IOBC / WPRS

Working Group
“Integrated Plant Protection in Orchards”

Sub Group
“Pome Fruit Arthropods”

International Workshop
on
Arthropod Pest Problems in Pome Fruit Production

Proceedings of the meeting
at

Lleida (Spain)
4 — 6 September, 2006

Edited by:

Jesus Avilla, Jerry Cross and Claudio loriatti

IOBC wprs Bulletin
Bulletin OILB srop Vol. 30 (4) 2007



Contents

Biological Control and Arthropod Biology
Biological control in pear orchards under seasonal pest management programs with
and without organophosphate insecticides

Helmut Riedl, Allison T. Walston, Dong-Soon Kim, Deborah J. Brooks .................

Beneficial effects of hedgerow plants for insect predators in adjacent orchards — the
value of pollen and nectar to Anthocoris nemorum (L.)

Lene Sigsgaard, Johannes KollMann ............cceeoviieiicieseese e

Adapting orchard management to re-establish earwigs in Belgian pome fruit
orchards (abstract only)

B. Gobin, A. Marien, S. DaVIes, H. LEITS .....eeviieceeee ettt

Abundance and seasonal distribution of natural enemies in treated vs untreated pear
orchardsin Lleida (NE Spain)

Ana Maria Jauset, Miquel Artigues, Maria José Sarasla ...........cccceeevvevreerreseesreenn.

Pressure of predation in treated vs untreated pear orchards in Gimenells (Lleida,
Spain) during spring and summer 2004 (abstract only)

Miquel A. Diaz, Miquel Artigues, Maria JOSé Sarastia ..........cceeererererereerenierennens

Impact of alternative insect management programs on the predatory arthropod
complex of green apple aphids

James F. Walgenbach, Raul T. VIllanUEVa ...........ccccveeeveecece e

Presence of the common earwig Forficula auricularia L. in apple orchards and its
impact on the woolly apple aphid Eriosoma lanigerum (Haussmann)

Herman Helsen, Marc Trapman, Matty Polfliet, Jan SImonse ...........cccccoovviivnennene

Biology and management of woolly apple aphid, Eriosoma lanigerum (Hausmann),
in Washington state

E. H. Beers, S. D. Cockfield, G. FAZIO .....ceeeeeeeeeee e e e

Effects of exclusion or supplementary honey feeding of the common black ant,
Lasius niger (L.), on aphid populations and natural enemies on apple

Csaba Nagy, VIKtor Markd, JErry CroSS......c.ccuuueeierereresesesesesesseeseessessessessenns

The light brown apple moth, Epiphyas postvittana (Walker) (L epidoptera:
Tortricidae), in UK pome and stone fruit orchards

Michelle T. FOUNtain, JErrY V. CrOSS.....cccuuueieereeeeseesiesseesseeseeseessesseesseessesseesseesees

Ecology and management of the obliquebanded leafroller, Choristoneura
rosaceana, in New Y ork apple orchards

H. Reissig, M. Sarvary, J. NYIOP......ccooeeiireeiieieseesiee et s

Temperature effect on egg-laying timing in Cydia pomonella (L.) (abstract only)

Daniel Casado, Peter Witzgall, César Gemeno, Jesus Avilla, Magi Riba................

Biological interactions between the apple leaf curling midge, Dasineura mali
(Kieffer), and itsinquiline, Macrolabis mali Anfora

Gianfranco Anfora, Nunzio Isidoro, Claudio 1oriatti ........ccccoeeeeeeeeeeeeeeeeeee e

Effect of different pest control strategies on phytophagous and predatory mitesin
apple orchards of Girona (NE of Spain) (abstract only)
Adriana Escudero, Mariano Vilajeliu, Josep Lluis Batllori,

FrancCiSCO FEITAQUL .......ecoiiee et e esneenes



Behaviour and Behavioural Control
Effect of flat anti-hail nets on Cydia pomonella (L.) reproductive behaviour
Marco Tasin, Camilla Ryne, Vittorio Veronelli, Anna-Carin Backman,

(O - THTo [ oI [ g - PR SPS 13
Competitive attraction as a primary mechanism of moth mating disruption in tree

fruit crops

Larry J. Gut, James R. Miller, Lukasz L. Stelinski, David L. EPStein .........cc.ccecvrvruene 14

New insightsinto codling moth, Cydia pomonella (L.), distribution and implications
for mating disruption

David L. Epstein, Larry J. Gut, James R. Miller, Lukasz L. StelinsKi...........c.ccccveeennen. 15
Mating disruption of codling moth, Cydia pomonella (L.), using Puffer® CM, on

apple orchards

Santiago Marti, Abel Zaragoza, TOM LarSeN.......ccoceeiereereerieseesieeeeseeeseeeee e seeeneesnes 16

Field assays of new biodegradable controlled-release pheromone dispensers for
mating disruption of Cydia pomonella (L.)
Beatriu Femenia-Ferrer, Dolors Bosch, Pilar Moya, Jesus Avilla,

B U L= 1T TSR 17
Towards high performance mating disruption of codling moth, Cydia pomonella

(L)

Lukasz L. Stelinski, Larry J. Gut, Peter McGhee, James R. Miller ........c..ccccocveevennnen. 18

Pheromone mating disruption of Cydia pomonella (L.) in California pears.

Balancing dispenser emission rates and program performance (abstract only)

I L (T B O 1V 19
Olfactory sensitivity of different populations of Cydia pomonella (L.) to sex phero-

mone E8E10-12:OH and kairomone ethyl (2E, 42)-2,4-decadienoate (abstract

only)

A. De Cristofaro, G. Anfora, G.S. Germinara, C. loriatti, S. Vitagliano,

M. GUIda, G. ROTUNUO ..c.eeeieiieieiesie ettt s enes 20
Use of ethyl (E, Z)-2,4-decadienoate for the control of Cydia pomonella (L.) on

apple orchards

Silvia Schmidt, Cristina Tomasi, Massimiliano Melandri,

Gianfranco Pradolesi, Edison Pasqualini, Claudio loriatti ..........cccccceveeveeceeseesiecnenne. 21

Experimental use of the micro-encapsulated pear ester kairomone for control of

codling moth, Cydia pomonella (L.), in walnuts

DOUGIAS LIGNT .. 21
Behavioural responses of Cydia pomonella (L.) neonate larvae to a

microencapsulated formulation of ethyl (2E, 42)-2,4-decadienoate

S. Vitagliano, G.S. Germinara, B. Lingren, C. loriatti, E. Pasqualini,

(G {0 (U] aTo [0 AN B LI O 4 1) (0] -1 (R 22
Effect of Madex® (granulovirus) on Cydia pomonella (L.) egg laying on two apple

varieties — Relationships with plant surface metabolites

Nadia Lombarkia, Claudio loriatti, Edouard Bourguet, Sylvie Derrid]............ccecueen.... 23
Effect of a potentia biocontrol agent of apple diseases on the egg laying of Cydia

pomonella (L.)

A. Alaphilippe, Y. Elad, S. Derrid], C. GESSIEr ..o 24
Field assessment of behaviorially-based management tactics for Conotrachelus

nenuphar (Herbst), and Rhagoletis pomonella (Walsh) in the northeastern US

Arthur Agnello, Jaime Pifiero, Ronald Prokopy .......cccccoeeeevieiecieceese e 25



Four years of Mediterranean fruit fly (Ceratitis capitata Wied.) control in fruit

orchards of Girona (NE of Spain) by using the mass trapping method

Josep Lluis Batllori, Adriana Escudero, Mariano Vilajeliu ..........ccccoininininininnns
Exploiting the sex pheromone of the apple leaf midge, Dasineura mali, for pest

monitoring and control

Jerry Cross, David Hall, Peter Shaw.........c.ccceovvviiiecie e
Investigations on the sex pheromone of pear |leaf midge, Dasineura pyri

(Bouché), and other gall midge pests of fruit crops

Lakmali Amarawardana, David Hall, Jerry CrossS........ceccvvererresieenensinseeseeeseeseeneens
The effect of aphid sex pheromone and plant volatiles on the behaviour of Dysaphis

plantaginea and its parasitoid Aphidius matricariae (abstract only)

J. Fitzgerald, C. Jay, C. James, L. Wadhams, S. Dewhirst, C. Woodcock,

G. POPPY, A. SEEWAIT-JONES......coctiieeirieieriee sttt n e
Different host plant odours influence migration behaviour of Cacopsylla

melanoneura (Forster), an insect vector of the apple proliferation phytoplasma

Christoph J. Mayer, JUFGEN GrOSS .......ccviueirieireeeeereesieseesseensesseesseessesseesseesesseessesneesnes

Insecticide Resistance
Reliability of resistance monitoring on diapausing larvae of codling moth, Cydia

pomonella (L.)

M. Reyes, J. Olivares, C. loriatti, E. Pasqualini, P.J. Charmillot, P. Franck,

ST T TU o] 0T U T USSR
A new bioassay to test insecticide resistance of Cydia pomonella (L.) first instar

larvae: results from some field populations of Lleida (Spain)

Dolors Bosch, Marcela Rodriguez, JesUS AVilla..........ccccovveeieieeeeneiese e
Susceptibility of codling moth, Cydia pomonella (L.) to tebufenozide in Trentino

apple growing area

Claudio loriatti, Cristina Tomasi, Pierre Joseph Charmillot, Denis Pasquier,

Benoit Sauphanor, MaritZa REYES ...
Evolution of codling moth, Cydia pomonella (L.), resistance in Swiss orchards,

tested by topical application of insecticides (abstract only)

P.J. Charmillot, F. Briand, C. Salamin, D. PaSqQUIEr .........cccceceevieeieeiecie e
Resistance to insecticides and baseline sensitivity in codling moth populations from

Pennsylvania, USA orchards

Greg Krawczyk, Larry A HUIL ..o..oooeee e
Baseline toxicity of new insecticides for Grapholita molesta management

Peter W. Shearer, James F. Walgenbach, Greg KrawcCzyK...........cccccocevererienenenennne
Evaluation of pear psylla, Cacopsylla pyri (L.), susceptibility to cypermethrin in

pear orchards of Lleida, Spain (abstract only)

Xavier Miarnau, Miquel Artigues, Maria José Sarasta..........cccceeeerreereeseereesieesreennenns

Other topics
Isthere alink between fruit pest phenology and climate change in Belgium? A
comparative overview with the codling moth, Cydia pomonella (L.), asacase
study (abstract only)
B. GODIN, E. BANQGEIS ..ottt
Implementation of non-organophosphate pest management programs on pears in
northern Oregon, USA
Allison Walston, Deborah Brooks, Steve Castagnoli, Helmut Ried............ccccceeevreenens



Population dynamics of Cydia pomonella (L.) in an area wide management program
(abstract only)
Manel Ribes-Dasi, Esther Tort, Maria José Sarasua, Ramon Albajes,

Dario FErnandez, JESUS AVIIIA ... ... oot

Effect of centrifugal tree training on pests and pathogens in apple orchards
Sylvaine Simon, Carlos Miranda, Laurent Brun, Hubert Defrance,

Pierre-Eric Lauri, BenoTt SAUPNANOT.........cccoiieiieesiere et

Abundance, spatial distribution and sampling of leafminersin cider apple orchards:
a 3-year survey from Asturias (NW Spain)
Marcos Mifiarro, Gabriela Fernandez-Mata, Ivan Fernandez, Tania Iglesias,

JOSEP-ANTON JACAS.....ceeiueeieiie ettt ne e e naneas

Population injury levels of the apple rust mite Aculus schlechtendali (Nal.) on
Golden Delicious and Red Delicious apple fruits

Gino Angeli, Claudio Rizzi, Alberto Dorigoni, Claudio loriatti .............cccoecvevnenneee.

Can apple aphids be vectors of “Candidatus Phytoplasma mali”?

Christian Cainelli, Flavia Forno, Luisa Mattedi, Maria Stella Grando....................

Transmission of “Candidatus Phytoplasma mali” by psyllid vectorsin Trentino
Luisa Mattedi, Flavia Forno, Christian Cainelli, Stella Grando,

WOIFgaNG JAraUSCR ..o

A secondary sexual character for sex determination of Cydia pomonella (L.)
(Lepidoptera: Tortricidae) adults, trapped with kairomone lures

Dario Fernandez, Dolors Bosch, Liliana Cichdn, Jests Avilla.........cooeeeveveeceeenen...

Electrophysiological and behavioural responses of Dysaphis plantaginea and the
parasitoid Aphidius matricariae to host plant volatiles (abstract only)
Chantelle Jay, Jean Fitzgerald, Celia James, Tom Pope, Lester Wadhams,

Sarah Dewhirst, Christine Woodcock, Guy Poppy, Alex Stewart-Jones ...................



Biological control in pear orchards under seasonal pest management
programs with and without organophosphate insecticides
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Abstract: Although there is considerable potential for biological control in pears, there has only been
limited success in taking advantage of it in the past because of the intensive use of broad-spectrum
insecticides, in particular organophosphates (OPs) for control of codling moth, Cydia pomonella (L.)
(Lepidoptera: Tortricidae), and other pests. In recent years, resistance development and regulatory
actions because of worker safety and environmental concerns have led to areduction in OP insecticide
use in pome fruits. New control tactics such as mating disruption, microbials and new insecticide
chemistries such as insect growth regulators (IGRs) and neonicotinyls have now become available to
take the place of OPs and other broad-spectrum insecticides. Although several of these new control
tactics, such as mating disruption and microbials, have little impact on natural enemies, little is known
about the selectivity of the newer insecticide chemistries which have begun to replace OP insecticides.
Between 2001 and 2005, we had an opportunity to assess biological control in pear orchards under
pest management programs which either included or excluded OP insecticides. This study was
conducted as part of a federally funded collaborative project to promote the use of mating disruption
and other selective control tactics on tree fruits in the western United States, to enhance opportunities
for biological control and to demonstrate the feasibility and effectiveness of pest management
programs on pears which excluded the use of OP insecticides. These field studies showed consistently
higher numbers of natural enemies in pear orchards where OP insecticides were not used. Laboratory
studies complemented the field studies and provided direct evidence of the acute toxicity and
sublethal, i.e. reproductive effects of newer insecticide chemistries.
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Beneficial effects of hedgerow plants for insect predators in adjacent
orchards - the value of pollen and nectar to Anthocoris nemorum (L.)

Lene Sigsgaard, Johannes Kollmann
Department of Ecology, Royal Veterinary and Agricultural University, Thorvaldsensvej 40,
DK-1871 Frederiksberg C, Denmark, les@kvl.dk

Abstract: This paper reports @ on a field study comparing the spring predator community in
hedgerows and in apple orchards (Malus domestica) as a measure of the potential value of different
hedgerow types for conservation biological control; and b) on alaboratory study of the diet-dependent
development of the predator Anthocoris nemorum (L.) (Heteroptera: Anthocoridae) on common prey
types (lepidopteran eggs, aphids, collembola, pollen and nectar, and mixed diets), aiming to identify
among others the value of pollen and nectar. Arthropod communities in ader hedgerows (Alnus
incana, A. glutinosa), in elderberry shrubs (Sambucus nigra) in mixed hedgerows, and in the
herbaceous layer under these two hedgerow types were more similar to apple orchards than insect
communities in hedgerows dominated by hawthorn (Crataegus monogyna) and hazel (Corylus
avellana). Total numbers of predators were highest in hazel and hawthorn followed by apple. Alder,
hawthorn and herbaceous layers with stinging nettle (Urtica dioica) held the highest number of A.
nemorum. At the time of the field survey, apple, elderberry and hawthorn were flowering. Though
pollen and sucrose was inferior to arthropod diets for A. nemorum nymphs, they could survive on this
diet in some cases over a month, showing that flowering plants can be valuable for A. nemorum
survival in orchards when prey is temporarily scarce. Thus populations of A. nemorum in hedgerows
may not only use this habitat as shelter or source of prey but also for collecting pollen and nectar.



Adapting orchard management to re-establish earwigs in Belgian
pome fruit orchards

B. Gobin®, A. Marien', S. Davies?, H. Leirs’
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Abstract: Earwigs are key generalist predators to a variety of pome fruit pests, though aimed chemical
control to prevent suspected fruit damage of earwigs considerably reduced populations in Belgian
orchards. In recent years, integrated and organic fruit growers have tried to re-establish earwig
populations, thus far with little success. We started a study linking various components of orchard
management and the earwig life history to identify potential factors hazardous to earwigs. We
investigate effects in both short term (e.g. knock down of pesticide use) and long term (e.g.
introduction of populations). The goa of this study is to adapt management to allow optimal
devel opment of the earwig population.

Studying side-effects of orchard management on this univoltine organism, especialy at the
population level, revealed some intrinsic problems. First of all there is a strong variation within
orchards, even at the tree level at a given site within the orchard, suggesting that large sample sizes are
required for valid tests. Second, there appears to be a considerable effect of niche occupation (tree and
soil) during larval stages, the most sensitive life stages. Third, spatial distribution patterns seem to
change during life history, from clumped nests to patchy larval distribution and continuous adult
presence. Finaly, there is an unprecedented persistency in effect even when we apply fast degrading
products on small plot sizes (6 trees). Contrary to our expectations, we observed no re-colonisation
from adjacent untreated plots. In addition to this, transplants of large earwig populations to previously
unoccupied orchards are seldom successful, limiting clear-cut experimental designs. These issues need
to be properly addressed to limit their impact on the outcome of side-effect testing in field tests.

Abundance and seasonal distribution of natural enemies in treated vs
untreated pear orchards in Lleida (NE Spain)

Ana Marfa Jauset*?, Miquel Artigues®, Maria José Sarastia'?

! Universitat de Lleida, Department of Crop and Forest Science, Rovira Roure 191, 25198 —
Lleida, Spain, amjauset@pvcf.udl.es; sarasua@pvcf.udl.es

2IRTA. Centre UdL-IRTA, Rovira Roure 191, 25198 — Lleida, Spain, miquel.artigues@irta.es

Abstract: The diversity of beneficial arthropods and the seasonal distribution of natural enemies
associated with Cacopsylla pyri (L.) (Hemiptera: Psyllidae) was studied in two pear orchards (c.v.
Blanquilla), one untreated and one treated with insecticides in Lleida (NE, Spain). Orchards were
sampled weekly or fortnightly, using beating funnels, from March 2003 to December 2004 (except in
July due to fruit maturity).

In both orchards, C. pyri was the most abundant phytophagous. The three most important groups
of predaceous arthropods in orchards were Coleoptera, Heteroptera and Aranea. Among heteropterans
Anthocoris nemoralis, was the most abundant in both orchards. Miridae and Dermaptera appeared at
the same time at the early spring. Anthocoridae were the most important pear psylla predators,
showing a strong response to the psylla outbreaks in both orchards. The insecticide applications
affected the diversity and density of predaceous species. Pilophorus perplexus, Hemerobius sp. and
the parasitoid Trechnites psyllae were only found in the untreated orchard.
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Pressure of predation in treated vs untreated pear orchards in
Gimenells (Lleida, Spain) during spring and summer 2004

Miquel A. Diaz *?, Miquel Artigues®, Maria José Sarastia®®
! Balasch-Joval S.L., Nou 1, 25331 — Tornabous, Lleida, Spain,
balasch.antonio@megacceso.com
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Abstract: Cacopsylla pyri (L.) (Hemiptera: Psyllidag) is a key pest in pear orchardsin Lleida (Spain).
This pest is difficult to control because of its ability to develop resistance to pesticides and the few
available and effective products that can be used. Biological control by conservation and increase of
predators can contribute to its control it must be included in the integrated pest management of pear
psylla

Our objective was to estimate the level of activity of the predators during the spring and summer
generations of C. pyri, with and without chemical control.

We offered as prey eggs of Ephestia kuehniella Z (Lepidoptera: Pyralidae) in two orchards of
Pyrus communis cv. Blanquilla, one orchard under chemical control (TO) and the other orchard
untreated against insects and mites since plantation (UO).

From January until the first insecticide treatment (April, 14™), we observed in the TO a slightly
higher predation activity than in the UO, significant in some weeks. The psylla population in the
previous autumn was higher in the TO and this favoured that the predators remained during winter,
the anthocorids were present in TO already in January. From May onwards the level of predation was
higher in the UO, mainly due to the predators with chewing activity. These predators were mainly
earwigs, not detected in TO. During this year the activity of the predators with sucking activity was
low in both orchards because the population of the psylla did not increase enough to attract Anthocoris
nemoralis (F.) (Heteroptera: Anthocoridae). However in the UO the sucking activity was
underestimated, as we have detected when we have separated the diurnal and nocturnal activity,
because the eggs partially sucked during the day were exposed to the earwigs that have nocturna
activity.



Impact of alternative insect management programs on the predatory
arthropod complex of green apple aphids

James F. Walgenbach®, Raul T. Villanueva?
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Abstract: The North Carolina apple industry has relied on organophosphate (OP) insecticides as the
primary pest management tool for >40 years. Concern about the safety of these pesticides to human
health and the environment has led to regulatory actions that have reduced the availability of these
pesticides to growers. Hence, studies were conducted from 2002-2005 to assess the impact of reduced-
risk (RR) pest management strategies on pest and beneficial arthropod populations. In nine
commercia apple orchards, plots ranging in size from 2-5 ha were used to compare RR vs.
conventional (OP) based pest management programs targeting 6-10 key pests. Reduced-risk strategies
included mating disruption and new insecticides classified as reduced-risk. Comparatively similar
numbers of the aphids (Aphis pomi and A. spiraecola) were found in the RR and conventional
programs A diversity of generalist predators that preyed primarily on aphids, including predators in
the families Coccinellidae, Chrysopidae, Syrphidae, Cecidomyidea, were found in dlightly higher
numbers in RR vs. conventional plots, but these differences were not significant. Results suggest that
as apple growers switch from OP to RR based |PM programs, generalist predator populations common
in North Carolina apple systems should not be adversely affected.

Presence of the common earwig Forficula auricularia L. in apple
orchards and its impact on the woolly apple aphid Eriosoma lanigerum
(Haussmann)

Herman Helsen!, Marc Trapman?, Matty Polfliet?, Jan Simonse*

! Applied Plant Research, Wageningen UR, P.O. Box 200, 6670 AE Zetten, The Netherlands,
herman.helsen@wur.nl.

2 BioFruitAdvies, Dorpsstraat 32, 4111 KT Zoelmond, The Netherlands, m.trapman@wxs.nl.

3 FruitConsult, P.O. Box 70, 6670 AB Zetten, The Netherlands, matty@fruitconsult.nl.

Abstract: Apple growers encounter increasing problems to control woolly apple aphid Eriosoma
lanigerum (Hausm.). Various authors have shown that the common earwig Forficula auricularia L.
preys on aphids and thus plays arole in controlling aphid pests. It was assumed that earwig numbersin
orchards had decreased in recent years. Therefore an inventory was made to assess the number of
earwigs in apple orchards and to identify factors that determine their presence. In 125 apple orchards
shelter traps were used to measure earwig densities. In addition, a questionnaire regarding character-
istics and management of the orchards was filled in by the growers. In 93 of these orchards the density
of woolly apple aphid was measured.

The average number of earwigs in cardboard traps varied between 0 and 34 per trap, but in half
of the orchards, average trap catches were less than 1 earwig per trap. There was a strong negative
correlation between the numbers of earwigs and woolly apple aphid infestation, which shows that
earwigs play an essentia role in controlling woolly apple aphid in commercial orchards. Severd
factors seem to affect the presence of earwigs in the orchards, the most important one being the
drainage of the soil. Organic orchards had slightly more earwigs than IPM treated orchards.



Biology and management of woolly apple aphid, Eriosoma lanigerum
(Hausmann), in Washington state

E. H. Beers, S. D. Cockfield*, G. Fazio®

! Tree Fruit Research & Extension Center, Washington State University, 1100 N. Western
Ave., Wenatchee, Washington 98801 USA. ebeers@wsu.edu
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Abstract: Woolly apple aphid, Eriosoma lanigerum (Hausmann) (Homoptera: Aphididae) has become
a more severe pest in Washington apple production in the past few years. Milder winters have
promoted overwintering survival on the aerial parts of the tree. A very low percentage of the current
apple acreage is planted on resistant rootstocks, nor are such rootstocks used for new plantings. The
transition from organophosphate insecticides to either insect growth regulators or neonicotinyl
insecticides may aso be contributing to higher pressure. In addition, this pest became one of
quarantine concern in 2006. Alternatives to organophosphate pesticides have been tested for several
years. Of these, petroleum oil shows some promise, as does a particle film used for sunburn protection.
A neem-based insecticide provided temporary suppression, as did several neonicotinyl insecticides. A
second approach to management, that of controlling the root colonies, was explored for the first time
in this region. In potted tree assays, several compounds including imidacloprid, spirotetramat and
oxamyl showed good root and systemic activity; in field trials, however, results were more variable. A
greenhouse test of 8 clonally propagated rootstocks and 2 seedling rootstocks demonstrated that
severa of the new Geneva rootstocks to have virtual immunity to a Washington strain of woolly apple
aphid, whereas the older Malling-Merton rootstocks had a lesser degree of antixenosis.



Effects of exclusion or supplementary honey feeding of the common
black ant, Lasius niger (L.), on aphid populations and natural enemies
on apple

Csaba Nagy’, Viktor Marké?, Jerry Cross*
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Abstract: Two replicated experiments were conducted in an unsprayed apple orchard (cv Discovery)
at East Malling Research in 2006 to evaluate the effects of the common black ant, Lasius niger (L.),
on populations of rosy apple aphid, Dysaphis plantaginea (Passerini), and green apple aphid, Aphis
pomi DeGeer. Ants were either excluded from trees by a sticky barrier band round the base of the
trunk (experiment 1) or provided with honey baits at the base of the trunk or in the canopy (experiment
2). Trees where ants had free access and trees without artificial baits were provided for experimental
controls.

Exclusion of ants resulted in increased populations of predators (Coccinellidae adults and larvae,
predatory Heteroptera, Syrphidae larvae, Dermaptera, Neuroptera larvae and Araneae) and rapid
decreases in the populations of both aphid species. In comparison, populations of both aphids
increased rapidly on control trees where ants had not been excluded and where predator populations
were lower. Thus, exclusion of ants greatly reduced crop damage due to both aphid species.

Provision of artificial baits, either at the base or in the canopy of the trees, also caused reductions
in D. plantaginea numbers and their tending ants, but the effects were weaker. The influence on A.
pomi and their tending ants was not remarkable, and effects on predators were unclear. On trees where
no aphids were present or where aphid numbers were small, ants fed on the artificial baits allowing
aphid colonies, where present, to increase in size. On trees with numerous aphids, ants showed a
preference for feeding in aphid colonies and visited the artificial baits in smaller numbers having
limited impact on aphid populations.

The implications of these results for management of aphid and other pest populations in apple
orchards are discussed.



The light brown apple moth, Epiphyas postvittana (Walker)
(Lepidoptera: Tortricidae), in UK pome and stone fruit orchards

Michelle T. Fountain, Jerry V. Cross
East Malling Research, Kent, ME19 6BJ, UK, Jerry.Cross@emr.ac.uk

Abstract: The light brown apple moth (LBAM), Epiphyas postvittana (Walker), is one the most
important pests of tree fruits in Australia and New Zealand. It was unknown in Europe until 1936
when it was found breeding on ornamental spindle at Newquay, Cornwall, England. It established on a
wide variety of plantsin Devon and Cornwall and spread east but was not known to attack fruit crops.

A pheromone trap survey in 10 commercial apple orchards in Kent, Hereford, Essex, Oxfordshire
and Somerset (England) in 1994 revealed no LBAM. However, in 2005, a severe and extensive attack
of the pest occurred in a commercial cherry orchard at Yalding, Kent, causing considerable fruit
losses. Larvae were reared to adult and identification confirmed. It is suspected that other reported
attacks on cherry in 2003 and 2004, believed to be caused by summer fruit tortrix moth, Adoxophyes
orana Fischer von Résslerstamm, at the time, may well have been caused by LBAM as the larvae are
difficult to distinguish.

Specialist lepidopterists report that the LBAM has spread throughout England where it has
become common. In recent years, the pest has become a significant pest problem in hardy ornamental
nursery stock throughout England.

In 2006 a pheromone trap survey aimed at determining the flight dynamics and occurrence of E.
postvittana on commercial fruit trees (apple, pear, plum and cherry) in England was established, so
that pesticide applications might be used more effectively. The growers (with 13 x apple, 10 x pear, 13
X plum and 12 x cherry orchards) in the counties of Buckinghamshire, Essex, Gloucestershire,
Hereford, Kent, Oxfordshire, Somerset, Suffolk, Surrey and Sussex recorded the number of male
moths caught in traps each week from May to the end of September.

In the UK E. postvittana has been reported to have two generations. Here we report the
occurrence of three generations of the moth in 2006. Traps in a cherry orchard at East Malling
Research showed that the peak flights were the end of May, the middle of September, and towards the
end of October in this year. The greatest number of moths were found in cherry (compared to apple,
pears and plums), probably because cherry crops are seldom sprayed with insecticides post blossom.
Adjacent habitats (crops or natural) may aso be involved in the incidence of LBAM on fruit crops.



Ecology and management of the obliquebanded leafroller,
Choristoneura rosaceana, in New York apple orchards

H. Reissig, M. Sarvary, J. Nyrop
Department of Entomology, New York State Agricultural Experiment Station, Geneva, NY,
14456 USA, whrl@cornell.edu

Abstract: During the last 20 years, the obliquebanded leafroller (OBLR), Choristoneura rosaceana
Harris (Lepidoptera: Tortricidae) has caused more economic damage of applesin New Y ork than any
other insect pest. Outbreaks of this pest occur in localized areas and persist in the same locations year
after year. OBLR are resistant to organophosphates, carbamates, pyrethroids, and methoxyfenozide.
Tests of reduced-risk insecticide programs without organophosphates, synthetic pyrethroids, or
carbamates were set up in small plots, 2.5 ha in commercia apple orchards throughout NY. These
studies showed that prophylactic sprays of methoxyfenozide at petal fall for overwintering larvae
followed by summer sprays of spinosad for the summer generation provided excellent control when
these programs were applied in the same plots for 3 consecutive years. During the last year of this 4-
year study in 2005, monitoring programs were initiated in all blocks for overwintering and summer
generations of larvae to determine if sprays were needed. Levels of overwintering OBLR larvae were
very low in al of the monitored plots and no control sprays were recommended at petal fall for control
of this generation. However, sampling during the summer showed that levels of infestation of
terminals by the subsequent summer generation of larvae exceeded the recommended action threshold
of 3% in most of the plots. Studies were also conducted to compare the effects of parasitoids and
predators in unpsrayed hedgerows, plots treated with the reduced-risk insecticide programs for
multiple seasons and growers' orchards treated with standard insecticides, using implanted larvae on
various types of mobile media. These studies showed that the total parasitism and predation levels
were similar throughout the season in all three locations. The overal results of these studies shown
that although OBLR can be effectively managed by reduced-risk insecticides there is no evidence that
seasonal programs of these materials enhances opportunities for conservation biological control.
Orchards, at least relatively small areas can be re-infested by the summer generaion of OBLR and
continuous use of insecticides may be necessary to insure adequate control. Future research should be
conducted to test area-wide or whole farm management of OBLR, and improvement of current
sampling protocols to determine if this pest can be managed in problem blocks without applying
propylactic applications of insecticides.
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Temperature effect on egg-laying timing in Cydia pomonella (L.)

Daniel Casado™*, Peter Witzgall?, César Gemeno®*, Jests Avilla**, Magi Riba**

! Universitat de Lleida, Department of Chemistry, Rovira Roure 191, 25198 — Lleida, Spain,
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2 Department of Crop Science, Swedish University of Agricultural Sciences, Box 44,
23053 — Alnarp, Sweden
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Abstract: Temperature is an important factor in the modulation of the timing of insect rhythms, such
as caling or egg-laying. We studied egg-laying timing of Cydia pomonella (L.) (Lepidoptera
Tortricidae), a key pest of pome fruits world wide, and how temperature affects this behavior. The
results on attraction of C. pomonella females to host volatiles reached in laboratory bioassays have
been usually poor, and our study aimed to determine better conditions to carry out these experiments.

Semi-field as well as laboratory experiments were conducted. Semi-field assays were made in
summer 2005 in Sweden and in Spain. In these assays, couples of C. pomonella adults were
individually placed on glass tubes on an apple orchard. Mating activity and number of eggs laid were
checked at different times of evening and night. In the laboratory, groups of 9 to 12 females and 10 to
15 males were placed in mating boxes, and kept at different constant temperatures, from 12 to 32°C.
The number of eggs laid was counted every hour during late-photophase and early-scotophase.

In semi-field assays, egg-laying began when temperature fell below 25°C and continued until
temperature was below 21°C. In the laboratory, a delay on egg-laying onset and peak was observed as
temperature increased. At the highest temperatures (27 and 32°C) a small percentage of the total
number of eggs was laid before light off, and the number of eggs laid peaked during the first hour of
the scotophase. On the other hand at mild temperatures (17 and 22°C), egg-laying activity was more
constant through the studied period, and for some groups it peaked several hours before light off. At
12°C no egg-laying occurred.
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Biological interactions between the apple leaf curling midge,
Dasineura mali (Kieffer), and its inquiline, Macrolabis mali Anfora

Gianfranco Anfora®, Nunzio Isidoro? Claudio loriatti®

! safeCrop Centre, IASMA, Via E. Mach 1, 38010, San Michele all’Adige (TN), Italy,
gianfranco.anfora@iasma.it

? Dipartimento di Scienze Ambientali e delle Produzioni Vegetali, Universita Politecnica
delle Marche, Via Brecce Bianche, 60131, Ancona, Italy, n.isidoro@univpm.it

¥ JASMA Research Centre, Plant Protection Department, Via E. Mach 1, 38010,
San Michele all’Adige (TN), Italy, claudio.ioriatti@iasma.it

Abstract: The apple leaf curling midge, Dasineura mali (Kieffer) (Diptera Cecidomyiidae), damages
apple trees by leaf galling. Recently, a new species, Macrolabis mali Anfora (Diptera
Cecidomyiidae), was described and hypothesized to be an inquiline of D. mali. We studied the biology
of M. mali and its interaction with D. mali by a laboratory bioassay and field observations. This work
confirmed that M. mali females lay eggsin young galls caused by their host insect and the larvae dwell
as inquilines. The inquiline population increases during the summer; at the end of the season it
becomes larger than that of the host insect and may cause the withering of larvae of the host insect.
Therefore the presence of M. mali could contribute to regulation of the population of the apple leaf
curling midge.
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Effect of different pest control strategies on phytophagous and
predatory mites in apple orchards of Girona (NE of Spain)

Adriana Escudero’, Mariano Vilajeliu*, Josep Lluis Batllori?, Francisco Ferragut®

' IRTA - Estaci6 Experimental Agricola Mas Badia, Canet de la Tallada, 17134 - La Tallada
d’Emporda, Girona, Spain, adriana escudero@irta.es; mariano.vilajeliu@irta.es

2Servei de Sanitat Vegetal, DARP, Aiguamolls de I’Emporda, 17486 - Castell6 d’Empdiries,
Girona, Spain, lluis.batllori@irta.es

3 Instituto Agroforestal Mediterraneo, Universidad Politécnica de Valencia, Camino de Vera
s/n, 46022 Valencia, Spain, fiferragut@eaf.upv.es

Abstract: The European red mite Panonychus ulmi (Koch) (Acari: Tetranychidae) is a pest of apple
orchards in Girona (NE Spain). Control strategies consist on acaricide sprayings or biological control
by the effective conservation of the predatory mite Amblyseius andersoni (Chant) (Acari:
Phytoseiidag). In this survey, three apple pest management methodologies were compared for their
impact on tetranychid and phytoseiid mite populations. Specie diversity and differences among
orchards were evaluated under: i) Integrated Fruit Production methodology as is normally used in the
area (IFP conventional), ii) IFP in which alternative to chemical pest control methods were used (less
summer insecticide sprayings) (IFP APRI), and iii) organic fruit production system (OFP).

The IFP conventional system only used chemicals for pests control; the IFP APRI did not spray
any insecticide since post-bloom till harvest, because of the use since 2001 to 2005, of mating
disruption for codling moth Cydia pomonella L. (Lepidoptera: Tortricidae) and leopard moth Zeuzera
pyrina L. (Lepidoptera: Cossidae), and mass trapping for Mediterranean fruit fly Ceratitis capitata
Wied. (Diptera: Tephritidae). The OFP system had been managed according to the 2092/91 CEE rules.

Results from the two year survey (2004-2005) reflect differences in alpha diversity among apple
orchards and OFP system showed the highest level. The IFP APRI management throughout five years
was not enough to increase significantly tetranychid and phytoseiid diversity in relation to IFP
conventional. Species of tetranychids as a potential food for A. andersoni were found. Functional
diversity (A. andersoni / P. ulmi relationship) in all of the orchards was kept. With regard to the
results, the future objectives of the IFP APRI system are pointed and interest in increasing it
throughout the Girona fruit area are discussed.
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Effect of flat anti-hail nets on Cydia pomonella (L.) reproductive
behaviour

Marco Tasin', Camilla Ryne?, Vittorio Veronelli*, Anna-Carin Backman’,
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Abstract: In this study we investigated the effect of the flat anti-hail nets on the behavior of the codling
moth Cydia pomonella (L.). We hypothesized that the net interferes with male flight behavior and acts as
an enclosure, reducing pheromone losses to the sky in orchards treated with pheromone. To test these
hypotheses, experiments were carried out in net-covered and uncovered apple plantations treated with
mating disruption or with conventional insecticides. In a re-trapping experiment, the number of males
recaptured in the net-covered orchards was significantly lower than in the uncovered plantations.
Damage caused by codling moth larvae was found less severe in the net-equipped plantations. In
addition, inhibition of mating under the net was demonstrated by exposing tethered virgin females. A
portable electroantennograph device was employed to measure the concentrations of pheromone in the
amosphere of mating disrupted orchards. However, the same male antennal response was measured in
both uncovered and net-covered plots as well asin a control orchard without mating disruption. Because
of the reductions in mae trap catch and in larval damage as well as the reduced femae mating
frequency, we conclude that the flat anti-hail net has a disruptive effect on the reproductive behavior of
the codling moth.
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Competitive attraction as a primary mechanism of moth mating
disruption in tree fruit crops

Larry J. Gut, James R. Miller, Lukasz L. Stelinski, David L. Epstein
Department of Entomology, Michigan State University, East Lansing, M1 48824;
gut@msu.edu

Abstract: Over the past few years we have been exploring ways of achieving "high-performance”
moth mating disruption. The foundation for this work has been a series of studies examining the
mechanisms underlying pheromone-based mating disruption in tortricid moth pests of fruit.
Collectively, our results support competitive attraction as an important, if not essential, component of
communicational disruption of tortricid moths. Four main lines of evidence support this conclusion.
Males are attracted to high-dosage dispensers in the field. Disruption efficacy is pest density-
dependent. Effective mating disruption using high-dosage dispensers occurs in the field despite overall
atmospheric concentrations not reaching levels high enough to desensitize moths by adaptation or
habituation. Finally, the theoretical properties of competitive-attraction phenomena have proved
consistent with the majority of disruption profiles obtained in the field. Key traits of competitive
attraction are: concave profiles on untransformed axes, with an asymptotic approach to zero catch; a
straight line with positive slope when 1/catch is plotted against dispenser density; and a straight line
with negative slope when catch is plotted against dispenser density - catch. Key traits of non-
competitive disruption profiles include: an initia linear disruption profile on untransformed axes; a
concave inverse plot; and a re-curving complex plot. Of 13 published disruption profiles with
sufficient data for analysis, 11 were a better fit to the predictions of competitive attraction than a non-
competitive disruption mechanism. If competitive attraction plays a major role in achieving mating
disruption, the following practical implications should guide us in developing high-performance
approaches and formulations: 1) attractiveness should be competitive with females, 2) dispenser
density should be high, and 3) distribution should be uniform rather than clumped.
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New insights into codling moth, Cydia pomonella (L.), distribution
and implications for mating disruption

David L. Epstein, Larry J. Gut, James R. Miller, Lukasz L. Stelinski
Department of Entomology, Michigan State University, B18 NFSTC, East Lansing,
M1 48824, USA; epsteil0O@msu.edu

Abstract: A study aimed at determining the location of searching codling moth (Cydia pomonella
[L.]) (Lepidoptera, Tortricidae) males and calling females in mating disrupted and non-disrupted plots
was conducted in Michigan, USA. A leaf blower, converted into a vacuum for sampling codling moth
adults on branches and in the tree canopy, had a 20-24% success in recovering released moths in
orchard conditions. A series of four collections were made during the hours of 09:00-18:00 from May
25 through June 15 and a second series of four collections were completed during the hours of 18:00-
22:00 from July 20 to August 22. Only eight codling moth adults were collected during the four
daylight samples; one female and two male moths were sampled from the top third of the tree canopy,
four males were sampled from the middle third of the tree canopy, and one male was sampled from the
lower third of the tree canopy. Distributions of adults were also assessed during daytime hours (09:00-
18:00) by fogging trees with various pyrethroid insecticides. No codling moth adults were collected in
any of these samples. In contrast to the paucity of moths collected in the daytime samples, 94 moths
were collected during four twilight samples, with equal numbers sampled in disrupted and non-
disrupted plots. In mating disruption plots, 42% of females were found in the top third of the tree
canopy, 46% were found in the middle third, and 12% were recovered in the lower third. The 22
females sampled from non-disrupted plots were more evenly distributed, with 36.4% in the top third,
36.4% in the middle third, and 27.2% in the lower third of the tree canopy. Releases of marked moths
were conducted in 2006 in screened tents to identify the daytime (09:00-18:00) habitats for adult
moths within the orchard. Of males released, 11.2% were recovered from the tree canopy and 6.2%
were recovered from the ground (drive row grass and vegetation under the tree). Of females released,
18.6 % were recovered from the tree and 8.2% from the ground.
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Mating disruption of codling moth, Cydia pomonella (L.), using
Puffer® CM, on apple orchards

Santiago Marti*, Abel Zaragoza? Tom Larsen’
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Abstract: The performance of Puffer® CM, aerosol formulation of the codling moth pheromone that
is uniformly applied by mechanical means at pre-programmed and periodical intervals irrespective of
weather conditions, was investigated in 2005 in European trials. Trap catches and fruit damage were
compared in ca. 10 ha plots with different mating disruption products, dispenser [CheckMate CM,
applied twice at 300 dispensers/ha, or Isomate CTT, applied once at 500 dispensershal vs. Puffer®
CM (applied once at 2 puffers/ha), during the 2005 season in two trials conducted in Northern Spain:
Monzon (Huesca) and Ager (Lleida). Puffer® CM performed extremely well, at least comparable to
mating disruption with dispensers (either CheckMate CM or Isomate CTT), leading to an almost
complete codling moth catch inhibition and to extremely low fruit damage situation. Moreover,
Puffer® CM pheromone release was constant through the season not being affected by weather
conditions and persistence of Puffer® CM (average 185 days) was longer than both reference
dispensers.
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Field assays of new biodegradable controlled-release pheromone
dispensers for mating disruption of Cydia pomonella (L.)
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Abstract: A new type of eco-friendly pheromone dispenser for mating disruption of codling moth,
Cydia pomonella (L.) (Lepidoptera: Tortricidae), based on sepiolite, has been developed. In order to
evaluate its efficacy under field conditions, mating disruption trials were conducted during 2005 and
2006 in a9.84 - haorchard (Plot A) in Lleida, Spain. Pheromone dispensers were set up shortly before
the beginning of the first flight of the pest in plots where apples and pears were cultivated. Each year,
a reference orchard next to the trial (Plot C in 2005: 1.24 ha and Plot D in 2006: 1.29 ha) where
insecticides were only applied when justified by the level of the pest, was considered as chemical
standard. Results were compared with those obtained in a close 4.11 hafield (Plot B) with Isomate C-
Plus dispensers (Shin-Etsu, Japan). The efficacy of the mating disruption technique was periodically
evaluated with assessments of fruit damage and adult catches in monitoring traps, both in the mating
disruption areas and in the reference plots. In addition, a comparative study of pheromone release
patterns from new dispensers and a reference one (Isomate C-Plus), under field conditions, was
conducted.

The new dispensers were, at least, as highly efficient as Isomate C-Plus. In plots A and B, adult
catches were highly inhibited respect to those recorded in the reference plot. Moreover, damage levels
were below the treatment thresholds, so less supplemental chemica application were required. In
addition, new dispensers showed more adequate first-order kinetics than Isomate C-Plus, under field
conditions. Thus, new dispensers could be an eco-friendly alternative for the control of C. pomonella,
as they show good release patterns and they are biodegradable.
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Towards high performance mating disruption of codling moth,
Cydia pomonella (L.)

Lukasz L. Stelinski, Larry J. Gut, Peter McGhee, James R. Miller
Department of Entomology, Michigan State University, East Lansing, M1 48824, USA;
stelinsk@msu.edu

Abstract: Recently, we have explored novel approaches of achieving “high-performance” mating
disruption, defined as exceeding 98 % efficacy even under high population densities and without the
need for companion insecticides. This work has been grounded in earlier investigations of disruption
mechanisms, which suggested that competitive attraction between caling females and synthetic
pheromone sources is an important component of effective and economical disruption. For Oriental
fruit moth (OFM), Grapholita molesta (Busck), we have developed a mechanized applicator for high-
speed deployment of pheromone dispensers made of paraffin or microcrystalline wax to tree fruit. One
ha of crop can be treated in ca. 20 min. By modifying our applicator to dispense larger 0.3 g wax drops
at an intended rate of 20 / tree and increasing the pheromone concentration to 10 % (by weight) in an
improved wax formulation manufactured by ISCA Technologies, we achieved high-performance
disruption of OFM for more than 100 days with a single application of wax in early spring. For
codling moth (CM), Cydia pomonella (L.), we are investigating experimental “Cidetrack” dispensers
manufactured by Trécé Co. intended to better protect the active ingredient, codlemone, and to co-
release both codlemone and the pear ester (ethyl (E,Z)-2,4-decadiencate). In 2005, Trécé Cidetrack
dispensers loaded with codlemone (40%) and pear ester (60 %) disrupted CM better than standard
Isomate-C Plus dispensers. In 2006, disruption of male CM with Trécé Cidetrack dispensers loaded
with pear ester and codlemone (60:40 ratio) was not superior to Cidetrack dispensers loaded with 100
% codlemone; however, Cidetrack treatments loaded with codlemone were superior or equivalent to
Isomate treatments. Deploying high densities (3,600 - 18,500 pieces / ha) of Cidetrack CM pieces
containing ca. /7" of the standard codlemone loading each resulted in 92-99 % disruption of male
CM. These results suggest that this new dispenser technology may enhance disruption of CM by better
protecting codlemone from degradation, compared with |somate dispensers, rather than because of an
additive effect of the plant kairomone. Furthermore, high densities of Trécé Cidetrack pieces that are
/7™ the size of a standard dispenser provided "high performance" disruption, and thus superior
efficacy compared to that achieved using a standard application of dispensers 1000/ ha.
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Pheromone mating disruption of Cydia pomonella (L.) in California
pears: Balancing dispenser emission rates and program performance

S. Welter, F. Cave
Department of Environmental Science, Policy, and Management, 201 Wellman Hall,
University of California, Berkeley, CA, USA, welters@nature.berkeley.edu

Abstract: Alternative pheromone mating disruption programs were explored that mixed multiple
types of emitting devices either to improve program performance for high densities of codling moth,
Cydia pomonella (L.) (Lepidoptera: Tortricidae) or to optimize application costs with program
performance. Combinations programs using either high dose aerosol emitters (Suttera Corp) at low
numbers per ha (ca 1 emitter per 2 ha) or sprayable formulations of codlemone were used to
supplement treatments using traditional hand-applied dispensers. No additional efficacy was observed
with the inclusion of sprayable formulations of codlemone. Stability of sprayable formulations was
significantly influenced by position in canopy and canopy structure with fully light exposed
microcapsules no longer emitting detectable codlemone within several days of application using EAG
or extraction protocols. The addition of high dose emitters at low numbers of dispensers per ha
increased control in al plots with significant codling moth pressure. The combination program
increased program performance with relatively low increase in program cost. Use of experimental
emitters that released at intermediate levels (e.g. 20-30 mg per day) were deployed at ca. 38 dispensers
per ha. A modified membrane dispenser and a new wax matrix dispenser were evaluated in 2006
within orchards with high and low populations of codling moth. Low pressure orchards were untreated
with insecticides for the season, whereas high pressure programs received insecticidal supplements
given the preliminary nature of the trial. Seasonal suppression of traps >90% were achieved at all
levels of codling moth pressure and no significant damage has been observed to date.
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Olfactory sensitivity of different populations of Cydia pomonella (L.)
to sex pheromone E8E10-12:OH and kairomone
ethyl (2E, 42)-2,4-decadienoate
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Abstract: Codling moth (CM), Cydia pomonella (L.) (Lepidoptera: Tortricidag), has a close
ecological association with its main host plants. apple, pear, and wanut. Ethyl (2E, 42)-2,4-
decadienoate (Et-2E,4Z-DD), a kairomonal compound derived from ripening pears, has been found to
be highly attractive to the CM larvae and both male and female (virgin and mated) adults in walnut
and apple orchards. The main component of CM sex pheromone (E,E)-8,10-dodecadien-1-ol (ESE10-
12:0H) (Codlemone) is widely used in monitoring systems and direct control methods.

The knowledge of the olfactory sensitivity to both compounds of the different populations
coming from different host-plants may have a practical impact in the choice of the more appropriate
quantities of attractants to be used in the diverse ecological contexts.

In the present study electrophysiological responses (el ectroantennography, EAG) ESE10-12:OH
and Et-2E,4Z-DD of several CM populations coming from different host plants (apple, pear, walnut)
were recorded. The dose-response curves to the volatile compounds were calculated and differencesin
olfactory sensitivity of virgin and mated males and females of the different populations are discussed.

Between physiological status (virgin and mated) of both sexes and among populations from
different host-plants no significant differences were observed. Asit was expected, females were highly
less sensitive to codlemone than males, and males showed higher responses to the kairomone, too, thus
confirming the results of our previous studies. It was also observed that adults of the walnut
populations show a higher sensitivity (not significantly different) to both compounds. Instead,
significant differences were sometimes recorded in populations coming from the same host plant.

Setting up the more effective dosage of attractants to be used in CM monitoring systems or
control methods, the variability in olfactory sensitivity of different populations living on the same
plant may be at least as important as the variability showed by populations living on different hosts.
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Abstract: The ethyl (E,Z)-2,4-decadienoate (pear ester) isan adult and larval kairomonal attractant for
Cydia pomonella (L.) (Lepidoptera: Tortricidag). The possibility of using a microencapsulated
formulation of pear ester (Da-Mec, a.i. 5%, Trécé inc.) to interfere with the host location behaviour
has been evaluated. Field efficacy trials were carried out on apple orchards with a sprayable
formulation to verify the potentiality of the kairomone for direct pest control. The tests performed
revedled a significant effect of the Da-Mec formulation in reducing the fruit injury compared to an
unsprayed control. These preliminary results support the use of the pear ester in direct control of
codling moth for improving the efficacy of larval contact insecticides.

Experimental use of the micro-encapsulated pear ester kairomone
for control of codling moth, Cydia pomonella (L.), in walnuts

Douglas Light
Plant Mycotoxin Research Unit, Western Regional Research Center, Agricultural Research
Service, USDA, Albany, CA 94710, USA, dlight@pw.usda.gov

Abstract: The larval attractant kairomone, ethyl (2E, 4Z)-2,4-decadienoate or pear ester (PE), was
tested in a Cdifornian walnut orchard for its control efficacy against codling moth larvae, Cydia
pomonella (L.) (Lepidoptera: Tortricidag) in a microencapsulated bait spray formulation (PE-MEC)
combined with various insecticides (choropyrifos, phosmet, methoxyfenozide and a granulosis virus,
Cyd-X). PE-MEC was tank-mixed as an adjuvant with reduced rates of insecticides and applied by a
handgun-sprayer to replicate walnut trees in an 8 ha orchard. Results were significant, with PE-MEC
adjuvant + insecticide treatments reducing CM harvest damage by 77% (choropyrifos), 85%
(phosmet), 54% (methoxyfenozide)and 47% (Cyd-X) below the damage incurred with insecticides
aone. Also with the secondary pest, the navel orangeworm, Amyelois transitella (Lepidoptera
Pyralidae), the PE-MEC adjuvant significantly reduced damage levels when combined with the two OP
insecticides. The PE kairomone shows promise for improving insecticide efficacy and contributing to
both resistance management and new IPM tactics for C. pomonella and the accompanying A.
transitella.
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Behavioural responses of Cydia pomonella (L.) neonate larvae to a
microencapsulated formulation of ethyl (2E, 4Z)-2,4-decadienoate

S. Vitagliano®, G.S. Germinara, B. Lingren?, C. loriatti®, E. Pasqualini*, G. Rotundo’,
A. De Cristofaro’
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Abstract: Codling moth, Cydia pomonella (L.) (Lepidoptera Tortricidae) is known as a key pest of
apples, pears and wanuts wordlwide. Ethyl (2E, 42)-2,4-decadienoate (Et-2E, 4Z-DD) has been
found to be an effective attractant for both male and female of this pest, as well as for its larvae. The
use of this attractant for direct control methods which target both male and female moths or larvae is
important for Codling moth management.

Field studies, carried out using a microencapsulated formulation of Et-2E, 4Z-DD (5% A.l. DA
MEC, Trécé Inc.), showed results not always coherent to exclude a biological role played on Codling
moth neonate larvae by the coformulants in the microencapsulated formulation. Therefore, the aim of
this study was to evaluate the biological activity of this formulation compared to the active ingredient
aone and the coformulants present in the commercial product on the behaviour of codling moth
larvae.

We show preliminary olfactory responses of C. pomonella neonate larvae to different doses
(distilled water soluted) of the complete microencapsulated formulation (5% A.l. DA MEC, Trécé
Inc.), its pure active compound (DA 2313 Neat, Trécé Inc.) and the coformulants (Blank MEC, Trécé
Inc.) in separate behavioural bioassays (Petri dish multi-choice arena). As control stimulus only
distilled water was tested.

Preliminary results showed that at lower doses of each tested compound, neonate larvae did not
show any preference in comparison with control. As expected, only responses to the
microencapsulated formulation and to the active ingredient were dose-related. In response to the pure
complete microencapsulated formulation, codling moth larvae showed the stronger preference (64%)
toward the tested compounds. Whereas the pure coformulant was tested, neonate larvae showed a
similar response to the control.

So far, codling moth larvae behavioural responses lead on considering that the tested coformulants
don’t have abiological role on neonate larvae, if considered separated from the active compound.
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Effect of Madex® (codling moth granulovirus) on Cydia pomonella (L.)
egg laying on two apple varieties: Relationships with plant surface
metabolites

Nadia Lombarkia®, Claudio loriatti*, Edouard Bourguet?, Sylvie Derridj?

! JASMA Research Center - Plant Protection Department, Via E. Mach 1,
38010 - San Michele all’Adige (TN), Italy, claudio.ioriatti@iasma.it

2 INRA, UMR 1272 Insect physiology: Signalisation and Communication, Route de Saint-Cyr,
78026 Versailles Cedex, France, derridj@versailles.inra.fr

Abstract: Variations of Madex® (codling moth granulovirus) treatment efficiencies against Cydia
pomonella larvae were observed in San Michele orchard according to apple tree varieties. Our
hypothesis was that it could be linked to a different population pressure due to an insect egg laying
preference among varieties. We verified in two years the differential efficacy of Madex® on larva
damage on Golden Delicious vs. Red Chief and observed an egg laying preference for Golden
Delicious. But surprisingly we observed also i) a reduction of the numbers of eggs after Madex®
treatment ii) and that the reduction was greater on Golden Delicious than on Red Chief. Water-soluble
carbohydrates and sugar-alcohols have been already identified from surfaces of apple tree organs as
signals for C. pomonella egg laying. The blend of glucose, fructose, sucrose, sorbitol, quebrachitol and
myo-inositol particularly stimulates insect egg laying. The Madex® treatment modified the blend
(quantities and ratios) differently according to the apple variety. Here we verified on artificia
substrates impregnated with blends found on the corymb leaves of each variety, that Madex®
modified blends reduce the number of eggs. The reduction could be explained on Red Chief by a more
drastic effect on egg-laying stimulation than on Golden Delicious on which the reduction was partly
due to less acceptance of the substrate by females for egg laying and fewer eggs laid per female.
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Effect of a potential biocontrol agent of apple diseases on the egg
laying of Cydia pomonella (L.)

Aude Alaphilippe’, Yigal Elad? Sylvie Derridj®, Cesare Gessler!

! SafeCrop Centre. Istituto Agrario San Michele all'Adige. Via Mach, 1. 38010 - San Michele
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2 Department of Plant Pathology and Weed Research, ARO, The Volcani Center, Bet Dagan.
50250 - Israel, elady@volcani.agri.gov.il

* INRA. Unité de Phytopharmacie et médiateurs chimiques. Route de St Cyr, 78 026 -
Versailles cedex, France

Abstract: With the development of pest resistance towards pesticides and the decrease of chemical
input, the research on alternative methods for plant protection, such as the use of microorganisms as
biocontrol agents (BCA), is developing fast. But the side effects of BCA on non-targeted organisms
and on the host plant are poorly known. Mass introduction of an organism into a system can change it
substantialy. Similarly, the introduction of an epiphytic microorganism may change the phylloplane
chemical composition. Furthermore, sugar quantities and ratios in the phylloplane can influence the
egg laying behaviour of Cydia pomonella (L.) (Lepidoptera Tortricidag). In this work, we studied the
effect on the egg quantity laid by C. pomonella of an epiphytic yeast, as BC-model organism,
introduced to apple canopy surfaces.

Two seasons of trial, during the second flight of C. pomonella, showed an effect of the yeast
spray on the quantity of eggs laid on apple trees. In the preliminary greenhouse experiment, the
number of eggs laid on the yeast treated trees was lower as compared with those laid on the untreated
trees. But for the second year of experiment, performed in semi-artificial conditions, the yeast
treatment increased significantly the quantity of eggs laid, especialy on the sites close to the fruits.
These conflicting results could be explained by the different environmental and experimental
conditions, which may affect the yeast activity and as consequences the phylloplane chemical
composition. We analysed the chemical composition of leaf water washings using gas chromato-
graphy. On the first year of analysis, we observed modifications of quantities and ratios within the
sugar blend on the upper side surfaces compared to untreated ones. We are currently analysing the
samples from the second season using liquid chromatography. Finally, the correlation between yeast
treatment, sugar quantities and qualities and egg laying behaviour will be analysed.
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Field assessment of behaviorially-based management tactics for
Conotrachelus nenuphar (Herbst), and Rhagoletis pomonella (Walsh)
in the northeastern US

Arthur Agnello, Jaime Pifiero?, Ronald Prokopy®

! Department of Entomology, New York State Agricultural Experiment Station, PO Box 462,
Geneva, NY, 14456, USA, amad@cornell.edu.
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Abstract: Field trials were conducted for 2 years to validate and demonstrate the effectiveness of
advanced-level IPM tactics. For plum curculio (PC), Conotrachelus nenuphar (Herbst) (Coleoptera:
Curculionidae), trap trees using benzaldehyde and grandisoic acid lures determined need and timing of
insecticides compared with calendar-driven sprays or heat-unit models. For apple maggot (AM),
Rhagoletis pomonella (Walsh) (Diptera: Tephritidae), odor-baited pesticide-treated spheres (PTS)
were deployed for direct control of AM compared with calendar-driven sprays or monitoring trap
capture-driven sprays. Trias were conducted in 24 commercial orchards in New York and 6 New
England states: Connecticut, Massachusetts, Maine, New Hampshire, Rhode Island and Vermont.
These "Advanced IPM" approaches proved effective in the mgjority of the sites over 2 years. In those
few cases where fruit injury was above 1-2%, the cause could be attributed to a missed insecticide
spray, the occurrence of intense pest pressure from within the orchard block, or to a planting
arrangement consisting of very small apple trees. In both years there was a significant reduction in
pesticide use in the "Advanced IPM" treatment.

Four years of Mediterranean fruit fly (Ceratitis capitata Wied.) control
in fruit orchards of Girona (NE of Spain) by using the mass trapping
method

Josep Lluis Batllori*, Adriana Escudero?®, Mariano Vilajeliu?

! Servei de Sanitat Vegetal, DARP, Aiguamolls de I’'Emporda, 17486 - Castellé d’Empries,
Girona, Spain, lluis.batllori@irta.es

2 |RTA-Estaci6 Experimental Agricola MAS BADIA, Canet de la Tallada, 17134 - La Tallada
d’Emporda, Girona, Spain, adriana.escudero@irta.es; mariano.vilajeliu @irta.es

Abstract: Mediterranean fruit fly (MFF) (Ceratitis capitata Wiedemann) (Diptera: Tephritidae) is a
polyphagous pest that can be potentially very harmful in fruit orchards, particularly in temperate and
hot growing areas. Common control strategies to avoid fruit damage are based on chemical insecticide
sprayings just before harvest.

In 2001 there was serious fruit damage in the growing areas of Girona (NE of Spain), especially
in mid and late season stone fruit cultivars. The production losses encouraged the use of the mass
trapping control method, as an alternative to chemicals, in the context of Integrated Fruit Production
methodology to which most of the fruit growers fit. From 2002 to 2005 several mass trapping trials
were carried out on apple and stone fruit orchards with different attractants, number of fly-traps per
hectare (from 50 to 75) and layout trap systems (homogeneous versus perimeter) in the field.

In the last four years, pressure of the MFF fluctuated between middle and low level in the Girona
fruit area; in these conditions, the amount of 50 to 75 fly-traps per hectare with any of the used
attractants and methods of the traps layout in the orchards, reached satisfactory control of this pest.
The higher damage level estimated was 1.3 % in only one peach fruit orchard. The conditions of these
trials and their results will be discussed.
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Exploiting the sex pheromone of the apple leaf midge, Dasineura mali,
for pest monitoring and control

Jerry Cross', David Hall® and Peter Shaw*

! East Malling Research, Kent, ME19 6BJ, UK, Jerry.Cross@emr.ac.uk

2 Natural Resources Institute, University of Greenwich, Chatham Maritime, Kent, ME4 4TB,
UK, D.R.Hall@greenwich.ac.uk

Abstract: Work by East Malling Research (EMR) and Natural Resources Institute (NRI) to identify
the female sex pheromone of the apple leaf curling midge, Dasineura mali Kieffer, is overviewed. The
pheromone was collected by the trapping of volatiles which proved far more effective than gland
extraction methods used previously. Even so the single component of D. mali was present at only 2 pg
per female per hour. This was detected by el ectroantennography (EAG) linked to gas chromatographic
(GC) analysis, and identified as (Z)-13-acetoxy-8-heptadecen-2-one by interpretation of the mass
spectra and comparison with synthetic standards. A rubber septum impregnated with 1 pg of the
synthetic, racemic pheromone proved highly attractive to male D. mali, and rel ease rate measurements
indicate this lure will remain active for several years in the field. Only the S enantiomer of the chira
component is produced by the insect and field experiments showed that only this enantiomer is
attractive and that the R enantiomer has no activity. The D. mali sex pheromone is a keto-ester, a
variation on a new class of midge pheromone structures that is currently the subject of a patent
application. Other midge pheromones previoudy identified are mono or diesters.

The D. mali pheromone has proved very useful for monitoring pest populations in the field.
Results from preliminary trials in the UK in 2004 are reported. White delta traps (20 x 20 cm), with
rubber septum dispensers containing 3ug of the pheromone racemate and deployed at a height of 0.5
m are recommended as a standard. They were made available to growersin the UK for Beta testing in
2006 as part of a coordinated programme of experiments to establish treatment thresholds. An
experiment in 2006 showed that the traps can be used to time sprays of synthetic pyrethroids for
control of the pest but that multiple applications were required to give a high degree of control. Large
scale field experiments started in the UK in 2004 to test the use of the pheromone for control by
mating disruption and attract and kill approaches. Early season results were promising but control
failed later in the season because the pheromone was degraded by UV light more rapidly than
expected. Results so far have indicated the need to deploy the treatments on a large scale and in newly
planted orchards where populations are initially low and to protect the pheromone from degradation by
UV light.
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Investigations on the sex pheromone of pear leaf midge, Dasineura pyri
(Bouché), and other gall midge pests of fruit crops

Lakmali Amarawardana’, David Hall*, Jerry Cross?
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Abstract: The pear leaf midge, Dasineura pyri (Bouché), is a pest of pear orchards, with nursery
stocks and new shoots on young and fruiting trees being particularly vulnerable. Although a sex
pheromone has not been demonstrated in this species, females of related midge species produce a sex
pheromone to attract males for mating. Late larvae of D. pyri were collected from pear orchards and
reared to adulthood individually. After sexing, volatiles were collected from both males and females
by air entrainment. Collections were analysed by gas chromatography (GC) coupled to el ectroantenno-
graphic (EAG) recording from a male antenna, and by GC coupled to mass spectrometry (MS). Male
midges responded to two components in the female volatile collections. The mass spectrum of the
major compound indicated it was a 17-carbon diacetate with one double bond, and both mass spectrum
and GC retention times were found to be identical with those of (2)-2, 13-diacetoxy-8-heptadecene
prepared previously. However, no male midges were caught in traps baited with the synthetic
compound in pear orchards. Further work is required to confirm this identification, to determine which
of the four possible isomersis produced by the female and to identify the minor component.

The effect of aphid sex pheromone and plant volatiles on the
behaviour of Dysaphis plantaginea and its parasitoid Aphidius
matricariae

J. Fitzgerald®, C. Jay*, C. James', L. Wadhams?, S. Dewhirst?, C. Woodcock?,

G. Poppy?, A. Stewart-Jones®

! East Malling Research, East Malling, Kent, ME19 6BJ, UK, jean.fitzgerald@emr.ac.uk
2 Rothamsted Research, Harpenden, Herts, AL5 2JQ, UK

3 University of Southampton, Southampton, SO16 7PX, UK

Abstract: The objective of this research was to determine the practicability of exploiting the responses
of aphids and their natural enemies to aphid sex pheromone and to plant volatiles in order to enhance
biocontrol of the pest.

In experiments to determine the composition of the Dysaphis plantaginea Passerini (Homoptera:
Aphididae) sex pheromone, coupled GC-EAG analysis of air entrainment samples from D.
plantaginea oviparae using male antennae located four physiologically active components. The two
major components were shown to be (1R,4aS,7S,7aR)-nepetalactol and (4aS,7S,7aR)-nepetalactone. A
third EAG-active component was identified that elicited a strong behavioural response by male D.
plantaginea. This demonstrates that the sex pheromone of D. plantaginea comprises at least a three
component mixture.

Many plants respond to herbivore feeding by modifying their secondary metabolism to produce
semiochemicals that act to reduce herbivore colonisation and increase attraction of beneficials,
particularly highly mobile parasitoids. In our experiments, production of a number of compounds,
from both the primary and secondary host plants, was shown to be increased in response to D.
plantaginea infestation. Results from laboratory behavioura studies and from field experiments will
be used to outline the effects of several of these compounds on pest and parasitoid behaviour.
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Different host plant odours influence migration behaviour of
Cacopsylla melanoneura (Forster), an insect vector of the apple
proliferation phytoplasma

Christoph J. Mayer™?, Jiirgen Gross®
! BBA, Institute for Plant Protection in Fruit Crops, Schwabenheimer Str. 101,
69221 Dossenheim, Germany, C.Mayer@BBA.de

’ Institute for Phytopathology und Applied Zoology, Justus-Liebig University of GieRen,
GieRen, Germany, Juergen.Gross@agrar.uni-giessen.de

Abstract: In recent years the hawthorn psyllid Cacopsylla melanoneura (Forster) has been identified
as one of the insect vectors of the apple proliferation phytoplasma which causes major damages in
apple cultivation. C. melanoneura is univoltine, spending only a short time of its life cycle on apple or
hawthorn — during copulation, egg laying and nympha development. The adults of the new generation
migrate soon after emergence to coniferous trees and spend the largest part of their life there. After
overwintering, the adults return to apple or hawthorn for reproduction, in early spring. In order to
elucidate the migration behaviour and ecology of C. melanoneura, different populations were
investigated in field, over atwo year period. A detailed description of their life cycle, supplemented by
timing and duration of their two migration phases and the involved host plants are presented. Further,
hawthorn psyllids of different ages (newly hatched adults and overwintered adults) were investigated
in a dynamic Y -olfactometer setup for their preferences towards the odours of different host plants.
The behavioural response of the two tested ages of the psyllids corresponds with the two different
phases of migratory behaviour in the field. While there was a strong positive response for apple or
hawthorn odours in overwintered adults, there was none in freshly emerged adults of the next
generation. In contrast, the newly emerged adults showed a strong response for spruce volatiles.
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Reliability of resistance monitoring on diapausing larvae of codling
moth, Cydia pomonella (L.)
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Abstract: Resistance monitoring in Cydia pomonella (L.) (Lepidoptera: Tortricidae) has been mainly
performed on non-target instars, and currently topical application on diapausing larvae is a widely
used method. However, high differences in resistance ratios according to the developmenta stage have
aready been documented and laboratory results are not ever consistent with observed field situations.
Relating the expression of resistance mechanisms with resistance of a given instar to various
insecticides could simplify the monitoring procedure.

We used topical application on diapausing larvae to evaluate the susceptibility to ten insecticides
of four laboratory strains and 47 field populations, on which resistance mechanisms were also
analyzed. All populations seemed to be less susceptible than the susceptible laboratory strain for at
least one insecticide. The resistance to five of the studied insecticides was significantly correlated with
the activity of enzymatic detoxication systems, mainly mixed function oxidases and Glutathion S-
transferase, while target site mutations were not related to any reduction of susceptibility.

For few populations, assays on first instar larvae and field trials were also performed. Results
were not aways consistent with those of topical applications. For some compounds, monitoring test
using diapausing larvae tends to overestimate the magnitude of resistance. Otherwise, the spectrum of
insecticide resistance cannot ever be explained by known resistance mechanisms. Bioassays therefore
remain a necessary tool for resistance monitoring and topical application on diapausing larvae allows a
rapid and large-scale evaluation. However when a resistance is pointed out by such bioassay, it till
has to be confirmed with amore reliable method involving the target instar of the insecticide.
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A new bioassay to test insecticide resistance of Cydia pomonella (L.)
first instar larvae: results from some field populations of Lleida
(Spain)
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Abstract: The insecticide resistance of first instar codling moth, Cydia pomonella (L.), larvae from
wild female x wild male crosses has been tested using a new test. Neonate larvae were placed on pieces of
semisynthetic diet treated topically with the insecticide solution evenly distributed on its surface using a
humidified brush. Sixteen newly hatched codling moth larvae were deposited on each piece of diet and
individually confined in a gelatine capsule. The mortality was recorded 24 hours and 5 days after the
application. The repeatability of the bioassay was good, as the heterogeneity indexes obtained were
low. The LCsy of a susceptible population from Lleida (Spain) to the insecticides azinphos-methyl,
phosmet and lambda-cyhal othrin were 200 mg/L, 420 mg/L and 0.35 mg/L, respectively. These values
were used to assess the resistance of two field populations collected in the apple and pear growing area
of Lleida. The populations were collected as larvae in damaged fruits during 2006, in orchards where
chemical control had failed. The observed resistance ratios ranged from 1 to more than 38.
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Susceptibility of codling moth, Cydia pomonella (L.) to tebufenozide
in Trentino apple growing area
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Abstract: The early detection of insecticide-resistant populations is of paramount importance for the
correct and effective implementation of integrated resistance management programs. The present
study aims to compare three different methods to detect the loss of insecticide susceptibility in field
populations of codling moth to tebufenozide: results of the topical applications of a discriminating
dose on overwintering larvae are compared with the enzymatic analysis of the adults as well as with
the results of the bioassays performed on the neonates larvae. The study was carried out on four
populations collected in orchards with different pesticide pressure. The two populations collected in
the apple growing areas where the pesticide pressure was higher showed a significant reduction in the
mortality when the overwintering larvae were treated topically. The loss of susceptibility was
confirmed when the neonate larvae of the same populations were fed with apples treated with a
discriminating dose of tebufenozide. According to the results of the enzymatic analyses performed on
the emerged adults, the Mixed-Function Oxidase enzymatic system was involved in determining the
loss of susceptibility. Approximatively a third of the individuals of these both populations were
resistant compared with the susceptible population. No differences were found between the reference
strain and the two other populations that were collected in the apple growing areas where the pesticide
pressure was lower.

The relationship between the results obtained with the time-consuming apple dipping method and
with the more simple topical treatments of overwintering larvae validates the second one as standard
method for detecting and defining resistance to tebufenozide in codling moth.
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Evolution of codling moth, Cydia pomonella (L.), resistance in Swiss
orchards, tested by topical application of insecticides

P.J. Charmillot, F. Briand, C. Salamin, D. Pasquier
Agroscope Changins-Wadenswil ACW. CP 1012. 1260 Nyon. Switzerland.
pierre-joseph.charmillot@awc.admin.ch

Abstract: Since 1996, resistant strains of codling moth Cydia pomonella (L.) (Lepidoptera
Tortricidae) have appeared in insecticides treated orchards in Switzerland. From then, observations of
more or less resistant populations have been recorded, on an increasing surface. Since the first
resistant moth appears in an orchard, further treatments with insecticides (mainly IGRs) keep on
killing sensitive moths when the population of resistant codling moth increases in time, sometimes
reaching high levels of insensitivity to classical treatments.

A good pest control management combining mating disruption and CpGv (granulosis virus) can
efficiently reduce population size within afew years.

Resistance levels of C. pomonella diapausing larvae have been evaluated for several years using
topical application of different insecticides. Larvae collected in autumn in sensitive and resistant
populations from several orchards are treated with one ul drop of insecticide at a discriminating dose,
and laid on the back of the larvae. Larvae are then allowed to hide in corrugated cardboards and reared
into climatic chambers until adult emergence. Survival rateis calculated compared to control.

This method allowed a survey of orchards populations over several years, often from quite
resistant stages until after some years of mating disruption. At that time, population sizes often reach
extremely low levels, making difficult the collecting of diapausing larve for tests.

However, topical application tests made possible the observation of changes in sensitivity since
the release of insecticide selection pressure on populations. Indeed, obvious recuperation was visible
within a5-years period of mating disruption technique.

Resistance to insecticides and baseline sensitivity in codling moth
populations from Pennsylvania, USA orchards

Greg Krawczyk, Larry A. Hull
Pennsylvania State University, Department of Entomology, Fruit Research and Extension
Center, Biglerville, PA 17307, USA, gxk13@psu.edu

Abstract: The codling moth, Cydia pomonella (L.) (Lepidoptera: Tortricidae), after years of relatively
low importance recently become one of the most significant internally feeding apple pests in the mid-
Atlantic region of United States. Codling moth male moths collected from commercial and abandoned
fruit orchards in Pennsylvania, USA were tested for their sensitivity levels to azinphos-methyl and
methomy! using adult topical bioassays. Larval sensitivity to older and newly introduced insecticides
(i.e., acetamiprid, novaluron and rynaxypyr) was also assessed using diet surface topical bioassays.
Adult codling moth populations expressed differences up to 13 fold in their sensitivity to azinphos-
methyl and up to 5 fold towards methomyl. During codling moth larval bioassays we observed
differences in larval sensitivity to various compounds as well as differences between compounds
based on the timing of mortality readings.
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Baseline toxicity of new insecticides for Grapholita molesta
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Abstract: In the mid-late 1990's, the oriental fruit moth, Grapholita molesta (Busck) (Lepidoptera:
Tortricidae), became a serious pest of apples grown in the eastern U.S.A. Several factors were
associated with these outbreaks, but insecticide resistance was the major reason for G. molesta control
failures that resulted in infested apples at harvest. Resistance monitoring programs revealed that G.
molesta populations had developed resistance to organophosphorous (OP), carbamate, and pyrethroid
insecticides. In anticipation of new insecticides being used against this pest, laboratory bioassays were
conducted to generate baseline susceptibility data for future resistance management efforts. Using a
surface-treated lima bean diet assay, we determined base-line concentration-response parameters for
acetamiprid, azinphosmethyl, esfenvalerate, indoxacarb, methozyfenozide, novaluron, pyriproxyfen,
spinosad, and thiacloprid for G. molesta neonates.

Evaluation of pear psylla, Cacopsylla pyri (L.), susceptibility to
cypermethrin in pear orchards of Lleida, Spain

Xavier Miarnau'?, Miquel Artigues?, Maria José Sarasta’?

YUniversitat de Lleida, Department of Crop and Forest Science, Rovira Roure 191, 25198 —
Lleida, Spain, xavier.miarnau@irta.es; sarasua@pvcf.udl.es

?|RTA.Centre UdL-IRTA, Rovira Roure 191, 25198 — Lleida, Spain, miquel.artigues@irta.es

Abstract: Cacopsylla pyri (L.) (Hemiptera: Psyllidae) is a key pest of pear orchards in the fruit
growing area of Lleida (NE Spain). Chemical control is the most common method used against pear
psylla, but the number of insecticides registered to control it has been reduced in the last years.

The high selection pressure with these few insecticides applied repeatedly over the whole area
can result in the appearance of resistance, as it has happened in France. With the aim of monitoring
changes in the susceptibility of C. pyri to cypermethrin, we used topical application bioassays with
adults. The bioassays were carried out for four years (2003-2004-2005-2006).

We collected populations from different areas of Lleida, where heavy use of insecticides is the
common practice and we monitored the variation in time of the susceptibility within the season. At the
end of the evaluation period we tried to detect the resistance mechanisms of the different populations
with the application of synergists.

We abtained the baseline data, LCs, LCqy of al the populations. No evidence of a high level of
resistance has been found. However when we applied the recommended field concentration, mortality
never reached 100 %, and after the application of the insecticide with synergists there was an increase
of mortality in all the populations. Our results show that all the populations of our area have some
level of resistance or at least a low level of susceptibility and that the susceptibility to cypermethrin
was even lower in the summer adults
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Is there a link between fruit pest phenology and climate change
in Belgium? A comparative overview with the codling moth,
Cydia pomonella (L.), as a case study

B. Gobin, E. Bangels
Pcfruit (former Royal Research Station of Gorsem), Department of Zoology,
De Brede Akker 13, B - 3800 Gorsem, Belgium, bruno.gobin@pcfruit.be

Abstract: Pest populations dynamics in perennial fruit crops show yearly changes, with a tendency to
elongating phenologies in Belgium in recent years. We investigate over 50 years of data from the
Royal Research Station of Gorsem to test two possible causes for this prolongation: (1) climatic
changes and (2) shift from classical to integrated pest control. As most pests have temperature
dependent phenologies, persistent climate changes must have an immediate effect on pest
manifestation. Since the mid-eighties, average temperatures in spring and summer have risen
consistently. On the other hand, the implementation of integrated pest management (IPM) strategies
might act as a selective force favouring early or late morphs of a given pest. Corrective spraying is
indeed often aimed at peaks of pest outbreaks only. Low pest occurrence prior or after this peak might
escape chemical control and partial control by beneficial organisms.

We gathered data from abundant pest species in specific orchards that where monitored either 20
years (12 orchards throughout Belgium) or 50 years (orchards near Gorsem). Available life history
parameters (emergence, egg-laying, peak of flights, abundance ...) were related to climatology and
specific management strategies.

The phenology of a mgjority of pests follows climatic changes in mean spring temperatures, a
trend that started in the early eighties in Belgium. Phenology changes do not correspond with the key
shift towards IPM in the late eighties and early nineties, though we cannot exclude a partial added
effect. Phenology elongation has consequences on |PM strategies and crop protection management. In
the case of the codling moth, earlier start of flights and later end of the sole generation in Belgium
necessitates at least one extra chemical application to obtain full control.



Implementation of non-organophosphate pest management programs
on pears in northern Oregon, USA
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Abstract: The work reported here was part of a collaborative, federally funded project in the western
United States among several universities and research laboratories to reduce use of organophosphate
(OP) insecticides on apples, pears and walnuts and replace them with selective control alternatives. In
northern Oregon, the project began in 2001 in the Hood River Valley by comparing pest management
programs with and without OP insecticides and studying their effect on key and secondary pests, and
on natural enemies. Pear orchards were treated with mating disruption for codling moth control and
supplemented with either OP or non-OP insecticides when treatment thresholds were reached. Codling
moth control in blocks treated with mating disruption plus OP alternatives, such as methoxyfenozide,
was as effective as mating disruption supplemented by the OP phosmet. In general, OP treated blocks
had more serious secondary pest problems and fewer natural enemies compared to blocks treated with
selective OP alternatives. Pear psylla levels were generally higher where OPs were applied, except in
blocks where abamectin was used. The natural enemy complex consisted primarily of the predatory
plant bug Deraeocoris brevis (Uhler) (Hemiptera: Miridae), earwigs, and spiders. In 2004 and 2005,
the project was continued with the implementation of non-OP pest management programs in 10
commercia pear orchards. Instead of OP insecticides, growers used mating disruption and/or selective
insecticides for codling maoth control. Weekly updates on pest and natural enemy populations were
sent to growers via electronic newdletters over the Internet to help them with pest management
decisions. Growers applied insecticides when treatment thresholds were reached instead of following a
calendar-based schedule which resulted in cost savings. This project demonstrated that pear growers
can achieve acceptable control of codling moth and secondary pests without the use of OP
insecticides.

35


mailto:allison.walston@ oregonstate.edu
mailto:steve.castagnoli@oregonstate.edu
mailto:helmut.riedl@oregonstate.edu
mailto:brooks1@wsu.edu

Population dynamics of Cydia pomonella (L.) in an area wide
management program
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Abstract: The distribution and the population dynamics of pests in a wide area is determined by
different factors, whose influence could be detected by the use of geostatistical techniques.

The aims of the present work were to know the spatial distribution of codling moth (Cydia
pomonella (L.) Lepidoptera: Tortricidae) and other pests in large areas in order provide useful
information to the Technical Advisers of the growers' crop protection organisations.

The program has been run in the county named Pl d’ Urgell (Lleida, Spain) from 1996, using the
total number of catches in pheromone traps in the first years, and the weekly catches from 2004. A
total number of 580 traps are currently been used in a 90,000 ha area.

The traps are revised weekly by the pest control advisers. They receive back the maps of the
distribution of the different pests in 2 — 3 days, as pdf or ArcView files. The program is now being
extended to other areas of Lleida.
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Effect of centrifugal tree training on pests and pathogens in apple
orchards
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Abstract: The effect of tree architecture on the development of the main apple pests and pathogens
was investigated from 2002 to 2005 at the INRA Gotheron experimental station. The original Solaxe
(0S) was compared to the centrifugal training (CT) system, in which the thinning out of fruiting spurs
aong the trunk and on the proximal and underside parts of branches modifies within-tree environment
conditions. Infestation levels of the rosy apple aphid Dysaphis plantaginea (Passerini) (Hemiptera:
Aphididae) and of the European red mite Panonychus ulmi (Koch) (Acari: Tetranychidae) were
significantly lower in the CT than in the OS system, in 2002 and 2004 for D. plantaginea, and in 2003
for P. ulmi. For the green apple aphid Aphis pomi De Geer (Hemiptera: Aphididag), differences
between systems varied with years. Fruit damage by the codling moth Cydia pomonella (L.)
(Lepidoptera: Tortricidae) tended to be higher in the CT than in the OS system. The incidence of apple
scab Venturia inaequalis (Cooke) G. Wint. was lower in Spring (2002, 2004) in the CT than in the OS
system, but increased faster in CT than in OS in Summer, with no difference in fruit damage at
harvest. Due to severa factors, including pest or inoculum removal when thinning out spurs, within-
tree microclimate, shoot density and/or growth dynamics, tree architecture influences the development
of pests and pathogens. These results open a wide field of research on the use of tree architecture as a
means to modul ate pest and disease devel opment.
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Abundance, spatial distribution and sampling of leafminers in cider
apple orchards: a 3-year survey from Asturias (NW Spain)
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Abstract: Field studies were carried out to assess the abundance and the spatial distribution of mines
on apple leaves, and to develop a reliable sampling method. Four apple orchards in Asturias (NW
Spain) were sampled from 2003 to 2005. A total of 5,120 mines belonging to six different leafminer
species were identified: Phyllonorycter blancardella (Fabricius) (Lepidoptera: Gracillariidae) (40.7 %),
Leucoptera scitella (Zeller) (Lep.: Lyonetiidae) (17.3 %), Stigmella malella (Stainton) (Lep.: Nepti-
culidae) (15.3 %), Lyonetia clerkella (L.) (Lep.: Lyonetiidae) (13.8 %), Phyllonorycter corylifoliella
(Hubner) (Lep.: Gracillariidae) (11.4 %) and Callisto denticulella (Thunberg) (Lep.: Gracillariidae)
(1.5 %). Based on the low densities observed, leafminers could not be considered as a key pest in
Asturian apple orchards. Taylor's parameters obtained for the different leafminer species show that
mines are distributed randomly. The absence of both aggregation and avoidance implies that sample
size requirements for any given level of precision are low. Based on Green’'s formula, the sampling of
around 20 leaves would be enough for estimating populations of 1 mine per leaf. This study has
partidly filled the lack of knowledge on the leafminer status for Asturian cider groves. Moreover, an
enumerative sampling plan for apple leafminers has been devel oped.

Population injury levels of the apple rust mite Aculus schlechtendali
(Nal.) on Golden Delicious and Red Delicious apple fruits

Gino Angeli®, Claudio Rizzi*, Alberto Dorigoni?, Claudio loriatti*

! JASMA Research Center, Plant Protection Department,

2 JASMA Research Center, Agricultural Resources Department, Via E. Mach 1,
38010 San Michele all’Adige (TN), Italy, gino.angeli@iasma.it

Abstract: Field trials were carried out in replicated blocks from 1996 to evaluate the biology and
quantify the influence of apple rust mite, Aculus schlechtendali, (ARM), on fruit-yield and market-
quality of Golden Delicious and Red Delicious apple varieties.

The market quality of fruit specified by weight, fruit size, ground colour, presence of russeting,
as well as internal quality, i.e. soluble solids, acidity and Perlim index, were evaluated in relation to
three population levels of ARM. Long -term effects on tree productivity were assessed by measuring
return bloom. Populations of ARM developed in asimilar way on the two varieties although it reached
higher densities earlier on R. Delicious than on G. Delicious. No correlation between eriophyd
population and russeting on the skin of fruits was observed on G. Delicious, while it was clearly
perceivable on leaves. This study demonstrated that ARM affects some intrinsic and external fruit
quality parameters on G. Delicious. On the contrary no influence of the eriophid population density on
return bloom or on yield in the following year was observed.
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Can apple aphids be vectors of “Candidatus Phytoplasma mali”?
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Abstract: Apple Proliferation (AP) is a phytoplasma associated disease spread in al countries of
central and southern Europe. In 2000, we demonstrated that Cacopsylla picta (F.) (Homoptera:
Psyllidae) was a vector of “Candidatus Phytoplasma mali” in the apple growing area of Trentino. In
order to investigate the existence of further vectors, different insects were tested by PCR techniques.
AP was primarily detected in 3 aphid species: Aphis pomi (DeGeer) (Homoptera: Aphididae),
Dysaphis plantaginea (Passerini) (Homoptera: Aphididae) and Eriosoma lanigerum (Hausmann)
(Homoptera: Aphididae). Phytoplasma load in the positive individuals was assessed by quantitative
PCR and the vector capacity was evaluated after experimental transmission trials. Moreover
preliminary analyses were carried out aiming to establish where phytoplasmas could be located in the
aphid’'s body. Based on our results, aphids seem to acquire a quite high load of “Ca. Phytoplasma
mali”. However pathogen titre found in these insects appears definitely lower when compared to the
concentrations detected in infectious psyllids. Taking into account also the unsuccessful transmission,
we can suppose that aphids don’t play any relevant rolein AP spreading.

Transmission of “Candidatus Phytoplasma mali”” by psyllid vectors
in Trentino
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Abstract. Since the identification of psyllids as vectors of Candidatus Phytoplasma mali in 1999, a
thorough research has been carried out in Trentino (Northern Italy) in order to investigate the role of
psyllids in the transmission of apple proliferation disease. Among the psyllid species found on apple
trees in Trentino, Cacopsylla melanoneura (Férster) (Hemiptera: Psyllidae) and Cacopsylla picta
(Forster) were the most abundant. Transmission trials were conducted from 1999 to 2004 to evaluate
the transmission efficiency of both species. The transmission efficiency of C. melanoneura was very
low. Only 0.36% of the test plants showed symptoms and were tested phytoplasma-positive by
ELISA. C. picta was the most efficient vector and transmitted the phytoplasma repeatedly. In total,
3.8% of the test plants became infected with C. picta. The overwintering as well as the springtime
generation transmitted the phytoplasma. The life cycle of both vector species on apple was described
in order to develop suitable control strategies. Both species complete only one generation per year and
are present in the apple orchards from end of January to June (C. melanoneura) and from end of
March until July (C. picta). An efficient control of the population of C. melanoneura could be
achieved when insecticide treatments were applied at the beginning of oviposition of the
overwintering generation. C. picta was more difficult to control as oviposition often took place during
blossom. Therefore, the best period for insecticide treatments against C. picta was after blossom
controlling the new generation. Furthermore, treatments applicable in organic farming were studied.
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A secondary sexual character for sex determination of Cydia
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Abstract: Since the introduction of the pear ester, ethyl (E,Z)-2,4-decadienoate, in order to monitor
adult Cydia pomonella (L.) (Lepidoptera: Tortricidae) populations, a fast, reliable and easy way to
discriminate between sexes is imperative. Up to now, the main character used is the structure of the tip
of the abdomen. The presence of a rectangular “black spot” in the centre of the under-side of the
forewing of males has also been reported.

Our objectives were to prove the occurrence of the secondary sexual character named as the
“black spot” on the underside forewing of male codling moth, and to detect possible differencesin the
wing scales present in males and females inside and outside the “black spot” area.

Adults from 9 lab and field codling moth populations from Spain, Argentina, Italy and France
were collected. All the adults were checked for both characters. the tip of the abdomen and the
forewing spot and they were classified as “positive” when the concurrence was confirmed and
“negative” when there was not coincidence. The wings were observed under the Scanning Electro
Microscope (SEM).

More than 1,500 adults were observed. The “black spot” was visible with the naked eye in al but
3 males, but in these cases, it was observed under the stereoscopic microscope. Any female showed
the “black spot”. The scales present inside the “black spot” had more rounded edges at the tip
compared to those on other areas of the same wing. On the other hand, female scales in different parts
of the under-side of the forewing were comparable to those of the male outside the “black spot” area.
However, female scales have more acute spikes at the tip.

We conclude that the “black spot” in the under-side of the forewing of codling moth males is a
reliable character to be used to distinguish between male and females of the species.
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Electrophysiological and behavioural responses of Dysaphis
plantaginea and the parasitoid Aphidius matricariae to host plant
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Abstract: In designing integrated pest management strategies, it is important to understand how
aphids and parasitoids respond to host and insect induced volatiles. Dysaphis plantaginea Passerini
(Homoptera: Aphididae) (the rosy apple aphid) develops on plantain (Plantago lanceolata) from July
to October, at which time it returns to apple to mate and lay eggs which overwinter. In autumn, males
and gynoparae (autumn migrating females) may use a combination of apple volatiles and aphid sex
pheromones in host plant and mate location. One objective of this research was to determine the
response of D. plantaginea to volatiles of the primary host, apple, and the secondary host, plantain,
using electroantennogram (EAG) recordings and olfactometry studies. A second objective was to
determine the responses of Aphidius matricariae, a parasitoid of D. plantaginea, to volatiles which
have been shown to be produced in higher concentrations in aphid-infested apple plants compared
with uninfested plants.

A range of chemicals, which we have shown to be produced by either uninfested or aphid-infested
apple or plantain, were tested against D. plantaginea males and gynoparae. Two such compounds,
methyl salicylate and benzaldehyde, dlicited significantly larger EAG responses than the paraffin
control, in both aphid morphs. Gynoparae also produced larger responses to methyl benzoate and (Z)-
3-hexenyl alcohal than the control.

In behavioural bioassays using a Pettersson style olfactometer, D. plantaginea spring migrants
responded positively to P. lanceolata leaves, but not to apple leaves or to a 5:1 ratio of the major sex
pheromone. Gynoparae also responded positively to both the apple leaf and the P. lanceolata leaf but
not to the apple leaf presented together with the aphid sex pheromone components. Males also
responded positively to the sex pheromone components presented together with the apple leaf, but not
to either presented alone. Specific plant volatiles, such as methyl salicylate, aso elicited a behavioural
response.

Aphidius matricariae showed significant electrophysiological, but not behavioural, responses to
methyl salicylate and a component of the aphid pheromone, (-)-(1R,4aS,7S,7aR)-nepetalactol,
normalised against nepetalactone. Following oviposition experience with aphids on apple, A. matri-
cariae responded positively to apple leaves and a specific stress related voltile.

The results form part of a project funded by the UK Department for the Environment, Food and
Rural Affairs. More work is needed to determine effects of other plant volatiles on aphid and para-
sitoid behaviour.

41



