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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.



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 (TSWYV) 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 TSWYV 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

e The one-to-one approach provided by a consultant increased IPM uptake, with all
participating growers continuing to use the service.

e Major WA lettuce growers no longer spray prophylactically for WFT, confining their
treatment to the period of TSWV activity (November-December).

e 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.

e 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

e 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.

e 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.



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.



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

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 CT Review 1995 (HH,R,E); product cancelled
2010.
Methamidophos Cuc,C, L, T Permit expires 2013. APVMA review 2002
(Nitofol®) (HH concerns), permit expires in 2013
(lettuce).
Methidathion LCT 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). Permit expired 1997; APVMA review 2005
Under review by (HH, R concerns).
Methomyl Cuc,C, L, T | APVMA. Permit expired 2010. APVMA review 2002
(HH concerns)
Spinosad Vegetables Spinosyns (group 5) 2005 NSW lettuce, further resistance
(Success™) detected in QId, NSW, WA. Product is
being phased out and replaced with
spinetoram.
Spinetoram Vegetables Spinosyns (group 5) Registered April 2011.
(Success™ Neo)
Thiamethoxam/ Cuc, C, L, T | Neonictinoid (group 4a) Registered August 2010. Cross-resistance
chlortranitroprole detected.
(Durivo®)

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; [ 1 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).



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).



Table 2: The IPM continuum (adapted from Jacobsen 2009)

No IPM Low Medium High or Biologically-
based IPM

No preventative Monitoring, crop rotation, Weather-based Release of beneficials,
tactics, no use of pest-free seed/plant  [forecasting, nutrient and |use of pheromones, trap
monitoring, material, pest or disease water monitoring, crops, primarily non-
reliance on resistant varieties, attractant |elimination of alternate  \chemical preventative
pesticides. baits/crops, selective hosts, resistant strain approach.

pesticides. monitoring.

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



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.

e Part 1 deals with the extension of IPM for a field (lettuce) crop.

e 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.

e In Part 3, lab bioassays were used to determine the compatibility of common
insecticides with O. armatus.

e Part 4 details the effect of thrips attractants on capture of WFT on sticky traps.



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 TSWYV 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.



Western flower thrips

Brown lacewing feeding on green peach aphid Currant lettuce aphid (Photo: Whitney Cranshaw, Colorado State Uni)

Tomato spotted wiit virus (? SWV) on Sclerotinia (Photo: Clemson Uni)
buttercrunch

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

No Thrips RGB Heliothis
Farm Production period weeks | spinosad methomyl, malathion Gemstar®
methamidophos (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- 24 4 0 8 4
Apr)
Nov  2007-April | 24 5 6 12 4
2008
Nov  2008-April | 20 0 7 10 12
2009

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.
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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

Thrips RGB Heliothis
Production period No . methomyl, malathion | Gemstar®
weeks | spinosad | methamidophos
(OP) (OP) (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).

13



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
WEFT 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.
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Table 5: Predatory mites and bug available commercially in Australia for thrips control

Species Stage attacked Lifecycle (25°C) Release rates
and consumption | egg to adult
rate (per day)
Neoseiulus 8-11 50-100 m’
cucumeris %
e P st -
25D 05 mm 6 x 1% instar
Transeius 6-7 1L/150 m? onto seedlings 1 week
montdorensis % before planting. Main crop, 2
10.6 x 1° releases commencing at 1%
ﬁg . ' flowering at 1L/500 m? 2 weeks
instar
0.5mm apart.
14 15,000/250-400 m*

Hypoaspis miles

0.5-1 mm

% 1.6 pupae

Orius armatus

i s2mm

Being determined

3-4 releases.
Total release 32/m* for high
thrips, 16-24/m® for moderate
thrips and 8/m? 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
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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 (Success® 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 m?. 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.

Recommended rate

100 L]
susceptible strain (no
insecticide resistance)
< 98 -
?E
S 84 - WA_capsicu
e strain
|5
3 50 A
@
o
16 4 Discriminating dose
Y T T=T=T=TTTT T .....! T—T=TTTTTI T T T T T=T=T"TTTr|
0.00001 0.0001 00.001 0.01 0.1 1.0 10.0

Spinosad g ai L’

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.
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Figure 6: Effect of no-IPM (top) versus IPM (bottom) on the number of WFT in
greenhouse capsicums
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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/m% 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/m? increasing to 16--24/m? 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).

21



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:

e direct contact with insecticide residues (acute and semi-field bioassays)

e residual uptake (contacting pesticide through another surface)

e 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.

s |22}
Active ingredient . . Selectivity & main = 5 | Ta | 2
(trade name) Chemical family target pest % %‘ 3 =
=
=
Abamectin (Vertimec®) | Avermectin Intermediate (mites, | 18 g/L | EC | 0.027 | A,
insects) SF
Methamidophos Organophosphate Broad (WFT, mites) | 580 SC |05 A
(Nitofol®) g/L
Dimethoate Organophosphate Broad (mites, 400g/L | EC | 0.3 A
aphids, thrips, green
vegetable bug)
*Pirimor (Pirimicarb) Carbamate Narrow (aphids) 500 WG | 0.5 A
g/kg
*Imidacloprid Neonicotinoid Narrow (aphids, 200 SC | 005 |I
(Confidor®) thrips, whitefly) g/L
*Spinosad (Success2™, Spinosyn Narrow (WFT) 240g/L | SC | 0.048 | A,
Naturalyte™, Insect SF,
Control Insecticide) F
*Spinetoram (Success™ | Spinosyn Narrow (WFT) 120 SC [0.048 | I,
NEOQ) g/L F
*Pymetrozine (Chess®) Pymetrozine Narrow (aphids, 500 WG [ 0.05 | A,
other sucking a/kg I,
insects) F
*Flubendiamide (Belt™) | Diamide Narrow (moths) 480g/L | SC | 0.072 | A
*Spirotetramat Tetronic/tetramic Broad (aphids, 240g/L | SC | 0.096 | A,
(Movento®) acid mites, diamondback |
moth)
*Chlorantraniliprole Diamide Narrow (insectse.g. | 200g/L | SC | 0.03 | A

(Coragen®)

moths, bugs)
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Cage used in acute bioassays

i:igure 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™?), 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™?), 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 (25°C) 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 (32.5w X
40.5h 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 - nin T after treatment / n in Control after treatment) * 100.

Insecticides were classified using the “traffic-light” system of Horne et al. (2009):

o green = low harm (<25% mortality)
. orange = moderately harmful” (25-75% mortality)
o 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 14™ 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)

m Nymphs
Treatment gailL* 24 hours 48 hours 72 hours 96 hours

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 ai Lt 24 hours 48 hours 72hours 96 hours

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: [ 1ow 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
spirotetramat (Movento®)

chlortranitroprole
(Rynaxypr®)
spinosad (Success™) o156 1216 1097  [NZSEINNNNSSZENNER2A

Key: [ 1ow harm (<25% mortality); ] moderately harmful (25-75% mortality); B 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.
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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: [ iow harm (<25% mortality); ] moderately harmful (25-75% mortality

Gender Treatment gailL 24 hours 48 hours | 72 hours

Pymetrozine (Chess™) 0.05 11.8 1.6 7.8

Males

Pymetrozine (Chess™) 005 | o] 0] 0]

Females

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 Mean number of nymphs produced

female per 24 hour period 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 1.0 2.0 3.1 3.2 0.9 1.5 2.6 3.0
(Chess™)
Imidacloprid 1.9 2.6 3.9 35 2.1 2.3 2.5 3.2
Spirotetramat 1.8 2.2 3.3 3.8 1.8 1.8 24 2.7
(Movento®)

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
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. Thripline,ms® 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. Thripline,ns® 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:

e Mass trapping by removing individuals from the population.

e 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.

e 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 cm?2) 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 m?). 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 14" 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 [ 1 control (no lure) 1 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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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
WEFT (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), 92 - Lurem
declining to >30 WFT/trap
subsequent weeks

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

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

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
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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

e 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.

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

e 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.

39



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 TSWYV 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.

T )
=1 = = w
Active ingredient Chemical S |3 |24 §
Manufacturer : 8 = = 3 &
(trade name) family S < s (LT3 4
=) =) e <
S @
Sumitomo Abamectin (Vertimec®) Avermectin 18¢g/L | EC |0.027 | A, SF
Bayer methamidophos OP 580¢g/L | SC |05 A
CropScience (Nitofol®)
Nufarm dimethoate OP 400g/L | EC |0.3 A
Australia
Syngenta *Pirimor (Pirimicarb) Carbamate 500 WG | 0.5 A
g/kg
Bayer *Imidacloprid (Confidor®) neonicotinoid 200g/L | SC |0.05 |1
CropScience
Dow *Spinosad spinosyn 240g/L | SC | 0.048 | A,
Agrosciences (Success’™Naturalyte™ Insect SF, F
Control Insecticide)
Dow *Spinetoram (Success™ spinosyn 120g/L | SC | 0.048 | I, F
Agrosciences NEO)
Sygenta *Pymetrozine (Chess®) Pymetrozine 500 WG | 0.05 | Al
a/kg F
Bayer *Flubendiamide (Belt™) Diamide 480g/L | SC | 0.072 | A
CropScience
Bayer *Spirotetramat (Movento®) Tetronic/tetramic | 240g/L | SC | 0.096 | A, |
CropScience acid
Dupont *Chlorantraniliprole Diamide 200g/L | SC |0.03 | A

(Coragen®)
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Appendix 2: Article on VegetablesWA website (accessed 20 Sept 2007)

Q@

Home
About Us
Consumers

Grower
Information

Irrigation
News
Contact Us

vegetables\VA

Western Flower Thrips on the move (12 Sep 2007)

Western flower thrips (WET) have started to appear in lettuce and other cropsin
the northern Perth area. 5o far the virus that WET transmit, tomato spotted wilt
wirls has not been detected Year round monitoring suggests that there is a six
wigek period from the start of October to mid Movember when WET numbers start
to rise, with TSWW occurring from the last week of October and peaking late
Mowvember.

Click to view larger image
Rather than spray preventatively in case thrips are present in the crop, growers

should monitor for western flower thrips on at least a weekly basis. Itis particularly important to spray for
Western floveer thrips only when needed since they develop insecticide resistance. For example, six years
after the spinosad was first released onto the Australian market, populations resistant to spinosad have
been detected in Western Australia, MNew South Wales and Queensland.

Monitoring involves either direct visual inspection of plants and plant parts such as flowers (for crops such
as capsicum and tomato) or the use of sticky traps. For further information on how to monitor, contact
David Cousins at DAFWA on 0427 447 632
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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

Orius - The New Saviour in
the Fight Against Western
Flower Thrip .....

Beneficial bugs researched

Western Flower Thrip has
I long been a major headache
for Westam Australian

vegetable growers and growers all
over the world.
This resilient pest is a major vector
for viral dissases in plants and is very
efficient at spreading the destructive
tomato spotted wilt virus. The spread
of disease along with the feeding
damage caused by western flower
thrips costs vegetable growers milions
of dollars in crop damage around
Australia. Australian researchers
have been actively researching this
pest for the past € years and have
been working to develop effective
management strategies to combat it.

Westem flower thrips live and feed
on flowers and new plant growth

by penetrating the plant cell and
consuming the contents, which then
causes the empty cells to collapse

and die. The resulting distortion, wilt
or scarring is not always evident
immediately after feeding, but
becomes obvious when the affected
leaves, flowers or fruits mature

and distort. Total crop loss or a
considerable reduction in the value of
produce can occur where there are
high numbers of thrips.

Growers have struggled to eliminate
this pest through the use of
insecticides; this is due to the pest
developing resistance to nearly

every possible insecticide. Lachlan
Chilman from Manchil IPM Services
commented that there are *very few
chemicals that work at all on Western
Flower Thrip. It has built up resistance
to nearly every possible inseclicide
that is available to Western Australian
and intermnational growers”.

Crop-spraying is also problematic
for other reasons, says Lachlan.

28 WA Grower June 2009

Mot only is the constant application

of chemicals expensive and
environmentally damaging, "By
spraying for Western Flower Thrip so
much you are killing all of your other
predators that control mites and other
insects... the damage the growers are
doing by controlling the one pest is
causing much more damage to the
rest of the insects in their crops™

Since Manchil IPM Services began

6 years ago, the team has worked to
develop alternative pest management
methods in the horticulture industry.
Lachlan and his team provide an
insect and disease monitoring sefvice
for most horticultural crops which has
attracted interest from growers keen to
reducs their pesticide use.

Orius Armatus was discovered in WA
by Manchil IPM Services a little over

2 years ago, since then research

has been actively conducted into the

Breeding of the beneficial bug
Orius Armatus is most effective
in selected tvpes of bean pods
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Lachlan Chilmar i his
greenhouse in Muchea

growth and development of these
beneficial bugs by Lachian and
his team. “It has been a very siow
process” Lachlan commented.

Apart from the environmental bensfits
of reducing the use of chemical
sprays, other advantages of using
the Crius bug include increased cost
efficiency, wilh a much lower rate

of application required as opposad

to chemically spraying crops two to
three times per week and as a result
achieving a higher crop yield, Lachlan
advises that growers can expect the
initial cost for the application of Orius
to be higher for the first season but
this will reduce as the Ornius develops,

Although wamm temperatures are
required commercially to encourage
an optimal rate of reproduction, the
Ohius can sunvive In both hot and
cold condifions. Lachian states that
although their activity slows down in
winter this correlates wilh the activily
of the pasts that they are trying to
controd and is therefore still effective.
Lachian explained that with the
appiication of Crius, growers could

expect to see results within 6-8 wesks
of the first releasa,

Lachlan explained that in order to
achieve maxdmum resulis from Crius
it is important that growers are aware
of chemicals that have been appiled
to crops before refeasing the Orius.
Towic chemicals can often leave a
residue on plants for a long period
of time which can affect the growth
and effectiveness of the Orius bug in
reducing the appearance of Westem
Flower Thrip.

Other strategies 1o reduce the spread
of disease include the control of
weeds around crops by Clearing a
10m barmier of bare giound, removing
or desiroying old crops, removing
any plants showing symptoms and
planting TSWV resistant seeds.

With commercial ciops currently betng
inalled, the expected commercial
release date of Orius Armatus will be
around August — Seplember this year,

WA Grower Juna 2000 29

49



Appendix 4: August 2009. Poster presentation at the International Symposium of
Thrips and Tospoviruses, Gold Coast, Queensland

Orius armatus (Hemiptera: Anthocoridae): an Australian

pre.ﬂatnr of Western flower t]'l'l:'iPE (Frankliniella accidert.tn.fis:]

{hilmee?] md Browabam? S
Tilwmchil TPM Sexrvicea, Pt Bax 451, Wamscsaa Wi Gl
Weatern dsgtaites Tegwtmens of Agfealtase, § B By Const, Sondh Perdh Wi &I51

N 1993, WFT & rmow present throughowt Awstralis, * Sunveys for pobtential biocontrol agents were curried
ecuding the Morthemn Territany # ot i Australis from 1993 - 15968
* WFT is diffioult to control with pesticices =s: * In 1993, Onus ormetys Gross was found predsting on
1] Adults and larse hide and feed in fowers and folisge. F ocodontols in camations. Rt hms also Dssno obssned
(2] Prepupse and pupse move o soilimet lirer azEs ane fescing in swest com and cageioe i e ek,
B * pitial attempts to rear O ormotus B the late 1SS0
B]W._mm_ womre ureuoeesinl  and colonies died ot
* Pepulstions resistant to EarOdilonnes, OEANCRROSPRNISS. & 0 pemotus was rediscovered im 2007 and i now
carbumater, and pyrethrods fewe Deen detectsd IR -
. B, Esss-reaned.
fustralion greenhouse and field populations. ® Wites (Loarine] Fave sisn Deen found and ane Deine
* Resstance to mewer dhemmsbress such e spnosad Fes commersEly rmsned:

b detacted and s inoreasing. - Priptoseiides - native Typhiodnomios montdonansis (Sohicnal;

*Zpnosed i the onfy imbegreted Fest Masegement (W] eotic Meosaiulus (= Amblyseius) cucumars (Dudemers]
“friendly” pesticide currently @wailable to Australian grow ers - Hypossides - suotic Strotioiomiops (Hypoosis) miles Bariese.
fior WFT oombnal.

ﬁ_ Commercially available thrips predators in Australia ﬂ

et (ormdaear dwy) ] gy - wald =71 (Featea am 41

i & 01" restars T ak 211 days 0-100 43/40,000 mibes

' 1054 1< instars 193390 TOS0% 5T days 1020 $22/10,000 mites
* - 15 pupme 122070 =i 14 carys 130 £20//13,000 mites
s I e

Beingcmtermined 13030507 Mign®  Being TEuptoT 31341000 Orius

getermined  fnizntorias
: b R
- “d
Capsicum (sweet pepper) IPM s

X
*Spinoszd resistant WFT are becoming incressinsly difficult to control in capsicums: this iz the fist crop
targeted for 0. crmotus relegoes,

Expected Australian commercial release date September 2008
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Appendix 5: August 2009. Poster presentation at the International Symposium of
Thrips and Tospoviruses, Gold Coast, Queensland

‘Effect of Insecticides on Orius armatus (Hemiptera:
Anthocoridae), an Australian Western flower thrips predator

Broughten 5, Hardison MA, Cousins DA. Western Australian Department of Agriculture, 3 Baron-Hay Court, South Perth WA G151,

Introduction Table 1: Insecticides tested [recmmended rate)
- s s t AT i Trad Mode nlamion  Ascegall)] Cute of fing
* Orius ormatus (Gross) is a native predator of Western e e .,...:.x e fa ..ﬁ,:,n.,.
flower thrips, Frankliniella occidentalis. itk peimicarh Fairmart memcfeonticty 05 1855
*No information is available on the effect of pesticides |0 v mie  dimeh ey Fore o0 e
on 0. armatus. o Lo S

. . . . . sphich, Helicowerps,  methsmidophos hetoiol®, Momtor® Contactfingeticn 02% 18Mn
* Pesticide testing should include information on the rate b e

of change in mortality of natural enemies with time.
*This approach allows spray times to be adjusted for

planning innundative releases around the spray aahics e || Cht = o ot

schedule. it s, ey SproleEma Misems® [ 0,00 o0
*0ld chemistry insecticides are likely to be replaced witl "#=m= Cooin sl B Lo s o

newer chemistries in the near future. [0 o cramiery Bl miceotiat [ s ctumisry joeca yon

righitered in Awtrakal

Materials and Methods

. Insecticides were mixed with water at the recommended rate (Table 1).

. Filter paper was dipped into the insecticide solution and air-dried dry for 1 hour. Controls were treated with water onky.
. Adults or nymphs (7 days old) were placed onto the treated filter paper in a plastic container.

. After 1 hour, individuals were moved to separate cages and provided with food (Sitotrogo eggs) and water {dental wick).
. Mortality was checked every 24 hours for 4 days (72 hours).

. 0. armatus was classified as dead if individuals did not to respond when prodded with a fine paint-brush.

. Trials were repeated 3 times.

. Mortality was corrected with Abbot’s formula. Insecticides were classified using International Organization of
Biological Control (IOBC) guidelines.

e S I

dh Aagh T2h agh

1. Insecticide
(recommended
rate)
+

water
Besults

Faraen mortai ey (oot )

2k §B

Faromnt maom ity (cumulRiv el

p 0§ F G Eg g8 § |

PRl Seesils eesfhsenaial Lewied  Slaesrlh L el g el e S

3 3 3
105 dlass ifation

I0BE damsification

= Dlder chemistry and microbials were most toxic to 0. armatus.
= Mortality was high for at least 4 days post-treatment.
* Pirimicarb and newer chemistry insecticides (pymetrozine, spirotetramat, chlortraniprole) appear to have the best
IPM fit and were rated 1 (harmless).
= Semi-field trials on whole plants will need to be conducted to verify lab results.
* Newer chemistries (e.g. pymetrozine and spirotetramat) are systemic. Since 0. armatus feeds on the plant, this may
affect mortality, behaviour, fecundity etc.
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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.

Type: Rural

Biological control of major insect pests such as
western flower thrips is possible for the first
time in WA horticulture as new beneficial in-
sects become available.

Sending ‘good bugs’ into battle the pests has
been part of a Department of Agriculture and
Food project for more than four years, and
western flower thrips is & prime target,

Senior research officer Sonya Broughton said
integrated pest management using a combina-
tion of weapons was essential, since many pests
were developing resistance Lo new pesticides in
as little as three years.

“Insecticides never achieve total kill,™ Dr
Broughton said. “Some insccts always escape,
and sprays wipe out the beneficial insects in the
environment as well as the pests. Using a mix of
tactics can save money, as well as preserve the
eifectiveness of sprays for as long as possible.”

A new weapon in the armoury for WA pro-
ducers is a native bug called Orius armatus, Ori-
us 15 being successfully reared and distributed
with several other beneficial insects by Manchil
IPM Services al Muchea.

Initial attempts to rear it in the 1990s failed,
but success was achieved using a new systemn de-
weloped by Lachlan Chilman at Manchil IPM
aboul two years ago.

Dr Broughton said western flower thrips was
found in WA in 1993 and had since spread to all
states except the Northern Territory.

“It attacks more than 200 different horticul-
tural species, including lettuce and other vegeta-
bles, brassicas, strawberries, flowers, stone fruit
and pome fruit,” she said. “In WA, it has spread
from the Perth area to Carnarvon, Manjimup
and Donnybrook. Western flower thrips also
carrics lomato spotted wilt virus, which can de-
vastate some crops.”

Dr Broughton said western flower thrips was
difficult to control with pesticides, because dif-
ferent lifecycle stages hid and fed in foliage and
Tlowers, sodl and leaf litter. It also developed re-
sistance to sprays very quickly, even new chem-
icals such as spinosad.

“Oirius was released commercially in Septem-

Countryman
Thursday 0312/2009
Page: 4
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DAFWA researchers are studying the benefits of using native bugs as a weapon
against major insect pests, which are developing resistance to pesticides

Native insects to the rescue

Beneficial native bug, Driws armatus.

ber and is often combined with three other ben-
eficial predators that prey on these different life-
cycle stages,” she said.

“Orius is a native species and its numbers
vary in the wild. Rearing it in captivity and pro-
ducing mumbers sufficient to release into glass-
houses has been a major achievernent.”

According to Lachlan Chilman, the cost as-
sociated with releasing Orius is about $1.50 per
square metre of greenhouse or glasshouse, and
may involve two to 12 applications of each bene-
ficial insect over a season.

Careful monitoring of insect pests is also part
of the process. Mr Chilman estimates that about
#0 per cent of sirawberry growers are now using
the beneficial inseets as part of their pest man-
agement strategies.

D¢ Broughton said beneficial insects took
time to bulld-up and were not the instant fix
that might be achieved with blanket spraying of
chemicals. “Sometimes growers still have to use
pesticides, and timing is important so that
chemicals do not wipe out the good guys as well
as the bad,” she said.

The main trials and commercial use of Orius
to date have been in glasshouses where temper-
ature and humidity can be controlled. Further
research is needed under field conditions as well
as in glasshouses.
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Biological control has benefits

BIOLOGICAL control
of major insecl pesis
stch as western fow-
er thrips is now pos-
sible Tor the Weslern
Australian horticul-
tural indusiry as new
benelicial insects
bBrecorme available.

Sending  “good
bugs” in to bantle the
pests has been parl
ol a Department ol
Apriculture and Food
project Tor more than
four years and wesi-
ern flower thrips is a
prime Largel,

Senior rescarch
alficer Ssonva
Broughton =aid i
grated pest man-
agement using
comhinations  of
WEAPONS Wils 5507
'i:]l. as |'|'|1'!|'I:||' []i":‘i'h
were developing
ri':-ii."rr-'drll"l' [ now
pesticides inoas litle
e ”'Il'i'i‘ ‘_L'i'-i!l':"i.

“Insecticides never
achieve total kill,”
13 Broughton said,
"Home nsects alwiays
escape, and sprays
wipe oul the hen-
eficial insects in the
covironmenl as well
as the pests. Using a

=

mix of tactics can save
momney as well as pre-
serve the elfective-
ness of sprays for as
long as possible.”

A now weapon
for WA producers is
a native bug called
Orius armalus. Orius
is being successfully
reared and distribui -
ed with several ather
beneficial insects by
Marchil IPM Services
at Muchea,

Initial attempits
Loy pesar i in the 19905
lailed, but successwas
achieved using a new
system developed by
Lachlan Chilman at
Manchil TPM about
W0 Vs B,

1 Broughton said
wistern flower thrips
wis found in WA in
1993 and had since
spread tooall states
eacepl the Northern
Territory.

“It attacks more
than 200 different
horticuliural  spe-

cies including lettuee
and other vegelables,
brassicas, strawhber-
ries, Mowers, stone-
fruit and pomelruir,”
sheesald.

“InWA, it hasspread
from the Perth arca (o
Carnarvon, Manjimup
and Donnybrook.

“Western  [lower
thrips also carries
fomato spotted will
virus which can dey-
aslale: some cropes. In
2003, maore than 90 per
cent of lefiuees crops al
Caraboada were losi
when infected by the
virus."

Lir Broughton said
western flower thrips
was dilTicull 1o con-
trol with pesticides
as different lifeoyele
stages hid and Ted in
foliage and flowers,
soil and leaf litter. It
also developed resist-
Ance o Spravs very
fuickly.

“Orius was released
commercially  in
September and s
ofllen combined with
three other beneficial
predators thal prey on
these different lifecy-
clestages,” she sabd.

“Orius is a native
species and irs num-
bers vary in the wild,
Rearing it in capiiv-
ity and producing
numbers sulficient o
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release into glasshous-
es has been a major
achievement.”

3 Broughton said
benelicial insects ook
time Lo build up and
were ol [he instant Tix
that might be achicved
with blanket spraying
ol chemicals,

"Sometimes Brow-
ers 21l have 1o use
pesticides, and Himing
{s Important so that
chemicals donol wipe
out the good guys as
well as the bad,” she
sald.

Ihe main trials
and commercial use
of orius 1o date have
heen in glasshouses
where emperature
and humidity can be
controlled. Further
rescarch is necded
under lield condilions
aswellas in plasshous-
5.,

Mr Chilman esti-
mates aboul 40 per
cenl of strawherry
ErOWETS are now Using
the beneficial insects
as part of their pes
management sirale-
gies.



Appendix 7: Case study on Terry Coulthard, part of larger article on
Greenhouse Capsicum IPM, published by Stephen Goodwin and Marilyn
Steiner 2011

in two of his greenhouses, Like the Cafcakis farm, continuing
capsicum productien had become a financial liability

Overlapping crops meant that thrips and spider mite were
always present to reinfest new plantings, producing constant
pressure an insecticides, And il that wasn™ enough, there is
a flower farm next door, adding to his pest woes.,

An unexpected challenge to [PM came from anether direction:
gas heaters flued inside the greenhouse released exhaust gases
loxic 1o Orius, which are very sensitive to it, The flues were
directed autside, but still toa close Lo the greenhouse and small
ameunts of gas continued to disrupt attempts to establish
Orius. Only when trialled without gas heaters was the solution
demonstrated and the grower convinced

In the current 2010/11 season, further progress is being made
WET was first of all knocked down with a dichlorvos fog, because
July iz too cold in Western Ausiraba for Grus to establish, and
dichlorvas has very little residuality. The hiocontral pregram
commenced with a standard release program for thrips, aphids
and TSM similar to the Cafcakis crop in the Faber greenhouse
[Table 1]. Reduction of the thrips populatien in the 200%/10 crop
enabled Lachlan to bring down his Onus release rate to a total of
12/m’_ & spell of hot, dry weather favoured an outbreak of T5M,
requiring an increased release rate of P persimiis in September.
The population of green peach aphid, Myzus persicae, exploded
early in the crop, gaing frem 5% to 70-80% mfested plants in
7-8 days. Good Aphidius: Aphelinus parasitism occurred after a
high releace at 10.000/ha, but it was admitted that the initial
incursian was not acted upon promptly enough. Biocontrol
agents cannot respond that quickly to very high influxes of pests,
which can and must be dealt with initially by prampt spot-sprays
of a nen-residual pesticide, fallowed by a series of hiocontrol
releases to mop up. In this way, mealybug was spol-sprayed
with buprofezin [Applaud™]

To dale there has been less than 1% of plants lost due to virus
this season, 50 it is fair 1o predict that the crop will complete the
seasan and the grower is on track to make a profit. This is net a
bad turnaround from the previous disastrous situation.

Plenty Grow Hydroponics, Baldivis, Western Australia
Terry Coultard has 2000m° in the same district as Zalsman,
but is relatively isolated from other growers, Currently, he
hasn't had to spray for WFT or TSM for the past two seasons,
but before then it was an entirely different story. Four years
ago, weekly sprays for WFT resulted in severe resistance
probiems developing. While major thrips damage to fruit
oocurred, he was fortunate to get away with only slight loss
le virus, probably due te his refative isolation,

The introduction of a more ordered IPM approach over the
last 2 years has heen very successful. During a 4-3 week
break between crops. the greenhouse is cleared of the
previous crop, solarised and monitored for thrips emergence
using sticky traps. He plants into cocopeat in April, earlier
than others, and he now grows his own seedlings.

In 200%/10, under the guidance of Lachian, he commenced
with a standard beneficial release program. & mealybug problem
was effectively managed with 2 spet spray of buprotezin after
unsuccessfully tryimg the predatory beetle Cryptolaemus
An infestation of looper caterpillars was controlled with two
sprays of Bacilius thuringiensis [Xentari™] in December and
another in January againsi Heliothis. Mo broad mite was reported
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In the 20010/11 season, the biocontrol program has been much
the same as for the previous crop. Due to success against WET
in 200910 (Fig. T/, thrips numbers were low at the start and the
Orius release rate was able ta be reduced to %/m? fram 18/m’ in
2009/10. This can result in substantial cosl saving Lo growers
and is maore in line with rates used overseas. Lachlan says:
‘| learnt from last year that over here in Western Australia
Orivs does a lot better released in August and September due
to improving light levels,” It is also warmer, which they prefer,
Despite growing susceptible cultivars, very low incidence of
TSWV has been reported to date and there has been no fruit
loss. Miner aphid infestalions have been spot-sprayed with
pirimicarb and there have been no caterpillars recorded.

Lachlan is very pleased with progress and sees very liltle
need for change to this program

Gateway Hydroponics, Coldstream, Victoria
Tony Spurling, with 5000m*, had the same maoderate thrips
pressure but his initial experience was quite different. He grows
in cocopeat and plants in late July. Early in the 2009410 crop the
grower preferred to use chemical sprays, Spinosad, abamectin
and imidacloprid were used up to September, but he still recorded
10-15% loss to virus, An inguiry about using Jrius was deferred
until December to give imidacloprid residuss time 1o wear off, but
he still could nat gel Onius to establish. By the end of the crop,
30-40% had been lost to wrus, a massive financial hil far the grower,
Lachlan visited the farm in March 2010 to discuss IPM in the
uptuming crop, While the grower was producing his own
seedlings, it was in an area shared with WFT-infested herbs,
He was advised to make sure the propagation greenhouse was
cleared of other plants betore commencing to grow Capsicum
seedlings and also to make sure the production greenhouse
was cleared and cleaned out between crops and free of WFT,
something that hadn't been happening. He was also advised to
use dichlorvos fog for the first few weeks to keep thrips numbers
down hefare it was climatically suitable for Orius. Lachlan
helieves that light levels may not be suitable for Onus in Victoria
until October, Dichlarvos was used right through to the end of
August betare WFT was low enough to commente using
Bigeuntrol agents, A standard beneficial release program was
undertaken with Orus releases totalling 200me. In late September
there was good establishment of Orius and N. cucumeris was
recorded at more than 10/eat. WFT was quite low and thera was
ne fresh TSWV found. In December a spot spray of pinmicarb was
recommended for aphids. In late February Tony reported that he
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