times. 

Indirect exposure bioassays 
The effect of systemic insecticides on survival, mortality and fecundity were examined by 
exposing adults to beans that had been treated with a systemic insecticide. Pole beans 
(Phaseolus vulgaris) were obtained from Manchil IPM and repotted into pots (32.5 w x 
40.5 h cm) containing potting mix (Baileys Fertilisers, Rockingham, WA) in 
glasshouses at DAFWA. Once plants had begun to produce beans, they were treated 
with insecticide. After three weeks when the insecticide was regarded to have been 
incorporated into the plant, beans were harvested for use in bioassays. 

In the laboratory, beans were cut into 6 cm lengths with a scalpel blade. Separate scalpels and 
paintbrushes were used for each treatment to avoid cross-contamination. Ten adult male and 
female O. armatus were added to each cage and provided with food (Sitotroga eggs, bee 
pollen) and water, then placed in a constant temperature cabinet (25±1°C, photoperiod 16L: 
8D) in a randomised block design. There were six replicates per treatment, and trials were 
repeated three times.  

Mortality was assessed as for the previous bioassays, and the sex of the dead adult was 
recorded. The number of eggs laid in beans over the previous 24-hour period was counted. 
The bean was then placed in a plastic petri dish and returned to the constant temperature 
cabinet, and a new bean was added to the cage. Beans were replaced every 24 hours for a total 
of 72 hours. 

After three to four days (the time for O. armatus eggs to hatch), the numbers of hatched eggs 
were recorded and any nymphs removed to avoid cannibalism of unhatched eggs. Beans were 
examined every 24 hours for a further 48 hours for egg hatch before being discarded.  

The number of eggs produced per female was estimated by dividing the total number of eggs 
by the number of surviving females in each replicate. Fecundity was similarly determined. 
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Statistical analysis 
Mortality was corrected with Abbot’s formula, which takes into account control mortality. 
Abbot’s formula is given as:  
Corrected % = (1 - n in T after treatment / n in Control after treatment) * 100.  
 
Insecticides were classified using the ‘traffic-light’ system of Horne et al. (2009): 

• green  = low harm (<25% mortality) 
• orange = moderately harmful‟ (25-75% mortality)   
• red  = harmful (>75% mortality). 

Mortality data from the acute bioassay was analysed by Generalised Linear Mixed Model 
analysis (GLMM), and means were separated with least significant difference at 5%. 
Mortality from the other trials were analysed by ANOVA with treatment as the treatment 
structure, and trial number as the blocking structure. Mortality data for all bioassays were 
transformed (arc-sine) prior to statistical analysis. Each time interval (i.e. 24, 48, 72 and 96 
hours) was separately analysed.  

The number of eggs or nymphs produced per female per 24-hour period was obtained by 
counting the total number of eggs laid or nymphs hatched, and dividing this by the total 
number of surviving females for that 24 hour period. This was performed for each cage  
(= replicate) separately. The data was transformed (x + 1) prior to analysis with ANOVA, 
with treatment as the treatment structure, and trial number as the blocking structure. All 
analyses were carried with GenStat 14th Edition software. 

Results  

Acute bioassay 
Adults appeared to be more susceptible to insecticides than nymphs (Table 7). Four 
insecticides (abamectin, spinosad, pirimicarb and methamidophos) were classified as 
moderately harmful to O. armatus nymphs, whilst five insecticides (abamectin, spinosad, 
pirimicarb, methamidophos and dimethoate) were classified as moderately harmful to adults. 
With the exception of spinosad, all were older chemistry insecticides. Spinosad is generally 
regarded as IPM-compatible, but was classified as moderately harmful to both adults and 
nymphs. 

Toxicity to abamectin and methamidophos (Nitofol®) was highest for both nymphs and 
adults, with abamectin causing >65% mortality 72 hours after exposure to nymphs, and >50% 
mortality after 72 hours to adults. Methamidophos caused 42% mortality 72 hours post-
exposure to nymphs, and 37% mortality to adults 72 hours post-exposure. Dimethoate was 
moderately harmful to adults, with 27% of adults dying 72 hours after exposure. However, it 
was classified as of low harm to nymphs. The selective insecticides chlortranitroprole, 
spirotetramat (Movento®), and pymetrozine (Chess™) were all classified as low harm to 
nymphs and adults, causing less than 25% mortality.  

Semi-field testing 
Exposure of O. armatus to leaf residues appeared to be more toxic than exposure to residues 
on filter paper. Abamectin and methamidophos were classified as harmful to O. armatus, 
causing 100% mortality to adults 48 hours after exposure and >88% mortality to nymphs 48 
hours post-exposure. Spinosad was classified ‘low harm’ to O. armatus nymphs, but was 
‘moderately harmful’ to adults causing 47% mortality after 72 hours (Table 8). 
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Table 7: Cumulative mortality of O. armatus showing adjusted mortality (Abbot’s 
formula)  

Nymphs  

Treatment g ai L-1 24 hours 48 hours 72 hours 96 hours 
Abamectin (Vertimec®) 0.027 47.8% 57.7% 63.0% 65.1% 
Methamidophos (Nitofol®) 0.5 41.1% 45.8% 45.8% 47.1% 
* Spinosad (Success™) 0.048 40.6% 44.6% 44.6% 49.2% 
Pirimicarb (Pirimor®) 0.5 2.5% 9.3% 24.7% 24.9% 
Dimethoate 0.3 15.9% 20.2% 22.5% 22.8% 
* Spirotetramat (Movento®) 0.096 9.0% 12.1% 20.3% 22.4% 
* Chlortranitroprole (Rynaxypr®) 0.03 9.0% 14.7% 14.7% 16.8% 
* Pymetrozine (Chess™) 0.05 0.6% 0.3% 0.2% 10.8% 
 F-test F=6.94 F=5.84 F=23.4 F=4.38 
 Probability P<0.001 P<0.001 P=0.02 P=0.006 

Adults  

Treatment g ai L-1 24 hours 48 hours 72 hours 96 hours 
Pirimicarb (Pirimor®) 0.5 53.9% 55.8% 56.0% 55.9% 
Methamidophos (Nitofol®) 0.5 17.5% 36.7% 37.2% 52.2% 
Abamectin (Vertimec®) 0.027 35.0% 47.8% 52.2% 45.1% 
* Spinosad (Success™) 0.048 14.3% 33.6% 36.7% 37.2% 
Dimethoate 0.3 4.2% 7.6% 18.2% 27.0% 
* Chlortranitroprole (Rynaxypr®) 0.03 5.8% 12.8% 13.1% 17.9% 
* Pymetrozine (Chess™) 0.05 0.0% 2.8% 2.8% 10.3% 
* Spirotetramat (Movento®) 0.096 0.3% 0.3% 5.0% 5.0% 

 F-test F= 17.7 F=5.84 F=6.64 F=4.78 
 Probability P<0.001 P<0.001 P=0.006 P=0.004 

Key:   low harm (<25% mortality);  moderately harmful (25-75% mortality); * insecticide is 
listed as IPM compatible 

 
Table 8: Cumulative mortality of O. armatus nymphs and adults to pesticides 24-72 
hours after exposure in semi-field tests. 
 Nymphs   Adults   
Treatment 24 h 48 h 72 h 24 h 48 h 72 h 
Abamectin 32.99 80.14 88.85 66.67 100 100 
spirotetramat (Movento®) 1.5 0 0 16.32 26.27 29.17 
methamidophos (Nitofol®) 67.59 80.38 88.89 66.67 100 100 
chlortranitroprole 
(Rynaxypr®) 

8.68 14.67 12.98 15.8 16.28 31.94 

spinosad (Success™) 1.56 12.16 19.97 23.61 33.28 47.22 

Key:  low harm (<25% mortality);  moderately harmful (25-75% mortality);  harmful 
(>75% mortality) 
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The number of nymphs developing to adults is shown in Figure 9. This ranged from <1 
adult/replicate for methamidophos (not all cages had nymphs that moulted to adults), to >2 
adults/replicate for the control and rynaxypyr treatments. Significantly less nymphs moulted 
through to the adult stage in the methamidophos and abamectin treatment groups (F=19.25, 
df=5, P<0.001), which was a direct result of decreased survival. Though less than two nymphs 
per replicate developed through to adults in the spirotetramat and spinosad treatments, this did 
not differ significantly from the control (2.4 adults/replicate) due to high variation within 
treatments. The highest number of adults was produced in the chlortranitroprole treatment 
(2.5 adults/replicate), but this did not differ from the control. 

 
Figure 9: Number of nymphs developing through to adults after exposure to insecticides 
in semi-field testing 

Effect of direct exposure to insecticides on fecundity  
Males were more susceptible to insecticides than females (Table 9). Spinetoram killed 72.1% 
of males 72 hours after exposure, but only 51.5% of females. Spinosad killed 71.5% of males 
72 hours post-exposure, but only 46.8% of females. Pymetrozine (Chess™) was classified as 
low harm (<25% mortality; Table 10), killing 7.8% of males 72 hours post-exposure: no 
females were killed after exposure to pymetrozine.  
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Table 9: Mortality of adult male and female O. armatus 24, 48 and 72 hours after exposure to 
insecticides Key:  low harm (<25% mortality);  moderately harmful (25-75% mortality 

Gender Treatment g ai L 24 hours 48 hours 72 hours 

Males 

Pymetrozine (Chess™) 0.05 11.8 1.6 7.8 
spinetoram (Success™ NEO) 0.024 54.4 71.7 72.1 
Spinosad (Success™) 0.048 70.1 67.4 71.5 

Females 

Pymetrozine (Chess™) 0.05 0 0 0 
spinetoram (Success™ NEO) 0.024 36.2 43.1 51.5 
Spinosad (Success™) 0.048 45.9 44.5 46.8 

 

Females that had been exposed to either spinosad or spinetoram produced significantly fewer 
eggs after 72 hours (F=5.37, df=3, P=0.002), with a mean of 2.9 eggs/female, compared to 
4.8 eggs/female for spinetoram and 5.5 egg/female for the control. The number of nymphs 
produced per female was lowest for spinosad after 72 hours (F=60.7, df=3, P>0.001), with a 
mean of 2.3 nymphs/female compared to 4 nymphs/female for all other treatments. 
Pymetrozine appeared to have no effect on either the number of eggs or nymphs produced per 
female (Figure 10). 
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Figure 10: Mean number of nymphs produced per female per day after exposure to 

various insecticides in a semi-field bioassay 
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Indirect exposure bioassays 
Mortality across all treatments was low (<2.3%, data not shown). The effect of spirotetramat, 
pymetrozine and imidacloprid on egg and nymph production after exposure to treated beans is 
shown in Table 10. There were no statistical differences between treatments (P>0.05), though 
the number of eggs and nymphs produced per female was lowest for pymetrozine 24 and 48 
hours after exposure. By 72 hours there were no differences in either egg or nymph 
production between pymetrozine and all other treatments. In general, the number of eggs and 
nymphs produced per female increased over time (Table 11). However, the control produced 
the least number of nymphs per female (2.1) by 96 hours, due to poorer egg hatch.  

Table 10: Mean number of eggs produced per female per day, and nymphs produced 
per female per day during the 72 hour trial  

 
Mean number of eggs produced per 
female per 24 hour period 

Mean number of nymphs produced 
per female per 24 hour period 

Treatment 24h 48h 72h 96h 24h 48h 72h 96h 
Control 1.7 3.0 3.6 3.9 1.6 2.2 2.9 2.1 

Pymetrozine 
(Chess™) 

1.0 2.0 3.1 3.2 0.9 1.5 2.6 3.0 

Imidacloprid 1.9 2.6 3.9 3.5 2.1 2.3 2.5 3.2 

Spirotetramat 
(Movento®) 

1.8 2.2 3.3 3.8 1.8 1.8 2.4 2.7 

Discussion 
These results confirm that older chemistry insecticides (abamectin, pirimicarb, dimethoate 
and thiamethoxam) were moderately harmful (causing 50-75% mortality) to harmful (>75% 
mortality), causing death of nymphs and adults within 72 hours after exposure. The effect of 
newer chemistry insecticides on mortality varied. Spinosad and spinetoram were harmful 
(>75% mortality) to moderately harmful to adults and nymphs, decreasing egg and nymph 
production due to adult deaths. Pymetrozine (Chess™) and spirotetramat (Movento®) were 
classified as low harm (<25% mortality), and did not appear to reduce egg or nymph 
production when compared with the untreated control. 

No studies were available for direct comparison with the results obtained here, since Orius 
armatus is native to Australia and is not being reared commercially overseas. Overseas three 
species of Orius are reared commercially in Europe and the USA: O. insidiosus, O. laevigatus 
and O. majusculus. Orius laevigatus and O. masjusculus have been in commercial use since 
1991 on indoor crops (EPPO 2011). Some pesticide toxicity information was available from 
the Koppert and Biobest websites. With the exception of pymetrozine (Chess™), the 
information was only available for older chemistry insecticides. The available information 
indicates that pymetrozine is generally compatible for use with Orius species.  

The summary of side effect tests is shown in Table 11. The variation in responses of the 
different species to pesticides indicates that it is not possible to provide a general 
recommendation for Orius based on testing a single species. Whilst some results were 
uniform across the four species, others differed. For example, abamectin and methamidophos 
were rated as very harmful to all four Orius species, whilst spinosad was classified as very 
harmful to O. armatus, O. laevigatus and O. majusculus. However, spinosad was considered 
to be of low harm to O. insidious.  
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Table 11: Summary of side-effect testing on four Orius species (from Koppert and 
Biobest websites) where A= adult; N=nymph 
Species O. armatus O. insidiosus  O. laevigatus  O. majusculus  Orius spp.  

 N A N A N A N A N A 
Abamectin            
Dimethoate           
Imidacloprid 
(Confidor) spray 

- -         

                 drench         - - 
Methamidophos 
(Nitofol®) spray 

  -  -  -    

Pymetrozine (Chess®) 
   

          
   drench  ?         
Spinosad           
Pirimicarb           
Key: 

 very harmful (>75% mortality)     moderately harmful (25-75% mortality)  

 low harm (<25% mortality)            –      indicates that insecticide has not been tested for this species 

A number of factors need to be considered when designing side-effects tests on beneficial 
insects. Acute bioassay, allow a large number of pesticides to be screened. Here acute 
bioassays suggested that spinosad, abamectin and methamidophos were moderately harmful 
to O. armatus, but semi-field testing suggested that they were even more toxic, rated as 
‘harmful’. This is unexpected since greater breakdown of insecticides should occur in semi-
field tests. Greater mortality may have occurred in semi-field tests because O. armatus were 
exposed for a longer period of time. In acute bioassays, O. armatus were only exposed for one 
hour to residues before being removed, whereas they were left on the treated leaves for 72 
hours in the semi-field bioassays. However, we consider that semi-field tests more closely 
mimic field conditions.  

Life stage tested and the sex of the adult also affected results. Nymphs were generally less 
susceptible to pesticides than adults. Dimethoate, for example, caused moderate toxicity to 
nymphs and high toxicity to adults for all four species (Table 11). Male O. armatus also 
appear to be more susceptible to insecticides than females. 
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Outcomes 
• None of the contact insecticides tested was compatible for use with O. armatus. Nymphs 

were generally less susceptible to pesticides than adults, and males were more susceptible 
to insecticides than females.  

• Abamectin and thiamethoxam used for the control of two-spotted mite, aphid and thrips 
are not suitable for use with O. armatus. Both caused >75% mortality of adults and 
nymphs in semi-field bioassays. 

• Pirimicarb used for aphid control in vegetables was moderately harmful to O. armatus. In 
acute bioassays, it was less toxic to O. armatus nymphs (25% mortality, 72 hours post-
exposure) than adults (>50% mortality, 96 hours post-exposure).  

• Spinosad was moderately harmful to harmful to O. armatus adults and nymphs. Using 
spinosad on crops where O. armatus are established to selectively remove WFT is not 
advised.  

• Spinetoram, a new insecticide in the same class as spinosad and also registered for use 
against WFT, was moderately harmful to O. armatus adults and nymphs. Both spinosad 
and spinetoram reduced egg and nymph production.  

• The narrow-spectrum insecticides pymetrozine (Chess®), spirotetramat (Movento®) and 
imidacloprid appear to be compatible with O. armatus. However, further side-effect 
testing is advised since we only tested adults three weeks after plants had been treated. 
Greenhouse trials carried out by Manchil IPM suggest that O. armatus does not establish 
on plants treated with imidacloprid (Confidor®, Chilman et al. 2011). 

• Side-testing results cannot be generalised. For example, spinosad is regarded to be very 
harmful to O. armatus, O. laevigatus and O majusculus, but of low harm (<25% 
mortality) to O. insidious. 
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PART 4. THRIPS SEMIOCHEMICALS 
Attractants or semiochemicals are used by insects in insect-insect or plant-insect interactions 
such as mate finding (insect-insect) or finding host plants (plant-insect). Attractants have 
recently become available for thrips in the last few years. Thriplineams® developed by Keele 
University, England (Hamilton and Kirk 2003), and produced by Syngenta Bioline Ltd (also 
marketed by Biobest as ThriPher), is a synthetic version of a sexual aggregation pheromone 
produced by male F. occidentalis. Lurem-TR is a kairomone (interspecific) attractant derived 
from host plants and related compounds (Teulon et al. 2008), developed by Plant Research 
International, the Netherlands, and Crop and Food Research New Zealand (van Tol et al. 
2007), and distributed by Koppert (Koppert 2011). The semiochemicals differ in their 
attractancy to different thrips species. Thriplineams® is species-specific, attracting male and 
female F. occidentalis, whilst Lurem-TR is inter-specific, known to attract F. occidentalis, T. 
tabaci and T. major Uzel (Teulon et al. 2008).  

Semiochemicals have potential use in IPM for monitoring and/or for control. For thrips the 
possible strategies include: 

• Mass trapping by removing individuals from the population.  
• Push-pull. Thrips are deterred or repelled away from the crops (push strategy), and 

simultaneously attracted by lures (pull strategy) to concentrate them into other areas 
where they are trapped or killed.  

• Biological control. Semiochemicals are used to attract thrips away from crops where they 
are controlled by beneficials such as mites or predatory bugs. 

 
Experiments in stone and pome fruit in project Further development of integrated pest 
management strategies to control thrips in pome and stone fruit in Western Australia and 
Queensland (HAL project MT06001; Broughton et al. 2011), showed that both Thripline and 
Lurem increased trap selectivity to thrips. The aim was to determine the selectivity of the two 
new semiochemicals for use in monitoring thrips in vegetable crops.  

Materials and methods  

Traps and lures 
Yellow sticky traps (Bugs for Bugs), 10.2 cm wide x 12.5 cm high (total area 225 cm²) and 
pre-coated on both sides with sticky adhesive; traps were folded in the middle, non-sticky 
sides together to expose the sticky adhesive. Traps were either left unbaited (control), or were 
stapled with either Thripline of Lurem. 

Thripline consisted of a cone-shaped rubber septa (18 mm long, 4 mm base to 9 mm diameter 
top of septa) impregnated with pheromone. The septum was attached to one side of the trap 
with a staple approximately 3 cm from the top of one side of the trap to prevent the septa 
falling off.  

Lurem consisted of a clear plastic package with a plastic hook. The pheromone was 
impregnated in a 2.6 cm wide x 4.4 cm long pad (total area = 11.44 cm), covered by a 
perforated plastic membrane. The entire back of the lure was further covered with a foil cover. 
The lure was stapled to the trap to prevent it falling off and the foil cover removed to allow 
the pheromone to disperse.  
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Lure spacing 
Syngenta Bioline (2011) recommends traps with lures to be placed 10 m apart under 
glasshouse conditions. Based on field experiments, Teulon et al. (2008) suggest that odour 
lures can influence trap capture of thrips on traps without odour lures 10 m away. 
Consequently, trap pairs were placed 15 m apart, 1.5-2.0 m from the ground. Traps were 
folded (sticky sides together) for transport to the laboratory for identification. Each week, 
traps were replaced with a new trap and lure. 

Study sites 
Strawberry 
This experiment was conducted from 17 June to 15 July 2010 in a glasshouse at Baldivis. A 
paired plot design was used (no lure or Lurem), with a total of six pairs. Each week, the traps 
were replaced but lures were re-used for a total of five weeks.  

Capsicum 
This experiment was carried out in Carnarvon, a sub-tropical area north of Perth for three 
weeks from 22/11 to 13/12/2010. The trial was terminated early because of flooding of the 
trial area. Capsicums were grown in a shadehouse. The area was divided into four blocks, 
with three treatments (no lure, Lurem or Thripline). Each week the trap was replaced, but 
lures were re-used.   

Ornamentals 
Due to low WFT numbers in vegetable crops in the Perth area, trial 1 was carried out in 
ornamentals (roses) at Oakford from 1 February to 1 March 2011. Trial 2 was carried out in 
from 6 April to 27 April 2011. Plants were grown in a plastic polytunnel separated into two 
sections by a plastic wall, with roses and gerberas grown in separate sections (each 
approximately 1434 m2). The floor was covered with plastic matting to prevent weed growth, 
and the roof was vented to the outside. Misters were used to maintain humidity within the 
polytunnel, with misters operating every 15 minutes for 15 seconds. All plants were irrigated 
by dripper. Rose varieties ‘First Red’, ‘Wow’, Advance’ and ‘New Fashion’ were propagated 
in August 2010 from cuttings and potted into potting mix in 25 cm plastic pots. Pots were 
suspended 15 cm above the ground on metal benches, with four pots per square metre.  

The experimental design was a randomised complete block, with four replications per 
treatment and four blocks. There were three treatments: Lurem, Thripline and a control (no 
lure). Traps were hung 0.8 m above the foliage, and were spaced 8.4 m apart within rows, 
with 1.2 m spacing between rows, and 10 m between blocks. 

Cucumber 
This experiment was carried out in a polytunnel-house at Serpentine from 30 March to 20 
April 2011 (four weeks). Cucumbers (Lebanese) were grown in 30 cm pots containing treated 
sawdust. The pots were on weed matting with drip irrigation. Blocks were 30 m by 1.5 m, 
with 10 m spacing between blocks. The experimental design was a randomised complete 
block with four replications per treatment and four blocks. There were three treatments: 
Lurem, Thripline and a control (no lure). Traps were suspended from wires within the 
glasshouse, approximately 1.5 m above the floor by wire clips, and spaced 16 m apart. 

Thrips identification 
Adult thrips were sexed and identified to species in the laboratory under a dissecting 
binocular microscope using the criteria of Moritz et al. (2001).  
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Statistical analysis 
Results are presented as the mean number of adult thrips (± SEM) caught per treatment per 
week. Each farm was separately analysed. The data was analysed with a split-plot model 
analysis of variance (ANOVA) following log (x +1) transformation. The two factors included 
were lure and date and their interactions. If significant, treatment means were separated by 
least significant differences (LSD) at P=0.05. For strawberries, the trial was analysed using 
Student’s t-test (paired). Genstat for Windows 14th edition (http: www.genstat.com) was used 
for all statistical analyses.  

Results 

Capsicum 
WFT was the main species comprising 92.5% of trap catches; 1.3 times more female WFT 
were caught than males. Time had a significant effect on the numbers. More females were 
caught in week 1 than weeks 2 and 3, and more in week 2 than week 3. Lure also affected 
catch, with more females caught on traps baited with Lurem, followed by Thripline (F=6.33, 
df=2, p=0.007; Figure 11).  

Trap week similarly had a significant effect on the number of male WFT caught (F=90.89, 
df=2, P<0.001), with more males caught in week 1. However, lure appeared to have no effect 
on the number (P>0.05) due to high variation in the numbers caught within traps with lures. 

Strawberry 
WFT was the main species caught during the trial, comprising 99.9% of trap catches. 
Approximately 1.9 times more female WFT were caught than males over the five week 
period. Significantly more females (t=-6.09, df=29, P<0.001) and males (t=-5.18, df=29, 
P<0.001) were caught on traps baited with Lurem-TR than the control (no lure; Figure 11).  
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Figure 11: Mean number (± SEM) WFT caught per trap per week during trials in 
strawberry and capsicum  control (no lure)     Lurem-TR   Thripline 

 
Compared to previous trials, numbers were considerably lower in cucumber and ornamentals 
(roses) with less than 30 thrips caught per trap per week (Figure 12). 
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Figure 12: Mean number (± SEM) of WFT caught per trap per week during trials in 
cucumber and roses  control (no lure)     Lurem-TR   Thriplineams® 
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Cucumber 
The results of this trial are shown in Figure 8. WFT comprised >99% of the thrips species, 
with the number of WFT caught per trap ranging from 2 to 12 week, with an equal ratio of 
male and female WFT. There were no significant differences in trap catches between weeks. 
The presence of a lure on the trap made no difference to capture of either female or male 
WFT (female F=1.23, df=2, P>0.05; male F=0.63, df=2, P>0.05).  

Ornamentals 
The two trials in roses are shown in Figure 12. In trial 1, WFT comprised 80% of the sample 
and plague thrips (T. imaginis) 20%; slightly more (15% more) males were caught than 
females. Analysis of variance with lure as the treatment effect and date as the block effect 
showed a significant effect of lure on trap catches for both males and females. Significantly 
more females were caught on traps baited with Lurem followed by Thripline (F=5.75, df=2, 
P=0.03). More males were caught on traps baited with lures than the control (F=5.78, df=2, 
P=0.006; Figure 12). There was no difference in trap captures between Lurem and Thripline. 

In trial 2, WFT comprised 99% of the sample and three times more females were caught than 
males. There were no consistent differences between trap catch of either male or female WFT 
and the presence of a lure \ (P>0.05). For example, more females were caught on the unbaited 
traps (control) in week 2, with 18 females/trap compared to 6.8 females/trap and 4 
females/trap for Lurem and Thripline respectively. 

Table 12: Trial summary 

Crop Thrips pressure % WFT  Male WFT Female WFT 

Capsicum >200 WFT/trap (week 1), 
declining to >30 WFT/trap 
subsequent weeks  

92 - Lurem  

Strawberry > 50 WFT/trap/week >99 Lurem Lurem 

Rose trial 1 <12 WFT/trap/week 80 No difference between 
Lurem and Thriplins® 

Lurem 

Rose trial 2 <30 WFT/trap/week >99 - - 

Cucumber <10 WFT/trap/week >99 - - 

Discussion 
By adding attractants to sticky traps, growers can increase the total number of thrips they 
capture. By adding Lurem to traps, the number of females caught increased in three of the five 
trials, and the number of males increased in two of the five trials. However, it should be noted 
that in one trial (strawberry), Lurem was the only lure tested. Whether addition of lures can 
improve selectivity for WFT could not be determined, since WFT comprised >90% of all 
thrips species caught on traps in four of the five trials. Previous experiments in stone fruit in 
Western Australia indicate that Thripline attracts more WFT than other thrips species, whilst 
Lurem attracted WFT, and increased the capture of onion thrips (T. imaginis) by 1.6-5.2 times 
(Broughton et al. 2011).  

The efficacy of lures is expected to vary with temperature, humidity and the age of the lure, 
since the lure components are volatile and will disperse over time (D. Teulon, pers. comm., 
2010). It was not apparent from our experiments whether temperature or humidity affected 
lure efficacy. The age of the lure appeared to have no effect on trap capture, as the number of 



39 

WFT caught in week 1 was similar to those caught in subsequent weeks. The two exceptions 
were the trial in capsicum and trial 1 in roses, where trap capture across all treatments was 
highest in week 1, declining in weeks 2-4. This may have been due to a reduced WFT 
population, rather than a decline in lure activity, since numbers caught on the unbaited traps 
also declined. 

Of the factors identified by El-Sayed et al. (2006) that contribute to the success or failure of 
mass trapping programs, isolation and low population density of the target pest are key 
contributors to success. Mass trapping has been successfully demonstrated in greenhouse 
capsicum in Tunisia, when thrips were prevented from entry with thrips-proof mesh (D. 
Teulon, pers. comm, 2010). In areas such as northern Perth, WFT pressure may be too high 
for mass trapping to work, but in glasshouses on isolated farms it should be effective.  

Outcomes 
• Trap capture of WFT by 10-50% by adding lures to traps, with Lurem a food-based lure 

more effective than Thripline which is based on a sex pheromone. 

• Whether thrips attractants can improve selectivity for WFT could not be determined, as 
>90% of thrips trapped were WFT in these experiments. 

• Lure and kill or mass trapping are possible extensions of this work. Mass trapping would 
be particularly useful in glasshouses and on isolated farms where there are no other 
sources of WFT. This research would require determining optimum trap density. 
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TECHNOLOGY TRANSFER 
Activities included scouting and providing control advice to grower directly involved in the 
project by Manchil IPM, and extension of research findings via grower meetings, media 
releases, articles for grower magazines, HAL annual reports and scientific presentations (refer 
to list below and appendices). A Farmnote for commercial growers (DAFWA), and scientific 
articles will be produced. 

Collaboration was developed with other WFT and TSWV projects via visits to growers and 
researchers by Lachlan Chilman to Carnarvon (WA), Virginia (SA), Victoria and Tasmania, 
and by presentations to researchers at HAL vegetable IPM workshops and at scientific 
conferences. Lachlan Chilman also collaborated with James Altmann (Biological Services, 
SA), Paul Horne (IPM Technologies), and Tony Burfield (SARDI) to evaluate Orius armatus 
in capsicum greenhouses in South Australia, Victoria and Tasmania (see Chilman et al. 2011).  

Horticulture Australia Ltd  
Updates for Horticulture Australia Ltd Annual report, August 2009, 2010, 2011. 

VegetablesWA 
September 2007. Western flower thrips. Monitoring and management information posted on 

vegetablesWA website. Appendix 2. 

November 2008. Information including photos obtained from project used to develop “Pest 
and disease management”, Good Practice Guide, a publication for growers produced 
by vegetablesWA. 

June 2009. Daly, L. Orius – The New Saviour in the Fight Against Western Flower Thrips. 
WA Grower, pp. 28-29. Appendix 3. 

Presentations 
December 2006, Currant Lettuce Aphid, Wanneroo Tavern. Presenters: L. Chilman, S. 

Broughton. 

May 2008. Update to Vegetable IPM Working Group, HAL, Sydney. 

April 2008. Controlling your Pests and Diseases. Wanneroo Tavern. L. Chilman, S. 
Broughton. 

August 2009. S. Broughton, L. Chilman. Orius armatus - an Australian anthocorid predator of 
Western flower thrips (Frankliniella occidentalis), International Symposium of Thrips 
and Tospoviruses, Gold Coast, Queensland. Appendix 4. 

August 2009. S. Broughton, L. Chilman. Effect of insecticides on Orius armatus Gross 
(Hemiptera: Anthocoridae), International Symposium of Thrips and Tospoviruses, 
Gold Coast, Queensland. Appendix 4. 

Media articles 
December 2009. Native insects to the rescue. Countryman Newspaper, page 4. Appendix 6. 

6 January 2010. Biological control has benefits. Esperance Express, page 10. Appendix 6. 

May-June 2011. Terry Coulthard case study as part of larger article on Greenhouse Capsicum 
IPM. Also demonstrates the use of O. armatus in other greenhouses in Australia. 
Goodwin, S. and Steiner, M. 2011. Practical Hydroponics and Greenhouses, May-
June 2011: 39-45. Appendix 4. 
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RECOMMENDATIONS – SCIENTIFIC AND INDUSTRY 

• As the development of new pesticides appears unlikely (Birch et al. 2011), WFT 
management needs to focus on conserving existing insecticides and developing non-
chemical controls. This project demonstrated that biological control of WFT with O. 
armatus and N. cucumeris is effective under greenhouse conditions in capsicum, but needs 
to be tested in other greenhouse (cucumber, eggplant) and field-grown crops (capsicum).  

• Mass trapping with thrips attractants should be developed as a non-chemical control. This 
technique is used to manage pests such as codling moth (Cydia pomonella) in deciduous 
tree crops, but has not been used for smaller insects. Mass trapping has been used 
effectively to control thrips in greenhouses in high-value ornamentals in Victoria (D. 
Telon, pers. comm. 2010). Development for the vegetable industry would require 
evaluating trap densities in different crops such as capsicum, and is more likely to be 
effective in greenhouses than the field.  

• To further improve lettuce IPM, the status of currant lettuce aphid (CLA, Nasonovia 
ribisnigri) needs to be re-examined. CLA was first recorded in December 2006 in WA, 
and has not been recorded from the field since 2008. Imidacloprid drenches are widely 
used as a prophylactic control, which kills naturally occurring generalist predators (Cole 
& Horne 2006). If CLA is no longer a pest, treatment will not be required. 
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APPENDICES 

Appendix 1: Insecticides used in bioassays  
Asterisks indicate whether the insecticide is regarded to be reduced risk or IPM-compatible. 
EC = emulsifiable concentrate, SC = suspension concentrate, WP = wettable powder. 
 

Manufacturer Active ingredient  
(trade name) 

Chemical 
family 

A
ctive 

ingredient 

Form
ulation 

R
ate tested (g 

ai L) 

Bioassay 

Sumitomo Abamectin (Vertimec®) Avermectin 18 g/L EC 0.027 A, SF 
Bayer 
CropScience 

methamidophos 
(Nitofol®) 

OP 580 g/L  SC 0.5 A 

Nufarm 
Australia 

dimethoate OP 400g/L EC 0.3 A 

Syngenta *Pirimor (Pirimicarb) Carbamate 500 
g/kg 

WG 0.5 A 

Bayer 
CropScience 

*Imidacloprid (Confidor®) neonicotinoid 200 g/L
  

SC 0.05 I 

Dow 
Agrosciences 

*Spinosad 
(Success2™Naturalyte™Insect 
Control Insecticide) 

spinosyn 240g/L 
 

SC 0.048 A, 
SF, F 

Dow 
Agrosciences 

*Spinetoram (Success™  
NEO) 

spinosyn 120 g/L SC 0.048 I, F 

Sygenta *Pymetrozine (Chess®) Pymetrozine 500 
g/kg 

WG 0.05 A, I, 
F 

Bayer 
CropScience 

*Flubendiamide (Belt™) Diamide 480g/L SC 0.072 A 

Bayer 
CropScience 

*Spirotetramat (Movento®) Tetronic/tetramic 
acid 

240g/L SC 0.096 A, I 

Dupont *Chlorantraniliprole 
(Coragen®) 

Diamide 200g/L SC 0.03 A 
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Appendix 2: Article on VegetablesWA website (accessed 20 Sept 2007)  
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Appendix 3: June 2009. Daly, L. Orius – The New Saviour in the Fight Against 
Western Flower Thrips. WA Grower, pp. 28-29 
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Appendix 4: August 2009. Poster presentation at the International Symposium of 
Thrips and Tospoviruses, Gold Coast, Queensland  
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Appendix 5: August 2009. Poster presentation at the International Symposium of 
Thrips and Tospoviruses, Gold Coast, Queensland  
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Appendix 6: Media articles 
December 2009. Native insects to the rescue. Countryman Newspaper, page 4. 

6 January 2010. Biological control has benefits. Esperance Express, page 10. 
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Appendix 7: Case study on Terry Coulthard, part of larger article on 
Greenhouse Capsicum IPM, published by Stephen Goodwin and Marilyn 
Steiner 2011 
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