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Executive Summary

The codlingmoth (CM), Cydia pomonella (L.) is a key pest of most pome fruit (apple, pear and
quince) and some walnut orchards inthe temperate regions of the world. There has beenan
increase in awareness of the negative consequences ofthe use of insecticides in agriculture. There
has also been a withdrawal and banning ofa number of essential CM controlinsecticides because of
increasing environmental and human health concerns. Pome fruit growers are being faced with
serious challenges to effectively manage CM in their orchards and to place their pome productionin
international markets.

The sterile insect technique (SIT) has provento be anenvironmentally friendly, effective control
tactic for CM. The approach entails the mass production and sterilization of CM and the sustained
release ofthe quality reared insects innumbers large enough for them to outcompete the wild
males mating with wild females.

A group of consultants was brought together to planand develop a protocolto facilitate the
effective implementation of pilot programmes that would rely onthe release of sterile insects to
manage CM in pome fruit and walnut orchards inselected target areas in Europe and the United
States.

With this objective, the followingdocument was written to provide a general pilot trial procedure
and the country-specificrecommendations included inthe appendix. Procedures include guidelines
onthe collection of baseline data of wild codling moth populations inthe selected trial locations.
Each participating country proposed specific start times, treatments and plot sizes to createthe
most effective controltactics for their region. The consultant group decided upon pilot trial design
and release strategies which are laid out for future trial participants in this report. Guidance on
specific monitoring strategies is also included.

Anumber ofother pilot trial parameters are considered inthe document including permits for
releases, sterile mothimport, and requlatory issues. Moth production quality control is discussed.
The report also includes a communication strategy and a list of possible project stakeholders who
might be valuable partners whensetting up the pilot trails.
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1. Introduction

A group of experts in the area of sterile insect release in agriculture assembled in Vienna, Austria
from February 13to 17 2017 to develop a detailed action plan/ protocol to implement pilot
trailsusing the sterile insect technique (SIT) against codling moth. The consultants inattendance
represented Austria, Canada, France, Germany, Greece, ltaly, Netherlands, the United Kingdom,
and the United States (list of participants - Appendix B).

After a day of presentations from collaborators, the group began discussingand workingon
developingtrial protocols. This report was drafted by the group, each country contributingand
creatingtheir own country-specific guidelines (Appendix C).

2. Background

The codlingmoth (CM), Cydia pomonella (L.) is a key pest of most pome fruit (apple, pear and
quince) and some walnut orchards inthe temperate regions of the world. Infestationinneglected
apple and pear orchards canreach 60-80%. Keeping fruit-growing areas free of this moth orata
very low prevalence will allow the marketing of high-quality fruit with very low levels ofinsecticide
residues. Some8¢.7 million metrictonnes of pome fruits were produced from 5.2 million ha
worldwide in 2014. The internationaltrade in pome fruits was more than 6.4 milliontonnes, valued
at US $6,120 million (FAO STAT 2013).

In the past, control ofthe CM has relied mainly onthe intensive use of organophosphate (OP) and
other broad-spectruminsecticides at a considerable cost: inthe southern USA, direct costs of
conventional insecticide sprays plus residual fruit damage are estimated at about 3.5% of crop value,
butindirect costs due to loss of natural enemies and pollinators, insecticide residues and
environmental contaminationare estimatedto be upto 6times this level. Althoughnew
developments such as the use of temperature-dependent models and more efficient pheromone
traps has decreased the number of insecticide spraying cycles, the indiscriminate use of insecticides
has led to the development of resistance and cross-resistance to most traditionally used
organophosphore and pyrethroidinsecticides, and eveninsome areas to the insect growth
regulators (IGRs). The application ofthese insecticides has in additionresulted inthe disruption of
the natural control of the secondary pest complex.

In view of increased awareness onthe negative consequences of insecticide use and the withdrawal
and banning of anumber of essential insecticides due to increasing environmental and human
health concerns, the growers have been facing serious challenges to effectively manage CM in their
orchards and to place their pome production ininternational markets. This has givenrise to a series
of alternative controltactics such as the use of selective, synthetic IGRs, mating disruption used
alone orintegrated with cultural practices (post-harvest fruit removal, tree bandingto catchover-
wintering larvae), “attract and kill”, and biological control agents such as the use of the CM
granulosis virus (CpGV). Like with all controltactics, these have advantages (more friendly to the



environment, reduced reliance oninsecticides) and some limitations (moreeffective under low
populationpressure).

In additionto the above, the sterile insect technique (SIT) has proved to be an environmentally
friendly, effective controltactic that has been used with great success for a number of dipteranand
lepidopteraninsect pests, including the codlingmoth. The approach entails the production of the
targetinsectin large numbers, the sterilization of the male sex, and the sustained release of the
reared insects innumbers large enough for them to outcompete the wild males for mating with wild
females. The goalis to greatly reduce or even eliminate fertile matings and thus offspring. The initial
development ofthe SIT for CM control occurred almost simultaneouslyin Canada and Europe, but
only in Canada was there a practical follow-up to use sterile males to controlthe CM. A CM SIT pilot
programme was conducted from 1976 (320 ha) to 1978 (526 ha) in apple and pear orchards inthe
Similkameenvalley of British Columbia. After the suppression ofthe native CM population with
chemicals, one million sterile moths were released every week which exceeded the desired sterile to
wild mothratio of 40 to 1. Eradicationwas achieved insome localised areasand fruit damage was
below the economicthreshold (0.5%)in 98.9% 96.9 % and 100% ofthe treated orchardsin 1976
(n=86), 1977 (n=193) and 1978 (n=157), respectively (Proverbset al. 1982).

This successful trial culminated in the first operational CM SIT programme inthe world that covered
8,000 ha of apple and pear orchards located inthe Okanaganregion of British Columbia, Canada
(1992) (Dyck etal.1993).

The Okanagan Kootenay Sterile Insect Release (OKSIR) programme started releasing sterile insects
in 1994 withthe initial goal to eradicate CM from the Okanaganand surroundingareas. Codling
moth suppressionwas a success, as evidenced by significant reduction in wild mothtrap catches,
significant reduction of orchards reporting CM damage, and a significant reductioninthe sales of OP
pesticides used to controlthe CM. Despite this success, the cost of treating the tens of thousands of
feraland unmanaged pome fruit trees inurban areas was too great, and the programme’s strategy
transitioned from eradication to suppressionin 1998.

The OKSIR programmeis the world’s longest-running and most successful area-wide integrated
pest management programme for the suppression of codling moth. The progamme currently
services 3550 ha of apples and pears, situated amongst a diversity of other agricultural uses. Sterile
insect release, population monitoringand enforcement are the main services offered by OKSIR.
Because of the large urban/ruralinterface and the relatively small average orchard size (2 ha),
enforcement and management through cultural practices in urban areas have also contributed to
the programme’s success. The programme has achievedless than 0.2% damage in greater than 90%
ofall commercial pome fruit acreage and reduced insecticide use to control CM by over 96%in the
valley (from 50,000 kg of chemicals in 1991 to < 3000 kg in 2015). A recent benefit-cost analysis
showed the economic efficiency of the programme, i.e. a benefit to the producers from insecticide
cost savings, monitoring cost savings and reductionin codlingmothinjury amountingto CAN $
395/acre (versus CAN $ 377/acre for mating disruption) (CAN $ 395 = US $307). The economic
benefits per acre of orchard were much higher using the OKSIR strategy as compared to using
conventional insecticides: the overall benefit-cost ratio of the SIT program was 1.19 for the producer
and 2.51in total (Cartier 2014). The programme continues to strive to increaseefficiency and
provide better services to the growers and community.

With eradication of CM from the Okanagan and surroundingareas no longer anobjective of the
OKSIR programme, the moth production capacity ofits rearingfacility is not being fully utilized. The
opportunity for OKSIR to increase moth production and sell those surplus moths to other areashas
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many potential benefits. This would not only increase the efficiency of the OKSIR programme by
offsetting its costs, but benefit pome fruit growers around the world with additional management
options. Despite being an effective, economic and environmental friendly pest management
strategy, SIT is oftennot adopted because the initial capital investment required is significant and
typically requires unanimous, area-wide adoption (i.e. total pest population control). However, with
the initial capital investment in place and technological aspects of the program me already
developed by OKSIR, there is an opportunity to take advantage of this infrastructure and technical
expertise. For these reasons OKSIRis working to offer sterile moths to growersoutside of Canada.

3. Objective

The objective of this document s to provide a protocol to facilitate the effective implementation of
pilot programmes that would rely onthe release of sterile insects to manage CM in pome fruit and
walnut orchards inselect European countries and the United States.

4. Protocol Procedures

4.1. Base line data collection

Before any programme begins, it is necessary to collect baseline data about the local wild
populations. The basic concept ofthe SIT is to release a population of sterile insects that exceeds the
local wild populations by a large ratio. It has beensuggested that this ‘male over-flooding ratio’
should be as high as 40:1in the case of CM. In order to achieve this initial ratio, it is necessary to
measure or estimate the abundance ofthe local wild CM population. Adams et al. (2016) describes a
method for measuring the population size from catch datain asingle trap (See Appendix A). Catch
numbers of moths, fruit injury counts, or tree banding from the previous year canbe used to
estimate wild populationdensities and to determine the number of mothsneeded to achieve a 40:1
ratio. Inorchards with high wild populations (fruit injury above 1to 2% or more) from the previous
season, higher release ratios may be required unless measurescan be takento reduce the
population before SIT releases begin. Itis best to avoid conductingtrials in sites where nearby
orchards or wild hosts could result inlarge immigration of mated gravid females.

4.2. Handling of sterile moths

Mass-reared CM irradiated with 150 Gy will be imported from the OKSIR facility in Osoyoos, British
Columbia, Canada. Mothswill be shipped overnight in insulated containers and released in orchards
as early as possible after they are received. Optimum release time will be selected by individual
researchers based onregional temperature and logistical conditions. Various testsof the
competitiveness of mass-reared sterilized codlingmoths after chillingand air transportation have
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revealed limited reduction inresponse to pheromone, flight ability, matingability, fecundity, fertility
orlongevity (Bloem et al. 1999, Blomefield et al. 2011, Carpenter et al. 2013).

4.3. Selection of control tactics

Initial field trials will focus on testing the effectiveness of mass-release of sterile mothsfor managing
CMin commercial orchards. Fruit growerscurrently rely oninsecticides, CpGV, pheromone-based
matingdisruption or a combination of these tactics for CM control. Thus, we propose to evaluate the
efficacy ofthe following sterile release programmes:

1) release ofsterile moths alone,

2) release of sterile moths plus judicious use of insecticides,

3) pheromone-based matingdisruptionoverlaid withthe release of sterile moths, and
4) granulovirus overlaid withthe release of sterile moths.

Trials should include the appropriate control for each ofthe treatments: 1) no treatment, 2)
insecticides only, 3) mating disruption alone or 4) granulovirus alone, i.e. no sterile male releases. If
growers’ spray programmesimpact trial blocks, it has to be ensured that control and experimental
plots are treated the same. Table 1lists the proposed treatments by participants inthe project. Itis
recognized that the release of sterile moths and matingdisruptionseem to be incompatible
technologies, in that one prevents mating while the other requires matingto achieve effectiveness.
However, Judd and Gardiner (2005) found that combining the two technologies provided
significantly better control of CM than either technology used alone. Matings often occurin
orchards treated with pheromone and a proportion of those matings will likely be with sterile males.
Thus, the two approaches are complementary rather than antagonistic.

The trials are estimated to last for three years.

Table 1: Proposed start time, treatments and plot size by participants in the project.

Country Year1 Crop  Treated SIT Control*
plot treatment
size
Austria Apple SIT+GV GV
UK Apple, 4ha SIT+GV GV
Pear
France 2018 Walnut 4 ha SIT GV
Walnut 4 ha SIT Conv

Germany 2018 Apple  4-8ha SIT+ GV GV

Greece 2017/28 Apple, 4-6ha SIT + Conv.
quince Conv.

SIT + MD Conv.




SIT -0-
Italy North 2017 Apple  5ha SIT+MD  MD

ItalyRome 2017 apple 2ha SIT -0-

Netherlands 2018 Apple, 5-6ha SIT+MD  MD
pear

Michigan, 2017 Apple  4-8ha  SIT + MD MD/Conv.
USA [Conv.

*GV = Granulovirus, MD =Pheromonebased mating disruption, Conv. = Conventional CM control

4.4. Experimental design

All researchwillbe conducted incommercial orchardsinregions where CM is problematic. Field
plots will consist of large commercial orchardssubdivided into smallerplots or pairs of smaller
orchards that are in close proximity. We propose a minimum plot size of 4 ha if possible. All sites
should include a SIT release and a control where SIT is not beingreleased. The experimental design
should allow for proper statistical analysis of the results. There willbe a minimum of120-meter
buffers betweenthe treatment blocks. Smaller buffers maybe used in pheromone-treated plots.

4.5. Release strategies

Atotal of1800 moths/hectare (9goo males) will be released weekly over the course of flight of each
CM generation. Previous researchon CM movement inapple orchards revealed that released males
spread quickly over afairly large area, dispersingmore than half a hectare in a single evening
(Adams et al. 2016). Thus, moths will be released inbatches of 200 from each of g locations/hectare.
Release sites will be interspaced by 33 meters within each plot (Figure 1). Moths will be released
either by gently tossingthem into the tree canopy or by placingthem in paper bags attached to the
trunk of the tree.
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Figure 1. Example of a release plot where 1800 sterile codling moth are released per hectare/perweek

4.6. Monitoring strategies (moths/fruit damage)

Captures of wild males in pheromone-baitedtraps, fruit injury counts after the flight of each
generationand, optionally, captures of sterile moths marked with a fluorescent dye intraps will be
used to assess treatment effects, i.e. the extent to which adult densities and larval infestationare
reduced by treatments, and the extent to whichmale orientationis inhibited. Wild and sterile males
can be readily distinguished as the sterile individuals are internally marked with a red dye that is
incorporated into their diet. Sixto nine Delta-style sticky traps baited with standard Trécé L2
pheromone lures will be deployed inthe upper canopy in the central area of each plot, at least3om
apartand away from the borders. Traps will be checked at least weekly throughout CM flights and
cleared of moths before the next release. If catches are high, traps will be checked more frequently
to avoid interference. Fruitinjury will be assessed byinspecting 1000 fruits per hectare in the central
area (20 from each of 5o trees) for the presence of CM infestation (stings or frass). Where oriental
fruit moth (OFM) co-occurs, damaged fruit will be cut openand any larvae present will be confirmed
as CM by the absence of anal combs (Figure 2).

10



0.5 mm e

5516757

Figure 2. (left) Posterior ventral view of anal combs of the larva of Oriental fruit
moth larva, (right) dorsal view of anal plate of codling moth. (pictures: Todd
Gilligan, LeplIntercept, USDA APHIS ITP, Bugwood.org)

Optionally, the mark release recapture method will be used to assess the extent to which SIT inhibits
male orientation. The 1800 moths per ha released in each plot will be marked with a pink fluorescent
dye. Anadditional 22 males marked witha greendye willbe released inthe SIT-treated and control
plots. They will be released evenly from the same sites where the 1800 pink moths are released. The
males marked with greenwill serve as proxies for a known density of “wild” males at a density that is
1/40t ofthat of the sterile males. Capture of males marked withthe green dye in the monitoring
traps will provide anassessment of treatment effect onmale orientation. Catch and fruit injury data
will be analyzed by appropriate statistics.

4.7. Import of sterilized moths

Permitting requirements will be different for each country. At a minimum animport permit would
be required for each country and the Canadian partner may need an export permitissued before
startingthe shipments. In Italy and Greece, the authority that issues import permits is the
phytosanitary office in agreement with the department of agriculture. In other countries, the
relevant authorities might differ. A veterinary certificate may be required fromsome countries. It is
recommendedto directly contact personnelin charge of permitting. Personal contact gives the
opportunity to directly answer questions that may come up and could help advance the permitting
procedure. Once the import application/permits are acquired, shippingtests should be runas soon
as possible to verify that the shipping process and routingworks. Problems may arise at some point
along the shipping route with inspection authorities or courier service. Once identified, these new
issues will need to beresolved. It was suggested that the institution filling out the permit specify
thatthe moths are sterile and are beingused for experimental purposes. An application for
experimental purpose is expected to have a better chance of success or be processed faster. A copy
ofthe import permit (hard copy or PDF) should be givento the Canadian partner. Usually these
permits are of limited duration (one year) and will need to be renewed whenever they expire.
Phytosanitary and sterilization certification willbe provided from OKSIR. The certification by OKSIR
orany other Canadian authority should be placed together withthe import permitinand on top of
the package.
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An additional stepinthe permitting process is to contact the potential shipping company to speak
with the personincharge oflive organism shipments and fill out any necessary related paperwork.

4.8. Quality control

Quality control (QC) measures are in place at the OKSIR facility in Canada that verify sterility and
viability (Dyck 2010). Periodic tests should alsobe performed throughout the season by the recipient
to measure possible impacts due to shippingand handling. QC tests should include flight ability
testingbased onthe flying cylinder method (Carpenter et al. 2012) or another reliable simple
method. Occasionally throughout the season, the following tests should be conducted: mating
competitiveness, catchability, response to pheromone traps and sterility. It is recommendedthat a
shared database is created where quality control test results canbe posted by all collaborating
countries and OKSIR so that QC data pre/post shipment canbe compared. The database should
include flight ability, sterility or any other remarks like damaged material or damaged packaging.

Prior to shipping complete shipments of live insects, trials would take place to check the process for
import, transportand QC during shipping from Canada to collaborating countries.

5. Communications

Communications with all stakeholders isimportant to the success ofa program that has a SIT
component. Knowingyour audience isimportant to how you frame the discussion. Explanations
should be made easy to understand for the target audience without losingaccuracy. Care should be
takento notassume that stakeholdersunderstand scientific terminology and concepts.

5.1. Farmer Collaborations

Unlike trials that are using insecticides, released moths mayleave the experimental block and could
end up in monitoringtraps ofadjacent orchards. Therefore communication and education of local
farmers and the monitoring agencies that check traps isimportant to avoid confusionand concern.
Though there may be some potential negative impacts of area-wide IPM and eradication
programmes using the sterile insect technique, the potential that the release of sterile codling
moths could have a negative ecological impactis negligible (Nagel et al, 2005). This is because there
are not residual effects onthe insect (other than sterility): moths can be consumed by birds, bats,
frogs etc. without any impact.

It should be explained to the farmers that sterile codlingmoths are obtained throughirradiation of
adult moths without the use of any GMO (Genetically Modified Organism) technology.

Discussions should be held with the farmers regarding the timing of the pesticide application in
relationto the release of sterile moths. If possible, itis obviously bestif pesticides are not applied
within experimental blocks. If sprays (or other pest controltactics) are applied, they should be
applied to boththe controland the experimental plot. It isimportant to note that if Altacor/Coragen
(Chlorantraniliprole) is used in the trial plots, male mothflight will be shut downdue to an impacton
wing muscles. Considerationshould alsobe givento pesticide treatments directed at other pests or
diseases like walnut husk fly, leaf rollers, leaf miners etc.
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Farmers who are concerned about potential damage caused by released sterile females should be
reassured by research showingthat the level of radiation used is sufficient to consistently and
reliably sterilize females (Bloem et al. 1999b). Periodic confirmation of female sterility is done
following SIT protocols (Nagel et al. 2010). Petridishes of sterile CM come with radiation leveltags
that are used by the OKSIR rearingfacility, as well as the end user, to confirm that the moths have
been exposed to the proper level of radiation.

5.2. Public Relations

A questionthat often comes up during conversations with the publicis: “Are the sterile insects
safe?” Conversationsabout radiation oftenrequire addressing misconceptions. Acommon
misconceptionthat has been expressed by the general public is the idea that the irradiated moths
areradioactive. One way to help bridge this misconception is to remind them that they are exposed
to radiation whenthey get X-rays at the doctor or dentist and they do not comehome radioactive.

A public relations document could be produced after initial experiments are completed to advise
department of agricultural staff/ leadership. The document may contain examples of earlier SIT
successes includingCM SIT.

6. Participationand Funding

6.1. Stakeholders

There are anumber of stakeholders who could play a role inthe researchtrials once a regional
proposalis developed:

e FAO/IAEA

e Researchinstitutions

e Universities

e National plant protection organisations
e Growers

e Industry

e General public/community

6.2. Staffing

It isimportant to have experienced researchstaffto lead and manage the implementation of the
pilot trials. Occasionally growers can provide support to the project under supervision of the
researchstaff.

6.3. Funding

A consortium could be established to facilitate obtaining EU joint funding to assist with financing
the pilot trials.

In additionto the length of the project trial, funding considerations shouldinclude:

e Shipping arrangements and costs including size of the shipment container and weight
e Publicrelations communications efforts
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7. Results

Expected outputs and outcomes could include:

14

Measures of efficacy of the SIT under various experimental conditions.

Proven efficacy may pave the way for various larger scale programmes in each country.
Outcome leadingto industry interest and development of benefit-cost analysis.
Publication of results in scientific journals and outreach publications.

Potential consortium interest for funding application.

Identify potential obstacles (e.g. organic certification) and lessons learned providing basis
for furtherimprovement.
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9. Appendix

Appendix A: Theoretical predictions of the numbers of sterile moths
required to suppress codling moth populations of different sizes.

Absolute densities of codlingmoth populations are estimated from pheromone trap catches
accordingto methods outlined in Adams et al. (2017). This approach used a novel analysis of mark
release recapture experiments to relate pheromone trap captures to absolute population densities
of codling moth. This method uses 1 Pherocon |l Delta Trap with L2t codlingmothlureto sample a
21 ha area. The table shows how these trap captures relate to population estimates per 21 ha and

per ha. These estimates of absolute densities are used to estimate the number of sterile codling
mothrequired per hato reach the targeted over-flooding ratio or 40 sterile to 2 wild moth.
Estimates from this method are not independent of trap density, meaningtrap densities different to
1trap per 21 ha cannot be estimated from this table.

Codling moth Population Population Sterile moths
capture estimate estimate required for
(1 trap/21 ha) (per 21 ha) (per ha) 40:1 over-flooding
1 50 2 95
2 100 5 190
3 150 7 286
4 200 10 381
5 250 12 476
6 300 14 571
7 350 17 667
8 400 19 762
9 450 21 857
10 500 24 952
15 750 36 1429
20 1000 48 1905
25 1250 60 2381
30 1500 71 2857
35 1750 83 3333
40 2000 95 3810
45 2250 107 4286
50 2500 119 4762
55 2750 131 5238
60 3000 143 5714
65 3250 155 6190
70 3500 167 6667
75 3750 179 7143
80 4000 190 7619
85 4250 202 8095
90 4500 214 8571
95 4750 226 9048

100 5000 238 9524
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Appendix C: Country proposals

1

ITALY

Controlof codlingmothin Italy with sterile insect technique: pilot experiences in two locations.

Afirst field trial will be carried outin Trentino (northernltaly), in a 16 ha organic apple orchard where
CMiis currently controlled with mating disruption supplemented with CpGV. The orchard area will be
divided in 5 blocks: intwo blocks (Block 1& 2), the SIT will be implemented in conjunction with
matingdisruption thatis applied as a routine controltactic by the farmer. Intwo other blocks (Block
3 & 4), only mating disruption will be implemented without the use of SIT. The two experimental
treatments will be separated by a buffer zone of at least 200 meter (Block 5). From the end of April
to the end of September, sterile moths will be released weekly inthe two SIT blocks at a rate of1800
moths/ha. Moths will be released in batches of 200 from each of g locations/hectare. Withinthe
plots, release sites will be interspaced by a 33-meter distance.

Asimilar experimental design will be repeated in a smaller orchard near Rome where an SIT plot (2
ha) will be compared withan untreated control plot (2 ha). A buffer zone of 3 ha will separate the
two experimental treatments.

The efficacy of the SIT will be estimated by the ratio of the number of wild males vs. sterile ones
(marked) in pheromone traps, fruit infestation at the end of the season, and counts ofthe
overwinteringlarvae usingcardboard bands.

Monitoring of the adult CM population will be done with six Delta-style sticky traps baited with
standard pheromone lures that will be deployed inthe upper canopy in the central area of each of
the four blocks and checked weekly throughout both CM flights.

Fruitinjury will be assessed by inspecting 1000 fruits per blocks (20 from each of o trees) for the
presence of CM infestation (stings or frass).

Overwintering population of the two experimental treatments will be estimated byinstalling 40
cardboardbandsineachblock before the end of July. The cardboard will be collected and inspected
during the winter for counting the overwinteringlarvae. Reduction of catch and fruit injury data over
the generations will be analyzed with appropriated statistical analyses.
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GREECE

Motivation: codlingmothis animportant pest for apple productionin Greece. Farmers principally
rely oninsecticide applications but there is growing evidence of resistance development to available
insecticides (Voudouris et al. 2011). Inaddition, there are indications based onfield applications that
the new products are not as effective as they were a few years ago. Mating disruptionis available for
CM management but withrelatively limited adoption by the farmers. There is expressed interest by
the farmers’ cooperativesfor new sustainable solutions and by private entities that are interestedin
pome productionand crop protectionsuchas Eurofarm S.A. and Novacert S.A. The involvement of
the Benaki Phytopathological Institute in the project ensures the generalinterest ofa research
institute that is committed to provide sustainable solutions to the Greek farmers. Inaddition, there
is growinginterest from the local and international markets for limited residue levelsand even
absence of detectable pesticides.

Challenges: The first challenge would be the approval of an import permit for live insects for
experimental purposes through the Ministry of Agriculture. Secondly, we need to explore the
obstacles that could appear during the transport of the moths from Canada all the way to the field.
Cooperationwiththe farmers would probably be another challenge as it is a totally new approach
for them and they have limited experience with techniques other than pesticides application.

Because of the small size of the fields in Greece the application ofthe SIT method needs the
collaboration of two or more farmers simultaneously to have one acceptable plot size and the
challenge will be the communicationand cooperation withthem. Another challenge we anticipate is
the length of the flight period of CM in Greece. CM completes 3 generations starting from May until
end of September.

Funding: in Greece we are going to explore the potential for national funding of a project. Basically,
we will seek the opportunity throughthe General Secretariat for Researchand Technology and
through the Rural Development Fund. The firstinstrument would be anopen call for research
proposals and it is expected to opensoon. We believe that we will have a good possibility to get the
project funded because it will be a collaboration of publicand private sector. The second optionis
expected to openat the end of summer and supports innovative ideas in agriculture in cooperation
offarmers unions and research entities. Another possibility would be to get some supportfrom the
cooperatives or fromthe regional administration. Of course we would be interested inan
international consortium that would seek funding for an international project.
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GERMANY

Motivationfor SIT trialin Germany

In Germany, apples (31,500 ha) and pears (1,950 ha) are the most widely grown fruits. Larvae of
codlingmothare the most severeinsect pests for apple and pear productionand, if not controlled,
cause high economiclosses to growers. Depending onthe weather conditions, CM has one or two
generations in Germany. Different chemicals, pheromone-based mating disruption and the
application of CpGV products are available for integrated and/ororganic pome fruit production.
Whereas pheromone-based mating disruption is applied onabout 10% of the growing area, CpGV
products are beingused onabout one third ofthe planted area. Mating disruption and CpGV
products remainindispensable for the organic production of apples and pears.

In view of the necessity to reduce the risks caused by chemicals, the increased removal of
insecticides from the market by national governments and the EU, emergingresistance to
insecticides and to CpGV products, there is an obvious need for more control tactics suitable for
integrated and organic production. The SIT may provide a new optionfor anenvironmentally sound
controlof codlingmoth, especially where currently applied controlmethods have failed to provide
sufficient codling moth control. Therefore, itis planned to test the feasibility and efficacy of SIT in
selected orchards. Julius Kihn-Institute (JKI) is interested to carry out and to coordinate field
experiments in collaboration with partners from local extension services onanarea of 4-8 ha
startingin 2017 or 2018.
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UNITED KINGDOM

There are two proposals to develop. The first, a small scale trialaddedto a project currently running
onmating disruptioninthe UK. There is the potential to incorporate a trialin 2017 or 2018 assessing
the combination of mating disruption + SIT. This would allow some preliminary datato be gathered,
testthe import and transportation of sterile codlingmoths from Canada, and testfield trial
protocols. The funding, partners, field sites, and staffare already in place for this work. It however
will require an agreement from all partners.

The second proposalto developis for alarger (3 year) project to carry out a thorough assessment of
the suitability of SIT in the UK tree fruit industry. Potential fundersinclude Levy body (AHDB),
producer organizations (e.g. Avalonltd.), marketing companies (e.g. WorldWide Fruit), advisory
boards (ADAS), and possibly the Department for Environment Food and Rural Affairs (DEFRA), and
a SIT commerecialization partner (e.g. Koppert, Syngenta, Russell-IPM). The proposal should aim for
work startingin 2018 or 2019. The main aims of the work would be to: 1, compareSIT and/or SIT +
other compatible methods(e.g. matingdisruption, CpGV)to conventional chemicalinsecticides;
2,assess impact on beneficial insects; 3, assess impact onother and secondary pest; 4, carry out
simple economicassessment; 5, smallassessment on growerresponse to usingSIT; 6, collaborate
with other European partners and/orshare and compareresults.
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NETHERLANDS

The Dutch partner Wageningen Plant Research will apply for a national or regional grant for
executing the researchwork. The first field experiment is expected to startin 2018. Logisticaland
regulatory aspects of the work will be explored in 2017.

Biology of the pest

In the Netherlands codlingmoth develops one complete generation per year and a second
incomplete generationin some years. As aresult of climate change, the frequency of years witha
second generation strongly increased over the past decades. Experience showsthat an effective
controlofthe first generation makes control measuresagainst the second generation superfluous.

Test location and field test

The field work would encompass field tests on one or more private farms. Inthe first year we
envisage working onan organic farm with a moderate, known codlingmothinfestationlevel. The
farm consists of two orchard blocks, each of about 6 hectares, 300 meters apart. During the first
flight period moths willbe released in one of the orchards, inaccordance withthe commonresearch
protocol. The grower will apply pheromone matingdisruption or Cp GV in bothfields. All other
insecticide applications will be the same in bothfields. Efficacy of SIT will be measured with
pheromone traps and by countingdamaged fruits before harvest.

We will seek cooperation witha commercial partner locally in order to explore the potential for
further development and commercialization of SIT of codling moth.
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FRANCE

The first step should be to have the authorization (permit) to import the sterile moths from Canada
and to organize the shipping. As soonas authorization is obtained, we will organize the first
shipment, to verify if all steps will progress smoothly. The first shipments will be used to carry out
quality control (flight ability, sterility, release and recapture).

Atthe sametime, we willlook for anorchard where percentage damage and management of the
previous year is known. The orchard will be used to assessthe efficacy of the SIT, once we have
signed the agreement withthe farmer concerned about this trial (management of the buffer/ choice
of product against Walnut husk fly)

Modalities : M1: CpGV; M2:SIT
Normally, it willbe necessary to have moths fromthe beginning of May until the first week of
September (around 20 weeks). If our plot is 4 hectares, we need 10 dishes by week, 200 dishes for
one plot for one season. A plan of the orchard and position of the release will be determined.
Observations :
\
Monitoring with traps in the SIT site and in the control site (Five traps /plot)
o Localweather

Damage onthe tree and damage at harvest (20 Fruits/tree and 5o trees by trial (border %; Centre 34)
Comparisonbetweenbothprograms:
. Limits of the SIT/ cost
. Advantages of SIT
. Build a programme to follow by a company to organize the development if the method should

be developed.
If the costis more for SIT, with a few trials we will have to work with local organizationto helpthe
grower try this solution.

Timelines:
March/ May:
e Authorization
e Selectionofthe orchard
May/September
e Shipmentand release
e Trapmonitoring
End of G1, end of G2 Harvest:
e Countofdamage
November/December
e Synthesis
e Meetingto exchange informationabout our trial
Developfunding proposal beyond the three year trial:
e Costofeachtrial
e Timenecessary
e Organizationof our group
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e Publications of ourresults

AUSTRIA

With regard to the obligatory implementation of the EU Directive 2009/128/EC on Sustainable Use
of Pesticides, the decreasing availability of conventionalinsecticides and the public concern of
pesticide use in agriculture, the need for innovative, alternative plant protection measuresand tools
has been generally recognized in Austria.

Pome fruit production, especially apple productionis the mostimportant fruit crop productionin
Austria. Due to anincrease in the area of organic apple production, and as CM belongs to the most
important arthropod pest inapple productionin Austria (withvaryingimportance over the last
decades)SIT is considered a promising additional or alternative method for CM control.

Before field trials as indicated in Table 1 canbe started (earliest 2018), several preparatorytasks to
close information gaps have to be accomplished. These comprise communicationand raising
awareness with various stakeholders, especially growers, local advisors (especially agricultural
chambers or growersassociations), retailer organisations (farmershave to fulfil their contracts and
take care oftheir additional regulations) and probably specific NGOs. A decision about which
treatments willfinally be tested could only be made after a first communication to growers and local
advisors. AGES (Agentur fUr Gesundheit und Erndhrungssicherheit) could be involved inthe
preparative communication process, inthe clarification of nationallegal aspects/procedures, inthe
identification of partners for the field trials and in the planning and supervision offield trials.

Additionally information about national and transnational (European) funding options could be
compiled (see also slides).
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UNITED STATES

CM is the principal pest of apple that Michigan (MI) growers must control to produce marketable
crops. Without effective control, losses can exceed 50% of the crop. Managing this key pest has
become quite challenging for MIfruit growers due to loss of compoundsthroughrestrictions or
resistance, the high cost of new insecticides, concerns about worker safetyand the public’s interest
in reducing the use ofiinsecticides. The sterile insect technique is a promising option for suppressing
populations of CM.

The Michigan State University Tree Fruit Entomology team has been working with the British
Columbia SIT program for the past five years, importing sterile CM and releasing them in Michigan
apple orchards to investigate the response of CM to pheromone-baited traps. Growers participating
in our research project have noted that CM densities are greatly reducedin orchards where we have
released moths, oftento the extent thatinsecticide sprays are no longer needed.

The OKSIR Programme has initiated collaborative trials whereby growers outside of Canada would
have access to sterile moths for managing CM. The aim is that sterile males could be used muchlike
pheromone-based pest management. A permit to receive OKSIR moths from Canada has been
applied forand is workingits way throughthe regulatory system. We anticipate beingable to
initiate researchtrials in 2017.

Year 1 field trials in Michigan will focus ontesting the effectiveness of mass release of sterile moths
for managing CM in commercial orchards. Mass-reared CM irradiated with 200 Gy will be imported
from the OKSIR facility in Osoyoos, British Columbia, Canada. Over the past four years, we have
obtained millions of sterilized moths fromthis facility. Moths will be shipped overnightin coolers
and released in orchards within six hours of receiving them.

Grants have beensubmitted to growerand state funding agencies. We propose to evaluate the
efficacy oftwo sterile release programmes:

1) release of sterile moths plus judicious use of insecticides as needed or
2) pheromone-based matingdisruptionoverlaid withthe release of sterile moths plus judicious
use of insecticides as needed.

Controltreatments will be included in which insecticides only or mating disruption plus insecticides
will be used for CM control, i.e. no sterile male releases. All research will be conducted incommercial
apple orchardsinregions where CM is most problematic: Southwest, Southeast, or north of Grand
Rapids in the region commonly referred to as The Ridge. Field plots will consist of 10-30 hectare
commercial apple orchards subdivided into smaller plots. The studywill be set upas a randomized
complete block design with one replicate of eachtreatment withina given farm. There willbe a
minimum of 120-meter buffers between the treatment blocks. Insecticide sprayswill be applied for
pests other than CM as needed to protect the cropfrom commercially unacceptable damage.
Release protocols and data collection will be as generally proposed inthis document.

We also plan to conduct studies to determine the optimum density and frequency ofrelease of
sterile moths for managing CM, potentially improving the economics and enhancing the prospects
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for adoptingthis technology. This will entail studies in which moths are marked with different
colored dyes and released at various over-flooding ratiosor distribution patterns.
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