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O-01
MOTH PHEROMONES PRODUCED IN CELL AND PLANT FACTORIES FOR 
CONTROL OF ORCHARD AND ROW CROP PESTS

Christer Löfstedt
Department of Biology, Lund University, Lund, Sweden
christer.lofstedt@biol.lu.se

Abstract: Biological production of insect pheromones has evolved rapidly as an alternative to conventional 
synthetic pheromone production (Löfstedt & Xia, 2021). This strategy is environmentally friendly and has the 
potential to become a cost-effective way of producing large quantities of pheromones with high purity and a 
minimum of waste. The recent success to produce moth pheromones in cell and plant factories build on extensive 
research on pheromone biosynthesis over more than three decades that took off in the group of professor Wendell 
Roelofs in the early 1980s. The explosion of molecular tools and “omics” from the end of the 1990s facilitated 
the characterization of genes involved in biosynthesis and metabolic engineering of both plants and microbes 
opened up for large-scale biological production of pheromones and pheromone precursors. 

Most current pheromone-based pest control products target lepidopteran pests of high-value crops, as today’s 
manufacturing processes cannot yet produce pheromones at low enough costs to enable their use for lower-value 
crops, especially commodity crops. The oleaginous yeast Yarrowia lipolytica and the oilseed crop Camelina sativa 
have, however, turned out to be ideal platforms to produce C16 and C14 monounsaturated fatty acyl precursors 
and volatile pheromone components for both trapping and mating disruption of row-crop pests (Holkenbrink et 
al., 2020; Wang. et al., 2022). A sufficient pool of saturated C16 or C14 saturated precursors already exist in the 
plant and yeast platforms or can be easily created by metabolic engineering without significant negative fitness 
effects on the hosts. 

The production of C16 and C14 monounsaturated fatty acyl pheromone compounds in many ways represent 
“low-hanging fruit”. Production of pheromone compounds with shorter chain length and with multiple double 
bonds, including the pheromone components of orchard pests like the codling moth Cydia pomonella, is more 
demanding. We used Camelina as a plant factory to produce also mono- and di-unsaturated C12 chain length moth 
sex pheromone precursors, (E)-9-dodecenoic acid and (E,E)-8,10-dodecadienoic acid, by introducing a fatty 
acyl-ACP thioesterase FatB gene UcTE from California bay laurel (Umbellularia californica) and a bifunctional 
∆9 desaturase gene Cpo_CPRQ from the codling moth, C. pomonella. The diene acid together with other seed 
fatty acids were converted into corresponding alcohols, and the bioactivity of the plant-derived codlemone was 
confirmed by GC-EAD and a flight tunnel assay. Trapping in orchards and home gardens confirmed significant 
and specific attraction of C. pomonella males to the plant-derived codlemone (Xia et al., 2021). Elucidating the 
biosynthetic pathways and characterization of the elusive key enzymes involved in the production of the primary 
pheromone components of the European grape wine moth Lobesia botrana (Xia et al., 2021), and the oriental 
fruit moth Grapholita molesta, (E7,Z9)-dodecadienyl acetate and (Z/E)-8-dodecenyl acetate respectively, remain 
outstanding challenges.

Elucidation of pheromone production pathways and characterization of genes and enzymes paved the way 
for biological production of moth pheromones. Molecular tools and metabolic engineering made it possible. The 
technology for fermentation of moth pheromone compounds in Y. lipolytica was developed as part of the 
research project OLEFINE and resulted in the industrial biotech start-up company BioPhero Aps. The 
research project Oil Crops for the Future gave rise to SemioPlant AB, which in partnership with ISCA Inc. aims 
for production of pheromones from precursors produced in the oilseed crop Camelina. Biological production of 
insect pheromones works, the rest is a matter of upscaling, investments, and market penetration.

Key words: moth pheromone biosynthesis, biological production, pest control, Yarrowia lipolytica, Camelina 
sativa.
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O-02
PHEROMONE-BASED CONTROL OF INSECT PESTS ON CURRANTS 

Olle Anderbrant1*, Ann-Kristin Isaksson2, Line Beate Lersveen3, Christer Löfstedt1, Sigrid 
Mogan3, Elisabeth Öberg4, Marja Rantanen5, Glenn Svensson1, Gunda Thöming6

1Department of Biology, Lund University, Sölvegatan 37, SE-223 62 Lund, Sweden;
2Hushållningssällskapet Norrbotten-Västerbotten, Trädgårdsförsöksstation, Patrons Allé 10, SE-943 
31 ÖJEBYN, Sweden; 
3Norsk Landbruksrådgiving Viken, Foss gård, Stokkeveien 4, NO-3403 Lier, Norway; 4Länsstyrelsen i 
Norrbottens län, Landsbygdsenheten, SE-971 86 Luleå, Sweden; 5Luonnonvarakeskus (Luke), Natural 
Resources Institute Finland, Survontie 9A, FI-40500 Jyväskylä, Finland;
6NIBIO, Norwegian Institute of Bioeconomy Research, Pb 115, NO-1431 Ås, Norway

E-mail: olle.anderbrant@biol.lu.se

Abstract: Currants (Ribes spp.), in particular black currant Ribes nigrum, are grown in many parts of the 
world for food and for their beneficial health or medical effects. In the Nordic countries they are grown on about 
3,000 ha, but often damaged by three lepidopteran pest species, causing severe yield losses. Due to the lifestyle 
of the moths, with larvae feeding inside shoots and branches most of the time, these species are difficult to 
control with chemical insecticides or biological preparations. The goal of this project is to develop sustainable 
pheromone-based methods to reduce the damage from the three moth species and thereby enabling profitable 
cultivation irrespective of management practice. The currant clearwing moth, Synanthedon tipuliformis, is spread 
on several continents and pheromone mating disruption (MD) has been a functioning strategy for its control in 
New Zealand. MD is the release of synthetic mimics of the species-specific female-produced sex pheromones to 
disturb the mate-finding behaviour of the males and will, if successful, result in much reduced reproduction. The 
remaining species, the currant shoot borer, Lampronia capitella, and the currant bud moth, Euhyponomeutoides 
albithoracellus, have so far not been subject to extensive MD trials. Here we report results from two years (2021 
and 2022) of monitoring with pheromone traps and damage estimates covering 30 fields in Finland, Norway 
and Sweden. The monitoring using pheromone traps for all three species in 2021 revealed that the currant 
clearwing moth is more common in Norway than was earlier known. It was also noted that the flight periods of 
the three species are similar in time and length in the three countries, lasting from the middle of June until the 
middle of July. We also report preliminary results from the first year (2022) of MD treatment directed towards 
all three species and covering entire fields. Challenges of biological, chemical and economical nature related to 
the development of an efficient and sustainable pest control strategy are discussed.

Key words: monitoring, mating disruption, Ribes, Synanthedon tipuliformis, Lampronia capitella, 
Euhyponomeutoides albithoracellus.

Acknowlegements: We thank all growers for providing study sites and help with trap inspections, the project 
reference group for helpful discussions, and Erling Jirle for technical assistance. The study is supported by a 
grant from the Swedish farmers’ foundation for agricultural research.
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O-03
SEX PHEROMONE OF THE ALFALFA PLANT BUG, ADELPHOCORIS LINEOLATUS: 
PRESPECTIVES AND PRACTICAL CONSIDERATIONS

Sándor Koczor1*, József Vuts2, John C. Caulfield2, David M. Withall2, John A. Pickett3, Michael 
A. Birkett2, Miklós Tóth1

1Centre for Agricultural Research, Plant Protection Institute, Eötvös Loránd Research Network, 
Budapest, Hungary; 
2Department of Biological Chemistry and Crop Protection, Rothamsted Research, Harpenden, 
Hertfordshire AL5 2JQ, UK; 
3Cardiff University, School of Chemistry, Cardiff, CF10 3AT, United Kingdom

E-mail: koczor.sandor@atk.hu

Abstract: Plant bugs (Miridae), is a highly species-rich family of Heteroptera with more than 11000 species 
described worldwide. Several plant bug species are considered as pests, therefore comprehensive knowledge of 
the chemical ecology of these species is of crucial importance. 

The alfalfa plant bug, Adelphocoris lineolatus is an important pest of alfalfa seed production and it may 
also cause considerable damage to several other crops, such as lentils and sunflower. Furthermore, recently 
Adelphocoris spp., including A. lineolatus have become key pests on Bt-cotton in China (Lu et al. 2008).

Due to the economic importance of the species, research on its chemical ecology is of special importance as 
it may offer novel tools for monitoring or potentially for the management of the species. The sex pheromone of 
A. lineolatus was first identified based on studies on East-Asian populations of the species, consisting of hexyl-
butyrate, (E)-2-hexenyl-butyrate and (E)-4-oxo-2-hexenal (Zhang et al. 2015). Nevertheless, sex pheromone 
composition may differ in different geographic regions in species with wide distribution as it was found for Lygus 
pratensis, where sex pheromone showing field activity in European populations (Fountain et al. 2014) was found 
inactive in field tests in China (Zhang et al. 2021). Nevertheless, sex pheromone composition of European A. 
lineolatus populations was found similar to East-Asian populations (Koczor et al. 2021). Furthermore, 1-hexanol 
was identified as a potential sex pheromone antagonist, this compound decreased attraction of male A. lineolatus 
to sex pheromone baits considerably (Koczor et al. 2021).

When the sex pheromone was tested in combination with a previously known floral attractant, (E)-
cinnamaldehyde (Koczor et al. 2012), number of attracted males did not show significant increase as compared 
to the sex pheromone alone, however, females were attracted irrespective of the presence of the sex pheromone. 

Mating disruption may provide an effective tool for management of pests. Nevertheless as suggested by 
Yasuda and Higuchi (2012) this method could be especially costly for plant bug species, as they estimated for 
two important mirid pests of rice, partly because of the sensitivity of an essential sex pheromone component, 
(E)-4-oxo-2-hexenal. Furthermore, another important issue to consider is that this compound is irritative, which 
may pose risks in respect of human health. From this respect 1-hexanol could provide a potential alternative with 
remarkably lower costs and even more importantly without considerable health risk issues. Nevertheless, further 
studies are necessary to assess the potential perspectives of this promising finding.

Key words: Miridae, Adelphocoris lineolatus, sex pheromone, antagonist, field experiments.

Acknowledgements: The current research was partially financed by the National Research Development and 
Innovation Office (NKFIH, grant FK134744).
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O-04
USE OF SEX PHEROMONES FOR MASS TRAPPING THREE MEALYBUG SPECIES 
IN APPLE ORCHARDS 

Tania Zaviezo and Alda Romero

Departamento Fruticultura y Enología, Facultad Agronomía e Ingeniería Forestal, Pontificia 
Universidad Católica de Chile, Santiago, CHILE

E-mail: tzaviezo@uc.cl

Abstract: Mealybugs (Hemiptera: Pseudococcidae) species are important pests of many crops worldwide, 
and its control with conventional methods is challenging. The use of sex pheromones offers new approaches 
for their control in an environmentally sound way. In this work we evaluated the use of pheromones by mass 
trapping to control three species simultaneously: Pseudococcus calceolariae, P. viburni and P. longispinus, in 
apples. We carried out two experiments using organic apple orchards. In the first one we used eight blocks (10 x 
10 m approx.), and in the corner of each block we hanged a delta trap with a clear sticky panel (4 per block), with 
half of the blocks having a P. calceolariae sex pheromone dispenser in the dealt traps, and the other half of the 
blocks having blank dispensers. Mealybugs captures were followed from November to May. Both delta and clear 
panel traps had significantly more male captures in pheromone plots than on no-pheromone plots (more than 
30-fold). In the second experiment, eight plots were selected. In half of them with six yellow sticky traps with a 
mix of the pheromones of the three species were deployed and on the other half of the plots yellow traps without 
pheromones were used. Additionally, in the centre of each of the eight plots delta traps with the pheromones of 
each species were set. Males captured in yellow sticky traps and pheromone traps were counted every 15 days 
approximately, between November and January (spring – summer). Results showed that yellow sticky traps with 
pheromones captured 99% more males than yellow traps without pheromones, producing a “mass trapping” 
effect. Also, in the control plots delta traps had 95% more P. calceolariae male captures than delta traps in 
the mass trapping treatment, but for the other species no differences were found. Male captures also varied by 
sampling date, with higher captures in late December, agreeing with the species phenology. These results suggest 
that mealybug mass trapping using sex pheromones is a potential technique for their control.

Key words: Mealybugs, Pseudococcus calceolariae, P. viburni, P. longispinus, apple, sex pheromones, mass 
trapping.
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O-05
MATING DISRUPTION – 50 YEARS OF KNOWLEDGE TO RECOLLECT

Andrea Lucchi1, Claudio Ioriatti2, Bruno Bagnoli3

1Department of Agriculture, Food and Environment, University of Pisa, via del Borghetto 80, 56124 
Pisa, Italy; 
2Center for Technology Transfer, FEM-IASMA, 38010 San Michele All’Adige, (TN), Italy; 3Department 
for Innovation in Biological, Agro-Food and Forest Systems, University of Tuscia, via San Camillo de 
Lellis, 01100 Viterbo, Italy

Abstract: The development and application of sex pheromone mimics to control insect pests by mating 
disruption technique (MD) have about 50 years of history. Today’s strong tendency toward continued reduction 
of conventional pesticides in agriculture is boosting a rapid expansion of biological and biotechnical means, 
including the adoption of MD in several crops, which benefit from this technology that allowed in many cases the 
effective control of several key pests. Currently, the most successful, reliable, and still expanding applications are 
in fruit and vegetable crops such as grapes, apples, peaches, and tomatoes. For these crops MD proved to achieve 
better lasting performances than conventional systems, without developing pest resistance or loss of efficacy 
and providing selective control at low impact to environment, operators, and consumers. Many researchers and 
advisors contributed to the development and field transfer of this technique since the seventies of the last century 
when the first field applications started. Much knowledge has been accumulated with thousands of scientific 
papers published in the world. However, at grower level, the transfer of this knowledge is often limited and still 
needs to be improved. 

Under this trend there is a high risk to overlook the essential rules and past learned lessons for the proper 
and effective application of this technique. Therefore, scientists, advisors, growers, and manufacturers should 
recollect all the knowledge that brought MD to success and avoid shortcuts that may jeopardize or harm its 
reputation.

Key words: Pheromones, IPM, biotechnology, education, pests.
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O-06
VALIDATING A SEX PHEROMONE AEROSOL EMITTER FOR LOBESIA BOTRANA 
MATING DISRUPTION IN ITALIAN VINEYARDS

Renato Ricciardi1, Giovanni Benelli1, Francesca Cosci1, Andrea Iodice2, Francesco Savino2, Edith 
Ladurner2, Andrea Lucchi1

1Department of Agriculture, Food and Environment, University of Pisa, via del Borghetto 80, 56124 
Pisa, Italy;
2CBC (Europe) Srl, BIOGARD Division, via Zanica, 25, 20050 Grassobbio (BG), Italy

Abstract: Mating disruption (MD) with hand-applied dispensers is the most well-studied and widely 
applied pheromone-mediated control technique against Lobesia botrana in the European wine-growing areas. 
Other pheromone techniques, such as autoconfusion, lure-and-kill, false-trail following, aerosol emitters, 
microencapsulated sprayables and nanofibers have already been placed on the market and are still under 
development. In the present study, the experimental aerosol emitter Isonet® L MISTERX843 was tested over 
two years at different application rates (i.e. 2, 3 and 4 units/ha) in three Italian study sites, two in Tuscany 
(Central Italy) and one in Emilia-Romagna (Northern Italy). The efficacy of the experimental device in reducing 
L. botrana infestation was carried out by comparing the performance of the aerosol emitter with an untreated 
control and two grower’s standards, represented by commercial passive (Isonet® L TT) and active (Checkmate® 
Puffer LB) sex pheromone release devices. The use of Isonet® L MISTERX843 resulted in zero male catches 
in the pheromone traps, and in a significant reduction in the percentage of infested flower clusters and bunches 
and number of nests per flower cluster and bunch, if compared to the untreated control. In comparison with the 
grower’s standards, the efficacy of Isonet® L MISTERX843 was fully comparable. From the results obtained, 
it is possible to infer that Isonet® L MISTERX843 can ensure an efficient European grapevine moth (EGVM) 
management and save deployment time (2-3 units/ha for aerosol emitters compared to 250-500 units/ha for 
passive-release dispensers), which results in a reduction in labour costs, and thus in an improvement of the 
overall pest management strategy.

Key words: European grapevine moth; grape pest; Lepidoptera; Tortricidae.
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O-07
MATING UNDER A CHANGING CLIMATE: IMPACTS OF CO2, O3 AND 
TEMPERATURE ON EUROPEAN GRAPEVINE MOTH LOBESIA BOTRANA

Jannicke Gallinger1,2*, Margit Rid-Moneta1, Ursula Beate Nieszporek1, Christine Becker3, Annette 
Reineke3, Jürgen Gross1 
1Institute for Plant Protection in Fruit Crops and Viticulture, Julius Kühn-Institut, Federal Research 
Institute for Cultivated Plants, Schwabenheimer Str. 101, D-69221 Dossenheim, Germany;
 2Department of Ecology, Swedish University of Agricultural Sciences, Ulls väg 16, 75007 Uppsala, 
Sweden; 
3Geisenheim University, Department of Crop Protection, Von-Lade-Str. 1, D-65366, Geisenheim, 
Germany 

Abstract: Control of lepidopteran pests by mating disruption is a particular success story of biotechnical 
plant protection. Mating behavior of many insects is based on intraspecific communication via volatile sex 
pheromones, which are utilized in mating disruption strategies. Female pheromones are dispersed in orchards to 
control damaging insect populations in crops. An overabundance of pheromones in the field disrupts the location 
of females by males and in consequence prevent mating and reproduction. In viticulture mating disruption of 
European grapevine moth Lobesia botrana, one of the most serious pests on grapes, is well established. Without 
control, heavy economic losses are caused by L. botrana larvae of the second generation that feed on unripe grape 
berries. Damaged berries act as portals of entry for bacteria and fungi, especially grey mold Botrytis cinerea. 

Commonly, for communication via volatile sex pheromones, females release specific compounds in 
characteristic blends, therefore pheromone-based control measures are highly species specific but also vulnerable 
to chemical changes due to environmental factors. Thus, pollution and changing climate conditions, such as 
increasing temperatures, atmospheric CO2 and ozone concentrations are likely to impact this sophisticated 
chemical communication in multiple ways. This could happen either by impacting insect physiology leading 
to changes in the emission of pheromones by females or the perception ability and reaction by males, or by 
degrading pheromone compounds directly. In consequence, pheromone-based plant protection measures, such 
as mating disruption could become less effective under future climate.

Here, we investigated impacts of climate change on aspects of intraspecific communication of L. botrana, 
to estimate possible consequences for moth control under future conditions. L. botrana populations were reared 
in the lab under elevated temperatures and CO2 concentrations to investigate the impact of long-term exposition 
during moth development on the perception of the sex pheromone. Electro antennograms (EAG) were recorded 
to measure reactions of male L. botrana moth to different concentrations of (E,Z)-7,9-Dodecadienylacetat. 
Additionally, the effect of short-term ozone exposition on pheromone perception of male moth were investigated 
via EAGs. Ozone is highly reactive and is known to act as reactive oxidant on proteins and thus may alter 
biochemical processes involved in sex pheromone perception. Further the flight behavior of L. botrana males 
towards artificial pheromone dispensers in a windtunnel was recorded and analyzed with 3D video tracking. 
Finally, the functionality of mating disruption technique was verified under elevated CO2 conditions in a Free-
Air Carbon dioxide Enrichment (FACE) vineyard at Geisenheim University in Germany. 

The results will enable us to identify limitations of pheromone-based pest control measures and possibly 
adapt these methods to changing conditions, if necessary. 

Key words: mating disruption, climate, pheromones, plant VOCs, moth flight.
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O-08
MATING DISRUPTION: DOES THE NUMBER OF DISPENSERS PER HECTARE 
MATTER TO CONTROL THE EUROPEAN GRAPEVINE MOTH?

Fanny Vogelweith 

M2i Biocontrol, 470 route de Caunézil, 46140 Parnac, France

Abstract: The European grapevine moth is one of the most damaging pests in vineyards. Mating disruption is 
now widely used to control this species in various countries. The diversity of passive dispensers used in mating 
disruption is getting bigger with more and more innovative formats that will be less damaging for the environment. 
Thus, for an equivalent concentration of pheromone used per hectare, the number of dispensers used per hectare 
in a vineyard plot depend on the product and the manufacturer. The present study aims to determine whether 
the number of dispensers per hectare influence the control of Lobesia botrana. For this purpose, we compared 
efficacy trials of different mating disruption products using a various number of dispensers per hectare, in 9 
countries over 5 years. The flight monitoring of the pest and the damages attributed to the pest in the different 
generations were assessed. Results will be discussed in this presentation. 

Key words: Lobesia botrana, pest management, vineyards, monitoring.
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O-09
TIME FOR A NEW APPROACH TO PHEROMONE CONTROL AGAINST 
LOBESIA BOTRANA IN VINES: SUBVERTTM

Daniel Casado

Suterra Europe Biocontrol S.L., Plaza América, 2, Planta 9. Valencia, Spain, E46004

Abstract: The European grapevine moth, Lobesia botrana (Denis & Schiff.), is the key pest of grapevine 
production in all the Mediterranean Basin. Its adequate management is key both in table grapes and in wine 
production, as it can depreciate the value of both commodities directly and facilitating the contamination by 
Botrytis cinerea.

The sex pheromone of this pest, (E7,Z9)-dodecadienyl acetate, has been long known and used in pest control. 
Over the years, starting in the late 1980s, numerous sex pheromone formulated products have been developed 
and commercialized by a range of companies. The vast majority of those products are passive vapor-releasing 
dispensers (VP), such as Celada LB 400 or Isonet L; or aerosol (AE) active dispensers, such as CheckMate 
Puffer LB. Both passive and active dispensers are designed for season-long implementation of mating disruption 
in the vineyards. Although passive dispensers oftentimes struggle to reach the end of the season, especially in 
warmer areas, both approaches can achieve equivalent damage reductions.

Despite the proven efficacy of mating disruption passive and active dispensers and the availability of multiple 
commercial options, adoption of pheromone products in vineyards is still modest at best. Nowadays there 
are approximately 80,000, 100,000 and 75,000 ha of mating disrupted vineyards in Spain, France and Italy, 
respectively. The total combined surface of vineyards for those 3 countries is near 2.5M ha.

Multiple factors may play a role in the low adoption of the technologies, but cost of the products is probably 
the single most important one. Price to grower of mating disruption passive and active dispensers vary depending 
on the product, distribution channels and other factors, but they range from 90 to 160 €/ha. A typical conventional 
spray program is far lower, especially in areas of lower-value wine production. Alternative uses of pheromone 
are needed in order to further its adoption and displace conventional, much more toxic conventional insecticides.

Suterra has developed and started to commercialize a microencapsulated formulation of pheromone in 
Southern Europe: Subvert. Subvert is intended for targeted applications of pheromone only at peaks of male 
activity.

In the year 2020, a battery of field trials was conducted in Italy and Spain to demonstrate that Subvert could 
successfully substitute conventional chemicals. In the different trial sites the standard practice was compared to 
an equivalent strategy substituting all or some of the chemical insecticides targeting L. botrana by applications of 
Subvert. In general, the normal practices consisted of a single spray to treat the larvae of the 2nd generation, the 3rd 
generation or both. The insecticides used depended on each specific trial, but were active substance commonly 
used for control of L. botrana (methyl chlorpyrifos, spinetoram, indoxacarb, tebufenozide, emamectin, etc).

The results of the trials clearly showed that equivalent or better results could be obtained substituting 
currently used insecticides by Subvert. Hence proving that pheromone can be used to successfully substitute 
chemical sprays without the need for a continuous pheromone release throughout the season, and in a more cost-
competitive manner than with the use of season-long mating disruption products.

Subvert first year of commercialization was 2021. In that year the product was used in approximately 15,000 
in Italy, Spain and Greece. Market feedback has been very positive. Subvert will allow for insecticide use 
reduction in European vineyards, lower pesticide residues in grapes and wine and better control of L. botrana in 
situations challenging to insecticides that require good coverage such as the last generation in grapevine varieties 
of compact bunches.

Key words: Lobesia botrana, pheromone, sprayable formulation, targeted applications.
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O-10
THIRTY YEARS OF CODLING MOTH MATING DISRUPTION: WHAT DO WE KNOW 
AND STILL NEED TO KNOW? 

Don Thomson and Peter McGhee

Pacific Biocontrol Corporation, Vancouver, WA. USA

Abstract: The sex pheromone of codling moth (CM) (Cydia pomonella) was identified in 1971. The 
commercialization of codling moth mating disruption (CM MD) began in the early 1990s sparking a world-
wide research effort to understand how to deploy and optimize the use of the technology. Although limited 
research trials were carried out in the 1970s and 1980s, it was unusual to have large scale research trials and 
commercialization efforts happen almost simultaneously. The sex pheromone of oriental fruit moth (OFM) 
(Grapholita molesta) was identified in 1969. Oriental fruit moth mating disruption (OFM MD) was successfully 
registered and commercialized first in Australia and then the United States in the mid 1980s so there were 
high hopes that CM MD would work as well. It soon became apparent that CM MD would not be as easily 
implemented commercially as OFM MD. This increased the focus on research and extension support by public-
sector agencies worldwide. The extensive research and extension carried out in the 1990s and early 2000s 
helped growers and industry representatives better understand the timing, the application rate and placement of 
dispensers to optimize the performance of CM MD. In addition, extensive research was conducted by scientists 
worldwide to understand the modes of action of CM MD. The resulting information helped pome fruit pest 
control advisors, consultants and growers understand and implement reasonable expectations for the efficacy 
of CM MD. But unfortunately, there was never a concerted effort to understand how and why insects such as 
CM and OFM differ in the detection and processing of their sex pheromones. If scientists could understand 
these differences, then perhaps the knowledge gained from an understanding of OFM MD could help in the 
design and formulation of CM MD technologies. The science of insect olfaction is well known judging from the 
hundreds of publications in the literature. We should be asking where and how the differences in the detection 
and processing of sex pheromone between OFM and CM males arise. Is it in the structure of the pore tubules 
on the sensilla, the olfactory binding proteins in the sensillum lymph, the olfactory receptors on the sensillum 
dendrites or the olfactory receptor neurons? Or do the differences arise in the processing of the sex pheromone 
signal in the antennal lobe? Or perhaps, the differences happen in the higher brain centers such as the ganglia 
in the protocerebrum? We need to understand how and where these physiological differences occur between 
insects such as OFM and CM if we are ever to understand the differences in their behavioural responses to 
their sex pheromone. Hopefully a better understanding may allow us to improve CM MD and other insect 
mating disruption systems by designing more effective release systems and/or delivering their sex pheromones 
in conjunction with other behavioural modifying compounds such as kairomones. 

Key words: Mating disruption, sex pheromones, Cydia pomonella, Grapholita molesta.
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O-11
THE CODLING MOTH (CYDIA POMONELLA) CHANGE OF DISPERSION PATTERN 
UNDER MATING DISRUPTION

Rakefet Sharon1,2 and Ally Harari3

1Northern R&D, MIGAL – Galilee Research Institute, Kiryat Sh’mona, Israel; 
2Department of Science & Environment, Ohalo Campus, Tel-Hai College, Upper Galilee, Israel; 
3Department of Entomology, The Volcani Center, Bet Dagan 50250, Israel 

E-mail: rakefetsh@gmail.com; aharari@volcani.agri.gov.il 

Abstract: The codling moth, Cydia pomonella L. (Lepidoptera, Tortricidae), is a major pest of apple, pear and 
walnut orchards worldwide. The pest is controlled using the pheromone-based mating disruption, a biologically 
friendly control method, supplemented with insecticides. In recent years, farmers reported increased damage in 
plots treated with mating disruption and the need for additional insecticide applications.

The synthetic, species-specific sex pheromone saturated environment hampers the males’ ability to locate 
females for mating. However, males and females may persist in their attempts to mate. This can lead to behavioral 
changes as a response to mating disruption by: a) providing an advantage to males that detect minor components 
in the natural pheromone blend, which are not musk by the partial blend of the synthetic pheromone, b) changes 
in the female’s natural pheromone composition that enhance the detection of females by sensitive males, c) 
avoidance behavior, by which mating encounters occur either on the canopy above the dispensers or at the 
orchards’ boundaries, avoiding high concentration of continuous MD coverage, especially so for constricted 
host-plant species (oligophagous) with limited refugee options out of the pheromone treated area.

Studies of pests treated with MD have reported significantly greater damage in the fields’ margins. This 
phenomenon has been attributed to the invasion of gravid females from adjacent fields. We suggest that this 
may also be ascribed to females’ avoidance of areas with high pheromone concentration, conceived as intense 
competition for resources. We studied the codling moth dispersion pattern under MD. We found more females 
and greater damage to fruit in the margins than in the center of the orchards and suggest that females fly from 
high pheromone concentration to the relatively low pheromone concentration in the borders. The high female 
density in the margins allows for random matings and increases the pest’s reproductive success. 

The continuous high concentration of pheromone coverage in space and time, using the MD method, combined 
with restricted host-plant species, pushes males and females to the orchard’s borders where most matings and 
oviposition occur. In the margins, the relatively high population of females and the partial blend of the synthetic 
sex pheromone enable the males to detect the females that release the full pheromone blend.

Key words: Codling moth, Cydia pomonella; mating disruption; pheromone; field margins.
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O-12
REDUCING COST TO INCREASE ADOPTION OF MATING DISRUPTION OF CYDIA 
LATIFERREANA IN HAZELNUTS

Serhan Mermer1, Betsey Miller1, Peter McGhee2, Vaughn Walton1 
1Oregon State University, Department of Horticulture, 4017 Ag and Life Sciences Building, Corvallis, 
Oregon, 97331, USA; 
2Pacific Biocontrol, Pacific Biocontrol, 4815 NW Bruno PL, Corvallis, OR 97330, USA

E-mail: betsey.miller@oregonstate.edu

Abstract: In 2020/21, global production of hazelnut, Corylus avellana was estimated at 512,100 metric tons 
(INC 2021). The United States holds a 3-4% share of global production, valued at $132 million, 99% of which 
is located in the state of Oregon (INC 2021, ODA 2020). The key pest of hazelnut in Oregon is filbertworm, 
Cydia lattiferreana (Lepidoptera: Torticidae), an insect native to North America. The economic threshold for 
filbertworm damage in conventionally grown hazelnuts is less than 1%. Growers typically apply one or two 
pyrethroid sprays per season to keep filbertworm populations below this threshold. Industry interest in reducing 
pesticide applications led to a 5-year study of mating disruption of filbertworm that ultimately resulted in a 
commercially available pheromone dispenser product. Adoption of mating disruption by the industry, however, 
has been slow. In 2022, seven years after commercialization, roughly 3% of productive hazelnut orchards (728 
hectares) are being treated with FBW mating disruption.

When first approved and released for commercial use in 2015, the cost per hectare of filbertworm mating 
disruption ($125 USD) was comparable to that of conventional chemical control, but came with a learning curve, 
meaning that only the most ecologically conscious or innovative growers were willing to adopt the practice. 
In the years following, prices of commonly used chemical control products have decreased, making mating 
disruption an even less attractive option. In an effort to increase the rate of grower adoption by reducing the cost 
of mating disruption, we initiated a dose-response field trial in 2021 to test lower rates of active ingredient (the 
most expensive component) in pheromone dispensers. 

A randomized trial was replicated in four different hazelnut orchards in the Willamette Valley, Oregon, USA. 
The orchards were comprised of 8-year-old Yamhill or Jefferson cultivars on a 3m x 6m tree x row spacing with 
a 5m maximum canopy height. Each replicated block was a contiguous 20 ha orchard containing eight 1.25 
ha treatment plots. Plots were treated with one of either ISOMATE® FBW Ring (the commercial standard) or 
ISOMATE® HSW Flex (Pacific BioControl Corp., Vancouver, Washington, USA) containing 1.16 g and 232 mg 
of (E,E)-8,10- Dodecadien-1-yl acetate per dispenser respectively at seven pheromone dispenser densities to 
generate a dosage-response profile. The treatments were as follows: no pheromone (control), ISOMATE FBW 
Ring at 25/ha, ISOMATE HSW Flex at 25, 50, 50 at chest height (50C), 75, 125, 250/ha. Dispensers were applied 
in late May to the upper third of the canopy 3-4 m above the ground (excepting the 20C treatment, which was 
applied at 1.5 meters above the ground). The control was placed on the prevailing upwind side of the orchard to 
reduce the chance of pheromone drift/contamination from other treatments. Pheromone dispensers were evenly 
spaced in a grid pattern throughout treatment plots with lower density treatments having the greatest distance 
between dispensers. 

Treatment effects were assessed using suppression of male FBW catch in 2 Pherocon® IV traps per plot baited 
with Trécé FBW lure. Traps were centrally placed in each plot in the upper third of the canopy. Moth catch was 
recorded each week from 28 May – 22 September 2021. Dosage response profiles were generated using the 
average number of moths captured /plot/season. We also assessmed nut damage by randomly collecting 50 nuts 
from interior and exterior of each plot. Nuts were cracked and examined for larvae damage, shriveled, holes, and 
frass. Percent nut infestation was calculated by dividing the infested nuts by the total number of nuts.

Percent disruption was calculated as (1 - (mean catch in treatment ⁄ mean catch in control)) x 100. Prior to 
analysis, catch data was square root transformed, followed by checks for the normality of their distribution by 
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examining skewness and kurtosis, and subject to ANOVA and Tukey’s HSD to determine treatment effects.  
Graphical plots of catch vs. point source density, 1 ⁄ catch vs. point source density (Miller-Gut plot) and catch vs. 
point source density x catch (Miller-de Lame plot) were generated to determine the type of disruption mechanism 
underlying the pattern of moth captures (Miller et al. 2006). 

Mean total male FBW catch results indicated that densities of 10 Flex and 30 Flex dispensers were equally 
disruptive as 10 Rings (the commercial standard). Male catches were higher in other treatments (20C, 50, and 
100). This could be explained by low and uneven pest pressure, or potential edge effects in relatively small 
treatment plots allowing FBW to immigrate into treatment plots. Another hypothesis is that FBW males are 
super selective under high amounts of pheromone release (a reverse effect). Treatment 20C did not perform well, 
confirming the standard practice of placing dispensers high in the canopy. Percent disruption of the treatments 
were as follows, 20 Flex (0.98), 30 Flex (0.94), 10 Flex (0.9), Ring 10 (0.88), 20C (0.83), 50 Flex (0.83), and 100 
Flex (0.73). Data represented by the Miller-Gut plot indicate a steep curvilinear response to increased number 
of dispensers per hectare, which points to a mechanism of competitive attraction. High percent disruption at the 
lower densities suggests that FBW may be unusually sensitive to the pheromone. The trial was repeated in 2022 
with even lower dispenser densities. Results of the second season are forthcoming. 

Key words: Mating disruption, hazelnut, filbertworm, dose-response, pheromone.

Acknowledgements: We thank Pacific Biocontrol, the Oregon Hazelnut Commission and Oregon State 
University’s Agricultural Research Foundation for funding this research. We thank our collaborating growers, 
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O-13
EVOLVED RESISTANCE TO MATING DISRUPTION: THE CASE OF THE PINK 
BOLLWORM IN COTTON

Ally Harari1, Russ Jurenka2, Hadass Steinitz1, Yftach Golov1, Adrea Gonzalez-Eriksson1, Vicky 
Soroker1 
1Department of Entomology, The Volcani Center, Israel; 
2Iowa State University, Iowa, USA

Abstract: Sex pheromones, released by female moths, provide information on the female species, her mating 
status, and her reproductive potential and allow conspecific males to choose females advertising their higher 
reproductive potential. In the practice of mating disruption (MD) control tactics, an excess amount of a partial 
blend of the species-specific sex pheromone is applied. The many years of continuous exposure to the synthetic 
blend enforce mate-seeking males and females to adopt alternative solutions to achieve reproduction. 

In this study, we demonstrate a possible change in the sex pheromone ratio of components in the gland 
extracts of the pink bollworm (Pectinophora gossypiella) females in cotton fields treated with MD for many 
years. We also demonstrate that males are more attracted to traps baited with the changed ratio of the pheromone 
components. The change in the female pheromone and the preference of males may result in random encounters 
of males and females, explaining the increase in damage to cotton bolls and the escalation of insecticide 
applications in MD treated fields. 

We suggest a possible evolutionary scenario for the evolved changes in the pheromone blend emitted by 
females and the response of males. 

Key words: Mating disruption, sex pheromone, resistance, sexual selection, moths, cotton, pink bollworm, 
Pectinophora gossypiella.
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O-14
EVALUATION OF MATING DISRUPTION SYSTEMS FOR NAVEL ORANGEWORM 
IN CALIFORNIA ALMONDS

David Haviland* and Stephanie Rill

University of California Cooperative Extension, Kern County, 1031 South Mount Vernon, Bakersfield, 
California, USA; 

E-mail: dhaviland@ucdavis.edu

Abstract: Mating disruption is a key element of integrated pest management programs for navel orangeworm 
in California almonds. Between 2019 and 2021 we used 88 unique 16-ha almond orchards to evaluate six different 
mating disruption systems that disseminate pheromone using pressurized aerosol cans, passive meso dispensers, 
and applications of microencapsulated formulations to the foliage. Aerosol-based products caused significant 
pheromone trap shutdown of >95%, reduced egg trap captures by 69-72% across the four navel orangeworm 
flights, and reduced damage to the varieties Nonpareil and Monterey by 58.4% and 51.8%, respectively. Meso 
emitters likewise reduced pheromone trap captures by a season-long average of 88%, reduced egg captures 
by 34% to 58% across the four flights, and reduced damage by 22.0% in Nonpareil and 31.8% in Monterey. 
Applications of sprayable formulations of pheromone, regardless of whether they were applied four or two times 
during the season, failed to reduce pheromone trap captures by more than 60% and had no impact on the number 
of eggs or damage levels at harvest. The dissemination of these results to nut crop producers in California has 
helped contribute to more than 160,000 ha of mating disruption adoption by almond, pistachio and walnut 
growers statewide.

Key words: Navel orangeworm, almond, pheromone, sustainability, integrated pest management.
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research and for providing funding through the Almond Board of California. Significant in-kind contributions 
were also provided by Pacific Biocontrol, Trécé, Inc., and Suterra LLC.



O
R

A
L 

P
R

E
S

E
N

TA
T

IO
N

S

21 — PHEROFRUITS

O-15
REFINEMENT AND IMPROVEMENT OF MATING DISRUPTION FOR A VINEYARD 
PEST, PLANOCOCCUS FICUS

Nathan H. Mercer1, Jeannine C. Lowrimore2, Peter S. McGhee2, Kent M. Daane1

1Department of Environmental Science, Policy and Management, University of California, Berkeley, 
California USA 94720; 
2Pacific BioControl 14615 Northeast 13th Court Ste A, Vancouver, Washington USA 98685 

Abstract: Plannococcus ficus Signoret, is a major global pest of grapes worldwide, in large part due to its 
ability to effectively vector grape viruses. P. ficus has proven difficult to manage partly because the majority 
of the population reside in hidden parts of the vine. Mating disruption has been demonstrated to effectively 
suppress P. ficus, even when located in hidden areas. However, high material and labor costs have limited mating 
disruption adoption by growers. To improve adoption, the effectiveness of lower mating disruption rates via 
passive dispensers were tested, 0-370 dispensers per ha. P. ficus was extremely sensitive to mating disruption 
dispensers; densities as low as 62/ha significantly reduced counts. Comparison of variable dispenser rates also 
allowed for assessment of mating disruption type. Interestingly, different methods of assessment yielded different 
mating types of disruption occurring, both competitive and non-competitive modes of disruption were found.

Key words: Mating disruption, vineyard pest, disease, semiochemicals.
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O-16
ADVANCES IN MEALYBUG PHEROMONE IDENTIFICATION FO IPM: THE CASE 
OF SPHERICAL MEALYBUG NIPAECOCCUS VIRIDIS

Anat Levi-Zada, Daniela Fefer, Sara Steiner, Orna Ben-Aziz, Alex Protasov and Roy Kaspi

Dept. of Entomology -Chemistry unit, Institute of Plant Protection, Agricultural Research Organization, 
Volcani Center, P.O.B 15159, Rishon LeZion 7505101 Israel

E-mail address: anatzada@volcani.agri.gov.il

Abstract: In recent years we developed an analytical method for insect pest pheromone identification, named 
SPME/GC-MS analysis (SSGA), which consists of a programmable SPME (Solid Phase MicroExtraction) 
syringe and GC-MS autosampler, to study pheromones of moths, fruit flies and mealybugs (e.g. Levi-Zada et 
al. 2013, 2014, 2020). Mealybugs are an economically important group of plant insect pests that for several 
reasons have had only 21 pheromones identified so far. Previously, by using SSGA, we showed that females 
of two species of mealybugs release their pheromones in circadian rhythms (Levi-Zada et al. 2014). Thus, 
we used the SSGA technique to study the spherical mealybug Nipaecoccus viridis pheromone. N. viridis is a 
major worldwide pest of several major crops including soybeans, grapes and citrus varieties. Virgin females of 
N. viridis release two volatiles, 2,2,3,4–tetramethyl–3–cyclopentene–1–methanol (γ–necrodol) and γ–necrodyl 
isobutyrate, a monocyclic terpenoid alcohol and a related carboxylic ester, in a circadian rhythm (Levi-Zada 
et al., 2019). In the course of the pheromone identification, trans–3,4,5,5–tetramethyl–2–cyclopentene–1–
methanol (trans–α–necrodol) and trans–α–necrodyl acetate, found in commercially available essential oil of 
Spanish lavender Lavandula luisieri, were rearranged to γ–necrodol that was then used to synthesize γ–necrodyl 
isobutyrate, the sex pheromone of N. viridis. GC–MS and NMR data confirmed the identifications. 

In addition, the chirality of γ-necrodol from N. viridis females, which is crucial for pheromone activity in pest 
control, was investigated. We first determined the chirality of trans-α-necrodol in Spanish lavender essential oil 
that can serve as a precursor in the synthesis of the spherical mealybug pheromone. We then confirmed that the 
natural components, both in the mealybug and in the lavender essential oil, consist of the (−)-(R)-enantiomer 
(Levi-Zada et al., 2021). Bioassays conducted in the lab and field show that males are attracted to (−)-(R)-
γ-necrodyl isobutyrate pheromone alone. We conclude that syntheses of many mealybug pheromones can be 
facilitated by using appropriate essential oil components as preformed synthetic precursors, thereby reducing 
costs of pheromone applications in pest management.

Key words: Pheromones, SSGA, spherical mealybug, essential oil, chirality, plant protection.
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O-17
MATING DISRUPTION PROTOCOLS – ADAPTED APPLICATION STRATEGIES 
FOR DIFFERENT PESTS AND HOSTS

Silberstein Miriam1, Aidlin-Harari Smadar2, Sella Lea2, Vardi Yehudit2, Maoz Yonatan3, Golani 
Ma’ayan4

1Northern R&D / MIGAL, Kiryat Shmona, Israel; 
2Independent, Israel; 
3The Israeli Fruit Growers Association, Yahud, Israel; 
4Luxembourg Industries LTD, Hamered 27 Tel Aviv, Israel

Abstract: As part of AWM’s (area wide management) activity in an area of 8,000 ha of deciduous cultivation, 
with over 1000 growers, a new mating disruption protocol has been adapted to deal with the various pests with 
dependency to their hosts. According to the basic principles of the protocol, emphasis was put on an early 
implementation (before the moths adult emergence) taking into consideration the Biofix, degree days and/or 
local experience. 

This strategy has been seemed to be successful and was reinforced by positive trials results, emphasizing 
the following points: application over wide areas of the host / pest in comparison to small plots; multiple year 
application in comparison to a single year; and examining the mating disruption strategy within the host plot as 
compared to treatment along with the margins of the cultivated orchard. The products used were according to 
their availability (ropes, patches, flask, or liquid applied with a drone). Each species examined had varying needs 
and site-specific variables to carry out the mating disruption protocols. 

For Anarsia lineatella moth - we examined the impact of the plot area where the mating disruption strategy 
could be implemented, by comparing small and large plot of mating disruption. The results show success only 
in large plots.

The Lobesia botrana moth - after comparing mating disruption implementation in large and small plots, we 
found that both were equally successful. 

For the Cydia pomonella (Codling moth) - the success of the mating disruption treatment was found to be 
influenced by the implementation date and was determined by correct setting of the Biofix in the treatment areas.

With Thaumatotibia leucotreta (False Codling Moth - FCM) - we found that the application of the mating 
disruption protocol was contingent on the host type, and when working with pomegranate and citrus, the entire 
plot had to be treated. Avocados had the utmost success when the mating disruption strategy took place at the 
margins of the different plots, along with taking into consideration the wind directions and climate conditions. 
Testing the strategy efficiency of the mating disruption was done through comparison of treating only the 
margined plots as compared to the whole cultivated crop area. 

In order to improve the trap efficiency and to reduce monitoring expenses, smart monitoring trap was tested. 
The trap, produced by “Scare Crow Company”, photographs the insects located in the trap, identifying the pest 
and sending the quantities of adults to the users (farmers). 

As a conclusion, the mating disruption strategy is of great importance to reduce pesticide spraying in cultivated 
areas. The results of our long-term study in area wide treatments show high feasibility. It is necessary to study the 
size of the mating disruption margins required to prevent the migration of fertilized females into the protected 
area. One of the most important components for choosing which strategy of mating disruption protocols should 
be based on the host sensitivity. Climatic conditions, especially wind directions, and neighboring crops, are also 
very important variables that must be included in the MD protocol for better efficiency and economic profit.

Key words: mating disruption, pheromone, Anarsia lineatella, Lobesia botrana, Codling moth, Cydia 
pomonella, False Codling Moth (FCM) Thaumatotibia leucotreta, AWM, area wide management, IPM
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O-18
ORIENTATION OF CETONIIN CHAFER BEETLES (COLEOPTERA, SCARABAEIDAE)

Zoltán Imrei 1, József Vuts2, Eszter Matula1,3, Zsófia Lohonyai1,3, József Fail3, Miklós Tóth1 
1 Plant Protection Institute,CAR ELKH, Budapest, Herman O. u. 15.
2 Department of Biointeractions and Crop Protection, Rothamsted Research, Harpenden, UK
3 MATE Plant Protection Institute, Department of Entomology, Budapest, Ménesi u. 44.

e-mail: imrei.zoltan@atk.hu, ztimrei@gamil.com

Abstract: In the present work we overview the development of flower volatile based attractant lures and 
visual color stimuli suitable for monitoring and mass trapping purposes for the Central European and some 
South-Eastern European pest species of the chafer subfamily Cetoniinae. 

The adults of cetoniin chafers are either black in color, with a white pattern and dense, long-haired species, 
or metallic in gloss and color, but then their backs are bare. Adults are general flower visitors, feeding on plant 
sap, pollen, nectar, various parts of the flower, and the ripening fruit. They are active during the day, flying and 
mating in sunny weather, often spending the night hiding among the nuggets of the ground or inside flowers. 
In Central Europe, the species of Oxythyrea, Epicometis, Cetonia and Potosia genus occur, and considered less 
harmful pests, with the exception of the blossom feeder scarab (Epicometis hirta).

Serious cetoniin pests of roses, peaches, apricots, plums and figs occur in South Africa, where there are about 
40 species, the floral attractant related results of which formed the basis of synthetic floral attractant development. 
Combinations of olfactory and visual stimuli were developed to attract the blossom feeder scarab, the rose 
chafers (Cetonia aurata aurata and Potosia cuprea), and the flower scarab (Oxythyrea funesta), the middle East 
flower scarab (O. cinctella), and the hairy rose beetle (Tropinota squalida) into the respective funnel traps, which 
are all suitable for monitoring or even mass trapping purposes. With the help of the expanding chemical ecology 
related knowledge of the Central European fauna, a picture was formed of the relative importance of olfactory 
and visual stimuli species by species, the difference in the strength of the response to the attractive volatile 
combinations as well as the interchangeability of individual volatile components. 

In the case of the blossom feeder scarab, we were able to prove the use of a sex pheromone, which is the first 
result demonstrating intra-species communication within the subfamily.

Key words: Cetoniinae, pests, flower volatiles, monitoring, mass trapping.

mailto:imrei.zoltan@atk.hu


O
R

A
L 

P
R

E
S

E
N

TA
T

IO
N

S

26 — PHEROFRUITS

O-19
DIEL RHYTHM OF VOLATILE EMISSIONS FROM MALES AND FEMALES OF 
OLIVE FLY BACTROCERA OLEAE USING PTR-TOF AND GC-MS

Chaymae Fennine1, Riccardo Favaro1, Iuliia Khomenko2, Franco Biasioli2, Ruggero Petacchi3, 
Luca Cappellin4, Sergio Angeli1 
1Free university of Bozen- Bolzano, Faculty of science and Technology, Piazza università 1, 39100, 
Bolzano, Italy 
2Research and Innovation Centre, Fondazione Edmund Mach (FEM), Via E. Mach 1, San Michele 
all’Adige 38010, Italy
3Center of Plant Sciences, Scuola Superiore Sant’Anna, Piazza Martiri della Libertà 33, 56127 Pisa, 
Italy
4Dipartimento di Scienze Chimiche, Università degli Studi di Padova, Via Marzolo 1, 35121 Padua, 
Italy

Abstract: Chemical ecology is an essential approach to study communication in smell-driven species. 
Through pheromones, insects are locating and attracting their mates to assure continuity of their progeny. For 
B. oleae, these intraspecific compounds were usually identified from glands extracts or headspace volatiles 
collections, using Gas Chromatography coupled with Mass Spectrometry (GC-MS). However, compounds with 
low molecular weight or released in very low concentrations may not be detected, due to limitations of this 
technique. In fact, these compounds and their specific release time might be of great relevance to the chemical 
communication of this species. In this context, Proton Transfer Reaction Time of Flight Mass Spectrometry 
(PTR-ToF) was used, together with GC-MS, to investigate the temporal scale of volatilome profile of B. oleae 
individuals. This technique is distinguished as a high sensitivity sensor for real-time monitoring of volatiles 
emission, having typical detection limits in the low pptv range and time resolution of a split second. Using 
PTR-ToF, dynamics of volatile organic compounds (VOCs) release were registered continuously for three 
days from four groups of different mating status (virgin females, mated females, males and mix of males and 
females). In parallel, headspace collections were performed using closed-loop-stripping-analysis (CLSA) for 
the same groups during three periods of the day (morning, afternoon and night), and analyzed using GC-MS, as 
a complementary technique to identify emitted VOCs. 86 out of 392 mass peaks extracted from raw PTR-ToF 
data were selected and tentatively identified as possible pheromone components from Bactrocera genus, reported 
in literature. In addition, 161 of these compounds were considered of great importance as they have showed a 
consistent pattern of release (both the source of volatiles and their diel rhythm), from which 55 compounds were 
unidentified. Regarding GC-MS dataset, 41 compounds were tentatively identified from the four groups, from 
which 26 were also detected by PTR-ToF and are following a consistent release pattern with both techniques. 
For instance, 1,7-dioxaspiro[5.5]undecane (female sex pheromone), 3-hydroxy-1,7-dioxaspiro[5.5]undecane, 
1,6-dioxaspiro[4.5]decane-2-methanol and 4-hydroxy-1,7-dioxaspiro[5.5]undecane were released from all 
groups, with different release rate and time. The first three compounds were released particularly by mated 
females during morning, morning-afternoon and afternoon periods, respectively. While for the last one, virgin 
females had the highest rate of emission in afternoon. Moreover, other compounds such as γ-hexalactone, (Z)-9-
tricosene and 3-heptanone were exclusively released by males, and thus found in the mixed group as well. 

This study provides comparative information about the dynamics of VOCs release of B. oleae for already 
reported pheromone components and other newly identified compounds, whose biological activity will be 
investigated through electrophysiological experiments. These results will help to enhance the control of B. oleae 
and the design of novel behavioral management tools. 

Key words: Olean, pheromone, volatile organic compounds, olive, pest management.
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O-20
DEVELOPMENT OF METHODS TO ASSESS THE RELEASE OF PHEROMONES IN 
THE AIR FROM DISPENSER PRODUCTS FOR IMPROVEMENT OF BIOCONTROL 
SOLUTIONS

Manon Dat1,2, Hervé Plaisance1, Jane Vignau-Laulhere2, Sylvain Bourrigaud2, Valérie Desauziers1

1IPREM, IMT Mines Ales, Universite de Pau et des Pays de L’Adour, E2S UPPA, CNRS, Pau, France
2M2i Development, CHEMSTART’UP Pôle 2 – Allée Le Corbusier, 64170 Lacq, France

Abstract: To reach the international objective of reducing pesticides in agriculture, M2i develops various 
products (sprays and batters) containing sex pheromones which introduced in the cultural landscape create 
mating disruption and to reduce population of insect pests. This is an alternative and cost-effective solution in 
integrated biological control for crop protection. Pheromones are volatile organic compounds (VOCs) or semi-
volatile compounds (SVOCs), most often with a long carbon chain and containing one or more oxygenated 
functions. At present, the effectiveness of the products is commonly evaluated on the target insect population 
and damage to crops (monitoring). To ensure the effectiveness of these treatments, it is necessary to define the 
amount of treatment product to be introduced into the cultural landscape. The main drawbacks encountered 
with current dispensers are the difficulty to maintain a sufficient release rate over a long time (several tens of 
days) and a concentration detectable by insect around the dispenser. The diffusion of active molecules in the 
air towards the target is not evaluated in the field due to the lack of sampling and analysis methods suitable for 
low levels of concentrations to be measured (a few ng.m-3) (Gavara et al., 2020). To the aim, a model product 
developed by M2i was tested in emission chamber under various conditions to assess the parameters describing 
the release rate of pheromone.

The pheromone studied (Lauryl acetate) 
is microencapsulated in a solid emulsion. 
The gaseous concentrations of pheromone 
were monitored using a solid phase 
microextraction (SPME) sampling method 
and analysis by GC- MS-FID (Desauziers 
et al., 2021). The release process from this 
solid to the air was performed in a closed 
emission chamber (Figure 1) and several 
key parameters can be characterized: the 
diffusion coefficient in the product (Dm), the 
initial emittable concentration in the product 
(C0), the product/air partition constant (K) 
and the mass transfer coefficient (hm).

 To determine these parameters, variable 
volume loading (VVL) method (Xiong et 
al., 2011a) and the C- history model (Xiong 
et al., 2011b) were used. The VVL method 
allows to determine C0 and K considering different sets of experiments in this case with three products amounts 
(0.5-0.75-1g) in the emission chamber. In addition, the C-history method in the case of a closed chamber (Figure 
1), allowed to determine hm and Dm simultaneously.

The Figure 2 shows the experimental kinetics (concentration vs time) obtained with 2 x 0.25g of product. 
Modelled kinetics were adjusted according to the VVL method and C-history model (green line) on the 
experimental data (blue dots). The value of K obtained turns out to be low 1.3 × 104 (dimensionless). In addition, 
Dm in the product determined was 1.10× 10−9 m².s-1. line). 
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Other dimensionless parameters: the ratio of the mass transfer Biot number to the partition coefficient; the 
mass transfer Fourier number; and the ratio of the pheromone mass in the product to that mesure in the chamber 
at equilibrium were examined to evaluate factors that affect the pheromone release from the product. One of 
them shows that mass transfer by external transfer could play an important or even main role in the diffusion. 
That allowed to develop a simplified model without considering the diffusion in the product which perfectly fits 
with the experimental data (orange line in Figure 2). That also indicates that the diffusion is mainly governed 
by the diffusion in air under the experimental conditions (closed emission chamber). It should be noted that all 
parameters are determined under the influence of the test conditions (Figure 1).

In conclusion, the determination of the parameters describing diffusion in product and in air will allow 
to develop and adjust a model under dynamic conditions close to those of greenhouse culture. In parallel, 
experimental tests in greenhouse culture following the remaining quantity of pheromone in the product are set 
up for a better adjustment of model. Thus, the study of the emission of a compound from products developed 
against pests in the laboratory allows to better understand the release process. In order to be able to transpose 
them to the field and solve the problems encountered during treatments.

Key words: Biocontrol; pheromones; air analysis; release kinetics; emission modelling.
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O-21
THREE YEARS OF COMBINED CONTROL OF LASIODERMA SERRICORNE AND 
EPHESTIA ELUTELLA BY ATTRACTICIDE METHOD

Pasquale Trematerra

University of Molise, Department of Agricultural, Environmental and Food Sciences, Via de Sanctis, 
I-86100 Campobasso 

Abstract: Results on application of attracticide method in the combined control of cigarette beetle, 
Lasioderma serricorne and tobacco moth, Ephestia elutella, infesting a tobacco processing facility are reported. 
Experimental devices with cross-panel stripes treated with microencapsulated permethrin at 6% (a.i.) and baited 
at same time with serricornin and TDA were used for 3 years (2017-2019) in an Italian tobacco processing 
facility. The experiment demonstrated that the presence of both serricornin and TDA dispensers on cross-panel 
striped devices had no effect on the numbers of L. serricorne and E. elutella male adults caught. After 3 years, 
the densities of adult males were clearly reduced in room treated with attracticide compared to control room. 
The reduction of male infestation by L. serricorne ranged from 36% to 90% and in E. elutella, the reduction of 
infestation ranged from 63% to 91%.

Key words: Lasioderma, Ephestia, combined attracticide, tobacco store.



O
R

A
L 

P
R

E
S

E
N

TA
T

IO
N

S

30 — PHEROFRUITS

O-22
IMPROVING BIOLOGICAL CONTROL OF STORED-PRODUCT PEST BEETLES 
BY COMBINED USE OF PARASITOIDS AND SEMIOCHEMICALS

Benjamin Fürstenau, Sarah Awater-Salendo

Julius Kühn Institute (JKI) – Federal Research Centre for Cultivated Plants, Institute for Ecological 
Chemistry, Plant Analysis and Stored Product Protection, Königin-Luise-Straße 19, 14195 Berlin, 
Germany

benjamin.fuerstenau@julius-kuehn.de

Extended Abstract. In times of climate change and growing demands for resilient and sustainable 
agriculture conventional chemical pest control is increasingly viewed critically by society and policy as it 
poses a risk to users, consumers and the environment. Integrated pest management (IPM) promotes the use 
of low-risk pesticides and other non-chemical techniques that have no or only minimal side effects on human 
health and non-target organisms such as beneficial insects. In stored-product protection, IPM concepts also aim 
to reduce chemical control measures against pests by replacing conventional pesticides with alternative and 
environmentally friendly approaches (Fürstenau & Kroos, 2020). The use of entomophagous invertebrates (e.g., 
parasitoids) and semiochemicals are two biological based control strategies that are common in the management 
of agricultural pests. However, the potential of these alternative control tools for protection of stored products 
is only partially exploited. One reason is the efficacy gap compared to chemical control, due in part to the still 
limited knowledge about biology and behavior of many natural enemies of stored-product pests. Understanding 
the role of semiochemicals in parasitoid host search and ultimately their proper use under storage conditions is 
essential to endorse practical application.

Therefore, in the present study, we further investigated the odor-mediated host searching behavior of the 
cosmopolitan larval ectoparasitoid Holepyris sylvanidis (Hymenoptera: Bethylidae). Holepyris sylvanidis is 
the natural enemy of various beetles infesting stored products with Tribolium larvae being the preferred 
hosts (Awater-Salendo et al. 2020). Tribolium spp. are one of the most important stored-product pests in the 
food processing industry worldwide, mainly found in flour mills and bakeries. Feces, food remains and more 
importantly, para-benzoquinones produced as defensive secretions by adults, can render infested food toxic 
and unsuitable for human consumption. In a field experiment, Adler et al. (2012) showed that the regular 
release of H. sylvanidis adults (ca. 50% females) at a two-week interval suppressed mass reproduction of a 
local population of the confused flour beetle T. confusum in a grain mill in Germany. A second heat treatment 
in fall, which had to be adopted in the past, was not necessary during the current and following year. Hence, H. 
sylvanidis represents a promising candidate for biological control of flour beetles that attack post-harvest food 
and feed products. Our previous studies revealed that female parasitoids are attracted to T. confusum larvae by 
a blend of specifically host-associated compounds released from host larval feces. More interestingly, addition 
of volatiles ubiquitously present in the host’s environment enriched with wheat grist enhanced significantly 
the attractiveness of two host-specific key compounds, (E)-2-nonenal and 1-pentadecene (Fürstenau et al. 
2016). 

Here, we first investigated whether H. sylvanidis uses these specifically host-associated volatiles as long-
range attractants to locate host larvae of T. confusum from a distance. Behavioral responses of female parasitoids 
to i) different concentrations of a mix of (E)-2-nonenal and 1-pentadecene and ii) indirectly host-associated cues 
(non-infested wheat grist and methyl-p-benzoquinone) were analyzed in a horizontal posted Y-shaped glass 
olfactometer. The olfactometer consisted of a main tube (21 cm long x 15 mm ID) with two 15-cm arms at an 
angle of approx. 135° to each other. Test individuals (N = 30) were released individually at the bottom of the 
main arm. The behavioral response of parasitoids was observed for max. 300 s. Individuals that walked upwind 
and reached at least the middle of one side arm without returning to the intersection within 10 sec. were recorded 
as a positive response. Those that did not choose either arm were excluded from analysis.

mailto:benjamin.fuerstenau@julius-kuehn.de
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In addition, efficacy of H. sylvanidis to control a pest population of T. confusum was tested in flight cages 
(32.5 x 32.5 x 77.0 cm, mesh size: 150 x 150). We examined whether addition of attractive T. confusum host 
odors affects the parasitoids’ host searching behavior. Six cages each were put in two identical rooms (8 m2), a 
test room with and a control room without additionally applied odor stimuli. On one side of the cage, an open 
Petri dish containing twenty 4th instar T. confusum larvae and ca. 10 g of finely grounded wheat grist was placed. 
In the test set-up, a rubber septum baited with a mix of (E)-2-nonenal and 1-pentadecene (1:1) was attached to 
petri dishes. Pipette tips (0.1 - 20µl) were evenly distributed inside the cage as a hide for paralyzed host larvae. To 
start the experiment, in each cage three mated H. sylvanidis females were released at the opposite site ca. 70 cm 
away from the odor source. At different time intervals (1, 24, 48 and 72 h after parasitoid release), we checked 
whether T. confusum larvae had been paralysed, removed from the petri dish and parasitized by H. sylvanidis. In 
total, we repeated the semi-field trials ten times (N = 60 per treatment). 

The Y-tube olfactometer bioassays demonstrated that female parasitoids are highly attracted to the lowest 
dose of a blend of (E)-2-nonenal and 1-pentadecene, while the highest dose was significantly repellent. We 
assume that these specifically host-associated odors are used by H. sylvanidis as long-range attractants for 
host location. Furthermore, the flight cage experiment revealed that host-finding success and parasitism rate 
of H. sylvanidis is positively influenced by the additional release of host-derived kairomones. Application of 
behaviorally active compounds from host larval feces accelerated host location and significantly increased 
the dislocation and parasitism rate of host larvae by H. sylvanidis. In conclusion, addition of semiochemicals 
can improve host search and thus the parasitoids efficacy in biological control. We suggest that the combined 
use of these alternative control tools as part of IPM concepts may sustainably advance the biologically based 
management of stored-product pests. 

Key words: Holepyris sylvanidis, (E)-2-nonenal, IPM, 1-pentadecene, parasitism rate, Tribolium spp.
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O-23
BEHAVIOURAL AND OLFACTORY RESPONSES OF DROSOPHILID PARASITOIDS 
TO SWD-INFESTED FRUIT VOLATILES

Federico Triñanes1, Gerardo De La Vega1,2, Andrés González1

1Laboratory of Chemical Ecology, Faculty of Chemistry, Universidad de la República, Montevideo, 
Uruguay; 
2Insect Population Ecology Group, IFAB CONICET-INTA EEA Bariloche, Argentina

Abstract: We studied the behavioural and electrophysiological responses of drosophilid parasitoids to 
volatiles from SWD-infested strawberries. Fruit volatiles were analysed by GC-MS and evaluated by GC-EAD 
with antennae of Trichopria anastrephae (Hymenoptera: Diapriidae) and Leptopilina boulardi (Hymenoptera: 
Figitidae). Behavioural responses were studied for T. anastrephae by olfactometry bioassays. Both parasitoid 
species showed consistent EAD responses to common fruit esters that were more prominent in volatiles from 
SWD-infested fruit, in comparison with healthy fruit. In behavioural studies, T. anastrephae females showed 
clear preference for fruit odours from SWD-infested strawberries over odours from healthy fruit. These results 
are the first report of GC-EAD responses of potential SWD parasitoids to host-associated chemical cues.

Key words: Drosophila suzukii, biological control, fruit volatiles.
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O-24
SPECIES-SPECIFIC LEARNING OF HOST PLANT CUES IN TRICHOGRAMMA 
EGG PARASITOIDS

Jérémy Gonthier, Jörg Romeis, Jana Collatz
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Switzerland

Abstract: The ability of parasitoid wasps to find their herbivorous hosts usually depends on their response 
to the host plants’ cues (Takasu and Lewis 2003; Vet and Groenewold 1990). Besides genetic mechanisms 
(Gu and Dorn 2000), the searching ability can be affected by learning (Kruidhof et al. 2019), which can occur 
through different procedures and at various periods during the life cycle of the insect. At emergence for instance, 
a parasitoid can learn the cues of its surrounding environment (Hastings and Godfray 1999). Adult wasps can 
associate two stimuli or a stimulus and a response through experience, the so-called associative learning (Kruidhof 
et al. 2019). This learning ability can be exploited to manipulate the efficacy of augmentative biological control. 
For example, parasitoids can be conditioned to accept a broader range of hosts or become more efficient in the 
host searching phases (Giunti et al. 2015; Kruidhof et al. 2019). 

Trichogramma spp. (Hymenoptera: Trichogrammatidae) are lepidopteran egg parasitoids widely used as 
biological control agents. They can be easily mass-reared and have shown great efficacy against many, although 
not all, lepidopteran pests. The key pest of tomato, Tuta absoluta (Meyrick; Lepidoptera: Gelechiidae), is one such 
pest against which Trichogramma spp. efficacy is limited. We used this pest and three Trichogramma species as 
study system to better understand the role of plant attraction and how learning can be used to improve parasitoid 
efficacy (Gonthier et al. 2022). We assessed if learning enhances the response of Trichogramma achaeae, 
Trichogramma evanescens, and Trichogramma dendrolimi to tomato odor and whether it improves their 
parasitism rate. The wasps were either naive, reared for one generation on T. absoluta eggs, or conditioned in 
association with an oviposition experience in the presence of tomato odor. Later, their response to a tomato leaf 
with T. absoluta eggs was recorded (as searching time) in a four-chamber olfactometer. 

In all three Trichogramma species, naive females spent more time on the control chamber than the chamber 
containing the infested tomato leaflet. This clear repellency confirmed the low suitability of the tomato crop for 
supporting Trichogramma spp. parasitoids (Giorgini et al. 2019). Moreover, our olfactometer assays showed 
that the learning behavior was species-specific. Associative learning greatly increased the searching time of 
T. achaeae (Figure 1) and T. evanescens but did not augment the response of T. dendrolimi. Interestingly, rearing 
the parasitoids on T. absoluta increased the searching time of T. dendrolimi strongly and that of T. evanescens 
slightly but not that of T. achaeae. For T. achaeae, associative learning also increased parasitization efficacy at 
the plant level under small-scale, confined conditions. 

Our study provides evidence for three species of Trichogramma that they can learn odor cues from the host-
plant complex. We believe that besides evaluating learning at a larger scale, future research should look at how 
these processes can be implemented for mass production and release. Because these wasps are sent as pupae in 
parasitized eggs; learning could happen at the release site for example by providing access to factitious sterile 
hosts to trigger associative learning of the host plant cues. 
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Figure 1. Walking time (mean + SE) of naive and conditioned female Trichogramma achaeae in the odor 
chambers of a four-chamber olfactometer. One chamber contained a tomato leaflet infested with Tuta absoluta 

eggs, and the opposite control chamber a factitious leaflet made from green paper; * P < 0.05; ** P < 0.01 
(Wilcoxon signed-rank test).

Key words: Odor learning, host-searching efficacy, egg parasitoid, Trichogramma, improvement.
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O-25
VOLATILE RELEASE DEVICES AND THEIR PLACEMENT FOR THE CONTROL 
OF SPOTTED-WING DROSOPHILA, DROSOPHILA SUZUKII MATSUMURA 
(DIPTERA: DROSOPHILIDAE)
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Abstract: Insect navigation directed by plant chemical cues is vitally important to the conceptualization of 
new pest insect control strategies. This work compares the effectiveness of various devices used for spotted-
wing drosophila (SWD) behavioral control using novel attractants. Initial research focused on water retention, 
followed by integration into commercial irrigation systems, allowing for optimal volatile release. Several 
materials and designs were evaluated with focus on water retention and volatile release. We adapted dispensers 
to be directly integrated into the drip irrigation system. Effectiveness and shortcomings of different delivery 
devices were tested under field conditions, and results are presented from this work conducted over five field 
seasons. Our work also focused on active distance of each device. Results showed that each point source resulted 
in the highest impact at distances/radiuses of ~6m (20 ft). The implementation of these devices means that SWD 
behavioral control can be acquired at the density of ~124 dispensers per hectare. Growers are currently using this 
technique under experimental conditions in combination with other conventional control strategies. This nacient 
management technique likely will be subject to significant improvements over time.

Key words: IPM control, volatiles, environment, damage reduction, behavioral control, spotted-wing 
Drosophila.
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DEVELOPMENT OF A PUSH-AND-PULL STRATEGY WITH VOLATILES OF HOST 
AND NON-HOST PLANTS FOR THE CONTROL OF PEAR PSYLLIDS

Bruna Czarnobai De Jorge1,2, Hans E. Hummel 3,4, Jürgen Gross 1* 
1Institute for Plant Protection in Fruit Crops and Viticulture, Julius Kühn-Institut, Federal Research 
Centre for Cultivated Plants, Dossenheim, Germany; 2Plant Chemical Ecology, Technical University 
of Darmstadt, Schnittspahnstr. 4, 64287 Darmstadt, Germany; 3Justus-Liebig University, Organic 
Agriculture, Karl-Gloeckner-Str. 21C, D-35394 Giessen, Germany; 4Illinois Natural History Survey, 
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E-mail: juergen.gross@julius-kuehn.de

Abstract: Pear decline (PD), induced by the phytoplasma ‘Candidatus Phytoplasma pyri’, and transmitted 
by pear psyllids (Cacopsylla pyri, C. pyricola, and C. pyrisuga), is one of the most devastating diseases of 
Pyrus communis in Europe and North America (Seemüller et al., 2011). Current management of phytoplasma 
relies either on the physical removal of the infected plants or on the chemical control of the insect vector. Both 
methods are costly and not overly effective (Civolani, 2012). Plant volatiles capable of repelling psyllids have 
been suggested as a cost-effective and environmentally friendly alternative to current methods of phytoplasma 
management. Psyllids are small sucking insects with high host plant specificity. Many psyllids use chemical cues 
for orientation and host identification (Soroker et al., 2004; Gross & Mekonen, 2005). Studies of several psyllid 
species have revealed a rudimentary olfactory system, probably best adapted to detecting a limited number of 
common terpenoids, aldehydes, and alcohols comprising the headspaces of psyllid host (Gallinger et al., 2020; 
Gross et al., 2019). Besides, visual cues such as leaf shape, size, and color are also important factors in host 
finding (Farnier & Steinbauer, 2014; Farnier & Steinbauer, 2016; Paris et al., 2017). Essential oils are natural 
products that have the potential to provide efficient and safe repellents for humans, the environment (Nerio et al., 
2010), and beneficial insects (Egigu et al., 2010). Identifying attractant and repellent volatile organic compounds 
(VOCs) could improve the development of alternative plant protection measurements like push-pull or attract-
and-kill strategies against pear psyllids (Weintraub & Gross, 2013). Suitable dispenser for formulations of plants 
volatiles are the major drawback of the use of those compounds in agricultural applications. Nanofibers derived 
from biopolymers for the constructions of dispensers have be suggested as an innovative alternative to enable 
the development of new strategies for pest control. Encapsulation and immobilization of these compounds in 
polymer nanostructures can prolong the lifespan of volatile compounds (Czarnobai de Jorge & Gross, 2021). 

Our objective was to investigate which chemical cues of the host plant could influence the host-seeking 
behavior of pear psyllids and if cedarwood (CDR) and cinnamon bark (CNM) essential oils (EOs) could serve 
as psyllid repellents. Based on the literature (Najar-Rodriguez et al., 2013), we selected the five most abundant 
volatiles detected in the headspace from pear plants ocimene, (Z)-3-hexenyl acetate, methyl salicylate, α-pinene, 
and (Z)-3-hexenol for creating five different pear-VOC mixtures, and conducted behavioral and EAG tests. 
The antennal responses of female pear psyllids C. pyri and C. pyrisuga to the pear-VOCs mixtures in several 
concentrations was observed. 

All five VOCs mixtures elicited EAG responses in both psyllid species, although responses to 1:1000 and 
1:100 concentrations were more significant than 1:10 and 1 (p < 0.001). In Y-olfactometer trials, single compounds 
were not attractive to C. pyri. The mixture of the five main compounds as well as the three compounds ocimene, 
methyl salicylate, and α-pinene were attractive to C. pyri and C. pyrisuga females. CDR and CNM EOs were 
demonstrated to be repellents against C. pyri in in Y-olfactometer tests (p < 0.05 and p < 0.001, respectively). 

The attractive mixture and the repellent EOs were formulated in nanofibers, and behavioral trials were 
conducted to establish the most suitable concentrations to be used as dispensers for the field tests. Both EOs 
were repellent in 5 and 10% concentrations in nanoformulations. CDR EO nanoformulation could mask the host 
odors, but CNM EO nanoformulation was ineffective. 

mailto:juergen.gross@julius-kuehn.de
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Field trials with attractive and repellent CDR EO nanoformulations were conducted. Nanofibers, attractive, 
repellent, and blank, were inserted in attractive green traps for pear psyllids (Czarnobai de Jorge et al., 2021). 
Completely transparent traps with attractive nanofibers and blank nanofibers were also used to test the effect 
of the attractive volatiles without the color stimulus. C. pyri captures in traps with cedar EO nanofibers were 
statistically lower than captures in traps with the attractive mixture (p < 0.001). However, captures in green traps 
baited with blank nanofibers were similar to the ones with CDR and the attractive mixture. Transparent traps 
captured fewer psyllids than green ones (p < 0.0001). Although further field evaluation will be needed to assess 
und improve the effectiveness of formulated compounds, our data show that these compounds, either repellent or 
attractive to pear psyllids, and their nanoformulations offer great potential as cost-effective and environmentally 
sustainable alternatives to current existing methods for managing pear decline.

Key words: essential oils, nanofibers, pear decline, attractives.
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THE EFFECT OF A TWO-COMPONENT KAIROMONE LURE ON TRAP CATCH OF 
FRANKLINIELLA OCCIDENTALIS IN PROTECTED CROPS

Clare Sampson, Arun Singh, Rachel Turner, Abu Imroz Ali, Shams Usmani, Nayem Hassan 

Russell IPM Ltd, Unit 4, First Avenue, Deeside CH5 2NU UK. 

E-mail: Clare@russellipm.com

Abstract: In greenhouse experiments, there was a strong effect of scent on sticky trap catch of Frankliniella 
occidentalis Pergande in strawberry and herb crops. In flowering UK strawberry crops, the combination of two 
floral scents in Thripnok, increased thrips trap catches by more (×3) than either scent alone (×2), or than the 
F. occidentalis aggregation pheromone, neryl (S)-2-methylbutanoate (×1.5). Anthocorid and Syrphid predators 
were caught in low numbers on the traps, and were attracted to the kairomone lures, but not to the aggregation 
pheromone. In non-flowering Kenyan herb crops, the commercial lures Thripnok and Lurem, increased trap 
catches by ×2.3 and ×2.4 in basil, and by ×5.7 and by ×4.7 in tarragon. The implications for pest management 
are discussed.

Key words: Thrips, sticky traps, kairomone, aggregation pheromone, Frankliniella occidentalis, Thripnok, 
Lurem, predators.
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DEVELOPMENT OF ATTRACT AND KILL FORMULATIONS FOR BIOLOGICAL 
PSYLLID PEST CONTROL
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Abstract: Psyllid pests are distributed all over the world causing damage in various crop plants by serving 
as vector insects of phytoplasmosis diseases. One of these psyllids present in European apple orchards is the 
summer apple psyllid Cacopsylla picta, which is the most important vector of Candidatus Phytoplasma mali, the 
causing agent of apple proliferation. As there are no direct measures to combat phytoplasmas, the vector itself 
needs to be controlled. The overall aim of this project was the development of attract and kill formulations that 
can be applied for the biological control of C. picta in apple orchards.

In a former study, the sesquiterpene β-caryophyllene was identified as an attractant for C. picta by Mayer et al. 
(2008). In order to protect and slow the release of β-caryophyllene, a novel formulation based on an oleogel was 
developed. This attract formulation combines unique properties that make it highly suitable for the application 
and release of semiochemicals, such as a reduced processing temperature, high loading capacities, improved oil-
binding capacity and mechanical stability, self-adhesive properties on leaves and release modifiability.

Pandora sp. nov. inedit (ARSEF 13372), a new entomopthoralean fungus with potential for the control of 
psyllids, which was isolated from an infected psyllid collected in a Danish pear orchard by Jensen et al. (2018), 
was selected as kill compound. In previous studies, the pathogenicity of Pandora sp. nov. has already been 
demonstrated for several psyllid species (Görg et al., 2021). As the mass-production of fungal biomass is essential 
for providing inoculant in a sufficient quantity for large scale field application, a cost-effective and scalable 
fermentation process for production of finely-dispersed hyphae was established to cultivate the new fungus 
(Muskat et al., 2022a). The conversion of Pandora into an easily applicable form was realized by encapsulation 
of the hyphal biomass in Ca-alginate beads additionally providing nutrients for improved sporulation capacity. 
With this formulation, the two target psyllid species C. picta and C. pyri were successfully infected by Pandora 
sp. and killed with a mortality of up to 89% (Muskat et al., 2022b). 

To address the humidity problem, as most entomophthoralean fungi require saturated humidity conditions for 
efficient sporulation and conidia germination, a paste-type formulation containing bio-based superabsorbents was 
developed. Co-application of the beads with the paste enabled sporulation at non-saturated humidity conditions 
in a laboratory and a semi-field trial.

Our studies form the scientific and technical basis for above-ground application of specific formulations for 
the control of psyllid pests by innovative attract and kill strategies. 

Key words: psyllids, semiochemical formulation, entomopathogenic fungi, biological control.
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O-29
DIFFERENT TRAPS AND LURES FOR MONITORING SPOTTED WING 
DROSOPHILA (DROSOPHILA SUZUKII) [DIPTERA: DROSOPHILIDAE] FLIES 
AND ITS MASS TRAPPING IN RASPBERRY ORCHARDS

Magda Rak Cizej and Franček Poličnik

Slovenian Institute of Hop Research and Brewing, Plant Protection Department, C. Žalskega tabora 2, 
3310 Žalec, Slovenia

E-mail: magda.rak-cizej@ihps.si

Abstract: Preliminary results for reducing the population of spotted wing drosophila, Drosophila suzukii, 
(SWD) with different traps and lures in the raspberry orchards are reported. Research activities were carried out 
in years 2019-2021. Research focused on monitoring of SWD. We used trap Drosal® Pro with liquid attractant 
DrosaLure (Adermatt Biocontrol AG; Switzerland), trap Droso Trap® with liquid attractant Dros’Attract® 
(Biobest; Belgia), plastic bottle (V=250 mL) with one black and two red adhesive tapes, with 9 holes 6 mm in 
diameter where we added mixer vinegar and red wine (3:1) and trap Droso Trap® where used water and soap and 
add dry attractant PH-288-1BP (IPM Russell, United Kingdom). Most SWD flies were caught on the commercial 
trap Droso Trap® with dry attractant PH-288-1BP. The mentioned baits were more attractive for female SWD. 
Good results for monitoring SWD had with homemade trap, baited with vinegar and red wine (ratio of 3:1). 
This bait caught 33% less SWD than with bait where we used dry attractant PH-288-1BP. After testing we can 
conclude that trap Drosal® Pro with lure DrosaLure and trap Droso Trap® with Dros’Attract® resulted less 
effective for monitoring SWD. Attractant PH-288-1BP gives optimism about the use it also for mass trapping of 
SWD.

Key words: Drosophila suzukii, lures, mass trapping, monitoring, traps
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EFFECT OF BIOTIC AND ABIOTIC FACTORS ON TRAPPING OF ADULTS OF THE 
MEDITERRANEAN FLY
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Abstract: The Mediterranean fruit fly (medfly), Ceratitis capitata (Diptera: Tepritidae) is one of the most 
important pests of fruit commodities worldwide. Due to ever expanding human travel and global trade of fresh 
fruits, medfly has invaded many tropical, subtropical and temperate regions of the globe. The main tool for early 
detection of invasive C. capitata populations and of monitoring the dispersion patterns of established ones is 
adult trapping. Trapping efficacy is affected by a set of biotic and abiotic factors, such as the prevailing climatic 
conditions, physiological and demographic aspects of the target population (e.g. age and reproductive structure 
of feral flies) and the trapping system considered. We explored whether the: 1) acclimation of adults in different 
temperatures, 2) prevailing climatic conditions and 3) host type (host and non-host plants) affect captures of 
adults of the Mediterranean fly, in traps in open field conditions.

We used the progeny of a wild population originated from the area of Volos reared in laboratory conditions 
for 3 to 6 generations. Two days before adult emergence, pupae were marked with different colors of a nontoxic 
fluorescent powder depending on the treatment. The emerged adults were kept for five days at 25°C. Then, they 
were subjected to three thermal acclimation regimes (15, 25 and 30°C) or they were kept at outdoor conditions 
for 5 days. At the age of ten days, ten individuals of each sex and treatment (acclimation regime) were released, 
at a short distance (5 m) from a trapping station consisted of a pair of Jackson trap baited with trimedlure and 
a plastic McPhail trap baited with BioLure that had been established on host or non-host trees. A total of four 
releases were conducted, two in early spring, at relative low temperatures and two during the summer months, 
at high temperatures. All trapping stations were inspected at regular intervals (1, 2, 5, 10, 15 and 20 days after 
release). Captured adults were taken to the laboratory and examined under a stereoscope using ultraviolet light 
to determine the marking color.

The proportion of recaptured adults ranged from 7.75 to 25.17 %. Overall, males were five times more likely 
to be recaptured than females. The higher the prevailing temperature during the release-recapture period the 
higher the capture rates. More flies were recaptured in trapping stations installed on host trees compared to those 
placed on no host trees. Acclimation at different temperature regimes was a significant predictor of recaptures 
with adults acclimated at 15°C or kept in outdoor conditions, responding better to traps regardless of the season. 
The importance of these findings to address challenges regarding the detection of low C. capitata populations is 
discussed.

Key words: acclimation, Ceratitis capitata, recapture, release, temperature, fruit flies, trapping.
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CERA TRAP® A VERSATILE ATTRACTANT FOR FRUIT FLIES OF ECONOMIC 
IMPORTANCE
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Spain;
2Fondazione Edmund Mach, Research and Innovation Centre, I-38010 San Michele all’Adige, TN, 
Italy; 
3Present address: Oregon State University, Corvallis, OR 97331, USA; 
4Center Agriculture Food Environment (C3A), University of Trento, San Michele all’Adige, TN, Italy; 
5Institute of Molecular Genetics IGM-CNR “Luigi Luca Cavalli-Sforza”, I-27100 Pavia, Italy

Abstract: The fruit fly Ceratitis capitata is one of the most detrimental and difficult pests to manage for table 
grapes, pome, and stone fruits production since it is highly polyphagous and widely distributed. 

Cera Trap® is a pesticide-free attractant formulation of natural origin, based on a liquid protein mixture 
obtained by an exclusive method of enzymatic hydrolysis with a strong attraction capacity for the medfly and 
with higher ratios of young females than males captured. Furthermore, field trials showed that Cera Trap® is 
effective not only against C. capitata but with other tephritid species including Bactrocera dorsalis, B. zonata 
and Anastrepha spp.

To better understand the mode of action of this lure, we applied gas chromatography electroantennography 
detection (GC-EAD) and coupled GC-mass spectrometry (GC-MS) to identify the individual physiologically 
active volatile compounds released by Cera Trap®. The volatile compounds were individually tested on the 
antennae of male and female medflies in different physiological conditions, including age and mating status. 
Future binding assays of these volatiles to chemosensory proteins expressed in the antennae will contribute 
unravelling the molecular bases of Cera Trap® attraction in the medfly. 

Key words: Medfly, electrophysiology, mass-trapping, field trials, volatiles.
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CLIMATE CHANGE JEOPARDIZES PHEROMONE APPLICATION IN IPM
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University, Kalmar 392 31, Sweden; 
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Abstract: Since the discovery of the first sex pheromone and adoption of pheromone in pest management, 
the global pheromones market size has grown to reach USD 2.4 billion per year in 2019. This has enabled 
the development of environmentally friendly approaches that significantly reduce the application of pesticides. 
Recently, there have been reports of the failure of various commercial codlemone (E,E-8,10-dodecadien-1-ol) 
formulations used for monitoring the apple pest codling moth, Cydia pomonella (L.) in some countries of the 
Northern hemisphere (Austria, Germany, Italy (South Tyrol), but not in the Southern hemisphere (New Zealand).

This problem was discussed during the last meeting of the IOBC group “Pheromones and other semiochemicals 
in IP” during our last meeting in Lisbon in 2019. As a result, the presented work was initiated to investigate 
factors behind the lack of efficacy of codlemone lure in the Northern Hemisphere (Germany) and Southern 
Hemisphere (New Zealand). We hypothesized that the observed failure could be due to two main factors: (a) a 
shift in the response of male codling moth to codlemone and (b) degradation of codlemone under field conditions 
that renders the lure less attractive. Field trial tests of various doses and blends containing minor pheromone 
compounds suggested no change in response of male codling moth. The addition of an antioxidant and a UV 
stabilizer to codlemone resulted in a significant increase in the number of males caught in Germany, but not in 
New Zealand. Mean maximum temperatures during the growing season since 2004 indicate a 3 K increase to 
35 °C in Germany, but just a 1.5 K rise to 30 °C in New Zealand. Chemical analysis of the lures used in the 
field trials in Germany and New Zealand indicated more degradation products and reduced half-life of the lures 
in Germany compared with those in New Zealand. Heating codlemone lures to 32 °C significantly reduced the 
number of males caught in traps and increased the isomeric and chemical impurities of codlemone compared 
with unheated lures. Our data provide the first evidence that climate change affects pheromone molecule stability, 
thus reducing its biological efficacy. Our finding suggests that climate change could be a general problem for 
chemical communication and, therefore, could affect the integrity of natural ecosystems. 

Key words: Climate change; global warming; pheromones; monitoring; stabilizer; pest management; 
codlemone; codling moth; Cydia pomonella.
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O-33
WHAT CUES ARE USED BY TELENOMUS TETRATOMUS (THOMSON) 
(HYMENOPTERA: SCELIONIDAE) FOR HOST FINDING?

Lidia Sukovata1, Aleksander Dziuk1, Andrew Polaszek2

1Forest Research Institute, 3, Braci Leśnej Str., Sękocin Stary, 05-090 Raszyn, Poland;
2Natural History Museum, Cromwell Road, London SW7 5BD, UK

Abstract: Telenomus tetratomus is a native egg parasitoid of the pine-tree lappet moth (PLM) Dendrolimus 
pini (L.) (Lepidoptera: Lasiocampidae) in Poland. PLM is a serious pest in Scots pine forests and can cause 
heavy defoliation during its outbreaks. Although PLM population density usually increases rapidly, in some 
regions the increase rate is much lower. Such slow-down may be caused by pressure from natural enemies, 
particularly the egg parasitoid T. tetratomus. Parasitism caused by this wasp can reach 100%, which suggests 
that the parasitoid has developed some mechanisms enabling it to very effectively search and find its host. The 
aim of our studies was to search for possible odour and visual cues used by the parasitoid for finding PLM eggs.

Potential odour cues were studied in two experiments. In experiment 1, we tested the sex pheromone of 
PLM, i.e., a mixture of (Z,E)-5,7-dodecadienal and (Z,E)-5,7-dodecadien-1-ol (Bestmann et al., 1982; Priesner 
et al., 1984; Kovalev et al., 1993). It was tested using 20 yellow sticky boards (AlphaScents, Poland): 10 boards 
with the attached lure (delivered by Chemipan R&D Laboratories, Warsaw, Poland) and 10 boards without 
lure. The experiment was set up on 24 July and lasted until 10 August 2017. In experiment 2, hexane extracts 
of PLM female cocoons and different parts of female moths: abdominal tips, legs and wings, and hexane alone 
(as a control treatment) were tested. The extracts were poured into 7 mm red rubber septa, and after hexane 
evaporation, they were sealed in aluminium bags and kept in a fridge before use. Each treatment was tested in 10 
replicates using transparent sticky boards (AlphaScents, Poland). The experiment lasted from 10–20 July 2018. 
The effect of trap color, as a potential visual cue, on attractiveness of sticky boards to T. tetratomus was estimated 
in the period 20 July–20 August 2020. Five colors were tested in 10 replicates: leaf green (RAL 6002), reseda 
green (RAL 6011), pine green (RAL 6028), light blue (RAL 5012) and yellow (an original color of sticky boards 
produced by PPH EkoDarpol). In all experiments, the sticky boards were pinned to tree trunks, at ~1.5 m above 
the ground. All experiments were set in pure Scots pine forests, in a randomized complete block design, with one 
trap per treatment in each block.

Neither the pheromone nor the extracts of PLM female cocoons, legs, abdominal tips or wings had a significant 
effect on the number of T. tetratomus females on the sticky boards. Male catches were very low regardless of 
the odour type tested. Our results are in contrast to those obtained for other Telenomus spp. (e.g., Arakaki et al., 
2011) and Trissolcus spp. (e.g., Colazza et al., 2007) showing clear effect of a pheromone or some of extracts. 
The reason for such a dissimilarity is not clear. Among colors tested, the yellow traps captured the highest 
numbers of both females and males of the parasitoid. Females were also more attracted to leaf-green than to other 
shades of green. It is well known that yellow is attractive to a wide range of hymenopteran and dipteran insects, 
however based on our earlier findings (Sukovata et al., 2020), higher numbers of T. tetratomus were expected 
to be attracted by one of green colors (supposedly mimicking fresh PLM eggs and/or host tree needles on which 
the eggs are often deposited). Instead, the catches were highest on yellow boards, although yellow is generally 
absent from pure Scots pine forests. 

Key words: egg parasitoid, Dendrolimus pini, odour and visual cues, pheromone, hexane extracts.

Acknowledgements: The studies were financed by the General Directorate of State Forests, Poland (projects 
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O-34
DEVELOPMENT AND SURVIVAL OF GRAPHOLITA MOLESTA LARVAE UNDER 
LABORATORY AND FIELD CONDITIONS AND THEIR EFFECT ON POPULATION 
DYNAMICS

Carles Amat1,3, Dolors Bosch-Serra2, Jesús Avilla1, Lucía-Adriana Escudero-Colomar3

1Department of Crop and Forest Sciences, Agrotecnio-CERCA, University of Lleida (UdL), 25198 
Lleida, Spain;
 2IRTA Sustainable Plant Protection, Agrònoms, 25198 Lleida, Spain;
3IRTA (Institute for Agrifood Research and Technology), Sustainable Plant Protection (Entomology), 
Mas Badia, 17134 La Tallada d’Empordá, Girona, Spain

e-mail address: adriana.escudero@irta.cat

Abstract: Grapholita molesta Busck (Lepidoptera. Tortricidae) is a worldwide pest which can produce severe 
losses to many cultivated tree species, especially stone fruits, but also in pome fruits. In Catalunya (NE Spain), 
G. molesta is present in the two major fruit producing provinces, Girona and Lleida, In Girona province it mainly 
damages apples (Malus × domestica Borkh) while in Lleida it mainly damages peaches (Prunus persica Stokes) 
although it has also been found damaging some pome fruits. The production areas of the two provinces are 
separated by 250 km having a slightly different climate. The aim of this study is to analyse the development time 
and survivorship of G. molesta in three apple cultivars at laboratory and field conditions to better understand 
differences in the population dynamics of G. molesta in Girona and Lleida provinces. Data from five years of 
captures in monitoring traps located in commercial orchards from Girona (145) and Lleida (85) provinces were 
evaluated. Degree days (DD) were calculated using the phenology model (Croft et al., 1980) most used in the 
region to forecast the adult population dynamics along the season. Development time and survival was studied 
in two G. molesta populations, one from Girona and the other from Lleida provinces in three apple cultivars 
Gala, Golden and Fuji. At lab, these parameters were studied at five temperatures (14, 18, 22, 26 and 30 ºC) 
while at field conditions, apples naturally attached to trees in each of the three cultivars and other detached ones 
were infested with G. molesta. Results showed clear differences in the population dynamics registered in the 
two provinces. The required number of DD to complete one generation was higher in Girona than in Lleida; 
consequently, Girona province has one less generation. The population dynamics recorded at Lleida fit well the 
phenology model tested, while that recorded at Girona did not. The development time under field conditions was 
longer in apples than that described in the most widely used phenology model. There were significant differences 
between the development time recorded in the laboratory and that recorded under field conditions in fruits still 
attached to the tree. Regarding the development time in the cultivars, in laboratory conditions the shortest was 
recorded in Gala while at field conditions and in fruits naturally attached to the tree the shortest was recorded 
in Golden. The importance of these results for the integrated management of G. molesta in the two provinces 
studied is analysed.

Keywords: Grapholita molesta, apple, peach, phenology, forecasting model, development time, survivorship.
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O-35
WAVES AND LEAFROLLERS: ULTRASOUND EMISSION AND COLOUR VISION 
OF THREE TORTRICID FRUIT PESTS

Alejandro Martín1, Luis Elvira2, Gregor Belušič3, César Gemeno1

1Department of Crop and Forest Sciences, University of Lleida, Agrotecnio-CERCA Center, 25198, 
Lleida, Spain;
2ITEFI – Consejo Superior de Investigaciones Científicas, 28006, Madrid, Spain;
3Department of Biology, Biotechnical Faculty, University of Ljubljana, 1000, Ljubljana, Slovenia

e-mail address: alejandro.martin@udl.cat

Abstract: Grapholita molesta, Lobesia botrana and Cydia pomonella tortricid moths are major pests of 
peach trees, grapevines and apple trees worldwide, respectively. Sex-pheromone-based mating disruption and 
monitoring are major elements for the control of these three species. However, there is a possibility to improve 
this control by taking advantage of other sensory modalities, such as acoustics and vision. To this end, we 
recorded the sounds and ultrasounds produced during wing-beat and measured the spectral sensitivity of the eyes 
in males and females. The three species produced soft and short clicks in the ultrasound range along 20 kHz to 
50kHz with occurrence related to wingbeat frequency. Furthermore, they produce similar acoustic signals either 
when tethered as when free-flying in the wind tunnel to a source of pheromone. The spectral sensitivity curve 
was obtained by means of electroretinography. The curves were fitted with a triple nomogram template which 
showed three photoreceptor classes peaking at 355 nm, 440 nm and 525 nm with no differences among species. 
The retinae showed clear regionalization, with fewer blue receptors dorsally. Intracellular recordings on Cydia 
pomonella revealed a broadband photoreceptor peaking at 525 nm and three photoreceptor classes with narrow 
sensitivity peaking at 525, 440 and 355 nm. Knowing that these moths emit signals in the ultrasound range can 
be relevant in the context of bat predation and intraspecific communication. Spectral sensitivity curves indicate 
which wavelengths may be attractive and be used to improve the traps of these species.

Keywords: Grapholita molesta, Lobesia botrana, Cydia pomonella, spectral sensitivity, electrophysiology.
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O-36
BEHAVIOURAL AND ELECTROPHYSIOLOGICAL RESPONSES OF THREE 
TORTRICID FRUIT PESTS TO TASTE STIMULI 

Carles Amat1, Rajendra Prasad B. S.2,3, Frédéric Marion-Poll4, César Gemeno1

1University of Lleida-Agrotecnio-CERCA Center, Lleida, Spain;
 2Division of Entomology and Nematology, ICAR-Indian Institute of Horticultural Research, 
Hessarghatta, Bengaluru 560 089, India;
3KVK, Ramanagara, University of Agricultural Sciences, Bengaluru 560 065, India ; 4Université Paris-
Saclay, CNRS, IRD, UMR Évolution, Génomes, Comportement et Écologie, 91198 Gif-sur-Yvette, 
France

e-mail addresses: cesar.gemeno@udl.cat, carles.amat@udl.cat, frederic.marion-poll@agroparistech.fr

Abstract: Female moths taste the substrate before laying eggs to determine the best oviposition sites for 
their offspring. Non-volatile compounds are perceived by gustatory sensilla which are located in several parts 
of the body, such as the ovipositor, legs and antennae. In tortricid moths the labial palps bears sensilla chaetica 
which role in gustation is unknown. We conducted an oviposition choice test with Cydia pomonella, Grapholita 
molesta and Lobesia botrana using NaCl, KCl, fructose, sucrose and neem oil at three doses. We also recorded 
the electrophysiological responses of gustatory sensilla in antennae and labial palps of females and males of 
the three species with three doses of the same stimuli except for the neem oil. Neem oil drastically reduced 
oviposition in a dose-dependent manner. The highest dose of the sugars (1M) generally deterred the oviposition. 
In addition, C. pomonella showed a preference for the higher doses of NaCl. We could detect electrophysiological 
responses to all stimuli in gustatory sensilla of all species. Responses generally increased with dose and were 
higher in labial palp than in antennae and in females than in males. This study confirms or reveals the ability of 
these moth species to detect and respond to sugars and salts. Moreover, it appears to be the first study that shows 
a gustatory function by labial palps of Lepidoptera.

Keywords: gustation, oviposition, electrophysiology, Tortricidae, sugar, salt, neem oil.
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O-37
DEVELOPMENT OF COLOR STICKY TRAPS FOR MONITORING CACOPSYLLA 
PYRI INSPIRED BY RESEARCH ON COLOR PREFERENCES

Bruna Czarnobai De Jorge1, 2, Rainer Meyhöfer3, Jürgen Gross1 
1Institute for Plant Protection in Fruit Crops and Viticulture, Julius Kühn-Institut, Federal Research 
Centre for Cultivated Plants, Dossenheim, Germany;
 2Plant Chemical Ecology, Technical University of Darmstadt, Schnittspahnstr. 4, 64287 Darmstadt, 
Germany;
 3Institute of Horticultural Production Systems, Section Phytomedicine, Gottfried Wilhelm Leibniz 
Universität Hannover, Herrenhäuser Str. 2, 30419 Hannover, Germany
 e-mail address: juergen.gross@julius-kuehn.de 

Abstract: Several species of phloem-feeding pear psyllids are the main vectors of the bacterial disease pear 
decline caused by the bacterium Candidatus Phytoplasma pyri. Furthermore, large psyllid infestations have 
been reported as the most important pest management problem of pear-growing regions in Europe (Jenser et al., 
2010). For instance, the pear psylla Cacopsylla pyri (L., 1758) caused severe economic damage in pear orchards 
since the beginning of commercial pear production and it is considered the main pear pest in most parts of 
Europe (Berrada et al., 1996; Civolani & Pasqualini, 2003; Erler & Cetin, 2007).

Understanding the cues used by insects to select their hosts is essential to developing sustainable control 
strategies, particularly for plant disease vectors (Gross, 2013). However, color vision in insects is a factor in the 
biology of invertebrates that seems be neglected, while most of recent publications are exclusively related to the 
chemical communication that mediate host plant – phloem-feeding vector interactions (Gross et al., 2021)

 Plants reflect a diversity of visual cues; all of them are limited to the narrower variety of foliar pigments, 
essentially in the “green-yellow-orange” part of the light spectrum visible to insects. The spectral sensitivity of 
insect compound eyes ranges from 350 to 650 nm (near-ultraviolet to red) and thus includes shorter wavelengths 
than that of the human eye (Schoonhoven et al., 2005). Generally, species belonging to the Hemiptera are not 
attracted to visual targets that reflect or emit light <400 nm or >600 nm (Döring, 2014; Döring & Chittka, 2007). 
However, attraction to longer wavelength red light occurs in eucalyptus psyllids, Anoeconeossa bundoorensis, 
and Glycaspis brimblecombei, which specialize in red anthocyanic leaves (Farnier et al., 2014). Prokopy & 
Owens (1978) speculated that monophagous-oligophagous insects are more likely to be visual specialists than 
polyphagous insects. They further suggested that visual traps which mimic specific host-plant visual stimuli 
should help monitor monophagous-oligophagous insect pest populations on crops. If so, the monophagous pear 
psyllids should be well suited for monitoring with a visual trap (Westigard, 1979). 

Yellow sticky traps have been used as monitoring tool for pear psylla for more than 60 years. But these traps 
are very unspecific and trap a huge amount of unwanted bycatch, which includes high numbers of pollinators. 
In order to investigate the importance of color vision for pear psyllids and that way improving visual traps, 
the presented research aimed to investigate the color preferences of C. pyri based in the evaluation of specific 
wavelengths that could be attractive for this pest insect. 

To screen the insect color preferences, choice assays with different LED colors were performed in a small-
scale choice arena. Over the six LEDs tested, a strong significant preference of C. pyri for dark green (532 nm) 
followed by light green (549 nm) could be observed. The other colors orange, yellow, light red and dark red 
attracted less psyllids than dark green. 

To mimic the LEDs tested in a field situation, newly developed traps were equipped with transparent-colored 
PVC sheets with the respective wavelength of the preferred LEDs. Red and completely transparent traps were 
also included as control. The experiment was conducted in a pear orchard in Dossenheim, Germany. Field trials 
revealed that green traps attracted significantly more pear psyllids than red and transparent ones (p < 0.01). 
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In conclusion, we could show that the pear psylla C. pyri was attracted to green color, withing a narrow and 
specific wavelength range, which was confirmed in both laboratory and field trials. The results are promising 
for improving psyllids monitoring, even at low population densities. Thus, visual cues should be considered and 
integrated into psyllid monitoring in future as part of integrated pest management strategies. 

Keywords: pear psyllids, phytoplasma, integrated control, insects’ vision, sticky traps.
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O-38
MASSLURE® PEST COUNTER: AUTOMATIC DEVICE BASED ON SPECTRAL 
IMAGING TECHNOLOGY TO RECOGNIZE AND COUNT SMALL INSECTS OF 
DIASPIDIDAE AND PSEUDOCOCCIDAE FAMILIES

Abel Zaragoza1, Carlos E. García2, Eloi Canals2, Fernando Díaz-Doutón2, Meritxell Vilaseca2

1Comercial Química Massó, S.A, Agro-Department Market Research;
2Universitat Politècnica de Catalunya (UPC), Centre for Sensors, Instruments and Systems Development 
(CD6) 

Abstract: The Diaspididae and Pseudococcidae families are economically important pests of many fruit 
crops in several regions of the world and the pheromones of several species have been identified. The field 
monitoring defines areas of pest infestation, distribution, and lifecycle of the target pest. In these two families 
the males are very small and difficult to count, and to do it effectively, a binocular microscopy/loupe is needed. 
MASSLURE® Pest Counter is the automatic scanner-based on spectral imaging technology to recognize and 
count this pest insect and make the male flight to add the degree days phenology of the target pest in one picture. 

The scanner, which includes a digital camera and several LEDs emitting sequentially in the visible range 
(from blue, 410 nm, to red wavelengths, 774 nm), acquires several spectral images and performs a spectral and 
morphological analysis of the insects on the trap. 

For the wavelengths analysed, the system compares the light reflected from different specimens as it has been 
noticed that some species have certain spectral signatures (e.g., red scales appear brighter at longer wavelengths). 
Therefore, discrimination of red scales from other insects can be achieved with remarkable accuracy from 
spectral records. Nevertheless, in those cases where spectral information is not enough, additional morphological 
information (e.g., the size, shape) extracted using imaging processing tools from the spectral images is also used 
to differentiate red scales from other species.

The precision achieved with the scanner is the following: the sensitivity is of 85.2% (red scales correctly 
detected as such), and the specificity of 84.2% (other insects correctly identified as non-red scales).

Key words: pheromone traps, monitoring, degree days, integrated pest control, spectral imaging.
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O-39
GENETIC BASES OF CODLING MOTH (CYDIA POMONELLA) RESISTANCE TO 
THE ORIGINAL ISOLATE OF C. POMONELLA GRANULO VIRUS: CPGV-M

Myriam Siegwart1, Jerôme Olivares1, Sandrine Maugin1, Léa Gingueneau1, Bertrand Gauffre1 
1INRAE, Plants and Cropping Systems in Horticulture research unit (PSH), 228 route de l’aérodrome, 
84914 Avignon, France

Abstract: Cydia pomonella is a pest of apple and pear trees present on all continents. One of the most effective 
non-chemical control method used to limit this pest populations in commercial orchard is the granulovirus CpGV. 
Since 2005, resistance to the CpGV-M isolate has been reported in Europe, causing serious problems in the 
management of this pest in organic orchards. This problem has been temporarily solved by the commercialisation 
and use of two alternative viral isolates CpGV-R5 and CpGV-V15 that bypass the original resistance. Subsequent 
studies showed that these new commercials products based on CpGV are in fact composed of viral genotypes 
mixtures. Since then, resistance to these new isolates has been detected in France and Italy, but neither the 
genetic basis nor the mechanism of the initial resistance has been elucidated. Studies on CPGV-M resistance 
have shown that viral replication is blocked in resistant phenotypes, and that resistance is associated with a major 
locus located on the Z sex chromosome. However, this major locus does not seem to fully explain resistance 
to CPGV-M. In addition, others types of resistance involving autosomal genes have been described since then. 

We therefore performed a genome-wide association approach on pools of individuals from susceptible 
or resistant wild French populations to search for a strong marker of this resistance and if possible begin to 
understand the mechanism of this resistance.

The genes underlying these genomic regions as well as possible LncRNAs, particularly on the Z chromosome, 
provide very interesting insights into the candidate mechanisms of CpGV-M resistance. These results can 
therefore be used to set up a high-throughput detection tool and will be discussed in the light of our knowledge 
of the role of this type of RNA in the regulation of host-virus interactions.

Key words: GWAS, lncRNA, host-virus interaction.
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O-40
CODLING MOTH CONTROL: MANAGING CPGV RESISTANCE IN ORGANIC 
APPLE PRODUCTION

Johannes A. Jehle1, Eva Fritsch1, Karin Undorf-Spahn1, Jutta Kienzle2 

1Julius Kühn Institute, Federal Research Centre for Cultivated Plants, Institute for Biological Control, 
Schwabenheimerstr. 101, 69221 Dossenheim, Germany;

 271394 Kernen, Germany 

Abstract: Cydia pomonella granulovirus (CpGV) is a natural viral pathogen of codling moth (CM, Cydia 
pomonella L.) larvae which is widely used as biocontrol agent of CM in organic apple production. CpGV products 
have been registered in nearly all apple growing countries worldwide where codling moth is a major pest. Since 
2005, mainly organic apple plantations with codling moth populations showing low susceptibility to commercial 
CpGV products have been identified in Germany and other countries. Genetic analyses and susceptibility testing 
revealed at least three different types of CpGV resistance (type I-III). By monitoring resistant orchards, exploring 
new, resistance-breaking CpGV isolates and registering novel isolates as plant protection agents, it was possible 
to overcome resistance and to provide growers efficient tools in their continuing efforts to control codling moth. 
Laboratory data and field observations will be presented, how to overcome resistance patterns of codling moth. 

Key words: Cydia pomonella, CpGV, resistance management.
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O-41
ADAPTATION MECHANISMS OF CODLING MOTH (CYDIA POMONELLA) TO 
ALT’CARPO NETS USED IN COMMERCIAL ORCHARD

Léa Gingueneau1, Myriam Siegwart1, Bertrand Gauffre1 
1INRAE, Plants and Cropping Systems in Horticulture research unit (PSH), 228 route de l’aérodrome, 
84914 Avignon, France

Abstract: In a constantly changing environment, living organisms must develop adaptive mechanisms to 
survive. Like many insect pests, the codling moth (Cydia pomonella) is able to adapt by resisting insecticides, 
viruses, and other control methods used by humans. New methods such as physical barriers (Alt’carpo nets) 
have been progressively implemented in South of France orchards since 2007. Their presence allows an efficient 
reduction of damages and treatments. However, an increase in codling moth damages has been recently observed 
in several orchards, suggesting an adaptation of the pest to this control method. We tested two hypotheses: (1) 
a morphological adaptation, with a reduction in the size of individuals from populations supposedly adapted 
to nets. Smaller individuals would be able to cross nets more easily. (2) a behavioural adaptation. Males C. 
pomonella are known to forms leks at tree canopy to locate the females pheromonal signals. The disruption of 
this stage of reproduction by nets is one of the major cause of their efficacy against C. pomonella. Thus, our 
hypothesis is that that supposedly nets-resistant C. pomonella populations could reproduce under nets without 
passing through this flying stage, like C. pomonella strains adapted to laboratory that manage to reproduce in a 
confined environment. 

To test these two hypotheses, we sampled C. pomonella populations in different plots (without net, with 
net, with or without signs of adaptation) and used two laboratory strains adapted to reproduction in confined 
environments. We compared the weight of individuals from the different populations and formed intra-population 
pairs to compare their ability to produce larvae in a confined environment. Mixed pairs between a wild populations 
and a laboratory strain were also performed to compare the ability of wild males and females to reproduce with 
individuals from the laboratory strain. The number of matings was compared between populations by counting 
the spermatophores received by females.

Results show no significant difference in the size of individuals between the wild populations. Therefore, 
there was no reduction in size of the supposedly adapted individuals that would improve their ability to pass 
through the nets. We did not observe significant differences in the number of mating and offspring between 
wild populations. This is likely due to the difficulty of wild females to lay eggs on a new artificial substrate. 
In contrast, males from the supposedly adapted populations when crossed with females from the laboratory 
strain produced a number of offspring comparable to laboratory males, conversely to males from other wild 
populations. It is therefore possible that males from supposedly adapted populations are gradually overcoming 
the flight stage in leks at tree top level to be able to mate effectively.

Key words: reproduction phase, physical barrier, behavioural resistance.
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O-42
EXPLORING TRUNK INJECTION DELIVERY SYSTEMS FOR BIOPESTICIDES 
AND RNAI IN TREE FRUIT IPM

John C. Wise1, Annabel G. Wise2

1Michigan State University, Department of Entomology, 206 Center for Integrated Plant Systems 
Building, 578 Wilson Road, East Lansing, MI 48824-1311, USA;
 2Michigan State University, Veterinary Diagnostic Laboratory, 4125 Beaumont Rd, Lansing, MI, 
48910, USA

Abstract: Twentieth century delivery systems co-evolved with insecticide discovery to meet the demands 
of pest management in an increasingly mechanized agriculture production system. The attributes of ground 
air-assisted sprayers met the practical demands of farmers to deliver broad spectrum insecticides to the canopy 
of crops, lending to maximum contact toxicity to the target pests. The twenty first century has witnessed the 
emergence of biopesticides and RNAi-based products, with performance attributes distinct from those introduced 
in the twentieth century. These new tools tend to be ingestion-active and more sensitive to environmental 
degradation on crop canopy surfaces. Delivery systems, such as trunk injection, that harness the vascular system 
of the plant have the potential of maximizing the performance attributes of modern IPM tools. Field studies 
were conducted using bioassays and residue profile analysis to test the seasonal effectiveness of trunk injected 
products against key tree fruit insect pests.

Key words: biopesticide, RNA interference, vascular delivery, integrated pest management.
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O-43
THE USE OF ARTIFICIAL SHELTERS AS AN EFFECTIVE MEANS OF CONTROLLING 
THE APPLE BLOSSOM WEEVIL ANTHONOMUS POMORUM

Herman Helsen, Bart van der Sluis

Wageningen University & Research, Field Crops, PO Box 200, 6670 AE Zetten, The Netherlands

e-mail address: herman.helsen@wur.nl

Abstract: The apple blossom weevil Anthonomus pomorum is a pest in European apple orchards. It develops 
one generation per year and has a long period of dormancy that lasts from early summer to early spring in the 
following year. During this dormancy period the weevils hide in natural shelters in the orchard or its immediate 
surroundings. Traditional orchards in the past provided ample opportunity for shelter, but in modern high-
density apple orchards this is much less the case. In this work, we explored the possibilities of reducing weevil 
populations by providing artificial shelters on the apple trees in late spring and removing them in winter, together 
with the overwintering weevils they contained. 

Shelters consisted of a bundle of ten pieces of hollow PVC tree tying tube of about 20 cm long, folded in half 
and tied together with a nylon cable tie. Shelters were attached in the lower part of the tree, either on the trunk or 
close to the trunk at one of the main branches. In five experiments in different orchards and with different apple 
cultivars application in May and removal in winter of one shelter per tree reduced the number of apple blossom 
weevil infested flowers in the next spring with 54 to 90%, as compared to reference plots where the shelters were 
installed at the same time but were not removed. These results show for the first time that the use of artificial 
shelters can effectively reduce populations of apple blossom weevils in apple orchards. We expect that the use of 
the shelter method described here can greatly reduce the need for insecticide sprays against this pest.

Key words: Curculionidae, Anthonomus, mass trapping, orchard, IPM.
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O-44
EXPLOITING OBLIGATE SYMBIOTIC ASSOCIATIONS TO CONTROL THE OLIVE 
FLY BACTROCERA OLEAE 

Corrado Perin1, Isabel Martinez-Sañudo1, Andrea Squartini1, Alessandra Tondello1, Nicola 
Mori2, Luca Mazzon1

1Department of Agronomy, Food, Natural Resources, Animals and Environment, Università degli Studi 
di Padova, (UniPD), Viale dell’Università 16, Legnaro (PD), Italy;
2University of Verona, Department of Biotechnology, 37134 Verona, Italy 

e-mail adress: isabel.martinez@unipd.it

Abstract: Many insect pests totally depend on fragile microbial symbiosis. Control strategies based on the 
elimination of obligate bacterial symbionts of insects (symbiotic control) have been proposed as a sustainable 
option allowing insecticide free pest management (Arora & Douglas, 2017). Good targets for the application of 
these strategies are insect pests which transmit their symbiotic bacteria to their progeny following an extracellular 
route (Gonella et al., 2020). 

The olive fly, Bactrocera oleae (Rossi) (Diptera, Tephritidae) is the most destructive pest of olives and 
its control has been traditionally achieved through synthetic insecticides, often indiscriminately applied. It is 
associated with the primary symbiont “Candidatus Erwinia dacicola’’ (Capuzzo et al., 2005). During oviposition, 
females smear the egg surface with bacteria and, upon hatching, the larva ingests the symbiont through nibbling 
the egg surface. The association between olive fly and the hereditary symbiont is essential for the fly lifespan 
(Ben-Yosef et al., 2015) making the interruption of the vertical transmission of symbiont a promising strategy 
for B. oleae control (Bigiotti et al., 2019; Sinno et al., 2020).

This study aimed to explore the possibility to disrupt the vertical symbiont transmission by treating the eggs 
surface with putative antimicrobial products.

Wild pupae of olive flies were reared in the laboratory into cubical net cages in a climatic chamber under 
controlled conditions (23 ± 2 °C, 65 ± 10% RH, and 16:8 light: dark cycle). Mature flies were exposed to false 
olive fruits for 24 hours to obtain olive fly eggs. The false olive fruits, were made by melting agarose with a 
green pigment in sterile conditions. Three products known for their antimicrobial activity and available in olive 
crops for disease control or plant biostimulant were chosen for treating the eggs (dodine, propolis, and a zinc-
copper-citric acid biocomplex). Controls were represented by untreated eggs and eggs treated with distilled 
water. Larvae, derived from treated and untreated eggs were used to quantify the level of symbiont load by RT-
PCR according to the delta delta CT method. The abundance of ‘Ca. Erwinia dacicola’ was estimated taking into 
consideration the amplification of the RecA gene.

The antimicrobial products used exerted a negative impact on the ‘Ca. Erwinia dacicola’ load in the larvae 
obtained from treated eggs. A significant difference was found between the bacterial load in larva from control 
and treated eggs.

These results demonstrated the efficacy of some ecofriendly products with antimicrobial activity to 
compromise the vertical transmission of the olive fly symbiont. The findings pave the way for using these 
antimicrobial compounds to disrupt B. oleae endosymbiosis, fostering the development of sustainable strategies. 

Keywords: symbiotic bacteria, vertical transmission, symbiosis disruption.
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O-45
THE POTENTIAL OF AERATED STEAM TO RID PLANT MATERIAL OF THREE 
IMPORTANT PLANT FEEDING MITES IN BERRY CROPS

Nina Trandem1, Nina Svae Johansen1,2, Vinh Le Hong1, Arne Stensvand1,2

1Norwegian Institute of Bioeconomy Research, Division of Biotechnology and Plant Health. P.O. Box 
115, NO-1431 Ås, Norway;
2Norwegian University of Life Sciences, Faculty of Biosciences, P.O. Box 5003, NO-1432 Ås, Norway

e-mail address: nina.trandem@nibio.no 

Abstract: Most plant-feeding mites are small and difficult to spot before they reach densities leading to 
significant injury. Combined with the lack of fast-acting control measures, this means efficient preventative 
measures are crucial in IPM of mites. Mite-free planting material is such a measure, and the possibility to achieve 
this by heat treatment has been known for more than 100 years. This knowledge is now being revived in concert 
with the dwindling selection of knock-down acaricides registered in horticultural crops. Also, heat treatment 
can suppress plant diseases. In Florida and Norway, aerated steam has been used to control plant pathogens like 
Botrytis spp., Podosphaera aphanis, and Xanthomona fragariae in strawberry transplants: 1 hr in steam of 37 
°C + 1 hr in ambient temperature is followed by 4 hrs in steam of 44 °C. The strawberry plants are not damaged. 

We tested this programme on three pest mites in berry crops: the two-spotted spider mite (Tetranychus urticae) 
and the strawberry tarsonemid mite (Phytonemus pallidus) on strawberry plants in late summer (August), and the 
raspberry leaf and bud mite (Phyllocoptes gracilis) overwintering on raspberry buds in late winter/early spring 
(March). These three species represent three different groups of mites: Tetranychoidea, Heterostigmata and 
Eriophyoidea, respectively. We also observed the effect on overwintering aphid eggs occurring on the raspberry 
buds. 

Most tests compared three steam treatments: 0, 2 and 4 hrs at 44 °C, all of them starting with the pre-treatment 
of 37 °C + 1 hr ambient temperature. All strawberry tarsonemid mites (adults and juveniles) were killed by 2 or 
4 hrs at 44 °C, with the exception of 0.7 % of eggs surviving in the 2 hr treatment. Survival at 0 hrs exceeded 80 
%. However, the two-spotted spider mite (female adults and eggs) was not significantly suppressed nor killed by 
44 °C, even when receiving a 6 hr treatment with this temperature. The results for the raspberry bud and leaf mite 
was similar to those of the tarsonemid mite, with no mites (all of them overwintering females) surviving 4 hrs. At 
2 hrs, some females were seemingly alive after treatment, but they did not establish on the new growth emerging 
after bud burst. Aphid eggs (most of them probably Aphis idaei) were present on 10-25 % of the raspberry buds. 
Only non-treated eggs were observed to hatch. 

Our results indicate that the phytosanitary steam programme used on strawberry in Florida and Norway 
will eradicate the strawberry tarsonemid mite, but not the two-spotted spider mite. In raspberry, more tests are 
necessary to know the exact heat tolerance of both plants and mites, but the potential for significantly reducing 
populations of arthopod pests seems promising.

Key words: aphid eggs, Phyllocoptes gracilis, Phytonemus pallidus, phytosanitation, Tetranychus urticae.
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TOWARDS A PESTICIDE-FREE ORCHARD

Aude Alaphilippe1, Georgina Alins2, Nicolas Borowiec3, Enrique Dapena de la Fuente4, Tarek 
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Thierry Hance6, Marie-Odile Jordan7, Stine Kramer Jacobsen8, Marc Lateur9, Claire Lavigne7, 
Marcos Miñarro4, Claude-Eric Parveaud10, Blandine Rosies1, Myriam Siegwart7, Lene Sigsgaard8, 
Marco Tasin5, Elodie Vercken3, Sylvaine Simon1
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France ;
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Abstract: To design a pesticide-free ochard, we used both a holistic approach taking into account the whole 
orchard-pest complex and a focus on aphids in apples trees. In the frame of the European project API-Tree 
we tested during four years practices related to plant diversity, soil and tree management, as well as habitat 
management. We created a conceptual frameword to represent these pest control practices and the orchard 
agroecosystem. An experiment combining all those levers in a pesticide-free orchard is underway in INRAE 
Gotheron experimental unit, France.

Key words: pest control practices, conceptual framework, pest-suppressive orchard, alternative methods to 
pesticide use.
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O-47
THE PERFORMANCE WHEEL: A SYNTHETIC VIEW OF THE PERFORMANCES 
OF PLANT PROTECTION METHODS

Aude Alaphilippe1, Blandine Rosies1, Annabelle Richard1,2

1INRAE, UERI 0695 Recherches Intégrées, Domaine de Gotheron, 26320 Saint-Marcel-lès-Valence, 
France ;
2Solagro, 75 voie du TOEC, 31 000 Toulouse 

e-mail address: aude.alaphilippe@inrae.fr

Abstract: Our aim was to share efficiently knowledge with farmers and advisors on plant protection methods 
tested in the frame of an experimentation, considering their agronomical, sanitary, environmental, as well as 
economical and organisational impacts. Together with the research and industry partners of two European 
projects, we defined a framework into a single leaflet and an evaluation tool. This tool takes into consideration 
the target audience (farmers and advisors) and give a synthetic view of the performances, as well as key-elements 
to encourage lever adoption by the farmers. The approach and method is delivered in order to permit its re-use 
in other contexts.

Key words: impacts, performances, indicators, synthetic view, knowledge sharing.
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EFFICACY OF CHRYSOPERLA CARNEA (NEUROPTERA: CHRYSOPIDAE) 
AS A BIOLOGICAL CONTROL AGENT FOR TWO STINKBUG (HEMIPTERA: 
PENTATOMIDAE) SPECIES

Olivier Berteloot1, Gertie Peusens2, Ammar Alhmedi2, Tim Beliën2, Thomas Van Leeuwen1 & 
Patrick De Clercq1

1Ghent University, Department of Plants and Crops, Laboratory of Agrozoology, Coupure Links 653, 
B-9000 Gent, Belgium.
2Zoology Department, Research Centre for Fruit Cultivation (pcfruit npo), Fruittuinweg 1, B-3800 
Sint-Truiden, Belgium.

Abstract: When highly polyphagous non-native herbivores such as Halyomorpha halys (Stål, 1855) and 
Nezara viridula (Linnaeus) (Hemiptera, Pentatomidae) invade cropping systems, they can quickly become 
serious pests. The brown marmorated stink bug, H. halys, is native to Asia and has already gained pest status 
in orchards and vegetable crops in most of the USA, as well as in southern and western Europe (Berteloot et 
al. 2021 and references therein). The southern green stink bug, N. viridula started its expansion via southern 
Europe decades ago and has become one of the most economically important species of Hemiptera causing 
damage to crops in the open field and greenhouses (Panizzi 2000; McPherson & McPherson 2000). In the 
framework of Integrated Pest Management (IPM), biological control has secured a position among the most 
sustainable and effective approaches to pest control (Brodeur et al. 2018). Lacewings (Neuroptera: Chrysopidae) 
such as Chrysoperla carnea are widely used in biological control. Lacewing larvae are voracious predators and 
have been utilized for the control of many common pests, including aphids, psyllids, mealybugs, leafhoppers, 
whiteflies, thrips, spider mites, caterpillars and others (New, 1975).

In this study we tested the predation capacity of 2nd and 3rd larval instars of C. carnea on 1st and 2nd instar of 
N. viridula and H. halys in two arena types (petri dishes, potted plants) and under three different temperature 
regimes (16°C, 21°C and 26°C) over a 48 hour period.

From these laboratory experiments, we were able to infer that N. viridula is more susceptible to predation 
by C. carnea than H. halys. The 1st instar of both stink bug species is more vulnerable than the 2nd instar. Third 
instar lacewings are more aggressive and have a higher predation capacity than the 2nd instars. Prolonged prey 
searching led to a lower predation by C. carnea on a bean plant arena compared to a simple insect breeding dish. 
Temperature did not significantly influence the predation capacity of C. carnea on either pentatomid prey.

Our study suggests that natural or augmented populations of green lacewings may assist in the biological 
control of stink bug pests like H. halys and N. viridula.

Key words: biological control, lacewings, predators, stink bugs.
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THE WOOLLY APPLE APHID IS ESTABLISHING IN NORWAY – BIOLOGY, 
DISTRIBUTION AND NATURAL ENEMIES

Gunnhild Jaastad1, Karin Westrum1, Nina Trandem1, Gaute Myren2

1Norwegian Institute of Bioeconomy Research - NIBIO, Postboks 115, Høgskoleveien 7, N-1431 Ås, 
Noorway;

 2Norwegian Advisory Service, NLR Viken, Gjennestadtunet 83 N-3160 Stokke, Norway

Abstract: Natural enemies are important for controlling insect pests in fruit. What happens when new pests 
are introduced? Are natural enemies present and ready to control (feed)? The woolly apple aphid (Eriosoma 
lanigerum) – WAA - has been found in Norway on several occasions the last 100 years but has not established. It 
is a quarantine species in Norway. However, in 2017 it was observed in an apple field in South-Eastern Norway 
and again the year after. A monitoring conducted in 2018-2019 revealed that WAA was present in the main fruit 
growing areas, the number of infested trees ranging from only three to several hundred.

To find if the overwintering strategy of WAA is different compared to other areas where the species is present, 
we put sticky bands around the tree stem 5 cm apart to investigate mobility and hibernation. On older trees, the 
mobile first and second instar were most active between late June and early August. On average 1200 nymphs 
(n = 10) were caught crawling down and 500 crawling up in this period. On younger trees, however, nymphs were 
most active between early September and early October and most crawlers were caught walking downwards.

WAA spread by wind, crawling and wings. We found adults with wings in yellow sticky traps in September. 
Traps were out from late April to late September. When WAA colonies were checked for winged aphids, both 
alate adults and nymphs with wing buds were present in October, indicating that dispersion by wings is important 
in Norway. 

The parasitoid Aphelinus mali is a specialist on WAA and is said to be able to control the population of this 
pest. In 2021 we used yellow sticky traps to investigate whether A. mali is present in Norwegian orchards (unlike 
Denmark and Sweden, this control agent was not intentionally introduced to Norway during the 1920s as WAA 
was then absent). Traps were out late April to late September. A. mali was not found, however other species of 
Aphelinus were present. When WAA colonies were collected in two other fields in the same area, both empty 
mummies and A. mali hatching from mummies were found. 

Several hover flies (Syrphidae) are specialists on WAA. In our study we did not find any of the specialists, but 
we found larvae from several common species feeding on the WAA colony. 

In conclusion: Natural enemies of WAA are present, but if they are able and ready to control this new pest to 
Norway is not known. This work will continue in 2022 and more data will be presented at the IOBC meeting in 
September.

Keywords: Woolly apple aphid, Eriosoma lanigerum, Aphelinus mali, distribution, biology, natural enemies.
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AGROECOLOGICAL INFRASTRUCTURES IN APPLE ORCHARDS PROMOTE 
NATURAL ENEMIES IN THEIR PROXIMITY
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1University of Copenhagen, Department of Plant and Environmental Sciences, Thorvaldsensvej 40, 
1871 Frederiksberg, Denmark;

 2University of Copenhagen, Department of Mathematical Sciences, Data Science Lab, Universitetsparken 
5, 2100 Copenhagen, Denmark;

 3INRAE, UR1115, PSH, Plantes & Systèmes de culture Horticoles, F-84000 Avignon, France. 

Abstract: Ecological infrastructures can potentially create resilient production systems and increase 
functional biodiversity. The present studies investigated flower strips and hedgerows as a means of promoting 
natural enemies, to reduce infestation by the rosy apple aphid, Dysaphis plantaginea in Danish apple orchards. 
Effects of perennial flower strips were assessed by field sampling of arthropods, visual observations of D. 
plantaginea symptoms and predators. The following year, predators were sampled in different distances to flower 
strips and hedgerows and assessed by PCR to screen for DNA of D. plantaginea. Both years, more predators 
were found in apple trees adjacent to flower strips compared to further away, and in one year, symptoms of D. 
plantaginea was found to be reduced in the proximity of the flower strip. Predator diversity in apple trees was 
also positively affected by proximity to a flower strip. The molecular gut content analyses showed that predation 
by generalist predators in the apple trees is differently affected by flower strips and hedgerows. Perennial flower 
strips consistently promote the occurrence of natural enemies in their proximity, but their effect decreases with 
distance and hedgerows supported earwigs, an important biocontrol agent in apples. In conclusion, for orchard 
design the different contributions of hedgerows and flower strips and proximity to ecological infrastructures 
should be considered.

Key words: apple orchard, Dysaphis plantaginea, rosy apple aphid, predators, conservation biocontrol, 
functional biodiversity.
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O-51
THE PARASITOID COMPLEX OF DROSOPHILA SUZUKII AND OTHER 
DROSOPHILIDS IN NORTH-WESTERN ITALY

Francesco Tortorici1, Fabio Mazzetto1, Marco G. Pansa1, Cristiano Carli2, Lorenzo Berra2, 
Luciana Tavella1

1Dipartimento di Scienze Agrarie, Forestali e Alimentari (DISAFA), University of Torino, largo P. 
Braccini 2, 10095 Grugliasco (TO), Italy; 
2AGRION, via Falicetto 24, 12030 Manta (CN), Italy. e-mail address: francesco.trt@gmail.com 

Abstract: The spotted wing drosophila Drosophila suzukii (Matsumura) (Diptera: Drosophilidae) is an 
invasive alien crop pest widespread in Europe, and North and South America in less than one decade. The heavy 
economic losses, especially to cherries and soft fruits, make necessary to implement strategies to control the 
pest populations, including the biological control. In 2014, surveys by field exposure of infested fruits allowed 
to assess the parasitoid complex of drosophilids in North Italy. Therefore, in 2020 and 2021, surveys were 
carried out in 16 sites in NW Italy to update the previous data pending the authorisation to the release of the 
exotic parasitoid Ganaspis brasiliensis (Ihering). Fruits were collected from wild and cultivated plants and 
reared in laboratory until the adult emergence of drosophilids and parasitoids. At the same time, the seasonal 
abundance of D. suzukii population was monitored with food bait traps. Overall, 2,087 parasitoids emerged 
from field collected fruits, and were identified in both years. Five parasitoid species were obtained: Leptopilina 
boulardi (Barbotin, Carton & Kelner-Pillault), L. heterotoma (Thomson), L. japonica Novkovic & Kimura 
(Hymenoptera: Figitidae), Pachycrepoideus vindemiae (Rondani) (Hymenoptera: Pteromalidae), and Trichopria 
cf. drosophilae (Perkins) (Hymenoptera: Diapriidae). Leptopilina japonica was detected for the first time in NW 
Italy in 2020 (5 individuals), and was the most abundant parasitoid emerged in 2021 (1,502 individuals). The 
complex of parasitoids of drosophilids obtained from field collected fruits is discussed in relation to both the 
seasonal abundance of D. suzukii population and their preference for plants.

Key words: spotted wing drosophila, field survey, fruit sample, Leptopilina japonica.
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O-52
REDUCED INFESTATION BY XYLOSANDRUS GERMANUS IN APPLE TREES 
TREATED WITH HOST PLANT DEFENSE COMPOUNDS

Arthur Agnello, David Combs, Camila Filgueiras, Denis Willett

Dept. of Entomology, Cornell AgriTech, NYS Agricultural Experiment Station, Geneva, NY USA

Abstract: The ambrosia beetle Xylosandrus germanus (Blandford) is an invasive pest that has caused tree 
decline and death in numerous NY dwarf apple orchards during the past ten years, despite efforts to control them 
using trunk sprays of chlorpyrifos or pyrethroids, either alone or combined with the repellent verbenone. Plants 
such as apple trees have evolved physiological defenses against stress factors in the environment, both biotic 
and abiotic. Activation of plant defenses that promote resistance to stressors in trees is a potentially valuable 
tool against insects such as ambrosia beetles. Two forms of induced resistance currently recognized are induced 
systemic resistance (ISR) and systemic acquired resistance (SAR) (Hammerschmidt, 2007, Stout, 2007). Induced 
systemic resistance (ISR) activators are living microbes or microbial extracts that prime the host immune system 
for stress events through the ethylene and jasmonic acid (JA) defense response pathways, and JA is known to 
be activated by insect feeding (Stout, 2007). Application of salicylic acid (SA) analogs prompts the activation 
of another defense pathway called systemic acquired resistance (SAR). These inducers and activators prime the 
host tree for stress events by activating host defense genes, stimulating them to produce proteins that defend 
against biotic and abiotic stressors (van Loon et al., 1994). Verbenone is a derivative of a-pinene (Birgersson 
and Leufvén, 1988) that serves as an anti-aggregation pheromone of certain species of bark beetles (Borden 
1985, Lindgren & Miller, 2002). Methyl salicylate (MeSa) is a plant-produced volatile derivative of salicylic 
acid, which has a role in the establishment of systemic acquired resistance (Shulaev et al. 1997). From 2017–
2019, we tested trunk applications of different repellents and plant defense compounds for protection against 
X. germanus in flooded, potted apple trees placed in woods adjacent to infested orchards. Treatments included 
topical formulations of verbenone and methyl salicylate (MeSa), alone and in combination, at different rates 
and timings. Additional treatments evaluated included the systemic acquired resistance activators acibenzolar-
S-methyl, Reynoutria sachalinensis extract, and salicylic acid. Trunks of the potted trees were examined in 
early July and late August for X. germanus damage. In our trials, the MeSA/Verb combination repellent showed 
the most uniform trend of the lowest infestation numbers among all the treatments we tested, and was the only 
treatment resulting in zero values across all damage categories (attack sites, aborted/empty galleries, presence 
of adults or brood) on specific evaluation dates, although results varied among years. In 2020, a separate field 
trial in an infested orchard was conducted with the MeSA/Verb matrix repellent, to assess its ability to prevent 
catches of X. germanus adults in traps placed at increasing distances from a treated target, a 2 cm x 30 cm apple 
bolt (soaked in 30% ethanol for 48 hr). Ethanol-baited bottle traps were placed at a distance of 5, 10, 15, or 20 m 
from the bolt in each of the four cardinal directions to determine whether the repellent‘s active space prevented 
captures of X. germanus adults at increasing distances from the treated bolt. In this trial, we found no significant 
difference in numbers of adults caught in ethanol-baited traps placed 5–20 m from an apple bolt treated with 
the verbenone+MeSa repellent, suggesting that the repellent‘s effect did not extend to those distances from the 
treated target. Cross-sectional discs of trunk tissue sampled in August 2019 were analyzed using HPLC-MS 
analysis for levels of phytohormones. Quantities of ergosterol, abscissic acid, salicylic acid, jasmonic acid, 
methyl salicylate, methyl jasmonate, trans-cinnamic acid, and indole-3-cinnamic acid did not significantly vary 
across treatments; however, trees with greater beetle damage contained higher levels of jasmonic and salicylic 
acid, which are key molecules in plant defense pathways.

Key words: ambrosia beetles, black stem borer, physiological stress, verbenone, methyl salicylate, 
phytohormones.
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O-53
RECENT PROGRESSES IN MONITORING AND DECISION SUPPORT FOR THE 
CONTROL OF DROSOPHILA SUZUKII (SPOTTED WING DROSOPHILA, SWD)
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30, B-3001 Leuven, Belgium; 
4Department of Biosystems – Crop Biotechnics, KU Leuven, Decroylaan 42, B-3001 Leuven, Belgium 

Abstract: The past decade Drosophila suzukii (also known as Spotted Wing Drosophila, SWD) invaded the 
European and American continent, and rapidly became a key pest of a wide variety of soft-skinned fruit crops, 
including strawberries. Infestation by D. suzukii generates both direct and indirect economic impacts through yield 
losses, shorter shelf life of infested fruit, and increased production costs. Moreover, SWD has strongly disrupted 
integrated pest management (IPM) programs, as growers are forced to adopt calendar spraying with (broad-
spectrum) insecticides, due to a lack of reliable monitoring tools. Over the past few years, we conducted in-depth 
research on ways to improve the monitoring approach for SWD. Laboratory olfactometer experiments revealed 
that the preference between fermentation and fruit volatiles is strongly determined by the physiological status of 
the flies, with summer morph females relatively more attracted to fruit odours. In addition, traps designed for dry 
trapping (no drowning solution, but a killing agent inside) and synthetic controlled released experimental lures 
were tested in field trials at different seasonal timings. Clear trap interference and, hence, overlapping attraction 
radii were observed both in spring and summer for the synthetic lures and apple cider vinegar (ACV). In early 
spring, ACV shows the best attraction performances, however from June onwards, the experimental dry lures 
show equal or better results than ACV. Furthermore, in order to make monitoring practice feasible for growers 
we developed an automatic monitoring system for D. suzukii. This automatic monitoring system is based on an 
optical sensor capable of identifying D. suzukii by measuring its wingbeat characteristics. We demonstrated that 
using this sensor D. suzukii can be identified while entering a monitoring trap, and effectively be distinguished 
from the common (unharmful) fruit fly Drosophila melanogaster.

Key words: risk determination, automatic monitoring, optoelectronic wingbeat sensor, Integrated Pest 
Management (IPM).
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O-54
SPOTTED LANTERNFLY LYCORMA DELICATULA (HEMIPTERA: FULGORIDAE) 
IN EASTERN US – A NEW INSECT THREAT TO FRUIT AND POTENTIAL 
MANAGEMENT OPTIONS

Greg Krawczyk1, Edwin H. Winzeler1 and Sarah Henderson1

1The Pennsylvania State University, Department of Entomology, Fruit Research and Extension Center, 
Biglerville, PA 17307; e-mail: gxk13@psu.edu

Abstract: A new invasive insect pest species, spotted lanternfly (SLF), Lycorma delicatula (White), 
(Hemiptera: Fulgoridae) continues to spread in the eastern United States. First discovered in Pennsylvania, USA 
in September 2014, this invasive species now has established populations in 11 states, including majority of 
counties in PA. Wine and table grapes appear to be the most affected by this pest, while much lower direct impact 
is observed on other fruit crops. During last few years we conducted numerous research projects to understand 
management and monitoring options for this insect. Various compounds from several IRAC groups such as 
neonicotinoids, pyrethroids, carbamates and organo-phosphates were very effective in controlling SLF adults 
and juvenile stages in orchards and vineyards. During early spring, ovicidal bioassays were also conducted in 
the field and laboratory to evaluate the potential of controlling overwintering eggs with dormant applications 
of horticultural oils and other insecticide products with potential ovicidal properties. Products containing 
organophosphate chlorpyrifos, which was recently banned from any food crop use in the United States, were 
the most effective insecticides against SLF overwintering eggs while also high mortalities were observed after 
treatments with high rates (at or above label rates) of horticultural oils, flupyradifurone and dinotefuran. Addition 
of oil or insecticidal soap to synthetic insecticides also improved the efficacy against SLF eggs. Unfortunately, 
as of now, no natural enemies are present in our ecosystem to help farmers and homeowners to manage this pest.

Key words: Lycorma delicatula, SLF insecticide efficacy, ovicidal efficacy, pome fruit, grapes.
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O-55
SURVEILLANCE STRATEGIES FOR INVASIVE FRUIT FLY SPECIES

David Nestel1, Yafit Cohen2, Eitan Goldshtein2, Leani Serfontein3, Aruna Manrakhan3, Vassilis G. 
Rodovitis4, Eleni Verykouki4, Nikos T. Papadopoulos4 and Darren J. Kriticos5,6

1Dept. of Entomology, Inst. of Plant Protection, ARO, Volcani Center, Rishon Letzion, Israel. nestel@
agri.gov.il
2Dept of Sensing, Information and Mechanization, Agricultural Engineering Institute, ARO, Volcani 
Center, Rishon Letzion, Israel
3Citrus Research International, CRI, Nelspruit, 1200, South Africa.
4Laboratory of Entomology and Agricultural Zoology, Department of Agriculture Crop Production and 
Rural Environment, University of Thessaly, N. Ionia (Volos), Greece.
5Cervantes Agritech, 7 Plummer St., Weetangera, ACT, 2614 Australia.
6Applied Biosciences, Macquarie University, Sydney, NSW 2109 Australia.

Abstract: The deployment patterns of traps for surveillance and interception of alien fruit flies pests is a 
critically important factor in plant biosecurity. The optimal spatio-temporal deployment patterns strike a balance 
between increasing our probabilities of intercepting invading fruit fly pests before they become established 
and surveillance costs. Over the last 3 years, the FF-IPM project has been devising, developing and testing 
surveillance strategies for invading and expanding fruit flies. The strategy includes algorithms and models used 
for decision-making, and the development of a smart-trap aimed at providing early-warning alerts and tailored to 
capture Bactrocera species responsive to Methyl Eugenol (ME) and Ceratitis species attracted to Trimedlure and 
ME. The strategy also includes deployment tactics based on risk areas and derived from expert opinion. 

Surveillance Strategy: 1) The aim of the strategy is to increase our probability of detecting incursions and 
providing early-warning alerts to initiate containment efforts. This is done by applying a decision-support-
system (DSS) that sets activities based on outputs from climatic and population models and from landscape 
conditions. Activities include, among others, the initiation of surveillance in a region and deployment of smart 
and/or conventional traps in the landscape. 2) Optimization of the trap locations in space: This is currently being 
developed and is based on expert opinion on the risk level of landscape features, and on the application of different 
tactics that manage landscape risk differentially. This aspect is being explored currently, and the generation 
of deployment options is being automated. 3) Utilization of smart-traps (“electronic traps”) to provide early 
warning alerts on interceptions and to reduce costs and efforts of surveillance in the future. Preliminary Results: 
1) Smart-traps were developed and tested using two parapheromones: ME and Trimedlure. Images of the trapped 
flies were uploaded to an online database and analyzed with an automated feature recognition algorithm. Data 
were then fed into a web-mapping system and used as biofixes for population dynamic models for forecasting 
emerging risks. Data obtained can provide an early-warning alert. The “proof of concept” of the FF-IPM smart-
trap and fruit fly classification algorithm is in the process of publication. 2) Optimization of trap deployment: 
Risk level of landscape objects has been determined using an expert’s forum and a pairwise comparison matrix. 
Risk scores have been used to develop automatic trap deployment schemes in tested landscapes following 3 
possible tactic options: (a) risk-driven, (b) effort-driven, and (c) space-driven. These options will be contrasted 
in several testing landscapes during the next 2 years. 3) The use of smart-traps in the 3 deployment tactics were 
tested in a preliminary study in South Africa on Bactrocera dorsalis. During the Spring and Summer of 2021-22 
in the South Africa testing areas, the performance of smart-traps deployed using 3 tactics was compared to the 
stakeholder’s actual deployment scheme in citrus and apple orchards, and in urban settings, using conventional 
traps. Results suggest that the smart traps in either of the 3 deployment tactics and different environments were 
able to provide early warning alerts of endemic B. dorsalis. More important, the performance of the strategy in 
“low prevalence” B. dorsalis regions was comparable to the stakeholder’s surveillance schemes. 

Key words: Smart-Trap, Surveillance, Monitoring, Early Warning, Trap-Deployment 
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O-56
EFFECT OF REDUCED SELECTION PRESSURE ON FENHEXAMID RESISTANCE 
IN BOTRYTIS IN STRAWBERRY AND RASPBERRY IN NORWAY

Katherine Ann Gredvig Nielsen1,2, Gunn Mari Strømeng1, May Bente Brurberg1,2, Arne 
Stensvand1,2

1Division for Biotechnology and Plant Health, Norwegian Institute of Bioeconomy Research (NIBIO), 
Ås, Norway; 
2Department of Plant Sciences, Faculty of Biosciences (BIOVIT), Norwegian University of Life Sciences 
(NMBU), Ås, Norway

E-mail: katherine.a.g.nielsen@nibio.no

Abstract: Grey mould, caused by Botrytis spp., is a serious problem in open field strawberry (Fragaria × 
ananassa) and raspberry (Rubus idaeus) production in Norway. Chemical control is often required to attain 
satisfactory disease control, but growers only have access to a limited selection of single-site fungicides, all 
with a risk of fungicide resistance development. Recent studies of Botrytis populations from strawberry in 
Norway have revealed high frequencies of resistance to several fungicides, in particular boscalid, fenhexamid, 
and pyraclostrobin. Furthermore, fungicide-resistant Botrytis enters fields as latent infections in strawberry 
transplants, which exacerbates the resistance problem (Nielsen et al. 2022). Given limited options for chemical 
control, it would benefit growers if resistance to fungicides could be reversed. Fenhexamid is a fungicide with 
good efficacy on sensitive Botrytis populations and it has few harmful effects on non-target organisms (Debieu 
et al. 2001). Some studies have indicated that fitness costs associated with fenhexamid resistance-conferring 
mutations in Botrytis may have consequences for its winter survival (Billard et al. 2012; Ziogas et al. 2003), 
which could be exploited under growing conditions in Norway. The objective of the present work was to ascertain 
the effect of reducing selection pressure on fenhexamid resistance in Botrytis populations in an experimental 
strawberry field and in six perennial commercial raspberry fields. 

An experimental strawberry field was established and maintained as a perennial field for two years. Resistance 
to fenhexamid was selected for in the field through repeated treatments with the fungicide and placement of 
resistant, sporulating Botrytis mycelium throughout the field. The field was treated with fenhexamid five times 
within a month of planting after which fungicide use was discontinued. The field was otherwise maintained 
according to conventional practice. Plant material from the field was collected at regular intervals and incubated 
for Botrytis isolation, upon which single-spore isolates were made and used for fungicide resistance testing 
using a mycelial growth assay. Resistance to fenhexamid increased from about 3 % to 90 %, within the first 
to months and then declined steadily to approximately 7 % at the final sampling. Botrytis isolates obtained 
from the strawberry field from the first two and final sampling dates were also tested for resistance to six 
additional fungicides: boscalid, fludioxonil, fluopyram, pyraclostrobin, pyrimethanil, and thiophanate-methyl. 
Multiple fungicide resistance increased dramatically at first, going from 0 to 47.5 % isolates resistant to five 
or six fungicides, but no resistance to fluopyram was detected. By the final sampling time, 75 % of isolates 
were resistant to none of the tested fungicides and isolates with multiple fungicide resistance were resistant to 
a maximum of only three fungicides. Although the results are only from a single field, they indicate reversal of 
resistance to fenhexamid is possible when selective pressure exerted by fungicides is removed.

Fenhexamid resistance was monitored in six commercial raspberry fields over a period of three years. Growers 
had stopped using fenhexamid due to problems with resistance but continued to use other fungicides for grey 
mould control throughout the three years. Overwintered canes were collected in the spring, and raspberry fruits 
were collected at the end of the season. Single-spore Botrytis isolates obtained from the plant material were 
tested for fungicide resistance using a mycelial growth assay. Changes in resistance to fenhexamid over the three 
years were minimal, and, at the end of the monitoring period, all fields had fenhexamid resistance frequencies 
of 20 % or higher, with a mean of 65.2 %. Botrytis isolates collected in the spring of the first and last seasons 
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of sampling were also tested for resistance to additional fungicides as previously described. Of the 96 isolates 
resistant to fenhexamid that were obtained at the beginning of the experiment, 92 were also resistant to additional 
fungicides. At the final sampling, 20 to 70 % of isolates obtained from the raspberry fields were resistant to at 
least four fungicides. Preliminary analysis revealed that fields in which fenhexamid resistance increased also had 
an increase in percentage of isolates resistant to four or more fungicides. The persistence of high frequencies 
of resistance to fenhexamid in the raspberry fields may be attributed to multiple fungicide resistance combined 
with the selection pressure from continued use of fungicides other than fenhexamid. The results illustrate how 
attempts to reverse resistance by removing specific fungicides from the spray rotations may be futile if there is 
widespread multiple fungicide resistance in the pathogen population.

Key words: grey mould, multiple fungicide resistance.
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BLACK ROOT ROT IN FIELD-GROWN RASPBERRY AND STRAWBERRY IN 
NORWAY
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Tellevik3, Stine Huseby3, Rune Vereide3, Lill-Iren Hansen4, Dag Røen5

1Division of Biotechnology and Plant Health, Norwegian Institute of Bioeconomy Research (NIBIO), 
Ås, Norway; 
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3Norwegian Agricultural Extension Service, Sandane, Norway; 4Sagaplant AS, Akkerhaugen, Norway; 
5NJØS Fruit and Berry Center, Leikanger, Norway

E-mail: arne.stensvand@nibio.no

Abstract: Black root rot of field-grown raspberry and strawberry has become an increasing problem in 
Norway over the recent decade, and it has also been detected in certified plant production. The disease may be 
caused by several species within the fungal genera Dactylonectria and Ilyonectria. In Germany, D. torresensis 
has been the most common fungal species associated with black root rot, while in Norway, Ilyonectria species 
have so far been the most prevalent. Under cool, moist conditions small whitish spots containing hyphae, conidia 
and chlamydospores can be detected on the roots. Conidia are vegetatively formed spores that are dispersed and 
infect new roots, while chlamydospores are thick-walled, melanized hyphal cells serving as survival structures 
of the fungus. We have thus far not found the sexual (ascigerous) stage of the fungus.

The severity of the disease seems to vary from minor growth and yield reduction to complete wilting and 
crop failure. Root symptoms may resemble those of red stele in strawberry and red root rot in raspberry, caused 
by Phytophthora fragariae and P. rubi, respectively, with few or no side roots and a darkening of the main roots. 
However, the brick-red discoloration in the core of the strawberry roots and under the bark of raspberry roots 
characteristic for Phytophthora infections, is not found in plants attacked by black root rot. In both raspberry 
and strawberry plants with black root rot, the root bark often cracks, and the outer layer of the bark may easily 
be peeled off. As for red stele and red root rot, wet and heavy soils seem to be associated with severe black root 
rot symptoms.

Well drained soils, crop rotation, and application of fungicides at time of planting and throughout the duration 
of the cropping period can likely contribute to the management of black root rot. Currently, the European Plant 
Protection Organization (EPPO) has not included black root rot in their schemes for certified propagation of 
raspberry or strawberry. However, the pathogen may accompany the planting material, so it is important to reduce 
the risk of distributing transplants contaminated by the black root rot pathogens. We are currently investigating if 
warm steam treatment of raspberry root masses used for propagation can eliminate the fungus from the planting 
material. Furthermore, preliminary trials indicated that ‘Glen Ample’, the main raspberry cultivar in Norway, 
was the most susceptible of four cultivars tested with artificial inoculation.

Key words: control, cultivar resistance, Dactylonectria, Ilyonectria, warm steam.
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INSIGHTS IN THE EPIDEMIOLOGY OF APPLE PROLIFERATION IN WESTERN 
SWITZERLAND
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Agroscope, Nyon, Switzerland. 

E-mail: patrik.kehrli@agroscope.admin.ch

Abstract: Apple proliferation is the economically most important phytoplasma disease for apple production. 
It is caused by the plant pathogen ‘Candidatus Phytoplasma mali’ and infected apple trees develop symptoms 
comprising witches’ brooms, foliar reddening and fruits of reduced size, weight, and taste. The phloem-limited 
phytoplasmas are disseminated by insect vectors (e.g., the psyllid species Cacopsylla picta and C. melanoneura), 
plantation of infected plant material, root anastomosis, and grafting. Since apple proliferation starts to impact 
Swiss apple production at large scale, we started to study its epidemiology in commercial orchards. First insights 
indicate that apple varieties such as ‘Jazz’, ‘Pink Lady’ or ‘Gala’ are of greater sensibility and consequently 
suffer higher revenue losses. Although about 5-times more individuals of the psyllid species C. melanoneura 
were captured than C. picta in Western Switzerland orchards, ‘Ca. P. mali’ was detected exclusively in the 
latter and about 30% of C. picta adults harboured the phytoplasma disease. Similar to the observation in other 
countries, the peak of the flight of C. melanoneura suited in the beginning of March and was thereby about one 
month earlier than C. picta. In addition, we also observed symptomatic young apple trees that originated directly 
from plant nurseries, but failed to prove the presence of ‘Ca. P. mali’ in their suspicious, reddish leaves by 
PCR analyses. Yet, we still suspect that not only vector transmission by the psyllid species C. picta but also the 
planting of infected plant material plays a major role in the propagation of apple proliferation in Swiss orchards.

Altogether, we had the impression that the number of captured psyllids was low using traditional beating 
samples (maximum 0.08 individuals per stroke) and yellow sticky traps (maximum 0.04 individuals per trap 
and day). We therefore decided to compare their suitability compared to yellow water traps and foliage sucking 
samples with D-vac vacuum insect collector in a small field trial. Data indicate that these two latter technics 
are even less suited and effective for the monitoring of Apple proliferation’s vectors with just 1.5 adult psyllids 
captured per exposed yellow water trap for a period of 99 days, and 3 psyllids in total captured during eight 
15-minute suckings. With the traditional two methods, we captured 6 psyllids per exposed yellow sticky trap 
over a period of also 99 days, and a total of 9 adult psyllids in overall eight beating samples of 100 strokes each. 
Thus, traditional beating samples and yellow sticky traps remain the most effective and appropriate methods to 
capture potential vectors of apple proliferation and consequently follow their flights.

Overall, these first data on the biology of vectors and the epidemiology of apple proliferation in Swiss orchard 
provide indispensable insights for development of a sustainable IPM strategy in order to help apple growers to 
cope and manage apple proliferation.

Key words: Pome fruits, orcharding, AP, apple witches brooms, plant pathology, Hemiptera, Sternorryncha, 
Psyllidae.
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O-59
MANAGEMENT OF HALYOMORPHA HALYS BY EXCLUSION NETTINGS: 
INVESTIGATION ON SIDE EFFECTS TOWARDS THE PEAR BROWN SPOT 
CAUSED BY STEMPHLYUM VESICARIUM

Stefano Vergnani1, Stefano Caruso2, Riccardo Bugiani3, Maria Grazia Tommasini4, Alberto 
Pozzebon5

1Orogel Fresco Soc. Coop Agricola, Cesena, Italy;
2Consorzio Fitosanitario - Plant Protection Service, Modena, Italy; 
3Plant Protection Service, Emilia-Romagna Region, Italy;
4Ri.Nova soc. Coop - Agriculture, Environment, Nutrition, Cesena, Italy; 
5Department of Agronomy, Food, Natural Resources, Animals and Environment, University of Padova, 
Padova, Italy

Abstract: The difficulties in the control of Brown Marmorated Stink Bug (BMSB) Halyomorpha halys, and 
the severe damage recorded on pear orchards, an important crop in Emilia-Romagna (Northern Italy) and highly 
susceptible to infestations of this invasive alien species, has led to the wide use of multifunctional exclusion 
netting (Caruso et al., 2020). The technique is estimated to be widespread in almost 10% of regional areas 
cultivated by pear trees (17,000 ha), with the forecast of further extensions of physical protections, especially 
“whole block net” type, in the coming years.

Several studies have been carried out on the side effects of these structures on other pests, highlighting their 
strengths and some shortcomings (Alaphilippe et al., 2014). However, the need has emerged to investigate more 
precisely the variations of the microclimate and its influence on brown spot (Stemphylium vesicarium) infections, 
due to the increasing damage caused by this disease on the pear orchards of Northern Italy, in the last three years.

The investigation was carried out, in a two-year period 2020-2021, in the experimental orchards of the Navarra 
Foundation in Ferrara (Italy). Different netting systems were compared: “single row white net”, “single row grey 
net”, “single row black net”, “whole block grey net”, and “anti-hail grey net”, and control (uncovered orchard). 
The trials were carried out on an orchard of ‘Abbé fétél’, the most widespread pear cultivar in Emilia-Romagna, 
is highly susceptible to brown spot infections. Inside the 6 treated orchards, data loggers were installed to record 
some microclimate parameters such as temperature, relative humidity (RH), and leaf wetness, from May to 
September, in which the different cover nets were employed. Microclimatic data were used to run the BSP cast 
forecasting model for brown spot infection (Llorente et al., 2002), to compare the infection risk levels among 
the different netting systems. Finally, the damage caused by brown spot and BMSB were assessed. The results 
obtained are summarized below:

a) the predisposing microclimatic conditions and the risk of brown spot infections (RH, leaf wetness and 
output of BPS cast) in “anti-hail net” and “whole block net”, were ignificantly higher compared to 
single row nets and uncovered orchards;

b) there are no significant differences between “whole block net” and “anti-hail net” regarding the trend 
of microclimatic parameters and the risk of brown spot (BSP cast);

c) the microclimatic characteristics and the risks of brown spot (BSP cast) on “single row white net” in 
particular do not differ significantly from the control;

d) brown spot damage detected at harvest is consistent with the microclimate trends and the output of 
BSP cast model. The results showed an increase in the incidence of the infected fruits in the “anti-hail” 
(10.5%) and “whole block net” (10.4% of damage) orchards compared to “single-row net” (1.2%) and 
uncovered orchards (2.0%). There were no differences between “whole net” and “anti-hail net”.
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e) BMSB damage is significantly lower on the plots with “single row net” (1.0%) and “whole block net” 
(3.0%) compared to “anti-hail net” (6.0%) and uncovered orchard (11.0%).

This two-year investigation confirms that microclimatic conditions in orchards under anti-hail net increase 
the risk of brown spot infections (BPS cast). However, the results do not differ significantly from the orchards 
under the whole block net system. This type of protection is the one most used in Emilia-Romagna and therefore 
based on the data generated by this study, we can conclude that, when compared with the anti-hail system, its 
use does not determine increased risks of brown spot infections because of the limited air circulation given by 
the perimeter closures. The findings of this study highlight the positive influences on the microclimate of single-
row nets, particularly under the white ones, with conditions similar to uncovered orchards. Finally, the exclusion 
netting systems (single row net and whole block net) confirms its effectiveness against BMSB.

Key words: exclusion netting, Halyomorpha halys, microclimate, Stemphlyum vesicarium
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O-60
THREE PHYSICAL MEANS TO CONTROL DISEASES IN STRAWBERRY
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1Division of Biotechnology and Plant Health, Norwegian Institute of Bioeconomy Research (NIBIO), 
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2Department of Plant Sciences, Norwegian University of Life Sciences (NMBU), Ås, Norway; 3University 
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Abstract: Due to human health and environmental concerns with agricultural chemicals, and rapid loss of 
efficacy because of fungicide resistance, it is important to find efficient alternatives to fungicides for disease 
control. In numerous previous reports and conference presentations, effects of physical means in the control of 
diseases and pests in strawberry transplant and fruit production has been reported. Here, a brief overview of the 
status of warm steam, overhead water sprinkling, and ultraviolet (UV) light in disease control is provided.

Steam treatments of strawberry transplants may strongly reduce or eliminate plant diseases such as angular 
leaf spot (Xanthomonas fragariae), black spot (Colletotrichum spp.), crown rot (Phytophthora cactorum), 
grey mould (Botrytis spp.), and powdery mildew (Podosphaera aphanis), without negative plant growth and 
yield effects. The standard steam treatment is a 1-hour pre-treatment at 37°C, followed by one hour at ambient 
temperature and four hours at 44°C. The steam treatment not only removes the pathogens, but it also reduces the 
spread of fungicide resistant strains with transplants. The technology is currently being marketed by a Norwegian 
company in unit sizes adapted to requirements by the customers.

Systems for overhead water sprinkling, installed by many strawberry transplant and fruit producers to ensure 
good rooting of the plants, are also used against powdery mildew. If four 1-minute periods of overhead irrigation 
are used during daytime in dry, sunny weather, conditions typically stimulating establishment and spread of 
powdery mildew, overhead sprinkling may be as effective as fungicides in halting the epidemics of the disease. 
Overhead irrigation should not be carried out during overcast, humid weather, since that will slow the drying of 
the plant surfaces and thus stimulate diseases requiring wet conditions.

Ultraviolet (UV) light has successfully controlled powdery mildews in numerous crops, including strawberry. 
Twice-weekly applications of around 100 joules per m2 will in most cases be sufficient to control powdery mildew. 
This dose has some but limited effect against grey mould. The technology is marketed by several companies and 
is used in commercial production of both strawberry transplants and fruit. In commercial strawberry production, 
the efficacy of UV treatments has been as good or better than the best chemical treatments. When UV-transmitting 
plastic covers were compared to non-transmitting polyethylene, strawberry plants and fruit under the latter cover 
had significantly more powdery mildew. 

It may be concluded that physical control means can substantially reduce future need of fungicides in 
strawberry; in addition, steam treatments may eliminate the strawberry mite (Phytonemus pallidus), and both 
overhead irrigation and UV light will strongly reduce two-spotted spider mites (Tetranychus urticae). 

Keywords: Grey mould, overhead sprinkling, powdery mildew, ultraviolet light, warm steam.
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O-61
ACTIVITY OF ANTIMICROBIAL PEPTIDES ON XANTHOMONAS ARBORICOLA 
PV. PRUNI POPULATIONS AND INFECTION ON PRUNUS SP

Concepció Moragrega, Zohra El Khattabi, Emilio Montesinos, Isidre Llorente

Institute of Food and Agricultural Technology. Universitat de Girona. C/ Maria Aurèlia Capmany 61, 
17003 Girona, Catalunya, Spain
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Abstract: Xanthomonas arboricola pv. pruni is the causative agent of the bacterial spot disease of stone 
fruit trees, which affects the cultivated Prunus species and their hybrids as well as various ornamental species. 
The disease mainly causes lesions on leaves and fruits, but also cankers on twigs. It is an emerging disease in 
Europe, where it represents great economic losses and a significant threat to stone and almond fruit production. 
The pathogen is considered a regulated non-quarantine pest in the EU (Regulation (EU) 2019/2072, annex 
IV). Many European countries have reported local outbreaks because of importations of nursery material from 
countries in which the organism occur or the disease is spreading out, and represents a long-term threat to other 
EU countries. Disease control is mainly achieved by preventive copper spray applications, but the potential for 
its accumulation in soil, the selection for pathogen resistance and the phytotoxicity in some stone fruit crops 
are limiting factors for their use. Recently, antimicrobial peptides (AMPs) have emerged as an alternative to 
conventional compounds used to control plant diseases (Montesinos et al., 2012). Their effectiveness at low 
doses, high biocompatibility, moderate biodegradability, and low resistance developed on target microorganisms 
make AMPs suitable for overcoming the undesirable effects of conventional bactericides. Several peptides from 
the CECMEL11 library (LIPPSO-CIDSAV, University of Girona, Girona, Spain), which is composed of de novo 
designed and synthetically produced cecropin A-melittin hybrid undecapeptides, have shown to be effective 
against several bacterial plant pathogens. Antimicrobial peptide BP100 (KKLFKKILKYL-NH2) is effective 
against X. vesicatoria in pepper, E. amylovora in apple tree, and P. syringae in pear, with efficacy comparable to 
standard antibiotics and very biocompatible. These results suggest a potential activity of the peptide BP100 (and 
its derivatives BP100der) against X. arboricola pv. pruni, so it is very interesting to evaluate their efficacy as 
an alternative or complement in integrated disease control strategies. Besides, plant disease forecasting models 
are a good alternative for scheduling management operations, including scouting and application of pesticide 
treatments. A forecasting system for bacterial spot of stone fruits was developed. The forecasting system 
(XapCAST) comprises three components that predict the epiphytic inoculum potential, the pathogen infections 
on Prunus sp., and the disease symptom development (Morales et al., 2017; Morales et al., 2018a; Morales et 
al., 2018b). The use of XapCAST to guide antimicrobial peptide applications requires information on the mode 
of action of BP100 and its derivatives, their effects on X. arboricola pv. pruni epiphytic populations and on 
bacterial infection on Prunus sp.

This work aimed at evaluating the activity of the antimicrobial peptide BP100 and two derivatives (BP100. 
G and BP100.GTAG, designed to be expressed in plants) against X. arboricola pv. pruni in vitro, on epiphytic 
populations on Prunus sp. leaves, and on bacterial infections on host plants.

The in vitro inhibitory effects of peptides on X. arboricola pv. pruni was determined against several pathogen 
strains from different hosts and geographic origins. The minimum inhibitory concentration (CMI) of bacterial 
growth and the minimum bactericidal concentration (CMB) was determined on the basis on bacterial growth or 
death kinetics analysis. The effects of peptides on X. arboricola pv. pruni epiphytic populations was determined 
on almond-peach hybrid plants. Persistence of peptide antibacterial activity on plant surface was also determined. 
Similarly, the effect of peptides on pathogen infection on peach plants was determined under two strategies of 
application: curative and preventive. Finally, the mechanism of action of BP100 and derivatives was elucidated 
by biofilm disruption test and cell integrity analysis.

Results indicate that BP100 and its derivatives were able to inhibit bacterial growth, with CMIs from 2.5 to 
10/50 μM. The CMI and CMB for the different peptides were coincident, thus suggesting that their activity is 
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based on causing bacterial cell death. Peptide BP100 significantly decreased bacterial growth and populations 
on Prunus sp. leaves, both when applied prior to (preventive) of after (curative) bacterial inoculation. Post 
inoculation effect on epiphytic bacterial populations was influenced by relative humidity conditions. Similarly, 
peptides reduced significantly disease severity on peach plants. A significant effect of time of peptide treatment 
before bacterial inoculation was observed. Persistence of peptide antibacterial activity on plant surface was 
higher than 72 h, with optimum at 24-48 h before pathogen inoculation. Studies on peptide-pathogen interaction 
showed that BP100 damages the bacterial cell wall and cell membrane and induces bacterial cell disorganization 
and loss of cell integrity.

These results demonstrate the ability of antimicrobial peptides to reduce epiphytic populations to levels 
below the minimum infective concentration, and thus prevent infections and are the basis for field trials of 
peptides guided by the XapCAST model. The potential of peptides in the control of the bacterial spot disease of 
stone fruit trees is shown.

Key words: antimicrobial peptides, bacterial spot, control, forecast model, stone fruits.
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BIOCONTROL AS A KEY ELEMENT FOR THE SUSTAINABLE MANAGEMENT OF 
THE BROWN MARMORATED STINK BUG
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Reggio Emilia, Italy. e-mail address: lara.maistrello@unimore.it 

Abstract: The Brown Marmorated Stink Bug (BMSB), Halyomorpha halys Stal (Heteroptera, Pentatomidae), 
native to Eastern Asia, is a highly polyphagous pest, which primarily threatens fruit and vegetable crops. Due to 
its high invasive capacity facilitated by human activities and trade (Maistrello et al., 2018), it is rapidly spreading 
around the world. Invasive populations causing severe damage to agricultural crops occur in North America 
and southern Europe (Leskey & Nielsen, 2018; Maistrello et al., 2017; Maistrello et al., 2018). In Italy, BMSB 
has rapidly become the most important key pest in fruit orchards (Maistrello et al., 2017) and losses in fruit 
production in 2019 were estimated at € 588 million (CSO Italy, 2020). 

BMSB management is extremely difficult due to the high polyphagy, high mobility of all instars, high 
reproductive potential and overlapping of different instars and generations during summer (Costi et al., 2017). To 
try to counter BMSB invasions in the fields, the use of broad-spectrum insecticides has significantly increased, 
severely disrupting previous integrated pest management (IPM) programs and causing negative economic and 
environmental impacts in the invaded countries. Alternative approaches aimed at reducing the use of insecticides 
include prevention by means of exclusion netting and behaviour-based strategies such as “attract and kill”, 
trap-crop and IPM-Crop Perimeter Restructuring (IPM-CPR) (Akotsen-Mensah 2020). However, none of these 
strategies proved to be both fully successful and easily applicable in different contexts. 

Long-term and more sustainable management strategies include augmentative and classical biological control 
with native and exotic antagonists, respectively. However, specific regulations in both North America and 
Europe prohibit/restrict the use of exotic biocontrol agents. In its native range, BMSB eggs are attacked by egg 
parasitoids of the Scelionidae family, specialized in the parasitization of stinkbug eggs (e.g. Trissolcus spp. and 
Telenomus spp.), and by generalist species of the genus Anastatus (Eupelmidae) and Ooencyrtus (Encyrtidae). 
Trissolcus japonicus (Ashmead), is the dominant species in China while T. mitsukurii (Ashmead) is the key 
parasitoid in Japan (Yonow et al., 2021). 

Field surveys conducted in invaded countries using fresh/frozen sentinel eggs or naturally laid egg masses of 
BMSB revealed potential for biocontrol by some native egg parasitoids species and the existence of adventive 
populations of the exotic parasitoids. Specifically, T. japonicus has been found in the USA, Canada, Switzerland, 
Germany and northern Italy, while T. mitsukurii is present with actively expanding populations in northern Italy, 
Slovenia and France (Kaser et al., 2019, Zapponi et al 2021). In the USA, the biocontrol approach is to enhance 
the efficacy of T. japonicus through mass rearing and subsequent releases only in the states where adventitious 
populations have been found. 

In Italy, the devastating economic impact caused by the BMSB on fruit production had prompted the 
amendment of the law that transposed the „Habitat Directive“. Finally, in 2020, a decree of the Italian Ministry 
of Environment and the Protection of the Land and Sea authorized T. japonicus for the biocontrol of BMSB, 
leading to one of the largest biocontrol projects ever attempted in Italy and Europe. Coordinated by the Central 
Phytosanitary Service and the CREA-DC, the BMSB Biocontrol Action Program was implemented in the 
individual regions that applied for authorization with a concerted work involving various institutions (regional 
and local phytosanitary services, IPM technicians, universities and other research insitutions, companies, farmers‘ 
associations). Numerous investigations at release points and other areas have been carried out by collecting 
masses of eggs laid naturally by BMSB and other stinkbugs, with the aim of verifying the spread and efficacy 
of T. japonicus and T. mitsukurii on BMSB eggs and their effects on non-target species. The results of the first 
two years of the program provide optimistic prospects due to both the successful settlement of the released T. 
japonicus and the strong expansion of the adventive exotic parasitoids, as well as the concrete contribution of the 
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native parasitoid Anastatus bifasciatus. Besides, the impact of the exotic parasitoids on non-target hemipterans 
was negligible. Further investigations are needed to understand the overall efficacy of parasitoids and the time 
required to achieve a significant reduction in BMSB populations, pursuing the goal of implementing sustainable 
management of this invasive species on affected crops.

Key words: brown marmorated stink bug, invasive species, fruit orchards, native parasitoids, exotic 
parasitoids, Trissolcus japonicus, Trissolcus mitsukurii
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Abstract: Halyomorpha halys (Stål, 1855), the brown marmorated stink bug (BMSB), is an invasive 
species found for the first time in Spain in 2016 in the province of Girona, Catalonia (NE Spain). It lives in 
several environments (urban, wild, and agricultural), which makes necessary to use some methods to control its 
populations, including biological control (BC). In order to know the egg parasitoid species present in the Catalan 
region, the first large-scale survey on H. halys egg parasitoids in the main areas with high populations was carried 
out. Two methodologies were used. The first consisted in the exposition of 3,360 fresh sentinel eggs, obtained from 
BMSB rearing, between May 19 and September 20, 2021. The second method consisted in collecting naturally 
field laid egg masses (420 eggs). Hatching proportion was 88.48% in the exposed sentinel eggs, and 97.7% in 
collected eggs from the wild. A total of 13 parasitoids belonging to Telenomus sp. (Hymenoptera: Scelionidae) 
and 81 individuals of Anastatus bifasciatus (Geoffroy) (Hymenoptera: Eupelmidae) were found. This represents 
an egg parasitism rate of 2.86%. In addition, 26 individuals of Telenomus sp. and also 21 individuals of Aridelus 
rufotestaceus Tobias (Hymenoptera: Braconidae) were found in pyramid monitoring traps, baited with H. halys 
dual aggregation lure. The importance of these findings for the design of a BC program against H. halys in 
Catalonia is discussed. 

Key words: BMSB, invasive species, parasitism, biological control, Anastatus bifasciatus, Telenomus sp., 
Aridelus rufotestaceus.
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Abstract: The invasion of North America and parts of Europe by the east Asian agricultural pest, brown 
marmorated stink bug, Halyomorpha halys (Hemiptera: Pentatomidae), has significantly impacted the protection 
of a range of specialty crops for more than a decade (Leskey and Nielsen 2018). Thus, the potential for H. halys 
biocontrol via native and introduced natural enemies has received considerable attention (Haye et al. 2015, 
Abram et al. 2017). In the United States, native arthropod predators and parasitoids have not suppressed H. 
halys populations adequately (Abram et al. 2017). In Asia, Trissolcus japonicus (Hymenoptera: Scelionidae) is 
an important and predominant native egg parasitoid of H. halys (Zhang et al. 2017), and adventive T. japonicus 
populations have been detected in the United States (Talamas et al. 2015) and Europe (Stahl et al. 2018), 
where its geographic ranges have continued to expand. In Frederick County, Virginia, USA, the abundance and 
distribution of T. japonicus has increased markedly since 2015 (Quinn et al. 2021, Dyer et al. 2022a), affording 
opportunities to conduct field studies addressing aspects of its foraging ecology and behaviour considered 
relevant to optimizing the sensivity and efficiency of ongoing surveillance for it. 

Backfolding yellow sticky cards (YSC) have proven effective for sampling T. japonicus (Quinn et al. 2021, 
Dyer et al. 2022a). Across several years, season long deployment of YSC in Ailanthus altissima (Sapindales: 
Simaroubaceae) trees, a common host of H. halys in the eastern USA, revealed the presence of T. japonicus from 
May until early September, and peak detections in June and from late July to early August (Quinn et al., 2021, 
Dyer et al. 2022a). YSC deployed in the lower and mid canopy of A. altissima captured equivalent numbers of 
T. japonicus (Dyer et al. 2022b). In pairs of mature female A. altissima growing at the margin of unmanaged 
woodlands, one tree per pair was baited in mid canopy with a commercial H. halys aggregation pheromone lure. 
Both baited and non-baited trees were felled after several weeks and all leaves were inspected for H. halys egg 
masses. In a companion study, YSC were deployed in pairs of pheromone-baited and non-baited A. altissima, 
and T. japonicus captures were compared. There was not a significant effect of baiting trees with the H. halys 
pheromone on the abundance of its egg masses (the resource for T. japonicus) or on T. japonicus captures (Dyer 
et al. 2022a). Similarly, baiting YSC with fresh H. halys egg masses or the main component of its tarsal prints, 
n-tridecane, to which T. japonicus exhibits a behavioural response, had no significant effect on T. japonicus 
captures (Dyer et al., 2022a). Comparisons of weekly T. japonicus and H. halys captures revealed positive 
correlations with some, but not all H. halys life stages (Dyer 2022c). 

Results are summarized and discussed in relation to their utility for efficiently tracking the distribution and 
abundance of T. japonicus as it ranges expand, and to aid the interpretation of its impact on H. halys populations.

Key words: brown marmorated stink bug, samurai wasp, monitoring.



O
R

A
L 

P
R

E
S

E
N

TA
T

IO
N

S

87 — PHEROFRUITS

References 

Abram, P. K., Hoelmer, K., Acebes-Doria, A. A. & 46 others. 2017: Indigenous arthropod natural enemies of the 
invasive brown marmorated stink bug in North America and Europe. J. Pest Sci. 90: 1009-1020.

Dyer, J. E., Talamas, E. J., Leskey, T. C. & Bergh, J. C. 2022a: Evaluating chemical cues associated with 
Halyomorpha halys toward enhanced sensitivity of surveillance for Trissolcus japonicus. Environ. Entomol. 
in press.

Dyer, J. E., Talamas, E. J., Leskey, T. C. & Bergh, J. C. 2022b: Influence of trap location in the tree canopy on 
captures of adventive Trissolcus japonicus (Hymenoptera: Scelionidae). https://doi.org/10.1093/jee/toac039

Dyer, J. E. 2022c: Toward optimized surveillance of adventive Trissolcus japonicus (Ashmead) (Hymenoptera: 
Scelionidae) based on aspects of its foraging ecology. MS thesis, Virginia Tech, 103 pp. http://hdl.handle.
net/10919/108098

Haye, T., Fischer, S., Zhang, J. & T. Gariepy. 2015a: Can native egg parasitoids adopt the invasive brown 
marmorated stink bug, Halyomorpha halys (Heteroptera: Pentatomidae), in Europe? J. Pest Sci. 88: 693–705.

Leskey, T. C., and A. L. Nielsen. 2018. Impact of the invasive brown marmorated stink bug in North America and 
Europe: history, biology, ecology, and management. Annu. Rev. Entomol. 63: 599–618.

Quinn, N. F., Talamas, E. J., Leskey, T. C. & Bergh, J. C. 2021: Seasonal captures of Trissolcus japonicus 
(Ashmead) (Hymenoptera: Scelionidae) and the effects of habitat type and tree species on detection frequency. 
Insects 12: 1–12.

Stahl, J., Tortorici, F., Pontini, M., Bon, M. C., Hoelmer, K., Marazzi, C., Tavella, L. & Haye, T. 2019: First 
discovery of adventive populations of Trissolcus japonicus in Europe. J. Pest Sci. 92: 371–379.

Talamas, E. J., Herlihy, M. V., Dieckhoff, C., Hoelmer, K. A., Buffington, M. L, Bon, M. C. & Weber, D. C. 2015: 
Trissolcus japonicus (Ashmead) (Hymenoptera, Scelionidae) emerges in North America. J. Hymenopt. Res. 
43: 119–128.

Zhang, J., Zhang, F., Gariepy, T., Mason, P., Gillespie, D., Talamas, E. & Haye, T. 2017: Seasonal parasitism and 
host specificity of Trissolcus japonicus in northern China. J. Pest Sci. 90: 1127–1141.



O
R

A
L 

P
R

E
S

E
N

TA
T

IO
N

S

88 — PHEROFRUITS

O-65
FOLLOWING STINK ODOR: THE USE OF OVIPOSITION INDUCED PLANT 
VOLATILE TO ENHANCE THE PRESENCE OF EGG PARASITOIDS IN THE FIELD 
AGAINST HALYOMORPHA HALYS

Diana la Forgia1, Marylin Cléroux2, Patrik Kehrli1

1Agroscope, Entomology and Nematology, 1260 Nyon, Switzerland; 2Changins-Haute Ecole de 
Viticulture et Oenologie, 1260 Nyon, Switzerland 

Abstract: The brown marmorated stink bug, Halyomorpha halys (Hemiptera: Pentatomidae), is an invasive 
alien species native of East Asia. This insect has become one of the main phytophagous pest in orchards such as 
apple, pear and peach. 

One of the problems with H. halys is its control. In fact, insecticide treatments are difficult to schedule and 
they are of limited efficacy.

In order to improve existing biological alternatives to pesticides, it may be important to focus on naturally 
occurring antagonists. In particular, our attention is focused on to the egg parasitoid Trissolcus japonicus, which 
is a solitary endoparasitoid of H. halys eggs. 

Egg parasitoids are generally attracted by the eggs’ odor. We therefore aim to make use of oviposition induced 
plant volatiles (OIPVs) to attract and, consequently, increase the amount of native parasitoids in the field.

We test whether parasitoids are attracted by long or short range of VOCs signals in olfactometric assays using 
the following five treatments: control, eggs, damaged plants, eggs with nymphs as well as damaged plant with 
eggs.

By identifying and profiling the volatile organic compounds (VOCs) present in the treatments by SPME 
(Solid Phase Microextraction) odor collection, our final goal is to develop formulations that could be applied 
in the field in order to increase parasitoid density and consequently boost parasitism rate and, thus improve the 
biological control of H. halys.

Key words: augmentative biological control, egg volatiles, fruit protection, integrated pest management, 
orchards.
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O-66
EFFECT OF AGE AND DENSITY OF OOENCYRTUS TELENOMICIDA 
(HYMENOPTERA: ENCYRTIDAE) ON PARASITIZING EGGS OF HALYOMORPHA 
HALYS (HEMIPTERA: PENTATOMIDAE)

Georgios T. Fifis1, Nikoloz E. Gogolashvili1, Dimitrios Chatzimpalasis2, Eleni I. Koutsogeorgiou3, 
Theodoros Moysiadis3,4 and Stefanos S. Andreadis3,*
1Department of Agriculture, School of Geosciences, International Hellenic University, 57400 Sindos, 
Greece
2School of Biology, Aristotle University of Thessaloniki, 54124 Thessaloniki, Greece
3Institute of Plant Breeding and Genetic Resources,Hellenic Agricultural Organization «DIMITRA», 
57001 Thermi, Greece
4Department of Computer Science, School of Sciences and Engineering, University of Nicosia, Nicosia 
2417, Cyprus *e-mail: sandreadis@elgo.gr

Abstract: The brown marmorated stink bug, Halyomorpha halys (Stål) (Hemiptera: Pentatomidae), is a 
highly polyphagous pest that severely damages a wide variety of fruit and vegetable crops by piercing the 
surface and tissues of the plant. Control of H. halys in the newly invaded areas relies mainly on the use of broad-
spectrum chemical insecticides, and no information is available regarding the potential for biological control 
through native parasitoids. The aim of the present study was to assess the parasitism rate of the gregarious 
egg parasitoid Ooencyrtus telenomicida Vassiliev (Hymenoptera: Encyrtidae) on H. halys egg-masses under 
laboratory conditions (26 °C, 60 % relative humidity and 16:8h L:D), depending on i) age of parasitoids, ii) 
density of parasitoids and iii) age of host eggs. We tested different parasitoid ages (1-2, 3-4 and 5-6 days-old) and 
densities (1, 2 and 4 females) on 1-4 days old H. halys eggs. According to our results, there is a strong effect of 
parasitoid density and age of host eggs on the parasitism rate of O. telenomicida. High parasitoid density along 
with younger host eggs resulted in higher parasitism rates, with the maximum mean value of parasitism rate 
being observed at 1 day-old host eggs and 4 parasitoid pairs (57.3%). The lowest parasitism rate was observed at 
4 days-old host eggs and 1 parasitoid pair (6.5%). Similarly, a significant interaction was observed between the 
parasitoid density and their age (highest parasitism rate was 47.18% at a density of 4 parasitoid pairs at an age of 
3-4 days). Successful parasitization occurred to host eggs up to 4 days-old, with parasitism rate values decreasing 
as host egg age increased. We also observed 3-fold higher parasitism rate of H. halys eggs that were parasitized 
by 3-4 and 5-6 days-old O. telenomicida, compared to 1-2 days-old ones (31.8, 32.4 and 12.1%, respectively). 
Our findings provide valuable information on the potential of the egg parasitoid, O. telenomicida as a biocontrol 
agent. 

Keywords: Ooencyrtus telenomicida, egg parasitoid, Halyomorpha halys, biological control, parasitism rate, 
age, density. 
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O-67
BIOCONTROL IMPLICATIONS OF MULTIPARASITISM BY TRISSOLCUS 
MITSUKURII AND TRISSOLCUS JAPONICUS ON THE INVASIVE BROWN 
MARMORATED STINK BUG

Elena Costi, Emanuele Di Bella, Daniele Iotti, Lara Maistrello

Dipartimento di Scienze della Vita, Università di Modena e Reggio Emilia, Via G. Amendola 2, I-42122 
Reggio-Emilia, Italy.

Abstract: The brown marmorated stink bug Halyomorpha halys (Stål) (Heteroptera, Pentatomidae), native 
to Eastern Asia, is an invasive pest of agricultural crops in North America and Europe [1,2]. Its management 
mostly relied on broad spectrum insecticides, disrupting previous integrated pest management programs and 
leading to increase in secondary pest outbreaks [1,3]. Long-term and more sustainable management strategies 
comprise inundative and classical biological control [4]. In its native range, eggs of H. halys are attacked by 
several species of egg parasitoids . Trissolcus japonicus (Ashmead) and T. mitsukurii (Ashmead) are sympatric 
in east Asia [5], and are the dominant parasitoids in China [6] and Japan [7], respectively. Both species were 
recently detected in Northern Italy, Switzerland and Slovenia [8, 9]. Besides, Italy was the first European country 
to authorize the use of T. japonicus for the biocontrol of H. halys, and this parasitoid was released in hundreds 
of sites in northern Italy.

This study aimed at investigating whether these two exotic biocontrol agents exhibit multiparasitism and 
how this could affect the success of biocontrol programs. Specifically, laboratory experiments were performed 
to assess the willingness of each species to accept and oviposit in egg masses already parasitized by the other 
species, when the two species shared the same egg mass, and observations were also performed on the guarding 
behaviour and the consequence of this interaction on the number of ovipositions and on parasitoid emergence.

Our results showed that both species were able to parasitize egg masses already parasitized by the other 
species. Competition occurred inside the host eggs and each species prevails on the other when it was the first 
to oviposit. Importantly, H. halys mortality was not affected by the interaction between parasitoids. Moreover, 
when interactions occurred on the same egg mass, T. mitsukurii was more aggressive, engaging in chase-off 
events in 71% of cases compared to 50% of T. japonicus. This work can be deepened in a published articles [10].

Key words: Biocontrol, H. halys, multiparasitism, parasitoids.
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O-68
BEHAVIOURAL RESPONSES OF THE EGG PARASITOID TRISSOLCUS 
MITSUKURII TO THE FOOTPRINTS OF HALYOMORPHA HALYS AND NEZARA 
VIRIDULA

Marica Scala1, Jalal M. Fouani1, Livia Zapponi2, Valerio Mazzoni2, Karen E. Wells2, Antonio 
Biondi3, Nuray Baser4, Vincenzo Verrastro4, Gianfranco Anfora1,2 
1University of Trento, Center Agriculture Food Environment, Via E. Mach 1, 38098 San Michele 
all’Adige, Italy; 2Fondazione Edmund Mach, Research and Innovation Center, Via E. Mach 1, 38098 
San Michele all’Adige, Italy; 3University of Catania, Department of Agriculture, Food and Environment, 
Via Santa Sofia 100, 95123, Catania, Italy; 4CIHEAM-IAMB – Mediterranean Agronomic Institute of 
Bari, Via Ceglie 9, 70010 Valenzano (BA), Italy.

Abstract: Trissolcus mitsukurii is Asian egg parasitoids associated to different pentatomids such as 
Halyomorpha halys. Adventive populations of T. mitsukurii were found in Northern Italy showing a great impact 
on this pest, suggesting its exploitation as a biological control agent (BCA) against H. halys. Releasing an 
exotic parasitoid requires investigating the interaction BCA/environment, to avoid negative impacts on the 
entomofauna of the new habitat. Trissolcus mitsukurii is mainly associated to Nezara viridula in its native area, 
hence, we investigated the female parasitoid’s ability to distinguish between naturally released cues of H. halys 
and N. viridula and compared it with the foraging behaviour of Trissolcus japonicus. A single female parasitoid 
was exposed to contact kairomones of both pests, to evaluate its modifications in orthokinetic and locomotory 
behaviour. Additionally, for T. mitsukurii, synthetic compounds simulating the cues of the two pentatomids were 
used. The results confirmed the preference of T. japonicus for H. halys while T. mitsukurii preferred N. viridula’s 
cues. The significance and consequences of these results in the biological control of H. halys in invaded areas 
are discussed.

Key words: Brown marmorated stink bug, biological control, Trissolcus parasitoids, risk assessment.

Introduction

Trissolcus mitsukurii and Trissolcus japonicus Ashmead (Hymenoptera: Scelionidae) are micro-Hymenopteran 
egg parasitoids. The native range of the former is assumed to be Japan, where it seems to be principally associated 
with Nezara viridula (L.) (Hemiptera: Pen-tatomidae) (Hokyo & Kiritani, 1963). However, T. mitsukurii was 
reported to attack several other pentatomid species, among which it presents a considerable rate of parasitism 
on eggs of the brown marmorated stink bug, Halyomorpha halys Stål (Hemiptera: Pentatomidae) (Zhang et 
al., 2017). H. halys is an invasive pest native to Eastern Asia, now widespread in various European regions, 
including Northern Italy (Malek et al., 2018). The main egg parasitoid of H. halys is Trissolcus japonicus, able 
to reach up to 90% parasitism rate in China (Zhang et al., 2017). With the attempt to reduce the population of 
this harmful pest, T. japonicus has been released in Italy. Moreover, adventive populations of both T. japonicus 
and T. mitsukurii were already found in different regions of Europe, showing a great impact in controlling H. 
halys (Scaccini et al., 2020; Zapponi et al., 2021). The considerable presence of T. mitsukurii individuals in 
northern Italy could presume the future use of this parasitoid for augmentative biological control of H. halys. 
However, handling an exotic parasitoid, with the intention of augmenting its adventive populations, should be 
carefully planned by studying its potential interactions with autochthonous host populations and highlighting its 
preferences. Therefore, in order to avoid any negative impact on the native fauna, the risk-assessment constitutes 
a landmark for the potential use of T. mitsukurii as BCA. A risk assessment based solely on non-choice tests to 
assess the host-range may, however, provide only partial results that do not take sufficient account of natural 
complexity. It is therefore important to study the chemical ecology of BCAs and in particular the chemical 
stimuli that guide the parasitoid in its search for the host. During deambulation on a surface, insects leave 
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traces such as hydrocarbon compounds that remain as footprints, constituting semiochemicals for other species 
including egg parasitoids. It has been reported that egg parasitoids, in response to adult pentatomids footprints, 
increase the host searching behaviour moving around the contaminated area and return to the chemical cues after 
losing track of it. The preference for the coevolved host was shown in Trissolcus wasps, suggesting their capacity 
to discriminate among footprints of different host species with the purpose of choosing the most suitable ones 
(Colazza et al., 2010).

In this framework, the aim of the present work was to assess the discrimination capability of T. mitsukurii 
between N. viridula and H. halys chemical cues to highlight a possible preference among them. We used both 
chemical cues naturally released by adult female stink bugs as well as specific ratios of synthetic compounds 
that simulate the main volatile cues addressed to the two stink bugs. The final objective was to contribute to a 
better understanding of the recognition mechanisms to the different pentatomid hosts by T. mitsukurii to predict 
potential effects of its use as a BCA through augmentation strategies.

Material and methods

Foraging behaviour on footprints and synthetic compounds

The foraging behaviour of T. mitsukurii and T. japonicus on H. halys and N. viridula footprints was assessed 
using a cellulose filter paper (6 cm ⌀) contaminated by the cues laid by an adult female of each of the two 
pentatomid species. The contaminated filter papers were obtained forcing a mated female pentatomid to walk on 
the filter, inside a plastic Petri dish (6 cm ⌀) for 30 minutes. The experimental arena consisted of a glass Petri dish 
(10 cm ⌀) with the filter paper. The behavioural responses were recorded using a video camera. The observations 
lasted for a maximum of 10 minutes. The data were analyzed with Ethovision ® XT 9 software. The variables 
considered were: angular velocity mean (deg/s); in zone cumulative duration (i.e., total residence time on filter 
paper in seconds); mean velocity (m/h); and distance moved (cm). 

The exposure of T. mitsukurii to the synthetic chemical cues of H. halys and N. viridula was carried out 
considering the naturally released compounds of the two pentatomids (Aldrich et al., 1978; Malek et al., 2021), 
using their main components: Tridecane and (E)-2-decenal. According to previous studies, the (4:1) ratio of 
Tridecane to (E)-2-decenal was used for reproducing footprints of H. halys, while for N. viridula was used a (3:1) 
ratio (1.6: 0.4 nl/ml). The above-mentioned compounds were applied on sterile filter papers (6 cm ⌀) and left to 
dry for 2 minutes. The experimental design remained the same as in footprints trials.

The differences among behavioural parameter groups were analyzed using Wilks’ Lambda type non-
parametric interference for multivariate data.

Results and discussion

Foraging behaviour on footprints and synthetic compounds 

Trissolcus japonicus females showed a significative preference for the substrate contaminated by H. halys 
female compared to N. viridula and the control. As for T. mitsukurii, a significant difference between groups 
was observed (Wilks Lambda= 8.490, df= 8, 168, P< 0.001). The tested parasitoids showed a clear preference 
toward N. viridula footprints, in comparison to those released by H. halys and the control (Figure 1). The time 
spent on filter paper was higher for N. viridula, followed by H. halys and control respectively. Greater values for 
mean velocity were recorded for the control. Like for the time spent on filter, higher values were observed for 
N. viridula in the distance moved, followed by H. halys, and the control. The same trend was recorded for the 
angular velocity as well.
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Figure 1. Boxplots of foraging behavior parameters for female of T. mitsukurii following 
contact with footprint contaminated substrate from female adults of H. halys and N. viridula

(Wilks’ Lambda type non-parametric interference at p< 0.001).

Regarding the trials with the use of synthetic compounds, there was a significant dif-ference between the 
three treatments (Wilks Lambda= 3.397, df= 8, 168, P= 0.001). In particular, T. mitsukurii female parasitoids 
preferred N. viridula synthetic chemical cues.

Therefore, in the present study, T. japonicus revealed a preference for the principal host, H. halys, which goes 
in accordance with literature (Malek et al., 2021). Contrariwise, T. mitsukurii reacted differently, demonstrating 
a preference for N. viridula kairomones. This detail could presume the existence of some sort of co-evolutionary 
or adaptation process. A recent study on olfactory response of T. mitsukurii confirms this attraction to N. viridula 
(Rondoni et al., 2022). However, a survey on physiological host range of the italian population of T. mitsukurii 
surprisingly highlighted the low suitability of N. viridula egg masses, with a reduced parasitoid emergence rate 
and elevated amounts of dead eggs (Giovannini et al., 2022). This contradiction with previous studies carried out 
in Japan (Hokyo & Kiritani, 1963) could suggest the existence of T. mitsukurii populations with different genetic 
characteristics. The introduction of the parasitoid in Europe could have driven a genetic bottleneck and/or drift in 
response to different biotic factors but also in reaction to the evolutionary trap represented by N. viridula, which 
results in a dead end of T. mitsukurii progeny. The development in H. halys eggs on the other hand positively 
influences parasitoids fitness, ensuring survival in a foreign zone. Integrating these results with an investigation 
on wasps’ reaction following their exposure to hosts’ egg masses would establish the existence of a potential 
congruence between foraging behaviour and oviposition. Such knowledge is needed to better understand the role 
of this parasitoid under field conditions and its possible use for biocontrol strategies.
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O-69
BIOLOGICAL CONTROL OF HALYOMORPHA HALYS (STÅL) BY THE RELEASE 
OF TRISSOLCUS JAPONICUS (ASHMEAD) IN A SWISS ORCHARD 

Barbara Egger1, Nicola Stäheli1, Jana Collatz2, Tim Haye3

1Agroscope, Research Group Fruit-Production Extension, Müller Thurgau Strasse 29, CH-8820 
Wädenswil, Switzerland; 2Agroscope, Research Group Biosecurity, Reckenholzstrasse 191, CH-8046 
Zürich, Switzerland; 3CABI, Rue des Grillons 1, CH-2800 Delémont, Switzerland 

Abstract: Originating from Eastern Asia, the stinkbug Halyomorpha halys (Stål) (Hemiptera: Pentatomidae) 
has become one of the most harmful invasive pest species in North America and Europe, including Switzerland. 
The highly polyphagous pest feeds on over 170 different host plants, including many economically important 
field, fruit and vegetable crops. Among fruit crops, pears, peaches and apples are the most affected. In 2019, the 
economic damage in pear and apple production was estimated at more than 400 million Euro in Northern Italy, 
and at over 3 Million Swiss Francs in Switzerland, respectively. Trissolcus japonicus (Ashmead) (Hymenoptera: 
Scelionidae) is a parasitoid wasp which efficiently controls H. halys in its native range. Parasitization rates of 
up to 70 % are reported. We investigated the parasitoid’s potential to attack H. halys egg masses under field 
conditions in an orchard of 0.7 ha in Zürich, Switzerland, where Halyomorpha halys damage was observed from 
2017 onwards. In the centre of the orchard within a row of pear trees, 3000 adult T. japonicus were released at 
five release points in July 2021. The parasitization rate was measured using 197 sterilized H. halys egg masses 
attached to pepper plants. In order to enhance the probability of host finding by T. japonicus and thus increase 
the probability of parasitization, pepper plants were exposed to host cues by placing them in rearing cages of 
H. halys prior to distribution in the field site. Four days after parasitoid release, egg masses were recovered, 
counted and incubated until hatching of parasitoids or for a maximum of eight weeks at room temperature. 
Twenty two percent of the egg masses were not recovered; presumably they were consumed by predators. Of the 
remaining egg masses, 18 % were parasitized. All parasitoid wasps that hatched from the eggs were identified 
as T. japonicus. Parasitization was observed in a distance of up to 40 m from the release point. Considering 
that sterilized eggs are less attractive to T. japonicus than fresh H. halys eggs, this result is promising for the 
employment of biological control against the pest insect. Further observation of the trial site is necessary to 
investigate the potential for establishment of T. japonicus in the orchard. 

Key words: Halyomorpha halys, Trissolcus japonicus, biological control, apple orchard, pear orchard.
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O-70
EFFECT OF TRISSOLCUS JAPONICUS RELEASES ON HALYOMORPHA HALYS 
INFESTATION IN KIWIFRUIT ORCHARDS IN THE NORTH-EAST OF ITALY

Alberto Mele, Jessica Canella, Enrico Mirandola, Davide Scaccini, Alberto Pozzebon
Department of Agronomy, Food, Natural Resources, Animals and Environment, University of Padova, 
Viale dell’Università 16, Legnaro (PD), Italy

Abstract: The brown marmorated stink bug Halyomorpha halys (Stål) (Hemiptera: Pentatomidae) is a 
worldwide pest native to Asia and now distributed in many countries all around the world, causing considerable 
damage to different crops. In Italy, the invasive alien species H. halys has been recognized as a major pest of 
kiwifruit and many other fruit crops since its first establishment in 2012 (Leskey and Nielsen, 2018; Maistrello 
et al., 2014; Moore et al., 2019)Halyomorpha halys (Stål. Adventive populations of two Asian egg parasitoids 
Trissolcus mitsukurii and Trissolcus japonicus (Ashmead) (Hymenoptera: Scelionidae) was discovered in Italy 
in 2016 and 2018 respectively (Sabbatini Peverieri et al., 2018; Scaccini et al., 2020). Moreover, a biological 
control program was started in Italy in 2020 with augmentative releases of the egg parasitoid Trissolcus japonicus. 
Releases were performed in ecological corridors near many different types of commercial orchards.

Five release sites were selected in northeast Italy, and for each site, two kiwifruit orchards were sampled: one 
located close to the release point and the other one at 1 km far from the release point. During the 2020 and 2021 
growing seasons, the 10 kiwifruit orchards were sampled every 10 days to assess the effect of the releases of T. 
japonicus on H. halys infestation levels. Parasitism rate and egg parasitoids community composition was also 
assessed by egg masses collection and further laboratory assessment.

Trissolcus japonicus was found to parasitize H. halys egg masses in both release and no release sites. 
Nevertheless, a higher impact of T. japonicus was registered in kiwifruit close to the release site compared to 
those far away. Trissolcus mitsukurii was the most abundant parasitoid found to parasitize H. halys egg masses 
in north-east Italy, and the hyperparasitoid Acroclisoides sinicus (Huang & Liao) (Hymenoptera: Pteromalidae) 
was also found to emerge from H. halys eggs. Overall, the egg parasitism rate was not increased by T. japonicus 
release. This study suggests that competitive interactions with parasitoid replacement influence the parasitism 
by the two Trissolcus species: high performance of T. mitsukurii resulted in low performance of T. japonicus and 
vice versa. However, the interference that one species exerted on the other did not lower the overall parasitism 
of H. halys. 

Keywords: Halyomorpha halys, Trissolcus japonicus, Trissolcus mitsukurii, egg parasitoid, augmentative 
releases, biological control.



O
R

A
L 

P
R

E
S

E
N

TA
T

IO
N

S

98 — PHEROFRUITS

References

Leskey, T.C., Nielsen, A.L., 2018. Impact of the Invasive Brown Marmorated Stink Bug in North America 
and Europe: History, Biology, Ecology, and Management. Annu. Rev. Entomol. 63, 599–618. https://doi.
org/10.1146/annurev-ento-020117-043226

Maistrello, L., Dioli, P., Vaccari, G., Caruso, S., 2014. First Records in Italy of the Asian Stinkbug Halyomorpha 
halys, a new Threat for Fruit Crops. ATTI Giornate Fitopatol. 1, 283–288.

Moore, L., Tirello, P., Scaccini, D., Toews, M.D., Duso, C., Pozzebon, A., 2019. Characterizing damage potential 
of the brown marmorated stink bug in cherry orchards in Italy. Entomol. Gen. 39, 271–283. https://doi.
org/10.1127/entomologia/2019/0799

Sabbatini Peverieri, G., Talamas, E., Bon, M.C., Marianelli, L., Bernardinelli, I., Malossini, G., Benvenuto, 
L., Roversi, P.F., Hoelmer, K., 2018. Two Asian egg parasitoids of Halyomorpha halys (Stål) (Hemiptera, 
Pentatomidae) emerge in northern Italy: Trissolcus mitsukurii (Ashmead) and Trissolcus japonicus (Ashmead) 
(Hymenoptera, Scelionidae). J. Hymenopt. Res. 67, 37–53. https://doi.org/10.3897/jhr.67.30883

Scaccini, D., Falagiarda, M., Tortorici, F., Martinez-Sañudo, I., Tirello, P., Reyes-Domínguez, Y., Gallmetzer, A., 
Tavella, L., Zandigiacomo, P., Duso, C., Pozzebon, A., 2020. An insight into the role of trissolcus mitsukurii as 
biological control agent of halyomorpha halys in Northeastern Italy. Insects 11, 1–16. https://doi.org/10.3390/
insects11050306



O
R

A
L 

P
R

E
S

E
N

TA
T

IO
N

S

99 — PHEROFRUITS

O-71
MANAGEMENT OF HALYOMORPHA HALYS IN MIXED-CULTIVAR APPLE 
ORCHARDS

James F. Walgenbach, Emily C. Ogburn and Steven C. Schoof

Department of Entomology and Plant Pathology, Mountain Horticultural Crops Research & Extension 
Center, NC State University, Mills River, NC 28759

Abstract: The brown marmorated stink bug (BMSB), Halyomorpha halys (Stål) is an invasive pest native 
to Asia that was introduced accidentally into the eastern United States in the 1990’s, first detected in eastern 
Pennsylvania (Hoebeke and Carter 2003). Populations increased to large numbers in the Mid-Atlantic region by 
2010, when severe damage occurred on numerous crops (Leskey et al. 2012). Populations subsequently spread 
and became established in most eastern and midwestern states. It was first detected in North Carolina in 2009, 
and by 2015 it became a serious pest of tree fruits (Bakken et al. 2015). North Carolina is the southernmost state 
where BMSB is a considered a serious agricultural pest (StopBMSB.org), but populations are high only in the 
western mountain region. High summer temperatures and heat stress reduce habitat quality in the eastern portion 
of the state (Ogburn et al. 2022). 

Apple production in North Carolina is concentrated in the mountainous region, and BMSB has remained 
the most important pest of this crop since 2015. Production of the crop consists of relatively small, mixed-
cultivar orchards ranging in size from about 5 to 25 ha that are dispersed among hardwood forests that include 
numerous BMSB hosts (Bakken et al. 2015). End-of-season damage assessments in orchards suggested there 
was considerable variation in the degree of damage to difference cultivars. Hence, studies were conducted to 
assess the seasonal attractiveness of different apple cultivars to BMSB in mixed-cultivar orchards, and to use this 
information to develop more judicious insecticide use.

Four commercial apple orchards that had a minimum of five common apple cultivars were selected for the 
study. At each site, pheromone traps were used to monitor seasonal BMSB abundance in each apple cultivar, 
and damage was monitored by removing fruit and storing for 3 wks before recording injury. Results showed that 
early maturing cultivars (e.g., Gala) were less preferred and had less damage than late-maturing cultivars, and 
largely escaped damage by first generation adults. Among the late-maturing cultivars, Pink Lady and especially 
Granny Smith were highly preferred and had the most damage among all cultivars. BMSB adults exhibited a 
high attraction to Granny Smith apples in mid to late July, two months before maturing. Suppression of damage 
to Granny Smith apples was very difficult, as even five-day interval applications of pyrethroid insecticides did 
not reduce damage below that in non-treated plots. A more effective approach consisted of protecting trees with 
Drape Net (Drape Net North America), which reduced damage by almost 50% compared to insecticides. 

Key Words: Brown mamorated stink bug, apples, pheromone traps.

Acknowledgments: The authors thank cooperating growers for use of their orchards and sharing of pesticide 
records. This research was supported, in part, by USDA-NIFA SCRI project 206-51181-25409.
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O-72
EFFECT OF THE INSECTICIDE SPRAY TIMING DURING THE DAY ON 
HALYOMORPHA HALYS MORTALITY IN FIELD CONDITION

Michele Preti1, Luca Fagioli2, Maria Grazia Tommasini3, Alberto Pozzebon4

1 ASTRA Innovazione e Sviluppo, via Tebano 45, 48018 Faenza (RA), Italy; 
2 Consorzio Agrario di Ravenna, via Madonna di Genova 39, 48033 Cotignola (RA), Italy; 
3 RI.NOVA, via dell’Arrigoni 120, 47522 Cesena (FC), Italy;
4 DAFNAE University of Padova, viale dell’Università 16, 35020 Legnaro (PD), Italy. 

alberto.pozzebon@unipd.it

Abstract: Halyomorpha halys (Hemiptera: Pentatomidae), commonly known as the brown marmorated 
stink bug, is an invasive pest that can cause severe economic losses in several agricultural crops, including tree 
fruit crops. Emilia-Romagna, where H. halys was firstly detected in 2012, was the first Italian region where 
important damages were recorded, and since almost 7 years, this alien species has become a key pest in numerous 
horticultural crops (Bariselli et al., 2016). The greatest threat is in the orchards, where H. halys impacted the 
crop protection programs, increasing the number of insecticide sprays per season, including broad-spectrum 
active ingredients that disrupted the Integrated Pest Management (IPM) approach (Kuhar & Kamminga, 2017). 
In Emilia-Romagna the need to re-establish an IPM approach in tree fruit crops with the reduction of active 
ingredients authorized pushed for an optimization of insecticide treatments to maximize the impact of the 
available insecticides on H. halys. In this context, a specific activity of ‘Alien.Stop’ project focused on different 
aspects related to the sustainability of the insecticides usage, including evaluating the effect of spray timing 
during the day on the mortality of the target pest.

A field study was carried out during 2020-2021 to investigate the effect of an insecticide spray against H. 
halys applied in field conditions in three moments of the day - at 6:00 AM, at 12:00 PM and 6:00 PM, considering 
both the knock-down effect and the insect mortality after 24 hours. The performance of the insecticide spray on a 
natural H. halys infestation was evaluated following the approach described in Preti et al. (2018) and reported as 
EPPO guideline (EPPO PP1/313(2), 2022). One trial per year was conducted by selecting a peach orchard with 
a consistent target pest infestation and baiting the plants with aggregation pheromones for 5-7 days before the 
trial began. Therefore, a white sheet was deployed along rows and below the plant canopy to collect any insects 
falling from the treated plants. The experimental design was a randomized complete block with 4 replicates of 
3-5 plants per treatment. A deltamethrin-based insecticide was applied using a backpack sprayer at 5-fold the 
maximum label rate (first experimental application, referred as treatment A) and followed after 24 hours by a 
second intervention at 10-fold the maximum label rate (second experimental application, referred as treatment 
B or ‘inventory’ application). The insects impacted by treatment A (day 1) were classified, counted and removed 
by the net below the treated plants at 24 hours after each first experimental application (namely at 6:00 AM, at 
12:00 PM and 6:00 PM of day 2), just before the inventory application. Then a second data collection was carried 
out at 24 hours after each inventory application (day 3) to record what was impacted by treatment B that was not 
counted previously. The proportion of insects recorded after treatment A over the total amount counted during 
the trial (recorded after A + after B) allowed to measure the impact of the first experimental application carried 
out at different timing. The knock-down effect was calculated considering for the first assessment all the living 
status (alive, moribund and dead insects) affected by treatment A, while the insect mortality regarded only the 
insects dead after treatment A over the total amount present in that given plot. In 2020 the trial was carried out 
on September 8-10, while in 2021, on July 20-22. All data were analysed with GLM followed by Tukey’s test 
(using SAS program). 

In 2020 and in 2021, a total of more than 5000 and 1800 H. halys individuals were recorded during the 48 
hours of study, respectively. More than 75% were adults during the first year, while in the second year, the adults 
represented less than 15%. In both years, the results were consistent, showing that the insecticide application 
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at 12.00 PM obtained the lowest knock-down effect. The best time for insecticide application was at 6:00 PM, 
which resulted in a high knock-down effect on both H. halys adults and juveniles. Also, considering the insect 
mortality, the best results were achieved by applying the insecticide at 6:00 PM. Likely, on the one hand, H. 
halys stays in the crop and may be less mobile during the evening and night and on the other hand, the insecticide 
product may be more persistent on the crop across the nighttime due to the lower impact of climatic conditions 
(e.g., UV light, temperature and evaporation). The chemical control of H. halys can not be considered a stand-
alone method, especially using non-selective products such as pyrethroids. In addition, considering the extreme 
mobility, high polyphagy, and wide distribution of this target pest, it is clear that the insecticides are not a 
sustainable solution to face the problem. Nevertheless, to date the rational use of insecticides against H. halys 
remains crucial to limit crop damages, especially in tree fruits. This study will provide important information to 
maximize insecticide efficacy. 

Key words: brown marmorated stink bug, pest control, crop protection, deltamethrin, knock-down effect.
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O-73
DEVELOPING PHEROMONE-BASED TRAPS FOR MASS CAPTURE OF THE 
BROWN MARMORATED STINK BUG, HALYOMORPHA HALYS (HEMIPTERA: 
PENTATOMIDAE)

Davide Scaccini, Diego Fornasiero, Roberto Bertucco, Veronica Lombardo, Giulia Galli, Alberto 
Pozzebon

Department of Agronomy, Food, Natural Resources, Animals and Environment – University of Padova, 
viale dell’Università 16, Legnaro, Padua, Italy

Abstract: In the Integrated Pest Management (IPM) framework, pests are managed through different tools 
that minimize economic, environmental and social costs. Mass trapping is a control tactic that can be used in 
IPM to capture a large number of pests to reduce crop damage. The brown marmorated stink bug, Halyomorpha 
halys (Stål) (Hemiptera: Pentatomidae), is a pest native to Asia that is invasive in Europe, where it causes severe 
economic damage to several crops (Leskey & Nielsen, 2018; McPherson, 2018). Broad-spectrum insecticides 
are increasingly used to counteract H. halys infestation with a high impact on the environment. Successful 
monitoring for H. halys includes using pheromone-based traps, which are based on a synthetic homolog of the 
aggregation pheromone to attract and capture the insects to the source (Leskey & Nielsen, 2018; McPherson, 
2018). Besides monitoring, pheromone-based tactics already proposed against H. halys include in attract-and-
kill. In the present work, we investigated a new trap system aimed at collecting a high number of H. halys, to 
develop mass trapping strategies to counteract this pest in field conditions.

Traps were constituted by a vertical panel and a bottom tank; the vertical panel was built by two rectangular 
1.20 x 1.40 m iron meshes, crossed in an “X” shape and covered with a sticky roll tape. The panel was placed 
in the tank at the bottom (1.00 x 1.00 x 0.50 m height), then filled with water. Each trap was activated with a 
H. halys aggregation pheromone lure, hung on the top of the panel. In a first trial, different colours of sticky 
panels (black, yellow and transparent) and the presence of a skein of net were compared when H. halys was 
(1) searching for overwintering sites or (2) exiting from overwintering sites. Trap catches were evaluated also 
on non-target beneficial organisms like predators and pollinators. In a second study, the trap colour system that 
performed better in the first experiment was used in a two-season long experiment in apple orchards, and insect 
infestation was evaluated at different distances up to 40 meters from the field border. The effect on H. halys 
infestation was evaluated comparing plots with or without the trapping system.

Of the three different colours of traps, black and yellow traps captured more brown marmorated stink bug 
individuals than those with the transparent panel. On the other hand, the yellow panels also captured higher 
numbers of non-target insects, predators and pollinators. No additional effect of net was observed. In the second 
trial, black panel traps were used, and they showed a significant decrease of infestation levels in plots with traps 
on their nearby. The presence of the traps increased the perimeter distribution of the pest, with high infestation 
on the row close to the trap and low in the internal rows. Results suggest that these traps can constitute a possible 
tool useful for monitoring of H. halys in fruit orchards, even for the implementation of a mass-trapping system to 
be including in the IPM program aimed at the reduction of infestation levels of this economically important pest.

Keywords: brown marmorated stink bug, Halyomorpha halys, IPM, pheromone, monitoring, trapping 
system.
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O-74
EVALUATION OF AN ATTRACT-AND-KILL STRATEGY FOR THE MANAGEMENT 
OF THE BROWN MARMORATED STINK BUG IN NORTHERN ITALY

Antonio Masetti1, Michele Preti2, Marco Albertini3, Michele Capriotti4, Olmo Scagliarini5, Maria 
Grazia Tommasini6 
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Abstract: Attract-and-kill (AK) strategies rely on the combination of an attractant and an insecticide or a 
killing method to suppress pest insects. In comparison with full block sprays with broad-spectrum insecticides, 
AK minimize the contact between pesticides and crops resulting in many benefits from the standpoints of safety 
for farmers and consumers, reduction of residues on agricultural products and overall impact on the environment.

The brown marmorated stink bug (BSMB), Halyomorpha halys (Stål) (Hemiptera: Pentatomidae), is an 
Asian insect pest, extremely invasive and polyphagous, which has become very common in the USA and Sothern 
Europe. In most countries where it has been accidentally introduced, BMSB is now a major threat to agriculture 
causing severe economic losses especially in tree fruit crops. Current management strategies, which mostly rely 
on neurotoxic broad-spectrum insecticides, are neither fully effective nor environmentally sustainable.

The implementation of AK techniques for BMSB management has been investigated in the USA resulting in 
acceptable reduction of crop damage, although economic issues were pointed out. Because of the severe impact 
of BMSB on orchards in Northern Italy, in 2021 the effectiveness of AK techniques against BMSB was evaluated 
in intensive fruticulture areas of Emilia-Romagna region. A wide area approach was used to tackle the dispersal 
capacity and broad range of host plants of BMSB nymphs and adults. Given that AK cannot be considered a 
stand-alone method, standard IPM spray programs recommended in Northern Italy for BMSB management were 
also carried out in the whole study areas, including controls.

Trinet® pyramid-like structures (BASF Inc.), which are made by an aluminium stand covered with a long-
lasting insecticide net (LLIN) containing alpha-cypermethrin at 0.1 g m-², were used as AK stations (Figure 1A). 
These structures were baited with a two-component aggregation pheromone (3S,6S,7R,10S)-10,11-epoxy-1-
bisabolen-3-ol and (3R,6S,7R,10S)-10,11-epoxy-1-bisabolen-3-ol, and pheromone synergist, methyl (2E,4E,6Z)-
decatrienoate (BMSB High Load Lure®, Trécé Inc.). Lures were changed every 3 months.

The experiment was run as a randomized complete block design with four blocks each one including a pair 
of similar sites (5-20 ha each). In one of the sites two AK stations ha-1 were installed, whereas no stations were 
placed in the control sites. A total of approximately 100 AK stations were set up in the four sites. To evaluate the 
abundance of BMSB, five black standing pyramid traps (DeadInn®, AgBio Inc.) were set up both in control and 
AK sites (Figure 1B); the traps were baited with a standard BMSB Monitoring Lure® (Trécé Inc.). Monitoring 
traps were served weekly from early April to the end of October to count and remove captures. Injuries due to 
BMSB feeding activity were also scored at the harvest of pear orchards, which were grown in both AK and 
control sites of three out of four blocks. The other block had peaches and nectarines in both AK and control sites.

Large fluctuations in the total monthly BMSB captures (pooling nymphs and adults) were detected among 
sites, as shown by the width of the standard errors (Figure 2). The trend of captures was dependent on the season. 
In spring and early summer no significant differences in BMSB abundance could be detected between AK and 
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control sites (Figure 2A). On the other hand, from August to October 2021 lower abundances of BMSB were 
found in the sites with AK station than in control sites (Figure 2B). The decreased BMSB abundance did not turn 
in a reduction of the injuries to pear as well as to peaches and nectarines.

While the lures were highly effective, some technical issues were reported by the operators who served the 
AK stations. Recovery capacity of BMSB adults and the needs of prolonged contact of insects with the LLIN 
seemed crucial as well as quite problematic. Moreover, the active substance alpha-cypermethrin was banned 
from EU market in 2021. For these reasons, different methods to kill the insects have to be considered. Mass-
trapping systems for BMSB relying on glue panels in combination with water traps seem promising and are now 
under evaluation.

Figure 1. One of the Trinet® pyramid-like structures (A), which were selected as AK stations and the 
experimental design carried out to test the effects of AK stations on BMSB abundance (B).

Figure 2. Trends of total captures by monitoring traps in the first (A) and in the second (B) half of the sampling 
season. In the second part of the season a GLMM (with negative binomial error distribution, log link function, 

months as repeated measures, AR1 covariance type and degrees of freedom corrected by Kenward-Roger 
method) detected a significant reduction in BMSB abundance (p=0.021) in sites where AK stations were 

deployed (dotted lines) in comparison with control sites (solid lines).

Key words: Halyomorpha halys, integrated pest management, pheromones, mass-trapping.
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O-75
EFFECTS OF IRRADIATION ON THE BIOLOGY OF OVERWINTERING MALES OF 
THE BROWN MARMORATED STINK BUG
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Abstract: The brown marmorated stink bug (BMSB), Halyomorpha halys (Stål) (Hemiptera, Pentatomidae) 
is an invasive phytophagous species native to Asia (Lee et al., 2013). It is extremely polyphagous, and for this 
reason it is considered amongst the most harmful agricultural pests in Europe, United States (Costi et al., 2017, 
Leskey et al., 2018) and Chile (Faúndez & Rider, 2017). In addition to its impact on agricultural crops, this insect 
causes a nuisance in urban areas, by invading buildings for overwintering using its aggregation pheromones and 
emitting an unpleasant smell when disturbed (Inkley, 2012, Rice et al., 2014, Malek et al., 2018). 

In Italy, at the Fondazione Edmund Mach, various methods are being screened and tested for the monitoring 
and control of H. halys, to be included in an integrated control program. The sterile insect technique (SIT) in 
combination with classical biological control is being evaluated in a framework of collaboration with New 
Zealand researchers. The main objective is to develop SIT for potential use in eradication programs of H. halys 
in newly introduced areas and/or as an additional tool to reduce its’ impact in areas where invasive populations 
are already established. The effects of male irradiation on sterility and the biological characteristics of the species 
during the period of winter reproductive diapause were assessed (Suckling et al., 2019a). Here, we report the 
next steps in this project. 

During autumn 2019 and 2020, adult insects were captured using new traps, whose architecture was 
developed to take advantage of the pre-wintering aggregation phase (Suckling et al., 2019b). The captured 
adults were then kept in semi-natural conditions for a minimum period of seven weeks in order to complete the 
reproductive diapause (Taylor et al., 2017). Afterwards, insects were kept in a climatic chamber (L:D = 16: 8, 
T = 25°C, RH=70%) for three weeks for a physiological “adaptation” phase. They were provided with a diet 
consisting of tomatoes, green beans, carrots, apples ad libitum, and a wet cotton for water supply. Following the 
adaptation period, males were irradiated with γ rays at four different dosages: 16, 24, 32 and 40 Gy with forty 
replications each. The irradiation took place at the Health Facility of Santa Chiara Hospital (Trento, Italy), using 
an innovative technique that involves the use of a linear accelerator with high energy photons (6 MeV), instead 
of the conventional method based on Co-60. For the irradiation, it was necessary to keep the insects in Petri 
dishes containing wet absorbent paper, that were placed subsequently in a Plexiglas support built ad hoc. 

Following irradiation, mating and reproductive bioassays were carried out by pairing an irradiated male 
with an unmated overwintering female for each test. The couples were provided with a tomato, green beans, 
wet cotton for water supply and a substrate of absorbent paper for oviposition. The diet and substrate were then 
refreshed twice a week. Various physiological parameters were evaluated such as insect longevity, sterility and 
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the number of eggs laid by each female. In order to evaluate possible negative effects in terms of longevity 
and fertility on insects due to the manipulations required for the irradiation procedure, two groups of Control 
treatments were established: one group of insects was subjected to all the preparation for irradiation and was 
brought near the linear accelerator without being irradiated, named “0 Gy Trip”, and another group remained in 
the climatic chamber without being exposed to any manipulation, named “0 Gy”. 

For the highest radiation doses, 32 Gy, 40 Gy, and for the 0 Gy Trip control, behavioural bioassays were also 
carried out to detect the presence of any variations in the insects’ biological parameters. For this purpose, 12 
replicates per treatment were observed for 6 hours, the number and duration of the mating, and the total amount 
of time spent in coupling were recorded. Furthermore, in the F1 generation derived from the last experiment, 
the survival of the insects through the various development stages, from nymphs to adults, was also examined. 

No statistical difference was recorded in terms of longevity and fertility between the two types of control (0 
Gy Trip and 0 Gy), clearly showing that insect manipulation and transportation did not interfere with the tested 
physiological parameters. In addition, the two types of control were not statistically different from the couples 
with irradiated males in terms of longevity, except for the treatment at 40 Gy, that was showing a reduction of 
the longevity if compared to the control 0 Gy. As for the coupling experiment, results showed a decline of more 
than 95% in terms of hatched eggs, when females were mated with irradiated males at 32 and 40 Gy. For the 
behavioural test, the average duration of irradiated male mating (40 Gy) was significantly longer than the duration 
of the mating of not-irradiated males. Furthermore, a high nymph mortality was recorded in the F1 generation 
originating from couples where males were irradiated at 32 Gy and 40 Gy (80% and 88% respectively) with 
respect to 0 Gy control (24 %).

In conclusion, the results of this study are very encouraging for the development of a SIT control program 
against H. halys and clearly indicate that irradiation applied to overwintering males could induce a strong impact 
in terms of male sperm sterility. 

However, further studies are in progress to better understand all the physiological and behavioural patterns 
involved in H. halys courtship, as possible cryptic mechanisms of male selection for the mating by the female 
and sperm competition once mating occurs. 

Key words: Sterile insect technique, Halyomorpha halys, Integrated pest management.
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O-76
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HALYOMORPHA HALYS UNDER CONTROLLED CONDITIONS 
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Viale dell’Università 16, Legnaro (PD), Italy 

Abstract: Halyomorpha halys (Stål) (Hemiptera: Pentatomidae) is a polyphagous pest of economic 
importance, especially for fruit growers (Leskey and Nielsen, 2018; Moore et al., 2019). Adults and juveniles 
can feed on fruit during their development and maturation, damaging fruit production. This pest is highly 
polyphagous and characterized by high mobility, with orchards being repeatedly colonized during the growing 
season. Several synthetic insecticide applications are usually required for its control. In the frame of integrated 
pest management strategies, alternatives are needed to reduce dependency on synthetic pesticides and increase 
the success of management strategies. Repellents and deterrents are organic or non-organic chemical substances 
that can manipulate insect behaviour and mobility; these compounds can act locally, preventing arthropod pests 
from feeding and damaging agricultural products. A repellent induces an oriented movement of the arthropod 
away from a source, while a deterrent does not influence chemotactic behaviour (Wallingford et al., 2017). 
Products with a repellent effect on H. halys have already been proposed (Zhang et al., 2014; Bulgarini et al., 
2021). Here we investigated the effects of sulphur on H. halys. In particular, we considered the lethal and 
repellent effects. 

Commercially available products and their effect on mortality and olfactory behaviour were measured on 
adult individuals. Different doses were used. A first laboratory experiment evaluated the mortality induced by 
sulphur-based products on insects. A second laboratory experiment using a two-choice olfactometer measured 
the behavioural response of insects toward sulphur-treated or non-treated food resources. A third experiment 
was a two-choice assay using insect-proof cages (Bugdorm) that evaluated short, and long-term behavioural 
responses of H. halys adults to sulphur-treated or non-treated apple potted plants. 

The mortality induced by sulphur-based products was not different from the control, independently of the 
dose. A higher number of stink bugs moved toward the un-treated control than the sulphur-treated food sources 
independently of the products, but the effect increased with the applied doses. Two-choice experiment using 
potted apple plants confirms the results observed in the two-choice olfactometer. Results showed a repellence 
effect of sulphur-based products on H. halys. The use of sulphur-based products application can represent an 
additional tool for developing IPM strategies in fruit crops. 

Key words: Sulphur, Halyomorpha halys, repellents, integrated pest management, olfactory behavior, 
feeding damages.



O
R

A
L 

P
R

E
S

E
N

TA
T

IO
N

S

110 — PHEROFRUITS

References

Bulgarini, G., Bortolini, S., Maistrello, L., 2021. Repellent activity of essential oils on adults of Halyomorpha 
halys (Heteroptera: Pentatomidae) in different physiological-behavioural phases. J. Appl. Entomol. 145, 575–
586. https://doi.org/10.1111/jen.12872

Leskey, T.C., Nielsen, A.L., 2018. Impact of the Invasive Brown Marmorated Stink Bug in North America 
and Europe: History, Biology, Ecology, and Management. Annu. Rev. Entomol. 63, 599–618. https://doi.
org/10.1146/annurev-ento-020117-043226

Moore, L., Tirello, P., Scaccini, D., Toews, M.D., Duso, C., Pozzebon, A., 2019. Characterizing damage potential 
of the brown marmorated stink bug in cherry orchards in Italy. Entomol. Gen. 39, 271–283. https://doi.
org/10.1127/entomologia/2019/0799

Wallingford, A.K., Cha, D.H., Linn, C.E., Wolfin, M.S., Loeb, G.M., 2017. Robust manipulations of pest insect 
behavior using repellents and practical application for integrated pest management. Environ. Entomol. 46, 
1041–1050. https://doi.org/10.1093/ee/nvx125

Zhang, Q.H., Schneidmiller, R.G., Hoover, D.R., Zhou, G., Margaryan, A., Bryant, P., 2014. Essential oils as 
spatial repellents for the brown marmorated stink bug, Halyomorpha halys (Stål) (Hemiptera: Pentatomidae). 
J. Appl. Entomol. 138, 490–499. https://doi.org/10.1111/jen.12101



P
O

S
T

E
R

 P
R

E
S

E
N

TA
T

IO
N

S

111 — PHEROFRUITS

P-01
IMPACT OF ATMOSPHERIC CO2 LEVELS ON HOST CHOICE OF CACOPSYLLA 
PYRI 
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Extended abstract: The pear psyllid Cacopsylla pyri is a major pest in pear growing regions all over Europe 
(Garcia-Chapa et al. 2005). Infested pear trees can suffer directly from feeding damage due to massive psyllid 
colonization. Additionally, trees can be indirectly damaged in the event of mass occurrence, when enormous 
amounts of honeydew, especially from nymphs, are excreted and promote the growth of sooty mold fungus 
(Burckhardt 1994). Even more threatening for pear production is the infection of pear trees with the phytopathogen 
‘Candidatus Phytoplasma pyri’, a specialized cell wall-less bacterium transmitted by pear psyllids during phloem-
feeding (Carraro et al. 1998). ‘Ca. P. pyri’ induces so called pear decline, a severe disease in pears causing high 
economic losses.

Additionally, climate change poses new challenges to growers, nowadays, but consequences on plant – insect 
interactions are still rarely investigated. Carbon dioxide (CO2) is one of the most significant climate change 
drivers. At first glance a fertilizing effect of increased CO2 concentrations could be expected, as plants convert 
CO2 into primary plant metabolites during photosynthesis. Indeed promoting impacts of CO2 on plant growth 
and yield as consequence of increased photosynthetic metabolism have been reported (Alae-Carew et al. 2020; 
Bisbis et al. 2018). Increased photosynthetic rates were also detected in Pyrus pyrifolia and resulted in higher 
soluble sugar content in pear fruits (Han et al. 2012), demonstrating that elevated CO2 concentrations can be 
expected to affect plant chemistry. Primary plant metabolites are resources for secondary metabolites, such as 
volatile organic compounds (VOCs). An increase in primary production can therefore also lead to changes in 
volatile emission of plants. 

Plant borne volatile organic compounds (VOCs) are important for host finding in insects. VOCs are commonly 
used by insects to locate potential hosts over distance, while non-volatile plant metabolites are important cues for 
evaluation of suitability of plants for feeding and reproduction (Schoonhoven et al. 2005). An essential question 
is whether possible changes in pear plant chemistry affect pest insects, such as C. pyri and might even lead to 
increased insect infestations. Therefore, in this work, we investigated the impact of elevated CO2 concentrations 
in the atmosphere on the interaction of pear psyllids and pear trees. In two consecutive years we collected and 
analysed volatiles released from pear trees grown for a certain period of time under two CO2 levels (ambient: ca. 
400 ppm and elevated: ca. 450 ppm CO2, respectively) in a Free-Air Carbon dioxide Enrichment (FACE) facility 
at Geisenheim University in Germany. In both years, potted pear trees were transferred to the FACE facility 
before bud break (end of February/ beginning of March) and were cultivated under specified CO2 conditions for 
three month, until the second volatile collection. The growth under elevated CO2 concentrations did not induce a 
detectable change in overall VOC patterns of pear trees. Nonetheless, the release of single compounds changed 
in response to CO2 increase. These differences in VOC release were inconsistent over time (phenology stages) 
and between study years, indicating interactions with other climate parameters, such as temperature and water 
availability. Specific volatile compounds or mixtures can be important for insect – plant interactions (Bruce and 
Pickett 2011), therefore we further investigated, whether the detected changes of the pear tree volatiles affect 
the host choice of C. pyri. The odours of P. communis plants cultivated under elevated or ambient CO2 levels 
were offered simultaneously to C. pyri females in olfactometer experiments at two different plant growth stages. 
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In general, C. pyri females showed a high motivation to walk in the olfactometer, but didn’t show a preference 
for any of the pear odours. This result indicates that the impact of CO2 on the VOC release of pear trees is not 
relevant for host choice of C. pyri. To ensure that no impact of atmospheric CO2 on psyllid population of pear 
orchards can be expected, we conducted no-choice and binary-choice oviposition experiments with C. pyri. In 
accordance with olfactometer results, C. pyri females laid as much eggs on pear trees grown under elevated as 
on ambient CO2 concentrations. 

In conclusion, atmospheric CO2 concentrations impact the volatile emission from P. communis plants under 
field conditions, but these changes don’t promote or impair the host finding and acceptance of C. pyri. It needs 
to be further investigated, whether CO2 impact psyllid fitness directly or indirectly due to changes in non-volatile 
plant metabolites to further predict pest pressure of C. pyri on P. communis in future scenarios. 

Key words: Climate change, CO2 increase, pear psyllid, olfaction, insect-plant interaction, fruit production, 
oviposition, plant volatiles.
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Abstract: Plants are sessile organisms which are exposed to diverse stressors in a changing and mobile 
environment. Hence the evolution of alternative abilities to cope with uncomforted conditions are crucial for 
their survival and successful reproduction. Environmental factors determining plant fitness are diverse and 
variable, from biotic threats, such as competitors and attacking herbivores, to abiotic factors, such as nutrient 
deficiencies, salinity or drought. Signifying that plants have to be able to perceive multiple sensory modalities to 
respond to their environment (Mescher and Moraes 2015). Indeed plants show great adaptability, acute threats 
quickly induce appropriate changes in plant metabolism and physiology, enabling plants to withstand abiotic 
stresses and interact with other living organisms. 

Semiochemicals play major roles in such interactions of plants (Fig.1). It is well known that plants release 
multiple volatile organic compounds (VOCs). The compositions of these plant borne VOCs are shown to be 
species (varieties) and developmental stage specific (Dahlin et al. 2018; Gallinger et al. 2020). Therefore, VOCs 
are providing important information about the identity and condition of the releasing plant to other organisms 
in their environment (Bouwmeester et al. 2019). The vast majority of literature focuses on plant VOCs in 
plant-insect interactions. Less studies have investigated the role of plant VOCs in plant-plant communication, 
especially interactions between undamaged plants (Ninkovic et al. 2021; Ninkovic et al. 2019). Nonetheless, 
it is shown that the exposure to volatiles from undamaged plants can impact biomass allocation and growth 
of receiving plants (Ninkovic 2003). Indicating that distribution of metabolites within receiving plants can be 
affected by volatiles from neighbouring plants. Photoassimilates, such as sugars, sugar alcohols and amino acids 
are translocated from source to sink organs of plants through the phloem tissue (Lambers et al. 2008; Patrick 
2013). The phloem sap is utilized as food source by aphids and other hemipteran (Douglas 2006). Therefore, 
translocation of resources and changes in phloem sap composition in response to VOCs from neighbouring 
plants may impact aphid infestations of plants by rendering food quality (Fig. 1). 

Additionally VOCs as secondary metabolites depend on resources provided from plant primary metabolism 
(Dudareva et al. 2013). Therefore, it is likely that changes in primary metabolites come along with changes VOC 
emission of plants (Fig. 1). In case of plant-plant communication it was found, that VOC emission of potato 
plants is changed after exposure to volatiles from undamaged onion plants (Ninkovic et al. 2013). It is well 
established from a variety of studies, that herbivorous insects use plant volatiles as cues to locate suitable host 
plants (Schoonhoven et al. 2005). Hence, it can be expected, that plant-plant communication can impact aphid 
host location by plant volatiles (Dahlin et al. 2015). 

In this work we use combinations of different spring barley (Hordeum vulgare L.) cultivars to investigate 
the interaction of undamaged plants via VOCs and its impact on phloem-feeding insects (Fig. 1). To focus on 
the influence of volatile cues barley plants (cv. Salome) were exposed to volatile compositions of other barley 
cultivars, in laboratory experiments. Behavioral experiments revealed an impact on host choice behavior in 
bird cherry-oat aphid (Rhopalosiphum padi L.). We are demonstrating that volatile exposure can lower the 
attractiveness of receiving plants to pest insects. The analysis of volatile and non-volatile plant metabolites will 
further enlighten the underlying mechanisms of plant-plant interactions in cultivar mixtures. In the future this 
knowledge can be used to utilize plant-plant communication for the establishment of alternative, productive and 
resilient growing systems. 
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Fig. 1: Volatile plant-plant communication: Hypothesized impacts on receiving plant chemistry and 
consequences for plant-insect interactions. Created in BioRender.com.

Key words: Volatile organic compounds, trophic interactions, aphids, cereals, pest management.
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P-03
BIOTECHNICAL CONTROL OF THE INVASIVE BROWN MARMORATED STINK 
BUG HALYOMORPHA HALYS IN ORGANIC FRUIT AND VEGETABLE PRODUCTION 
USING PUSH-PULL-KILL METHODS

Jürgen Gross1*, Astrid Eben1, Bruna Czarnobai de Jorge1, Alicia Koßmann1, Linda C. Muskat2, 
Elisa Beizen-Heinecke3, Anant V. Patel2

1Julius Kühn-Institute for Plant Protection in Fruit Crops and Viticulture, Dossenheim, Germany; 
2Bielefeld University of Applied Sciences, AG Fermentation and Formulation of Biologicals and 
Chemicals, Bielefeld, Germany; 
3Biocare GmbH, Dassel-Markoldendorf, Germany 

E-mail: juergen.gross@julius-kuehn.de

Abstract: In fruit orchards and horticulture, the brown marmorated stink bug Halyomorpha halys is a very 
serious new pest. This tree bug is very polyphagous and has about 170 different host plants. It attacks almost all 
fruit varieties as well as fruiting vegetables and some woody plants. 

The aim of the presented project BIOBUG is a further development of biotechnical plant protection by means 
of attractants and repellents in organic agriculture with a focus on horticulture. By using encapsulated scents in 
the context of a novel push-pull-kill strategy (composed of push-and-pull and attract-and-kill), species-specific 
control of this invasive plant-sucking bug is to be achieved, thus establishing a new strategy for sustainable plant 
protection in organic and integrated farming that will later be transferable to other harmful bug species. In this 
strategy, encapsulated repellent scents will be used to drive the insect pests away from the plants and to prevent 
further immigration. On the other hand, so-called suction capsules, which consist of a volatile attracting scent 
mixture consisting of the aggregation pheromone combined with a kairomone (attract component), a specific 
suction medium (arrestant component) and a biological insecticide or microbial antagonist (kill component), are 
used to attract the target organisms to specific locations where they are selectively killed. 

This ensures the least possible impact on insect biodiversity. This is a practice-oriented method, as the 
formulated agents are to be applied using conventional application methods, which represents a cost-saving 
alternative to attractant traps already on the market for mass trapping and an environmentally friendly alternative 
to chemical control methods.

Key words: Halyomorpha halys, project BIOBUG, push-pull-kill strategy, horticulture.
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P-04
FURTHER INVESTIGATIONS OF THE SEX PHEROMONE OF FEMALE PEAR GALL 
MIDGE, CONTARINIA PYRIVORA

David R Hall1, Daniel P Bray1, Dudley I Farman1, Lakmali Amarawardana1,2, Jerry V Cross2, 
Michelle T Fountain2

, Nico Ionita3, Gerjan W Brouwer4, Sarah M Kemp4, Renske Petré5, Marc 
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5Proefcentrum Fruitteelt vzw, Fruittuinweg 1, 3800 Sint-Truiden, Belgium; 
6Centre Wallon de Recherches agronomiques. Département Sciences du Vivant. Rue de Liroux, 4, 
B-5030 Gemblouxon, Belgium; 
7Consorzio Fitosanitario – Plant Protection Service of Modena, Italy; 

8Orogel Fresco Soc. Coop Agricola – Cesena, Italy.

Abstract: The pear gall midge, Contarinia pyrivora (Riley) (Diptera: Cecidomyidae) is an increasingly 
important pest of pears in Europe and North America. Adults emerge from the soil in spring, mate and lay eggs 
in the unopened blossom. The subsequent larvae destroy the developing fruitlets. Control with insecticides is 
difficult because of the lack of effective products compatible with IPM programmes and the need for very precise 
timing of application. The pest is particularly important in organic orchards where removal of infested fruits by 
hand is often the only effective control method available.

Two compounds were identified as potential components of the sex pheromone produced by female C. 
pyrivora, 2,7-acetoxyundecane and 7-acetoxy-2-undecanone (Amarawardana, 2009). In this work, the four 
stereoisomers of 2,7-acetoxyundecane were separated by HPLC on a chiral column and two of these were shown 
to be attractive to male C. pyrivora, but their configurations were unknown. Addition of racemic 7-acetoxy-2-
undecanone did not affect catches (Amarawardana, 2009).

In more recent work, the four stereoisomers of 2,7-acetoxyundecane were synthesised in high enantiomeric 
purity. In field trapping tests of the individual isomers in the UK, the (2R,7R)- and (2S,2R)-isomers both attracted 
male C. pyrivora, while the other isomers and the racemic compound were unattractive. Combining the two 
attractive isomers did not improve attractiveness when tested in trapping experiments in the Netherlands and 
Italy.

Traps baited with (2R,7R)-diacetoxyundecane were demonstrated to provide a sensitive and accurate means of 
monitoring the short and often intense emergence period of adult C. pyrivora midges in trials in The Netherlands, 
Belgium and Italy. Despite some promising results of mass trapping reducing damage by C. pyrivora in the UK, 
replicated experiments in The Netherlands and Italy showed no evidence of reduction in damage using 100 traps/ha.

As reported by Amarawardana (2009), traps baited with (2R,7R)-diacetoxyundecane sometimes caught 
another species of midge, and identification of this by molecular methods is in progress.

Key words: 2,7-Diacetoxyundecane; 7-acetoxy-2-undecanone; trapping; monitoring; mass trapping.
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P-05
DOES THE CAUSATIVE AGENT OF SYNDROME BASSES RICHESSES (SBR), 
CANDIDATUS ARSENOPHONUS PHYTOPATHOGENICUS, ALTERS SUGAR BEET 
PHLOEM COMPOSITION OR PLANT-EMITTED VOLATILES?

Britta Kais1, Jasminka Köhler2, Pauline Werner3, Jürgen Gross1

1Institute for Plant Protection in Fruit Crops and Viticulture, Julius Kühn-Institut, Federal Research 
Centre for Cultivated Plants, Dossenheim, Germany; 

2Department of Biology, Chemical Plant Ecology, Technische Universität Darmstadt, Schnittspahnstrasse 
4, 64287 Darmstadt, Germany 
3Institute for Instrumental Analytics and Bioanalytics, Mannheim University of Applied Sciences, 68163 
Mannheim, Germany

Abstract: The so-called “Syndrome Basses Richesses” (SBR) is a bacterial disease of the sugar beet plant, 
which can lead to a reduced sugar content in the beet and thus to significant yield losses. The causative agent 
of the SBR is the γ-proteobacterium Candidatus Arsenophonus phytopathogenicus, which is transmitted by the 
sucking activity of the planthopper Pentastiridius leporinus (Hemiptera: Cixiidae). The topic is highly relevant, 
since in 2020, the sugar beet area infected with SBR has doubled across Germany compared to the previous year 
and is now 40,000 ha. Direct control of the pathogen and its vector is not yet possible, and up to now there are 
no resistant beet varieties available. A critical barrier to SBR containment and control is insufficient knowledge 
of the multitrophic interactions in the plant-insect vector-Arsenophonus system. One aim of the joint research 
project PENTA-Resist funded by the Federal Ministry of Food and Agriculture (BMEL) in Germany is therefore 
the elucidation of the host finding and host acceptance behavior of the planthopper and the characterization of 
the possible mutualistic symbiosis between bacteria and insect.

The present study checks the hypothesis whether P. leporinus benefits from sugar beet infection with Ca. 
Arsenophonus phytopathogenicus because the pathogen affects beet physiology. The infected beets could 
represent a higher quality food source for planthopper nymphs, for example, due to an altered composition of 
amino acids or other primary metabolites in the phloem. To determine the sugar beet phloem sap, extraction 
of phloem sap is performed according to Hijaz and Killiny (2014), the plant sap obtained by centrifugation 
technique is derivatized with trimethylsilyl (TMS), and then analyzed for sugars and organic acids by GC-MS 
according to Gallinger and Gross (2020). The results are thus part of the current research.

To investigate the influence of volatile profiles from healthy and infected plants on the preference of P. 
leporinus, the volatiles of both infected and healthy sugar beet plants are sampled via headspace sampling 
according to Gross et al. (2019) and analyzed by gas chromatography and mass spectrometry. To narrow the 
spectrum of potentially behavior-altering volatiles, samples of headspace volatiles from sugar beet will be 
subjected to coupled thermal desorber–gas chromatography–electroantennographic detection (TD–GC–EAD) 
analyses by using the antennae of females of P. leporinus to identify those components that are actually perceived 
by the insect via the antenna. The results are thus part of the current research.

Key words: Candidatus Arsenophonus phytopathogenicus, Syndrome Basses Richesses (SBR), Pentastiridius 
leporinus, GC-MS-EAD, sugar beet, phloem sap, volatiles, headspace-sampling.
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DOES THE CAUSATIVE AGENT OF SYNDROME BASSES RICHESSES (SBR), 
CANDIDATUS ARSENOPHONUS PHYTOPATHOGENICUS, ALTERS SUGAR BEET 
PHLOEM COMPOSITION OR PLANT-EMITTED VOLATILES?
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Abstract: The so-called “Syndrome Basses Richesses” (SBR) is a bacterial disease of the sugar beet plant, 
which can lead to a reduced sugar content in the beet and thus to significant yield losses. The causative agent 
of the SBR is the γ-proteobacterium Candidatus Arsenophonus phytopathogenicus, which is transmitted by the 
sucking activity of the planthopper Pentastiridius leporinus (Hemiptera: Cixiidae). The topic is highly relevant, 
since in 2020, the sugar beet area infected with SBR has doubled across Germany compared to the previous year 
and is now 40,000 ha. Direct control of the pathogen and its vector is not yet possible, and up to now there are 
no resistant beet varieties available. A critical barrier to SBR containment and control is insufficient knowledge 
of the multitrophic interactions in the plant-insect vector-Arsenophonus system. One aim of the joint research 
project PENTA-Resist funded by the Federal Ministry of Food and Agriculture (BMEL) in Germany is therefore 
the elucidation of the host finding and host acceptance behavior of the planthopper and the characterization of 
the possible mutualistic symbiosis between bacteria and insect.

The present study checks the hypothesis whether P. leporinus benefits from sugar beet infection with Ca. 
Arsenophonus phytopathogenicus because the pathogen affects beet physiology. The infected beets could 
represent a higher quality food source for planthopper nymphs, for example, due to an altered composition of 
amino acids or other primary metabolites in the phloem. To determine the sugar beet phloem sap, extraction 
of phloem sap is performed according to Hijaz and Killiny (2014), the plant sap obtained by centrifugation 
technique is derivatized with trimethylsilyl (TMS), and then analyzed for sugars and organic acids by GC-MS 
according to Gallinger and Gross (2020). The results are thus part of the current research.

To investigate the influence of volatile profiles from healthy and infected plants on the preference of P. 
leporinus, the volatiles of both infected and healthy sugar beet plants are sampled via headspace sampling 
according to Gross et al. (2019) and analyzed by gas chromatography and mass spectrometry. To narrow the 
spectrum of potentially behavior-altering volatiles, samples of headspace volatiles from sugar beet will be 
subjected to coupled thermal desorber–gas chromatography–electroantennographic detection (TD–GC–EAD) 
analyses by using the antennae of females of P. leporinus to identify those components that are actually perceived 
by the insect via the antenna. The results are thus part of the current research.

Key words: Candidatus Arsenophonus phytopathogenicus, Syndrome Basses Richesses (SBR), Pentastiridius 
leporinus, GC-MS-EAD, sugar beet, phloem sap, volatiles, headspace-sampling.
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P-07
OPTIMIZING AEROSOL MATING DISRUPTION OF LOBESIA BOTRANA USING A 
SIMPLIFIED FIELD CAGE METHOD

Jordi Marti, Miquel Mir, Thomas Pérez-Gianmarco, Paolo Sambado 

Biogard, CBC Iberia, Avinguda Diagonal, 605, 08028 Barcelona, Spain;

E-mail: jordi.marti@cbciberia.es

Abstract: Mating Disruption (MD) of important agricultural pests has been consolidated as an effective and 
reliable control method, whilst also being environmentally friendly. This technique consists in the emission of 
synthetic pheromone blends to interfere or compete with the calling of females, thus preventing or reducing the 
chances of males to find them and mate. Active Dispensers consist of an aerosol can and a programmable head 
that controls the emission of the aerosol containing the pheromone. That type of dispensers could help improving 
the MD efficiency because their capacity to modulate emission, matching the biology of the pest. Even more, 
they could be made to react to the environmental changes in combination with new IT technologies, eventually 
producing advances on the Integrated Pest Management. However, little is known about how the parameters of 
active dispensers’ operation affect their performance in achieving MD (Benelli et al. 2019). In this study, we 
first tested the potentiality of a method with field cages to assess the efficacy of aerosol dispensers in achieving 
Lobesia botrana (Denis & Schiffermüller) (Lepidoptera. Tortricidae) MD in vineyards (Vitis vinifera L.), and 
then used this method to fine-tune some of the parameters of active dispensers’ operation in order to maximize 
MD efficacy. A system of foldable cages was developed by applying modifications on the method proposed by 
Koch & Koch (2011), recognised for the evaluation of mating disruption techniques on semi-field conditions 
(EPPO, 2020). Our system was simplified with easier to carry cages (1,2 m x 1,2 m), consisting of a wooden 
frame with hinges to fold them. The wooden frame had Velcro straps for attaching a plastic mesh on each of its 
sides, thus closing the cage. The delta trap inside the cage, to improve male recapture, was replaced by a small 
table covered by a sticky plate with a border 2 cm high to prevent capturing males by random movements. On 
its centre, two small cages with three L. botrana females made for the bait. The quantity of males that needed to 
be released inside the cage to obtain contrasting results on different MD environments was assessed by locating 
cages in two different MD environments (MD-treated and untreated) and a blank, without females as bait, to 
assess the number of random catches. Also, the recaptured males were daily assessed to define the number of 
days a cage should be left on-field for achieving contrasting results. Results indicated that releasing 80 males per 
cage for two days allowed for sound evaluations of MD effects on recaptures, and hence, the viability of the cage 
method to assess on the performance of MD aerosols systems. Additionally, field cage experiments were carried 
out to assess the effect of variations on the parameters of aerosol dispensers on the efficacy of MD achieved by 
the system. The efficacy of MD under the different treatments was assessed by counting the male recaptures after 
two nights in the field. A preliminary trial with 3 different pheromone emission durations (2, 6 and 12 h) and 2 
doses (2 and 4 aerosol ha-1) indicated that captures were minimized by using 4 aerosol dispensers per hectare, 
emitting for 6 hours per day. Throughout different seasons, the cage method was evaluated within different MD 
treatments, under contrasting aerosol dispensers’ parameters, including number of aerosols per hectare and the 
duration of their emission, among others. The capabilities and limitations of the cages system in assisting the 
design of MD systems based on aerosol dispensers or in comparing between different MD methods is discussed.

Key words: Mating disruption, active dispensers, aerosols, cage method, Lobesia botrana, integrated pest 
management.



P
O

S
T

E
R

 P
R

E
S

E
N

TA
T

IO
N

S

123 — PHEROFRUITS

References

Benelli, G., Lucchi, A., Thomson, D., Ioratti, C. 2019: Sex pheromone aerosol devices for mating disruption: 
Challenges for a brighter future. Insects. 10: 308.

European and Mediterranean Plant Protection Organization. 2020: PP1/323(1) - Evaluation of mating disruption 
techniques against Lepidopteran pests in grapevine, pome and stone fruits under semi-field conditions. EPPO 
Bulletin 0: 1-4.

Koch, U. T. & Koch, H. C. 2011: A modular transportable cage for standardized tests in mating disruption by 
CIRCE method. IOBC-WPRS Bull. 57: 97-104.



P
O

S
T

E
R

 P
R

E
S

E
N

TA
T

IO
N

S

124 — PHEROFRUITS

P-08
OLEOGELS AS NOVEL DELIVERY SYSTEMS FOR SEMIOCHEMICALS
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1Bielefeld University of Applied Sciences, WG Fermentation and Formulation of Biologicals and 
Chemicals, 33613 Bielefeld, Germany; 
2Georg-August-University Göttingen, Department of Crop Sciences/Agricultural Entomology, 37077 
Göttingen, Germany

Abstract: The use of semiochemicals in insect pest control strategies permits a specific effect on the target 
insect and reduces the risk for non-target organisms. In order to overcome their high volatility and instability 
against UV and oxidation and enable large-scale field application in insect pest control strategies, a suitable 
formulation is needed. An ideal semiochemical formulation protects the active ingredient, is inexpensive and 
non-toxic to produce, improves technical application in the field and, most importantly, increases shelf life and 
fine-tunes release into the environment (Muskat & Patel, 2022).

In this study, we developed a formulation based on an oleogel for the slow release of volatile semiochemicals, 
employing the sesquiterpene β-caryophyllene as a model substance. Oleogels have been widely studied as delivery 
matrices for lipophilic compounds. Despite their potential, oleogels are underexplored for the formulation 
and release of semiochemicals. A current drawback of oleogels is the high processing temperature, leading to 
excessive volatilization of the active compounds. Therefore, a softener was added in order to reduce the gelling 
temperature and, thus, the volatile addition temperature. Thereby, encapsulation efficiency significantly increased 
to 95.28%. Experimental results demonstrate release modifiability by tailoring the matrix crystalline state due 
to addition of a second oleogelator. β-caryophyllene release was significantly slowed down by the entrapment 
and lasts for at least 4 weeks at 25 °C and 60% r.h.. The gel’s self-adhesive properties employed on apple leaves 
were found to be synergistically affected by oil leakage and gel stiffness. Olfactometer experiments showed that 
the formulation was able to enhance the attractiveness of aphid-infested plants for the parasitic wasp Aphidius 
colemani. Ongoing experiments deal with the potential of the formulation for a temperature-triggered release.

With this contribution, we present a novel matrix-type semiochemical formulation based on non-toxic, 
biobased and biodegradable materials. The developed formulation exhibits a combination of unique properties 
that make it highly suitable for semiochemical formulation and release and can be used as a prototype formulation 
for the establishment of oleogels as universal delivery systems for semiochemicals.

Key words: semiochemicals, oleogel, formulation, slow release.
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P-09
DEVELOPMENT OF MATING DISRUPTION DISPENSERS UTILIZING BIO-BASED 
POLYMERS

Erina Ohno, Tatsuya Hojo, Ryuichi Saguchi, Takeru Watanabe, Takeshi Kinsho

Specialty Chemicals Research Center, Shin-Etsu Chemical Co., Ltd., Niigata, Japan

Abstract: Climate change is the most urgent issue and addressing this issue has been a key direction for 
product development in recent years. The core action to combat climate change is to reduce greenhouse gas 
emissions, and substitution from conventional petrochemical-based to renewable bio-based resources is one of 
the promising approaches.

In the agriculture field, pheromone-mediated mating disruption (MD) has been adopted as an effective and 
eco-friendly pest management tool for several decades. ISOMATE-C PLUS and ISOMATE-C TT for the Codling 
moth (CM) Cydia pomonella (Lepidoptera, Tortricidae), ISOMATE-OFM FLEX and ISOMATE-OFM TT for 
the Oriental fruit moth (OFM) Grapholita molesta (Lepidoptera, Tortricidae), and ISONET-L and ISONET-L TT 
for the European grapevine moth (EGVM) Lobesia botrana (Lepidoptera: Tortricidae) are all typical examples 
of Shin-Etsu dispensers that have achieved greater success in pest control in the field. In order to make the 
MD dispensers more environmentally responsible and sustainable, new MD dispensers utilizing bio-based 
polymers have been developed. Many factors should be considered for the development, including the selection 
of bio-based polymers, AI stability, release rate, field longevity, shelf life, weather resistance in field, industrial 
manufacturability, and cost.

Field MD trials using these new MD dispensers have been conducted in Spain, France and Italy. MD efficacies 
were demonstrated through suppression of the male trap capture and the reduction of crop damage.

Key words: Codling moth, Cydia pomonella, oriental fruit moth, Grapholita molesta, European grapevine 
moth, Lobesia botrana, mating disruption, bio-based polymer.
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P-10
MONITORING EUROPEAN CORN BORER (OSTRINIA NUBILALIS HÜBNER) 
[LEPIDOPTERA, CRAMBIDAE] WITH TRAPVIEW CONE-NET

Magda Rak Cizej and Franček Poličnik

Slovenian Institute of Hop Research and Brewing, Plant Protection Department, C. Žalskega tabora 2, 
3310 Žalec, Slovenia

E-mail: magda.rak-cizej@ihps.si

Abstract: European corn borer (Ostrinia nubilalis Hübner) [Lepidoptera, Crambidae] - EBC is a very 
important economical pest in Slovenia which causes damage on corn (Zea mays L.) and hop (Humulus lupulus 
L.), it’s often found also on many other vegetables and ornamentals plants. In the last 20 years, the presence 
of EBC in Slovenia increased significantly. We also observed increases and economic damage to hop and corn 
plants. The central part of Slovenia has EBC on the hop and corn E strain (Z11-14Ac: E11-14Ac = 1:99) is 
present. Slovenian Institute of Hop Research and Brewing monitored EBC in the hop gardens in location Žalec 
with a classical light trap for over 45 years, which has proven to be a very effective method of monitoring the 
population of EBC. The light trap has a big limit because we do not have electric resources in each microclimate 
condition. This was the reason to use automatically trap Trapview CONE-NET for monitoring ECB. At bottom 
of Trapview CONE-NET trap, we put the pheromone E strain from the company Bioprox (France.) Trapview is 
an automated trap, which is completely energy independent, has auto-cleaning capability, takes daily pictures of 
caught insects, and sends these pictures to the cloud where they are processed and verified. Daily counts were 
produced and were used for modelling future development of the pest. According to our preliminary results, 
monitoring of ECB with the Trapview CONE-NET and pheromone currently is not successful. This method, for 
now, cannot be using for the monitoring of ECB in practice. 

Key words: ECB, monitoring, Ostrinia nubilalis, pheromone, traps, Trapview CONE-NET.
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P-11
SEMIOCHEMICALS RELEASED BY FISH-ASSOCIATED BACTERIA AFFECT 
MOSQUITO OVIPOSITION AND LIFE HISTORY TRAITS

Alon Silberbush*, Nimrod Shteindel, Karin Notovich and Yoram Gerchman

University of Haifa Faculty of Natural Sciences, Department of Biology and the Environment. Campus 
Oranim 

*alon-s@sci.haifa.ac.il

Abstract: Larvivorous fish are highly effective predators of mosquito larvae. In addition to direct predation, 
the presence of fish causes several stress related behavior and development changes in mosquito larvae and 
adults. These changes are associated with fish-released kairomones that enable the mosquito to sence the 
presence of predators. Fish-released kairomones are known to produce a repellent effect on ovipositing female 
mosquitoes from several species, allowing them to detect and avoid fish-containing sites. In addition, mosquito 
larvae exposed to fish-released kairomones exhibit changes in foraging behavior, time to metamorphosis and 
adult size and longevity. Although the effects of fish-released kairomones on mosquitoes have been studied for 
a long time, little information exists on their source and active compounds.

Here we suggest that the fish-released kairomone(s) are of bacterial origin. We show that bacteria isolated 
from the skin of mosquitofish Gambusia affinis, Baird and Girard, alters oviposition behavior of three mosquito 
species. Culiseta longiareolata Macquart, Culex pipiens Linnaeus and Culex laticinctus Edwards. We conducted 
a field experiment using oviposition mesocosms in northern Israel and showed that the kairomone’s repellent 
effect can disappear after altering fish microbiota. We also show that specific bacterial isolates mimic the fish 
repellency effect. Additionally, we show that developing larvae respond similarly to altered fish microbiota by 
showing a reduced response to fish-released kairomones. Interestingly, these responses were not straightforward 
and varied among the mosquito species. 

 We believe that these results are an important step in the understanding and identifying the origin of fish-
released kairomones, and may be integrated in pest control programs.

Key words: Gambusia affinis, fish-released kairomone, fish skin bacteria, mosquito species response, 
Culiseta longiareolata, Culex pipiens, Culex laticinctus.
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P-12
DISTRIBUTION OF SENSILLA AND SCALES IN THE ANTENNAE OF THREE 
TORTRICID MOTHS 

Carles Amat, César Gemeno

University of Lleida-Agrotecnio-CERCA Center, Lleida, Spain, cesar.gemeno@udl.cat, 
carles.amat@udl.cat

Abstract: Many alternative pest control methods capitalize on the sensory system of insects. Pheromones, for 
instance, are used in monitoring and mating disruption, and they are detected by specialized olfactory receptor 
neurons housed in antennal sensilla trichodea. The antenna also bears sensilla specialized in the detection of 
humidity, temperature, CO2, taste and mechanical stimuli. All these stimuli classes are targets for developing 
innovative pest control methods. Knowledge of the distribution of different types of sensilla and scales on the 
antennae may help understand the function of the sensory system. In the present study we mapped the position 
of sensilla and scale insertion points (i.e., scale pits) along the male and female antenna of three moth species 
(Cydia pomonella, Grapholita molesta and Lobesia botrana). The position of all the sensilla types (auricillica, 
chaetica, coeleconica, styloconica and trichodea) on the three most basal and three most distal segments, and 
in three segments equally spaced between them was recorded. Substantial differences in sensilla number and 
position were detected between sexes and among species and flagella. The presence of two rows of trichoid 
sensilla in each flageromere, one proximal and one distal, was characteristic of males and suggests that they are 
involved in pheromone perception. These maps may aid in locating sensilla for physiological experiments and to 
develop novel pest control methods.

Key words: antenna, Tortricidae, sensilla, scales.
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P-13
EFFICIENT MONITORING OF BIODIVERSITY IN ORCHARD ECOSYSTEMS

Karin Winkler1, Marcel Polling2, Herman Helsen1, Arjen de Groot2

1Wageningen University & Research, Field Crops, PO Box 200, 6670 AE Zetten, The Netherlands. 
2Wageningen University & Research, Environmental sciences, The Netherlands. 

e-mail address: karin.winkler@wur.nl

Abstract: Insects have a key role in ecology, either as pollinators, parasites, predators, pests or for medical 
use. Recent studies have shown arthropod biodiversity to be declining globally. To bend the curve, biodiversity 
support and protection programs are set up and financially supported, but the effects of these programs often 
remain unclear. There is a need for standardized monitoring protocols in order to follow up on these attempts 
to restore biodiversity. Monitoring arthropods on a regular base is challenging as surveys typically yield 
numerous species and their identification requires a high degree of specialization for the different taxa. New 
DNA techniques such as metabarcoding offer a promising alternative. In our study, arthropod biodiversity in 
an apple orchard was examined using DNA metabarcoding on samples from pitfall traps, sweep netting, limb 
jarring and Berlese funnels. Identification using a barcode marker targeting the informally named “COI-B” 
region of the cytochrome oxidase I (CO1) gene showed large overlap with traditional morphological methods. 
The methodology for molecular arthropod biomonitoring was further refined into a streamlined protocol and can 
be used as a tool for arthropod biomonitoring in a variety of agroecological environments.

Keywords: arthropod biodiversity, metabarcoding, biomonitoring.
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P-14
A QUICK AND EASY-TO-APPLY MONITORING STRATEGY IS THE KEY TO 
SUCCESS FOR IPM IN BERRY FRUIT 

Femke De Vis1, Tim Belien1 and Dany Bylemans1,2

1Zoology Department, Research Centre for Fruit Cultivation (pcfruit npo), Fruittuinweg 1, B-3800 
Sint-Truiden, Belgium
2Department of Biosystems – Crop Biotechnics, KU Leuven, Decroylaan 42, B-3001 Leuven, Belgium 

Abstract: Berry fruit production today employs biological control agents (predatory mites, parasitic wasps, 
lace wings, predatory bugs, etc.) to naturally suppress insect pests. Because growers are unable to adequately 
monitor the presence and evolution of pests and beneficials in their crops, implementation and success of IPM 
can vary. Insects such as aphids, spider mites, thrips, white fly and Drosophila suzukii are economically important 
pests amongst berry fruit crops. We developed a practically feasible monitoring strategy to address the current 
lack of crop inspections by growers between successive crop protection treatments. This monitoring technique 
can be easily applied in the field with a mobile device. A limited number of random sites per hectare are scored 
for visual signs of both predators and pests. For each site the highest score observed per pest or predator is 
recorded. By making these simple weekly observations, the evolution of pests and their natural enemies is 
mapped with clear, automatically generated graphs. Also, insight is gained over potential economic threshold 
levels, optimal timing for introducing natural enemies or applying corrective insecticidal sprays.

Key words: berry fruit, monitoring, biological control agents, Integrated Pest Management (IPM).
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P-15
BACK TO BASICS: THE IMPACT INDICATOR, A DECISION SUPPORT TOOL TO 
FACILITATE IPM

Dany Bylemans1,2, Femke De Vis1 and Tim Belien1 
1Zoology Department, Research Centre for Fruit Cultivation (pcfruit npo), Fruittuinweg 1, B-3800 
Sint-Truiden, Belgium
2Department of Biosystems – Crop Biotechnics, KU Leuven, Decroylaan 42, B-3001 Leuven, Belgium 

Abstract: Whereas in the early days of IPM, the emphasis for the choice of crop protection products used 
was based on their selectivity towards the beneficial arthropods most relevant for the crop, nowadays guidelines 
and colour codes in product lists are often taking into account various endpoints from ecotoxicological and 
toxicological assessments. Besides the obvious extra information, this also distracts the attention of the farmer 
in his efforts to safeguard a maximum of beneficials in his cropping system and sometimes even levels out 
the eventual harmful side effects on natural enemies. Moreover, many modern crop protection products are 
neither fully harmful or harmless, but exert intermediate and species or life stage specific side effects on natural 
enemies. Finally, in open cropping systems like orchards, the number of natural occurring beneficials which 
are considered to be relevant is increasing as scientific insights in biological control develop continuously. As a 
consequence, providing the farmer or his advisors simplified but accurate information to select the most selective 
plant protection products at any moment in the season, will be of utmost importance to establish sustainable IPM 
strategies and a resilient crop protection.

We developed a software module, called the Impact Indicator, which is integrated in an existing software 
tool EVATM. Fruit farmers use this software amongst others to plan, execute and register their crop protection 
treatments and to stay within the legal boundaries of the registration as to the dose rate, the number of applications, 
the preharvest interval, etc. As this input is available in the planning phase, we were able to develop a dashboard 
which indicates visually and proactively the cumulative impact of the tank mix the farmer is intending to use on 
the complex of relevant natural enemies. In the algorithm an expert-judged weight is given on the importance 
of natural enemies for controlling a pest. This importance depends on the timing in the season and on the crop. 
Side effects are derived from databases, scientific literature, own research or public summaries of studies in 
registration files. Differences in life stages sensitivity, migrational behaviour, phenological occurrence of natural 
enemies, prey/predator ratios, etc. are taken into account to finetune the calculated side effect. If the indicated 
impact is too high, farmers can select other crop protection products with a better profile towards beneficials. 
Besides the immediate impact at the intended timing of application, the estimated impact at 2-3 weeks after 
the application of the tank mix is indicated as well. Data of aged residue studies or degradation curves of the 
active ingredient are used to calculate the decline of this effect. Again the farmer can switch to a crop protection 
product with a less persistent impact in the planning phase of his treatment. We believe the Impact Indicator 
can contribute to an easier and data based decision taking process for the choice and timing of crop protection 
products and might lead to an improved and upgraded IPM in various crops.

Key words: Side effects, natural enemies, software tool, Integrated Pest Management (IPM).
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P-16
GENETIC STRUCTURE AMONG CODLING MOTH SPANISH POPULATIONS 
SUGGESTS AN ADAPTATION OF MANAGEMENT STRATEGIES AT THE LOCAL 
LEVEL

Marcela A. Rodríguez1*, Dolors Bosch2, Eduardo Fuentes-Contreras3, Pierre Franck4, Myriam 
Siegwart4, Jerome Olivares4, Selim S. Musleh5,6, Jesús Avilla7

1Departamento de Zoología, Facultad de Ciencias Naturales y Oceanográficas, Universidad de 
Concepción, Chile;
2IRTA, Sustainable Plant Protection Program, Lleida, Spain;
3Molecular and Functional Ecology (CEMF), Facultad de Ciencias Agrarias, Universidad de Talca, 
Chile;
4INRAE, UR 1115 Plantes et Systèmes de Culture Horticoles (PSH), AGROPARC, France; 5Departamento 
de Evaluación de Recursos, Instituto de Fomento Pesquero, Valparaíso, Chile.;
6Núcleo Milenio INVASAL, Concepción, Chile;
7Department of Crop and Forest Sciences, AGROTECNIO, University of Lleida, Spain.

e-mail address: marcerodriguez@udec.cl

Abstract: Codling moth (CM), (Cydia pomonella (L.), Lepidoptera: Tortricidae) is globally a key pest in apple 
production. In Spain, this invasive pest occurs in all areas of pome fruits production and has developed resistance 
to different insecticides, including neurotoxic, insect growth regulators, C. pomonella_granulovirus (CpGv). 
The resistance mechanisms cited for CM involved tree enzymatic systems associated to pesticide detoxification: 
non-specific esterases, P450 cytochrome polysubstrate monoxigenases and glutathione S-transferases, and two 
target-site mutations: kdr_mutation (involved in the resistance to pyrethroids), and AChE-1_mutation (involved 
in the organophosphates and carbamates resistance). The latter has been studied around the world and has been 
only detected in Spanish field populations (Reyes et al. 2009). In previous studies (Rodríguez et al., 2011; 
Bosch et al., 2018), we have found that these resistance mechanisms are heterogeneously distributed among 
Spanish regions. Furthermore, we observed higher frequencies of resistance mechanisms in CM populations in 
orchards treated with pesticides compared with untreated (organic production or abandoned) orchards. Hence, 
understanding the movement of CM populations is crucial to prevent the spread of resistance genes. In this study 
we sampled CM adults in eleven field populations, from three different regions of apple growing areas of Spain: 
Asturias (n=4, organic production), Aragón (n=3, chemically sprayed), and Catalonia (n=3, chemically sprayed 
+ mating disruption). We performed an analysis of variability and genetic structure of populations using thirteen 
microsatellite markers (Cichón et al. 2018).

Our results showed significant genetic differentiation among Spanish populations (FSC = 0.041), and also 
between localities (FST = 0.070). These results are in accordance with studies performed in other countries i.e., 
among Chile and Argentine (Cichón et al. 2021) or France and Greece (Voudouris et al. 2012). Significant 
isolation by distance (IBD) was found when samples from each Spanish region were pooled. Mantel test shows 
that the geographic distance between locations were significantly associated with pairwise genetic distance (FST). 
Bayesian clustering algorithm STRUCTURE (Pritchard et al. 2000) (Fig. 1), shown that samples from Spain 
conformed to two distinct genetics clusters: (i) Aragon + Catalonia_ in part and (ii) Asturias + Catalonia_ in part 
(Plot K=2 purple and green, respectively). Coincidentally, (i) cluster contains the populations with the highest 
frequency of resistant individuals from treated orchards, and the (ii) cluster populations with less or no resistance 
mechanism detected mostly from organic production (Bosch et al. 2018). Our results also suggest an initial gene 
flow from other populations out of this study in the Aragón region (Plot K=3, orange).

mailto:marcerodriguez@udec.cl
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Our results indicate that the development of region-specific plant management practices is essential for 
resistance development on different pesticides. The estimation of genetic variability in CM Spanish field 
populations could be the support for the identification of population boundaries to prevent infestation of 
susceptible populations. This could give way to a modification of management in area-wide programs.

Key words: population structure, microsatellite, apple, codling moth, gene flow.
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P-17
GRAPHOLITA MOLESTA INSECTICIDE RESISTANCE IN EBRO VALLEY (STONE 
FRUITS) AND GIRONA (POME FRUITS) FIELD POPULATIONS

Dolors Bosch-Serra1, Lucía Adriana Escudero-Colomar2, Jesús Avilla3 
1Sustainable Plant Protection (Entomology), IRTA (Institute for Agrifood Research and Technology), 
Av. Rovira Roure 191, 25198 Lleida, Spain;
2Sustainable Plant Protection (Entomology), IRTA (Institute for Agrifood Research and Technology), 
Mas Badia, 17134 La Tallada d’Empordà, Girona, Spain;
3Department of Crop and Forest Sciences, Agrotecnio-CERCA, University of Lleida (UdL), 25198 
Lleida, Spain. 

Abstract: Depending on the predominant crop, different productive zones can be distinguished in Catalonia 
production area (NE of Spain): intensive stone fruit production (ISF, in the Ebro valley, extended in Lleida-
Aragón provinces), intensive pome fruit production (IPF, in Girona province) and a mixed crop zone (MC, in 
Lleida). The oriental fruit moth, Grapholita molesta (Busck, 1916) is one of the most significant pest of stone 
fruits and, since early 2000, it is also an important pome fruit pest in Girona. In these zones the use of mating 
disruption against the pest is variable being common in the intensive areas. The use of insecticides varies in 
intensity, but it is frequent in all the areas as a principal control method or as a matting disruption support 
method. The efficacy of eight insecticides, belonging to seven insecticide IRAC families, was evaluated in 
twelve field populations by topical application of the diagnostic concentrations on less than 24h-old neonate 
larvae. The enzymatic activity of cytochrome P450 monooxygenases (P450s), glutathione transferases (GSTs), 
and esterases (ESTs) was measured in each population.

Field populations were less susceptible to the tested insecticides than the susceptible strain for deltamethrin, 
methoxifenocide, and rynaxypyr. Three populations showed resistance ratios (RR) between 12.5 and 26.0 for 
deltametrhin, and three more showed RR between 10.0 and 14.9 with methoxifenocide. The higher RR obtained 
with rynaxypyr were 2.6, showed only by one field population. An increase of ESTs was detected in these field 
populations what partially explain their level of resistance. These field populations were mainly found in the 
mixed crop area highlighting the importance of the adjacent crops in the environment and the use of mating 
disruption in containing the growth of insecticide-resistant populations.

Key words: Grapholita molesta, oriental fruit moth, insecticide resistance, field populations, bioassays, 
enzymatic detoxification, apple, peach.
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P-18
IMPROVED SPORULATION OF THE ENTOMOPATHOGENIC FUNGUS 
PANDORA SP. NOV. UNDER NON-SATURATED HUMIDITY CONDITIONS BY CO-
APPLICATION WITH A BIOBASED SUPERABSORBENT FORMULATION

Linda C. Muskat1,2, Britta Kais3, Jürgen Gross3, Anant V. Patel1

1Bielefeld University of Applied Sciences, WG Fermentation and Formulation of Biologicals and 
Chemicals, 33613 Bielefeld, Germany;
2Georg-August-University Göttingen, Department of Crop Sciences/Agricultural Entomology, 37077 
Göttingen, Germany,
3Julius Kühn-Institut, Institute for Plant Protection in Fruit Crops and Viticulture, 69221 Dossenheim, 
Germany

Abstract: Entomophthoralean fungi have high potential for insect pest control due to their host specificity, their 
fast speed-to-kill and the ability to cause epizootics. However, due to low efficacy in field trials, no preparation 
based on these fungi has been established for practical use so far. Studies have shown that dissatisfactory water 
availability is the main limiting factor of conidial discharge and germination (Hall & Papierok, 1982). 

In a previous study, the psyllid-pathogenic fungus Pandora sp. nov. inedit. (ARSEF13372) was formulated in 
Ca-alginate capsules. With this formulation, the two target psyllids Cacopsylla picta and C. pyri were successfully 
infected and killed in a laboratory experiment (Muskat et al., 2022). However, sporulation could no longer be 
observed under reduced water activity values (aW < 0.97).

In order to support sporulation of encapsulated Pandora sp. under insufficient humidity conditions, a paste-
type formulation containing biobased superabsorbents was developed, which retains water for a prolonged 
time period. In co-application with this formulation, the otherwise fast-drying capsules were kept sufficiently 
moist for sporulation for at least 6 days at a relative humidity of 30-40% in a laboratory experiment. Results 
from a semi-field trial demonstrate that the formulation enabled conidial discharge even under application near 
conditions during summertime.

These promising results can contribute to the successful practical application of Pandora sp. nov. in attract 
and kill strategies for psyllid pest control in fruit orchards. As insufficient humidity conditions are also a limiting 
factor for other entomopathogenic fungi, the developed formulation has the potential to improve the efficacy of 
other fungal biocontrol agents.

Key words: Entomophthorales, biological control, formulation, psyllids.
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P-19
MANAGING LYGUS (HEMIPTERA, MIRIDAE) SPECIES IN SUGAR BEET

Frank Adam1, Fernando Nevares2, Ivan Diez2, Mario Schumann1, Kerstin Krüger1

1KWS SAAT SE & Co. KGaA, Grimsehlstr. 31, 37574 Einbeck
2KWS SEMILLAS IBÉRICA S.L., Poligono Industrial, Parcelas 19-20, 34800, Spain

e-mail address: kerstin.krueger@kws.com

Abstract. The ban of neonicotinoids in Europe and the limited availability of chemical plant protection 
products have led to the re-emergence of some pest insects. Lygus spp. (Hemiptera, Miridae) have rarely been 
of concern in sugar beet in Europe in the past (Hauer et al., 2017) but are now becoming an increasing problem. 
Lygus species are pests in several field and greenhouse crops (Tingey & Pillimer, 1977; Holopainen & Varis, 
1991; George et al., 2021). Both nymphs and adults cause extensive damage by releasing toxic saliva during sap-
feeding into the plant tissue, reducing seed or fruit quality and yield (Tingey & Pillimer, 1977). Seedlings may be 
killed and leaf tissues of older plants may be distorted. In sugar beet several Lygus species can cause severe seed 
damage (Varis, 1972). The Lygus species complex in sugar beet in Europe includes among others the polyphagous 
L. rugulipennis Poppius (European tarnished plant bug), Lygus lineolaris (Palisot de Beauvois) (tarnished plant 
bug) and Lygus pratensis (L.). Comprehensive programmes integrating different options are required to manage 
the highly mobile Lygus spp. in sugar beet sustainably. However, environmentally friendly management options, 
such as monitoring with pheromone traps, are limited. We review current Lygus management options, e.g. 
monitoring, mass trapping, trap cropping, push-pull, attack and kill, biological control, and highlight knowledge 
gaps. 

Key words: tarnished plant bugs, integrated pest management, Beta vulgaris.
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to sugar beet. Ann. Agric. Fenn 11: 1-56.
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P-20
PHYSIOLOGICAL AND BEHAVIORAL BIOASSAYS TO EVALUATE THE POTENTIAL 
USE OF THE STERILE INSECT TECHNIQUE TO CONTROL BAGRADA HILARIS 
(HEMIPTERA:PENTATOMIDAE)

Gianfranco Anfora1,6, Alessia Cemmi2, Massimo Cristofaro 3, Chiara Elvira Mainardi 3,4, Sergio 
Musmeci 2, Alessandra Paolini3, Chiara Peccerillo 1,3,6, René Sforza5 
1Center Agriculture, Food and Environment (C3A), University of Trento, 38098 San Michele all’Adige, 
Italy;
2Italian National Agency for New Technologies, Energy and Sustainable Economic Development 
(ENEA), Via Anguillarese 301, 00123 Rome, Italy;
3Biotechnology and Biological Control Agency (BBCA onlus), 00123 Rome, Italy;
4University of Rome “La Sapienza”, Rome, Italy;
5USDA-ARS, European Biological Control Laboratory, 810 Avenue du Campus Agropolis, 34980, 
Montferrier-sur-Lez, France;
6Research and Innovation Center, Fondazione Edmund Mach, 38098 San Michele all’Adige, Italy. 
e-mail addresses: chiaraelvira.mainardi@uniroma1.it; chiara.peccerillo@unitn.it

Abstract: The polyphagous Pentatomidae Bagrada hilaris, native to East Africa and the Middle East, has 
recently spread to the South-Western part of the US, South America and two islands in the Mediterranean 
basin: Malta and Pantelleria (Southern Italy). The present work aims to evaluate the potential application of 
SIT as a biocontrol technique for the Pantelleria population of this pest. In order to assess the suitability of 
a SIT strategy, it is important to investigate the effects of irradiation on the biology of the insect and aspects 
related to its reproduction. The study focused on the possible presence of Last Mating Sperm Precedence (i.e., 
whether the female uses only the sperm of the last male with whom she mated) and the main differences between 
irradiated and non-irradiated individuals in sexual behavior. For these experiments, newly emerged individuals 
were irradiated at different doses. The results showed that complete sterility for SIT application is achieved 
from 60 Gy. In addition, the release of only irradiated males seems to be more suitable. No Last Mating Sperm 
Precedence mechanism was detected at the dose of 100 Gy. The study of sexual behavior showed a difference in 
mating time between non-irradiated and irradiated individuals in the choice tests, in contrast to the non-choice 
experiment where no significant differences were observed in the total time taken to mate.

Key words: Sterile insect technique, Bagrada hilaris, Integrated pest management, Last Mating Male Sperm 
Precedence

mailto:chiaraelvira.mainardi@uniroma1.it
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P-21
RECENT EXPERIENCES WITH PEAR PHYLLOXERA APHANOSTIGMA PIRI IN 
BELGIAN PEAR ORCHARDS 

Eva Bangels1, Dany Bylemans1,2 and Tim Belien1

1Zoology Department, Research Centre for Fruit Cultivation (pcfruit npo), Fruittuinweg 1, B-3800 
Sint-Truiden, Belgium
2Department of Biosystems – Crop Biotechnics, KU Leuven, Decroylaan 42, B-3001 Leuven, Belgium 

Abstract: In recent years, there has been a notable increase of necrosis damage around the calyx of pears 
produced in Belgian pear orchards. Further investigation revealed that this problem is related to the presence of 
a new pest for our fruit production regions: the pear Phylloxera Aphanostigma piri (Cholodkovsky). Although 
this is a known pest in pear production in the Mediterranean region, little or nothing is known about it in North-
western Europe. During the past years (2020-2022) an in-depth monitoring study was executed to elucidate the 
life cycle characteristics of A. piri in our climatological conditions. Hibernation occurs as winter eggs, mainly 
in old bourse structures and bark crevices of the pear trees. After hatching of winter eggs, stem mothers appear, 
and reproduction occurs further by viviparous parthenogenesis throughout the season. Migration to the fruits 
starts in June and continues during summer. In September, sexuparae are produced, which give rise to sexual 
forms that, after mating, deposit the winter eggs. Based on our monitoring data and degree days calculations 
there are up to 4 generations of A. piri in total per year. There was a clear difference in susceptibility between 
the different pear cultivars, and especially Doyenné du Comice appeared to be very susceptible to this pest and 
the related fungal infections around the calyx and the necrotic spots damage symptoms. Besides the study of 
the phenology of A. piri, the natural enemies associated with this new pest in Belgian pear orchards were also 
recorded, with an important role for earwigs, predatory gall midges and predatory bugs. Finally, we also tested 
various crop protection products in field trials with different application timings (during spring-summer as well 
as after harvest in autumn). The highest control efficacies were reached by acetamiprid, but also interesting 
results obtained with other compounds are discussed.

Key words: Aphanostigma piri, phenology, pear, monitoring, natural enemies, Integrated Pest Management 
(IPM).
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P-22
COMPATIBILITY OF CPGV WITH FUNGICIDES AND BACILLUS THURINGIENSIS 
SUBSP. KURSTAKI

Daniel Cormier1, Franz Vanoosthuyse1, Gérald Chouinard1 and Harnaivo Rasamimanana2

1Research and Development Institute for the Agri-Environment (IRDA), 335 rang des Vingt-Cinq Est, 
Saint-Bruno-de-Montarville, J3V 0G7 (Quebec) Canada; 
2BioTEPP Inc., 201 rue Monseigneur-Bourget, Lévis, G6V 6Z3 (Quebec) Canada.

Abstract: The codling moth Cydia pomonella granulovirus, CpGV, has recently been used in our region to 
control codling moth, particularly since an increase number of apple growers have adopted low risk pest control 
methods. For effective control, this bioinsecticide must be applied repeatedly covering a period when other pests 
and diseases are present, which will also pass pesticide applications. This study focused on the virus activity 
when the CpGV is mixed with currently used biopesticides. Laboratory bioassays were performed to estimate the 
compatibility of CpGV with three fungicides (sulphur, lime sulphur and potassium bicarbonate) used in organic 
production and a bioinsecticide containing Bacillus thuringiensis subsp. kurstaki (Btk). Formulated pesticides 
mixed with CpGV were tested using concentration equivalent to field rate on codling moth neonates deposited on 
treated artificial diet. Mortality was estimated seven days post-application. Neonates mortality was significantly 
lower for the mixture CpGV and lime sulphur than for other mixtures. Mixtures containing sulphur had also 
lower mortalities but not significantly different compared to the control. Mortality reduction in the mixture of 
CpGV and lime sulphur could be attributed to the pH that varied from 10.26 to 10,59, taken respectively after 1 
and 15 minutes post-mixture. In the bioassay with Btk, mortality of neonates due to CpGV varied from 57 (mixed 
with Btk) to 97 % (CpGV alone). Total mortality due to the bioinsecticides varied from 93.8 (mixture of CpGV 
and Btk) to 100 % (CpGV alone). These results suggest that the potassium bicarbonate mixed with the CpGV 
will not affect the codling moth mortality, but further studies are needed to clarify the compatibility of the other 
tested products with the CpGV.

Key words: biofungicide, apple scab, leafrollers, IFP, biological agents, biological control.
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P-23
COMBINING ABOVE- AND BELOWGROUND BIOLOGICAL CONTROL AGENTS 
FOR IMPROVED PEST CONTROL IN STRAWBERRY TUNNEL PRODUCTION 

Stine K. Jacobsen1, Nicolai V. Meyling1

1University of Copenhagen, Department of Plant and Environmental Sciences, Frederiksberg, Denmark

Abstract: Strawberry production in tunnels can extend the growing season, and result in yield increases, higher 
fruit quality and stability, while also increasing the risk of pest outbreaks. Arthropod predators are commonly 
used for biological pest control in tunnels, but the application does not always ensure sufficient pest control. 
Microbial control agents, such as entomopathogenic fungi (EPF), can provide direct pest control of belowground 
insect stages, but EPF have also shown to affect population growth of arthropod pests aboveground, likely due to 
indirect effects induced by the EPF- root interaction. The present study investigated the potential of combining 
macro- and microbiological control agents, applied above- and belowground, by release of the predatory mite 
Neoseiulus cucumeris and soil application of the EPF Metarhizium brunneum in laboratory and field trials.

The first laboratory experiment was conducted with soil application of three isolates of M. brunneum (KVL12-
30, KVL12-37, and KVL16-36) (1x107 spores/ml) to investigate the individual effect of each isolate on the 
population growth of the two spotted spider mite, Tetranychus urticae. This was done in clip-cages containing 
T. urticae on individual leaflets on strawberry plants. A second laboratory experiment was conducted to test 
the combination of above- and belowground organisms on T. urticae populations using whole plant assays, by 
applying the fungal isolate KVL16-36 to the soil, and releasing predatory mites, N. cucumeris, on plants infested 
by T. urticae. Finally, this combination was tested in two commercial strawberry tunnels, where the abundance 
of pests (T. urticae, aphids, and thrips) was obtained by visual observations and field samplings throughout the 
production season.

Strawberry plants treated with M. brunneum isolate KVL16-36 resulted in significantly fewer eggs and 
nymphs of T. urticae compared to the other two isolates of M. brunneum and the control. Whole plant laboratory 
experiments showed that the EPF isolate KVL16-36 and predatory mites, N. cucumeris, reduced population 
growth of T. urticae more than application of single treatments. Combined treatments in commercial strawberry 
tunnels was varying between sites, but showed early season effects by delayed pest population development 
in the EPF treatments. The results indicate potential for increased pest control in strawberry tunnel production 
when combining control strategies to target more pest species and create synergy by potentially inducing defence 
mechanisms in the plant. The addition of sequential application of EPF to the substrate during the season may 
increase effects, while further studies are needed to evaluate consistency and optimal timing of the biological 
control agents.

Key words: biological pest control, fragaria x ananassa, Neoseiulus cucumeris, Metarhizium brunneum, 
predators, entomopathogenic fungi, protected production.

Acknowledgements: The project is funded by Miljøstyrelsens Bekæmpelsesmiddelforskningsprogram, J.nr. 
2019-1511 (The Danish Environmental Protection Agency).
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P-24
RESBERRY – RESILIENT ORGANIC BERRY CROPPING SYSTEMS THROUGH 
ENHANCED BIODIVERSITY AND INNOVATIVE MANAGEMENT STRATEGIES

Sophie Wenz1, Annette Reineke1, Daniel Pleissner2, Oana-Crina Bujor-Nenita3, Lene Sigsgaard4, 
Rachid Lahlali5, Abdelali Blenzar6, Grzegorz Doruchowski7, Bogdan Mihalcea8, Roxana Ciceoi3

1 Hochschule Geisenheim University, Von-Lade-Str. 1, Geisenheim, DE-65366, Germany
2 Institute for Food and Environmental Research, Papendorfer Weg 3, Bad Belzig, DE-14802, Germany
3 Research Center for Studies of Food Quality and Agricultural Products, University of Agronomic 
Sciences and Veterinary Medicine of Bucharest, 59 Mărăşti Boulevard, District 1,

Bucharest, RO-011464, Romania
4 University of Copenhagen, Thorvaldsensvej 40, Frederiksberg C, DK-1871, Denmark 

5 National School of Agriculture of Meknès, BP S/40, Meknès, MA-50000, Morocco
6 Faculty of Sciences Moulay Ismail University, Zitoune B.P. 11201, Meknes, MA-50000, Morocco
7 Research Institute of Horticulture - National Research Institute (Instytut Ogrodnictwa - Państwowy 
Instytut Badawczy), Konstytucji 3 Maja 1/3, Skierniewice, PL-96-100, Poland
8 Cooperativa agricola Rodagria produce, Sat Ogoru, Islazului 9, Constructia C1, Calarasi, RO-
917059, Romania

Extended Abstract: A large part of the agricultural land is now laid out as a monoculture. In the long term, 
however, this type of cultivation does not represent the ecological optimum due to the loss of various ecosystem 
services. Consumer awareness of near-natural cultivation methods is increasing, resulting in a significantly 
higher demand for organically produced food. This trend can also be seen in berry production, which recently 
leads in enlarging the cultivation aears to meet the market exigencies. Since organically produced berries are 
often negatively affected by various pests and diseases as well as new invasive pests, there is an urgent need for 
robust and resilient cultivation systems.

ResBerry is a newly launched EU-project funded under Core Organic Cofund. The main objective of the 
project is to provide the necessary knowledge and demonstrate the effectiveness of specific tools to enhance 
above- and belowground biodiversity in European organic berry orchards in order to increase resilience of 
berries against major pests and diseases. Accordingly, ResBerry will apply the most recent advances in: a) 
Implementation of preventive pest control measures through identifiying suitable habitats and its management 
for natural enemies in organic berry orchards by including companion plants in the form of flower strips, trap 
plants and/or cover crops supported with an optimized crop canopy structure for enhancing ecosystem services. 
Predatory potential as well as diversity and dispersal of groups of antagonists and selected target pest insects 
from companion to crop plants and vice versa will be assessed; b) Deciphering the soil microbial community 
in organic berry orchards, how communities are shaped by companion plants, and which measurements can 
be applied to favour beneficial soil microorganisms as a preventive strategy against soil-borne pathogens and 
for overall increased resilience. Additional aim is to adapt the spray application equipment for the specific 
needs of soil applications of liquid products; c) Raising awareness among farmers for using direct innovative, 
but so far little implemented curative pest control strategies, such as entomopathogenic nematodes for control 
of spotted wing drosophila and entomovectoring for control of grey mould, which uses commercially reared 
bumble bees to deliver highly targeted microbial plant protection products to berry flowers; d) Evaluating the 
implications of the proposed measures on yield and nutritional quality of berries and tackling the consumers’ 
expectations, acceptance and preferences regarding the newly developed production systems and their produced 
fruits; e) Disseminating and communicating the results to stakeholders, growers, market organizations, research 
scientists, academia, technical services and consumers.
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With a wide geographical coverage in five European countries, the project will focus on strawberries and 
raspberries but will also consider other small fruits as well. This multidisciplinary approach delivers systemic 
solutions supporting organic farming systems to reduce the dependency on external inputs as fertilizers and plant 
protection products, while still increasing economic sustainability and restoring biodiversity.

Key words: pest control, habitat management, functional diversity, entomovectoring, organic farming, berry 
crops.
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P-25
FLOWER STRIPS IN APPLE ORCHARD ALLEYWAYS AND ITS INFLUENCE ON 
APHID NATURAL ENEMIES’ PRESENCE 

Luis Guillermo Montes-Bazurto1, Judit Arnó1, Oscar Alomar1, Georgina Alins2

1 IRTA- Sustainable Plant Protection Programme
2 IRTA – Fruit Production Programme

Abstract: The conservation biological control aims to boost natural enemy populations and their ability to 
suppress pests, and, therefore, to reduce insecticides sprays, by using a range of habitat management techniques. 
Increasing the presence of flowers in the alleyways of apple orchards may contribute to increase the biological 
control of two important apple aphid pests Dysaphis plantaginea and Eriosoma lanigerum. For that, it is 
important to select suitable flowers that may act as food resource providers for the key natural enemies of these 
aphids. Hoverflies are important aphid predators that are very often recorded in aphid colonies in apple orchards 
in Mediterranean conditions. The goal of this ongoing study is to verify if the provision of selected plant species 
increases the presence of natural enemies in apple orchards. The study was carried out as a complete random 
block design in an organic apple orchard located in Vilanova de la Barca, Lleida, Spain, which was already 
divided into four sectors (size ranging from 4352 to 13921 m2). Each sector was taken as a block. In each block, 
two plots were established. In one of them, during two consecutive years (autumn 2020 and 2021) floral strips 
were sown in the central part of 7 to 14 alleyways (2000 to 4650 m2) with eight species, while the rest of the 
orchard was left with spontaneous vegetation and used as a control. Flower mixtures sown consisted of eight 
dicotyledons: five Asteraceae (Taraxacum officinale, Calendula arvensis, C. officinalis, Anthemis arvensis and 
A. nobilis), two Cruciferae (Eruca vesicaria and Diplotaxis erucoides), two Fabaceae (Trifolium pratense and 
Vicia sativa), and one Chenopodiaceae (Beta vulgaris), selected according to previous results from our research 
group. 

Evaluations of the plant and hoverfly abundance were made fortnightly during spring of 2022: five samplings 
of vegetation (from 29th of March to 25th of May) and three of hoverflies (from 26th of April to 25th of May). 
The different plant species were recorded in four sampling points per plot (0.60 m wide x 6 m long). Both, the 
number of hoverfly adults observed hovering or resting on the central vegetation were recorded by walking during 
12 minutes per plot along 120 m distributed in four alleyways). After 2 years, control plots were dominated by 
grasses and Veronica persica, while in the sown flower strips E. vesicaria was the most abundant. In addition, 
V. sativa and C. officinalis were well established. The abundance of hoverflies appeared to be related to the 
presence of dicotyledonous plants. Therefore, the increase of dicotyledonous flowers in the alleyways could 
have a positive effect on these natural enemies and contribute to the biological control of aphids in apple trees. 
These studies are funded by the Ministerio de Ciencia e Innovación of Spain SUSFRUIT project (PID2019-
107030RB-C21).

Key words: Conservation biological control, insectary plants, Eriosoma lanigerum, Dysaphis plantaginea, 
hoverfly, Syrphidae.
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P-26
DIVERSITY OF PHYTOSEIID MITES (ACARI: PHYTOSEIIDAE) IN APPLE 
ORCHARDS AFTER THE INTRODUCTION OF AMBLYDROMALUS LIMONICUS

Arnau Armengol1, Alicja Chorąży-Zaremba2, Lucía Adriana Escudero-Colomar1

1IRTA, Sustainable Plant Protection, Mas Badia. La Tallada d’Empordà S/N, 17134 Girona, Spain;
2Warsaw University of Life Sciences – SGGW, Department of Applied Entomology, Nowoursynowska 
159, 02-776 Warsaw Poland

e-mail address: adriana.escudero@irta.cat

Abstract: Large population of Amblydromalus limonicus (Garman & McGregor, 1956) was found 
spontaneously in apple orchards in 2011 (NE Spain). The species does not occur naturally in Europe; therefore, 
its introduction could be a threat to the native predatory mites, Amblyseius andersoni (Chant, 1957) that 
successfully control Panonychus ulmi (Koch, 1836) in apple orchards. After the establishment of A. limonicus 
in apples and along three years, the diversity and abundance of Phytoseiidae species were studied in several 
apple cultivars (Gala, Golden, Fuji, Granny Smith and Pink Lady®) along two seasons of each year (summer 
and autumn). Principal Component Analysis (PCA) was performed with the whole data collected after the A. 
limonicus introduction and diversity indices for each cultivar and season were calculated. Diversity indexes 
calculated for Golden cultivar were compared with data of a similar study carried out before the introduction of A. 
limonicus in this cultivar. Results of PCA analysis showed that the three first eigenvalues explain the 56% of the 
variability of data and the matrix of correlations showed that A. andersoni is highly significantly correlated with 
Kampimodromus aberrans (Oudemans, 1930) and that it has a significant negative correlation with A. limonicus. 
Fuji cultivar showed higher abundance of A. andersoni although it was present in all varieties. Similarly, A. 
limonicus was also present in all varieties but Granny Smith and Golden hosted more A. limonicus. During 
summer A. andersoni was the most abundant Phytoseiidae species while in autumn A. limonicus was dominant. 
Despite these differences, the PERMANOVA analysis showed that there were no significant differences between 
cultivars in the Phytoseiidae species composition. However, the diversity indexes calculated for each cultivar 
using the Phytoseiidae species found in each of them showed differences between cultivars. Finally, the diversity 
indexes calculated for the Golden cultivar before and after A. limonicus introduction showed the diversity of 
Phytoseiidae species increased after A. limonicus introduction. The meaning of the obtained results for the 
integrated production of apple is discussed.

Key words: cultivar, Gala, Golden, Fuji, Granny Smith, Pink Lady®, Phytoseiidae, Amblyseius andersoni, 
Panonychus ulmi, abundance, diversity indexes, integrated production.
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P-27
ASSESSMENT ON THE CALENDULA OFFICINALIS L. AND LOBULARIA MARITIMA 
(L. ) DESV. FLOWERING MARGINS EFFECTS ON THE USE OF PESTICIDES IN 
TOMATO CROPS DURING SIX YEARS IN CATALONIA, SPAIN

Teodora Tornos1, Josep-Maria Montull2, Montserrrat Martí3, Jordi Ariño4, Montserrat Matas5, 
Bàrbara López6, Anna Sanz7, Cristina Pozo8 Laura Estrades1, Andreu Taberner9

1Plant Health Service, Generalitat of Catalonia, C/Doctor Roux 80, 08017 Barcelona, Spain, 
2ETSEA-University of Lleida. Department of Horticulture, Botany and Gardening. Agrotechnics. C/
Rovira Roure, 191. 25198 Lleida;
3ADV de la Selva, Forn de la Calç, 6. 17300 Blanes, Girona;
4ADV Alt Maresme, Masia Can Ratès s/n, 08398 Santa Susanna, Barcelona;
5ADV Baix Maresme, Polígon Industrial Les Corts, 22, 08349 Cabrera de Mar, Barcelona; 6ADV del 
Bages i Catalunya Central, Casa Cots-L’Agulla, 08243Manresa, Barcelona;
7ADV Conca de la Tordera, C/ Damià Puig 15, 08389 Palafolls, Barcelona;
8ADV Santa Susanna, Masia Can Ratès s/n, 08398 Santa Susanna, Barcelona;
9ADV Association of Catalonia, C/ Calvari 36, 25137 Corbins, Lleida.

e-mail address: ttornos@gencat.cat;

Abstract: Directive 2009/128/EC establishing a framework for Community action to achieve the sustainable 
use of pesticides, promotes Integrated Pest Management (IPM). In the context of IPM, alternative methods 
to chemical control must be used. To achieve this objective, it is considered a good measure to encourage 
the presence of biological control organisms by introducing insectary plants’ flowering margins in the fields. 
Calendula officinalis (L) and Lobularia marítima (L.) Desv. have been described as insectary plant species 
or reservoirs of biological control organism with good results to encourage the presence of Miridae such as 
Macrolophus pygmaeus (Rambur), Syrphidae and Orius sp for the control in tomato crop key pests, such as 
whiteflies, Tuta absoluta, aphids, thrips, Lepidoptera or leaf miners. Flowering margins introduce biodiversity 
into monoculture and provide food for predatory insects and pest parasites (Alomar, 2006; Elizalde, 2018).

The Department of Climate Action, Food and Rural Agenda (DACC), within the Rural Development Plan 
of Catalonia (PDR) 2014-2022, included the establishment of flowering margins for conservation biological 
control, as a control measure alternative to chemical control within the Agri-Environment and Climate Measure 
10, operation 10.01.05-Alternative systems to chemical control. The implementation of this measure is carried 
out under the supervision of advisers in IPM contracted by farmer associations or Plant Protection Groups, called 
Agrupacions de Defensa Vegetal (ADV) The flowering margins of Calendula and Lobularia must be maintained 
throughout the year, with a coverage minimum of 1% of the crop with a minimum of 3 plants / m 2 and must be 
located at a maximum distance of 200 m.

The purpose of this study is to monitor the crop in order to assess the annual reduction in the number of 
phytosanitary treatments made and also in the number of active substances used for the control of the main pests. 
Moreover, it was also assessed if there is a delay in the outbreak of pests.

In this context, the IPM advisers of six ADV collected the filed data in the respective farm books from 2016 
to 2021 in 364 tomato fields. Data are obtained on the fields and margins’ characteristics, the number of active 
substances used, the number of phytosanitary treatments made with one or more active substances, the seeding 
date and the first treatment application’s date. The data are classified into three groups: Calendula margins (118), 
mixed Calendula and Lobularia margins (122), and fields without flowering margin (124). The data obtained are 

mailto:ttornos@gencat.cat
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statistically analysed using the XLSTAT program.

Over the past six years of the study, an average of 7.82 treatments were performed and an average of 12.47 
active substances were used in fields without flowering margin. The installation of flowering calendula margins 
has significantly reduced the number of treatments performed by 34.67% and the number of active substances 
used against pests by 39.44%. The mixed margins (Calendula + Lobularia) have not had such a pronounced 
effect but if noticeable, the number of treatments has been significantly reduced by 24.87% and the number of 
active substances used by 20.38%.

Influence of other factors such as the distance from the crop to the margin, the surface area of the margin in 
relation to the crop, the influence of the environment and the type of active substances used, have been taken 
into account too. The minimum margin distance shows no significant effect considering that 97% of the margins 
have been installed at distances below 50 m. There is no correlation between margin percentages above 1% and 
the number of active substances used. The 1% area set out in the aid is sufficient to achieve the reduction in the 
number of active substances used. In a natural environment there is a slight decrease in the margins of Calendula 
and there are no differences between mixed margins in relation to farms without margins; this may be due to the 
fact that the natural environment provides species of insectary plants that already act as reservoirs. The main 
active substances applied were Bacillus thuringiensis, sulfur and spinosad, followed by chlorantraniliprol and 
spiromesifen.

Key words: conservation biological control, pesticides, Calendula officinalis L, Lobularia maritima (L.) 
Desv., IPM.

Acknowledgments: We thank all farmers for providing us with their farm fields. Judit Arnó, Jordi Riudavets, 
Oscar Alomar and Josep Maria Llenes for their support during the project. 
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P-28
APPLICATION OF PUPAL PARASITOIDS FOR THE BIOLOGICAL CONTROL 
OF DROSOPHILA SUZUKII (DIPTERA: DROSOPHILIDAE) IN BERRY FRUIT 
PRODUCTION

Clara Boeninger1, Annette Reineke1, Jakob Martin2, Astrid Eben3, Peter Katz4, Jörg Rademacher4, 
Annette Herz2

1Hochschule Geisenheim University, Department of Crop Protection, Von-Lade-Straße 1, D - 65366 
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101, D - 69221 Dossenheim, Germany; 4Katz Biotech AG, An der Birkenpfuhlheide 10, D - 15837 
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Abstract: The invasive spotted wing drosophila, Drosophila suzukii, has become a main pest in stone fruit 
and protected berry fruit production in Europe. Measures introduced such as mass trapping have not been 
sufficient to secure yields. Insecticide use is very common but often inefficient due to the infestation of ripening 
or ripe fruits and long harvest periods while having negative effects through insecticide residues when applied 
close to harvest. Exclusion netting works well, but is cost intensive and sometimes not sufficient to control 
emerging populations. The native pupal parasitoids Trichopria drosophilae (Hymenoptera: Pteromalidae) and 
Pachycrepoideus vindemiae (Hymenoptera: Diapriidae) have been found to successfully parasitize D. suzukii 
and thus have a great potential as biological control agent that may supplement current measures.

To develop an innovative biological management strategy, different aspects are investigated in the research 
project “ParaDrosu”, which started in 2021. Successful mass rearing of parasitoids requires suitable hosts, the 
right climatic conditions and diet for the adults. It also has to be an efficient as well as economically viable 
system. In this context, parasitoid populations from different areas in Germany are collected and tested for 
their performance with the aim of being introduced into the existing rearing strains to maintain parasitoid 
quality. Performance under different climatic conditions is tested and optimal storage conditions are defined. 
An appropriate parasitoid application technique ensuring both optimal protection during transport and release 
and sufficient dispersal in the crop will be developed. Population models will help to determine the best release 
times, intervals and parasitoid numbers. Relevant plant protection products are tested for negative side effects 
on the parasitoids to define possible incompatibilities as well as suitable timing for integrated pest management 
strategies. Semi-field and field trials in Southern Germany will deliver data on the parasitoids’ efficiency in 
controlling D. suzukii in berry fruit cultivation. 

Results from the described research project should lead to defining a biological control agent for mass 
production as well as detailed instructions to successfully control D. suzukii in berry fruit cultivation under 
Middle European climatic conditions.

Key words: Drosophila suzukii, Trichopria drosophilae, Pachycrepoideus vindemiae, integrated pest 
management, biological control.
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P-29
AUGMENTORIUM: A SUSTAINABLE TECHNIQUE FOR CONSERVATION 
BIOLOGICAL CONTROL OF DROSOPHILA SUZUKII

Simone Puppato1, 2, Alberto Grassi1, Antonio De Cristofaro2, Claudio Ioriatti1 
1Technology Transfer Center, Fondazione Edmund Mach, I-38098 San Michele all’Adige, Italy;
2Department of Agricultural, Environmental and Food Sciences, University of Molise, Via Francesco 
De Sanctis, I-86100 Campobasso, Italy.

Abstract. Sanitation of crop field by means of removal and bagging infested fruits is one of most suggested 
management practice to reduce risk of infestation by D. suzukii. However, infested fruits could be recycled 
into the augmentorium, a technique that aims to sequester adult flies while allowing the parasitoids to escape, 
thus facilitating biological control through conservation of natural enemies. For this purpose, we designed a 
prototype of augmentorium that may be well adapted to D. suzukii and its parasitoids complex. Performance and 
efficiency of the augmentorium were evaluated with some preliminary field trials, highlighting the suitability 
of the technique to sustain all the major indigenous pupal parasitoids. Furthermore, our field analysis revealed 
that functioning of augmentorium may be extended by coupling this technique with releases of Trichopria 
drosophilae. Augmentorium may become a practical tool adopted by growers for the conservation of Drosophila 
parasitoids with the purpose of an agroecological crop protection.

Key words: Spotted Wing Drosophila, habitat manipulation, parasitoid, Trichopria drosophilae, Leptopilina 
jaonica.

Introduction

During the last years several faunistic surveys have highlighted that outside its native area, few parasitoids 
are able to effectively parasitize Drosophila suzukii (Matsumura), the spotted wing Drosophila (SWD), almost 
exclusively pupal parasitoids belonging to the Diapridae and Pteromalidae families with a wide host range 
(Miller et al., 2015, Knoll et al., 2017).

Among these, Trichopria drosophilae Perkins (Hymenoptera: Diapriidae) has been subjected to field 
experiments, suggesting its commercial use for augmentative releases (Rossi Stacconi 2018, 2019, Gonzalez-
Cabrera et al., 2019). Nonetheless, the combination of a complex of indigenous parasitoids with their peculiar 
life-history strategies may be further explored to improve their potential biocontrol of the pest (Wang et al., 2016, 
Wolf et al., 2021).

Conservation of indigenous parasitoids for biocontrol purpose in open field may be pursued using the 
augmentorium, an innovative and very practical tool developed for controlling tephritid fruit flies in Hawaii 
(Klungness et al., 2005, Jang et al., 2007), and here adapted to the particular characteristics of D. suzukii and 
of its parasitoids. For this purpose, we designed a prototype of augmentorium adapted to D. suzukii and its 
parasitoids complex.

Materials and methods

Netting efficiency in sequester D. suzukii and letting pass parasitoids was evaluated by means of a 
preliminary laboratory experiment, testing the 25-mesh net (hole size: 0,97 x 0,83 mm, 3325BT BioRete 
Agrotextiles&Techtextiles Arrigoni, Uggiate Trevano, Italy), already used in crop protection as exclusion netting 
for the management of D. suzukii in Trento province. Beside D. suzukii, we tested two parasitoides species: 
Pachycrepoideus vindemmiae (Rondani), (Hymenoptera: Pteromalidae) and Trichopria drosophilae (Perkins) 
(Hymenoptera: Diapridae).
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Once selected the size of the mesh, the augmentorium was designed in order to be easily realized by growers 
(Fig.1). A plant pot (Ø = 30 cm) was drilled in four equally distant points and tiny holes were realized at the 
bottom for the outflow of water and fruits juice produced. A metal mesh cylinder (h = 50 cm) was fixed to the 
plant pot with iron wire. The structure was wrapped with a cut out of 120 x 120 cm of insect net, joining the net 
edges to create a thick border and a hermetic seal with staples. 

Field trials were carried out in two 3,000 square meters plots of unmanaged mixed orchards in the Valsugana 
(Trentino - Northern Italy). The two sites were 1 km apart and they were selected based on similar conditions 
both of vegetation cover and D. suzukii pressure. 

In one plot we tested only the augmentorium (AUG), while in the other the augmentorium was combined with 
T. drosophilae addition (AUG+Td). 

The field trial began on April 16th (week 16) 2019. As naturally infested fruits by D. suzukii were poorly 
available, during the first five weeks a “SWD starter” composed of 10-20g of artificial diet infested by 3rd-instar 
larvae of D. suzukii and 1-2 kg of commercial fruits (banana and strawberry) were used. From the sixth week 
onwards 1-2 kg of cherries or soft fruits infested by D. suzukii were collected from nearby crops substituting the 
“SWD starter”. On week 16, 18 and 20, approximately 50-100 T. drosophilae (Biobest, mix of parasitized pupae/
emerged adults, sex-ratio 50:50) were added inside the augmentoria at AUG+Td plot.

Parasitoids monitoring was carried out by means of sentinel trap composed of banana slice artificially infested 
with 10-20 3rd-instar of D. suzukii larvae close to pupation, laid on a solid agar layer inside a white plastic cup. 
The cup was covered with a 20-mesh net and placed inside a Delta trap.

In order to monitoring parasitoids presence externally and internally to the augmentorium two different 
methods were adopted: concerning the external sampling, three sentinel traps per augmentorium, about 10 meters 
away, two at both lateral side and a central one in front of the augmentorium, hung 30 cm from the ground level 
were deployed. A smaller version of the sentinel traps above-mentioned, using a 100 x 15 mm Petri dish instead 
of the plastic cup, were lowered inside the augmentoria for the internal sampling. 

Monitoring was carried out weekly, from the first catches of D. suzukii (week 21) till the end of the cherry 
ripening period (week 32). After exposure, the sentinel traps were collected and incubated in climatic chamber 
(22 ± 1°C, 70±10% RH, and 16:8 L:D) for 35 days. Emerged insects were preserved in absolute ethanol for later 
identification.

When field trial ended on August 7th, all the augmentoria were brought to the laboratory. Internal content 
was removed and incubated for five weeks inside an insect rearing cage (BugDorm-6E, MegaView Science Co., 
Ltd., Taichung, Taiwan) at room temperature. Twice a week cages were inspected, emerging Drosophilidae and 
parasitoid wasps were aspirated and identified.

Figure 1. A) The augmentorium prototype installed inside a semi-natural area, B) a detail of infested fruits 
sequestered into the augmentorium.
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Results and discussion

Sentinel traps installed around the augmentorium caught mainly T. drosophilae and P. vindemmiae both in 
AUG and AUG+Td plots. Catches started on week 21-22 and continued for 6 weeks till the end of the monitoring 
period. In AUG plot 100% of parasitoids belonged to P. vindimmiae species, apart for the sample of week 
26-27 in which 13% of the parasitoids were represented by T. drosophilae. In AUG+ Td plot, T. drosophilae 
was collected on 4 out 6 monitored weeks (ranging from 47-80% of total parasitoids); T. drosophilae was not 
detected in sentinel traps during the cherries ripe period (week 24-27). On AUG+Td, P. vindemmiae ranged from 
20-100% of total parasitoids during the six sampling weeks. 

Sentinel traps placed inside the augmentorium caught T. drosophilae and P. vindemmiae. At AUG plot, T. 
drosophilae was detected only during weeks 24-25 (80% of the total parasidoids detected) and 25-26 (5%); no 
parasitoids were sampled on week 30-31 and only P. vindemmiae emerged on week 31-32. At AUG+Td plot, 
T. drosophilae was detected on 4 out 4 weeks in augmentoria (9-90% of the total parasitoids). P. vindemmiae 
represented between 20-100% of total parasitoids at AUG plot and from 10-91% at AUG+Td plot. 

The large majority (87-100%) of flies emerging after the incubation of residual fruits from both the plots 
was represended by Drosophila spp., whereas D. suzukii was in much smaller percentage (0-13%). Concerning 
parasitoids, T. drosophilae emerged in significant amount only from residual fruit content in the augmentoria 
installed in plot AUG+Td, while P. vindemmiae (9%) and Spalangia spp. emerged from augmentoria installed 
in both the plots. From all the augmentoria residual fruit content, larval parasitoids emerged in significant 
percentage (41-100%) 

Results highlighted the suitability of the technique to sustain all the major indigenous pupal parasitoids. 
Furthermore, our field analysis revealed that contribution of augmentorium for the biological control purposes 
may be further extended by coupling this technique with releases of T. drosophilae. Augmentorium may become a 
practical tool adopted by growers for the conservation of D. suzukii parasitoids with the aim of an agroecological 
pest management.

Another interesting finding derives from residual content analysis of the augmentoria, which revealed the 
presence of a large amount of Drosophila spp. larval parasitoid, probably most specialized on other drosophilids 
than D. suzukii. However, although we need confirmation, Leptopilina japonica Novković and Kimura 
(Hymenoptera: Figitidae) whose adventive populations are present in the Trento province, may also actively 
explore the augmentorium or being passively introduced with infested fruits, favoring build-up of the parasitoid 
population that could be used for inoculative biocontrol in areas in which L. japonica is less abundant (Puppato 
et al. 2020).
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P-30
EVALUATION OF PLANT SPECIES FOR INTEGRATING HABITAT MANIPULATION 
PRACTICES AGAINST DROSOPHILA SUZUKII IN CROPPING SYSTEMS 

Simone Puppato, Alberto Grassi, Antonio De Cristofaro, Claudio Ioriatti 

Technology Transfer Center, Fondazione Edmund Mach, I-38098 San Michele all’Adige, Italy

Abstract: Habitat manipulation consists in agronomic tactics that modify cropping systems with the aim 
of reducing pest damage on cash crop, by exploiting and enhancing some ecosystem services already present 
in the agroecosystem. Among manipulating practices, intercropping and trap plants are the most investigated 
and successful strategies implemented against crop pests, nevertheless little information about the use these 
techniques to control Drosophila suzukii (Matsumura) are available. Here, Mentha x piperita, Origanum vulgare 
L., Thymus vulgaris L., Ocimum gratissimum L. were selected as intercrops in blueberry orchards to assess their 
potential repellent effect on D. suzukii. Furthermore, we assessed Prunus padus L. as dead-end trap plant to limit 
infestation by D. suzukii when potted plant were dislocated around a soft fruit crop. 

Overall, we found that intercropping with these species of Lamiaceae in blueberry crop was not effective 
to reduce the damage of D. suzukii on fruits, whilst a tree row of P. padus bordering the field edge was highly 
infested by D. suzukii, reducing the damage on a raspberry crop, as well as preventing immature stage of D. 
suzukii to develop to adulthood.

We further discuss pro and cons of managing D. suzukii through habitat manipulation practices on soft fruit 
cropping systems.

Key words: Mentha x piperita, Origanum vulgare, Thymus vulgaris, Ocimum gratissimum, Prunus padus, 
Spotted Wing Drosophila, trap plants, intercropping.
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MONITORING ACTIVITIES ON NON-NATIVE PESTS IN FRUIT CROPS IN AUSTRIA

Christa Lethmayer & Gudrun Strauß

Austrian Agency for Health and Food Safety (AGES), Institute for Sustainable Plant Production, 
Spargelfeldstrasse 191, A-1220 Vienna, Austria christa.lethmayer@ages.at

Abstract: The introduction of new pests by international trade and their natural spread, is leading to increasingly 
significant challenges in agriculture and plant protection management, respectively. Therefore, improved 
knowledge about distribution, biology and epidemiology of non-native arthropod pests is important - especially 
if potential host-plants are available and climatic conditions are suitable. Data from monitoring activities provide 
such important information to support the early detection and management of these alien plant pests.

Within the framework of the EUPHRESCO-project EPIDISARTH monitoring activities for the red neck 
longhorned beetle Aromia bungii (Coleoptera: Cerambycidae), the Japanese beetle Popillia japonica (Coleoptera: 
Scarabaeidae) and the brown-marmorated stinkbug Halyomorpha halys (Hemiptera: Pentatomidae) were started 
in Austria in 2021. These new plant pests are expected to cause increasing problems in fruit crops and vineyards 
in the European Union, damages from P. japonica and H. halys are already known from neighbouring countries. 
Monitoring sites with specific traps for the respective species were distributed throughout Austria in orchards, 
along transport routes (road and rail) and distribution centres.

Until now, Popillia japonica and Aromia bungii were not detected in Austria. Although the first occurrence of 
Halyomorpha halys was already observed in 2015 (in Vorarlberg), increased numbers are only known from the 
urban area of Vienna, but no damages in orchards by H. halys were reported so far.

Information about the method (e.g. trap type, lure) used and the selection of the sites as well as the first results 
of these monitoring activities will be presented.

Key words: Halyomorpha halys, Popillia japonica, Aromia bungii, monitoring, Austria.
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P-32
DEVELOPMENT OF PHEROMONES FOR INNOVATIVE MANAGEMENT OF 
FOREST BUG (PENTATOMA RUFIPES), AN EMERGING PEST OF ORCHARDS

Michelle T Fountain1, Francis O Wamonje1 Celine Silva1, Alex Radu2 Nigel Jenner3, Clare 
Sampson4, Shams Usmani4, Daniel Bray5 David Hall5

1NIAB East Malling, New Road, East Malling, Kent ME19 6BJ UK; 2Agrovista UK Limited, Rutherford 
House, Nottingham Science and Technology Park, University Boulevard, Nottingham NG7 2PZ; 3 

Avalon Fresh Limited, The Apple Shed, Friday Street Farm, Maidstone, Kent, ME17 ; 4 Russell IPM 
Ltd, Unit 45 First Avenue, Deeside Industrial Park, Deeside, Flintshire CH5 2NU; 5Natural Resources 
Institute, University of Greenwich, Central Avenue, Chatham Maritime, Kent ME4 4TB, UK 

Abstract: The Forest bug, Pentatoma rufipes, is a pest of apples and pears that is of increasing concern to 
growers and agronomists in the UK and Europe. Control options are limited due to the progressive withdrawal 
of chemical insecticides and the need to avoid disrupting integrated pest management programmes against 
other pests that involve more sustainable, non-chemical approaches. Currently, the pest is monitored by tapping 
branches to dislodge any insects present and collecting and counting them, which is highly time-consuming and 
impossible to implement efficiently on an area-wide basis. 

Our research aims to identify and synthesise species-specific pheromones for P. rufipes that will provide 
the basis for innovative approaches to monitoring and controlling this pest. Currently, no such pheromones 
for P. rufipes have been identified. Also unknown is whether such a pheromone is produced by male or female 
P. rufipes. Using a combination of insect bioassays, gas chromatography coupled with mass spectrometry and 
electroantennography, we shall identify and synthesise pheromones to be incorporated as lures in traps. Further 
in-laboratory and field bioassays will be used to test the specificity and sensitivity of these pheromones to 
determine their effectiveness in monitoring the incidence of the pest. 

Our research will provide growers and agronomists with new methods to predict potential damage more 
precisely and target control activities more effectively. These approaches will contribute to Net Zero emissions 
by reducing the use of actions and activities associated with chemical insecticides that disrupt integrated pest 
management programmes and are potentially harmful to the environment. Also, this approach will potentially 
reduce energetic inputs needed to produce insecticides and improving overall resource efficiency of horticulture.

Key words: IPM, insect monitoring, Net zero.
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DETECTION, IDENTIFICATION AND CONTROL OF BITTER ROT OF APPLE 
CAUSED BY COLLETOTRICHUM CHRYSOPHILUM

Jordi Cabrefiga1, Alba Basacoma1, Maria Victoria Salomon1, Pere Vilardell1, Jordi Luque2

1Sustainable Plant Protection, IRTA, Canet de la Tallada S/N, Girona, 17134, Mas Badia, Spain; 
2Sustainable Plant Protection, IRTA, Ctra. de Cabrils km 2, Cabrils, E-08348, Spain

E-mail: jordi.cabrefiga@irta.cat

Abstract: During the last decade, new Colletotrichum species within the C. acutatum and C. gloeosporioides 
species complexes have been associated to severe bitter rot in fruits and a drastic defoliation in apple trees in 
Europe. The first report was in Italy in 2012, and later being reported from France, United Kingdom, Belgium, 
and Slovenia. In Spain, the first detection was in September 2020, specifically in Gualta (Catalonia).

In 2021, significant damage was reported in a large number of Golden, Pink Lady and Joya orchards spread 
throughout the Empordà region (Catalonia). A total of 21 isolates were obtained in 2020 that were identified 
as C. chrysophilum through a phylogenetic analysis of six genes sequences including the internal transcribed 
spacer region of rDNA (ITS), the mating type protein 1-2-1 gene and the Mat1-2-1-Apn2 intergenic spacer 
region (ApMAT), and actin (ACT), calmodulin (CAL), glyceraldehyd 3-P dehydrogenase (GAPDH), and tubulin 
(TUB2) genes. This was the first report for this species in Europe.

All strains were proven pathogenic to apple fruit, using both sexual and asexual spores in artificial inoculations, 
although severity was higher when using sexual spores in the inoculations. That the optimal temperature for 
growth of C. chrysophilum was between 27 and 28ºC, which it would explain that infections appear in conditions 
of high temperature and humidity, conditions typical of tropical climates but increasingly frequent in this region. 

Finally, the strains were sensitive to dithianon, fludioxonil and captan combined with potassium phosphonate 
after different in vitro, on fruit and on shoot assays. These results open the possibility of designing a phytosanitary 
strategy based on the combination of these active ingredients.

Future research will be focused on the development of an infection risk-forecasting model for the assistance 
of phytosanitary treatments, in order to reduce the environmental impact and residues on fruit. In addition, 
evaluation of new or improved orchard management strategies, such as the inoculum reduction, would help in 
optimizing this integrated control strategy.

Key words: apple bitter rot, Colletotrichum, fungicide control, Glomerella leaf spot.
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CACOPSYLLA MELANONEURA AS A VECTOR OF APPLE PROLIFERATION IN 
NORWAY

Bjørn Arild Hatteland1, Åsne Brede2, May Bente Brurberg1, Rosemarie Tedeschi2, Barbara 
Jarausch3, Wolfgang Jarausch4. and Dag-Ragnar Blystad1

1)Norwegian Institute for Bioeconomy Research, Div. of Biotechnology and Plant Health, 1433 Ås, 
Norway
2)University of Torino, Dept. of Agricultural, Forest and Food Sciences (DISAFA), 10095 Grugliasco 
(TO), Italy
3)Julius Kühn-Institut, Geilweilerhof, 76833 Siebeldingen, Germany
4)RLP AgroScience, Institute for Plant Research, Neustadt an der Weinstrasse, Germany

Abstract: Phytoplasmas are bacteria that can be spread by phloem-feeding insects, of which psyllid species 
(Hemiptera: Psyllidae) have been shown to transmit both apple proliferation and pear decline in Europe. 
Cacopsylla picta and C. melanoneura are known as insect vectors of apple proliferation as well as the leafhopper 
Fieberiella florii. Here we present data on the phenology of the psyllid C. melanoneura, as well as occurrence 
and quantity of phytoplasmas in psyllid populations in apple and pear orchards in Norway. In addition, we 
present results from transmission trials using C. melanoneura and apple rootstocks.

Key words: phytoplasmas, Psyllidae, phenology, pome fruits.
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P-35
SEASONAL ABUNDANCE, SPECIES COMPOSITION, FRUIT DAMAGE AND 
ATTRACTICIDAL CONTROL OF STINK BUGS IN APPLE ORCHARDS OF QUÉBEC, 
CANADA

Gérald Chouinard, Francine Pelletier, Catherine Pouchet

IRDA, Institut de Recherche et de Développement en Agroenvironnement, Saint-Bruno-de-Montarville 
J3V 0G7, Canada

Abstract: Recent years have shown an increase in stink bug populations and damage within apple orchards 
of Quebec, Canada, even before the arrival of the brown marmorated stink bug (Halyomorpha halys). These new 
pest problems have jeopardized integrated fruit production programs and require new monitoring and control 
tools to assess the abundance of populations, target interventions and protect the crop. Few options are currently 
available in Canada to control pentatomids in fruit crops and the most effective insecticides are also those with 
the greatest impact on beneficial insects. The current project’s objectives were thus 1) to acquire knowledge on 
the seasonal abundance and species composition of pentatomids in four apple orchards using pyramidal traps 
and beating trays; 2) to adapt and test an attract-and-kill strategy based on the knowledge acquired in those four 
orchards. A total of 20 different species of stink bugs were identified from sampled sites, four of which being 
considered strictly phytophagous. Euschistus servus euschistoides represented 80% of all individuals captured 
overall by all monitoring techniques in 2019 and 2020. Predatory species represented between 0.5% and 2% of 
captured individuals between 2019 and 2021. Monitored numbers peaked at the end of August for E. servus. 
Chinavia hilaris, E. tristigmus and Halyomorpha halys arrived in second, third and fourth places respectively in 
terms of numbers monitored. Trece’s multi-species pheromone lures (PHEROCON CSB + PHEROCON GSB + 
PHEROCON BMSB) caught the highest numbers of species and the highest numbers of individuals, and were 
thus chosen for attract-and-kill trials in 2021. We used those lures in association with sticky-coated yellow panel 
traps deployed every 30 m at the periphery of the orchards, from June until September. This was enough to trap 
many stink bugs (ca. 10000 individuals /ha) and reduce by half the proportion of fruit injured by stink bugs at 
harvest in two sites. Overall, the reduction of damage averaged 25% but did not translate into a statistically 
significant effect (p<0.05). While conducting our experiment, information was also collected regarding the 
appearance of damage to fruit caused by the occurring phytophagous species.

Key words: mass trapping, brown marmorated stink bug, pheromone baits, specific composition, attract-and-
kill. 
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P-36
A TERRITORIAL MONITORING SYSTEM FOR HALYOMORPHA HALYS IN EMILIA-
ROMAGNA REGION
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Abstract: The brown marmorated stink bug (BMSB), Halyomorpha halys (Stål) (Hemiptera: Pentatomidae), 
is an invasive phytophagous species of Asian origin. Nowadays, BMSB is widespread in Italy and southern 
Europe, where it has become the main key pest of several agricultural crops causing severe economic losses 
(Maistrello et al., 2017). Current management strategies are ineffective and are based on environmentally 
sustainable products (e.g., broad-spectrum neurotoxic insecticides). The difficulties management of the BMSB 
are linked to the high mobility of this pest and to its extreme polyphagy, which make it very difficult to predict 
the attacks and damage, especially in tree fruit crops (Leskey & Nielsen, 2018). The monitoring carried out 
by means of a pyramid trap baited with aggregation pheromones proved to be more effective in attracting and 
capturing BMSB, and in particular the model Dead-Inn Pyramid Trap™ (AgBio®) with the Pherocon® BMSB 
Dual lure (Trécé Inc.®). The use of pheromone traps along with visual sampling and tree-beating are a very 
useful way to monitor BMSB at the farm level. However, these are very time-consuming practices and it is not 
easy for farmers to identify the actual risk level. Furthermore, the presence of unmanaged arboreal and shrub 
vegetation, the presence of buildings or other structures used by BMSB during the overwintering phase, the type 
and phenological phase of the cultivated plant species which can vary considerably even between farms located 
in the same geographical area make pest monitoring and risk detection complex. To facilitate the management of 
BMSB to farmers, a territorial monitoring project called ‘CIMICE.NET’ has been activated in Emilia-Romagna 
since 2020. This project provides, in real time and on-line, information on the dynamics and consistency of 
BMSB populations in the regional territory and in particular in the areas with the highest fruit growing vocation. 
On average 140 sites have been monitored weekly using pyramid traps (Dead-Inn Pyramid Trap™) triggered 
with aggregation pheromones (Pherocon® BMSB Dual lure). The information obtained from this monitoring 
network are uploaded online to the following open access website: https://big.csr.unibo.it/projects/cimice/
monitoring.php. The platform collects monitoring data, processes, analyses and displays information in real time 
on the presence and abundance of BMSB populations in the different areas of the region, providing timely and 
reliable monitoring information capable of constantly supporting pest control advisors and farmers for a more 
rational management of the BMSB in Emilia-Romagna.Although to date there are no damage thresholds for the 
BMSB in Italy, thanks to the information available in the CIMICE.NET database it is possible to compare the 
weekly catches with those recorded in the same period of the previous years (2020 and 2021, considering the 
actual data collected in 2022) on average or on a specific territory. In addition, by interacting with the graphs it 
is possible to follow the trend of the populations and identify the presence peaks and the dynamics of the various 
instars of the insect over time (Fig. 1 and 2).
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Fig. 1 - Trend of the average captures per trap in 2022 by development stage of BMSB.

Fig. 2 - Map of the captures of BMSB in the week of June 27, 2022; size indicates the number of traps, color 
indicates the number of captures (grey=none, green=low, red=high).
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These data, collected over three years, are continuously integrated and correlated with the open meteorological 
data of the Regional Agency for Environmental Protection (ARPAE) and with the data of the Emilia-Romagna 
Channel (CER) consortium, providing information on water basins and active crops in the region. This integration 
makes it possible to identify biotic or abiotic environmental factors that can influence the presence of BMSB 
and its harmfulness in a specific territory, thus facilitating the definition of intervention strategies also at the 
territorial level.

Key words: brown marmorated stink bug, insect pest monitoring, on-line platform, traps network.

Acknowledgements: This study was funded by the Emilia-Romagna region within the Rural Development 
Plan 2014-2020 Op. 16.1.01 – GO EIP-Agri - FA 4B, Pr. “Cimice-Net” and coordinated by RI.NOVA. 

References

Leskey, T.C., Nielsen, A.L. 2018: Impact of the Invasive Brown Marmorated Stink Bug in North America and 
Europe: History, Biology, Ecology, and Management. Annu. Rev. Entomol. 63, 599-618. 

Maistrello, L., et al. 2017: Monitoring of the invasive Halyomorpha halys, a new key pest of fruit orchards in 
Northern Italy. J. Pest Sci 90: 1231-1244.



P
O

S
T

E
R

 P
R

E
S

E
N

TA
T

IO
N

S

161 — PHEROFRUITS

P-37
PARASITIZATION OF H. HALYS STÅL (HETEROPTERA: PENTATOMIDAE) BY 
TRISSOLCUS JAPONICUS (ASHMEAD) (HYMENOPTERA: SCELIONIDAE) AND 
OTHER PARASITOIDS IN THE LAKE CONSTANCE REGION (GERMANY)

Ricardo Bauer Pilla1, Martin Trautmann1, Robert Bischoff2, Christian Scheer1

1 Competence Centre for Fruit Production in the Lake Constance Region KOB, Ravensburg, Germany;
2University of Hohenheim, Stuttgart, Germany 

Abstract: The parasitism of egg masses from Halyomoprha halys Stål (Heteroptera: Pentatomidae) was 
assessed in 2021 in the South German Region of Lake Constance. In total 366 egg masses (in total 8749 eggs 
from naturally laid eggs and eggs obtained from laboratory rearing) were evaluated for parasitism and predation 
in the wild. The dominant parasitoid was Trissolcus japonicus (Ashmead) (Hymenoptera: Scelionidae). As of 
our current knowledge, this is the first conclusive proof of the species presence in this region. Overall, four other 
parasitoids were detected in the eggs of H. halys. Egg masses collected in the wild showed a parasitization rate 
of about 25 %. Predation of egg masses was also assessed and determined to be around 34 %. 

Keywords: egg parasitoid, biological control, integrated production,, Trissolcus cultratus, parasitism, preda-
tion, egg masses.

Introduction

The Brown Marmorated Stink Bug (Halyomorpha halys) is an invasive species, native to East Asia, which 
causes significant economic damage to a wide list of grain, fruit and vegetable crops. In Europe, H. halys was 
first identified in Switzerland in 2004 (Arnold, 2009). A few years later, in 2011, the first observation of this 
invasive pest occurred in Germany, in the city of Constance in the Lake Constance region (Heckmann, 2012).

Since the first observation of the H. halys in the Lake Constance region, there has been a proliferation of the 
it first in urban areas and in recent years also in rural areas and on agricultural crops. The first report of damage 
caused by this bug in the region was in 2019 in a pear orchard with damage present on approximately 20 % of 
the fruit, and in an apple orchard with damage of approximately 10 %. The Lake Constance region is an impor-
tant fruit producing region, mainly apples and pears, and the establishment of this sucking insect is a threat to 
growers, given the limited control of this pest even by means of insecticides. 

In their native region, egg parasitoid wasps of the genus Trissolcus have great importance in the population 
control of H. halys. Among them, Trissolcus japonicus (Ashmead), also known as samurai wasp, is regarded as 
the main biological control agent with egg parasitization rate of up to 90% (Zahng et al, 2017). In the summer of 
2020 the samurai wasp was first reported in Germany (Dieckhoff et al. 2021), but had not been identified in the 
Lake Constance region until then. 

The aim of this work was to identify the species of egg parasitoids of H. halys present in the Lake Constance 
Region. 

Material and Methods

The methodology used for the search and identification of the samurai was divided into two parts, both ca-
rried out from late June to early September 2021: Firstly, monitoring of host species of Halyomorpha halys in 
order to collect naturally laid egg masses, seconly placement of fresh and sterile egg masses in the wild for a 
limited time to check for predation and parasitism rates. 

The main host plants monitored for naturally laid egg masses were Catalpa sp. and Paulownia tomentosa 
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(Thunb.). Egg masses found were collected and kept in 40 ml glass vials (80 mm x 30 mm) under controlled 
conditions in a climate chamber at 24°C, 16:8 L:D and 65% RH to check parasitism rate and emergence. 

For the placement of sentinel egg masses into the wild, eggs of H. halys from the laboratory colony of the 
Competence Centre for Fruit Production in the Lake Constance Region (KOB) were used. Sentinel eggs were 
divided into fresh eggs (egg masses collected on the same day of laying and released up to 24 hours later, n=67 
egg masses) and sentinel eggs (egg masses sterilized for 10 days in a refrigerator at 8°C, n= 238 egg masses). 
The egg masses (in total n=305) were glued on cardboard strips and identified with their respective number in 
order to perform control and evaluation. The egg masses were released in the field at different locations in the 
Lake Constance region where H. halys were present and collected after a 3-day period and then kept in a climatic 
chamber under the same conditions as eggs found in nature. 

Emerged wasps were sent for morphological and genetic identification to the laboratory for biological diag-
nosis at the Augustenberg Center for Agriculture Technology (LTZ), Karlsruhe-Durlach. 

Statistical analysis was carried out using SAS 9.4 (SAS Institute, Cary, NC, USA), using the means and sg-
plot procedures.

Results and discussion

In the year 2021, a total of 61 wild egg masses were collected in the field from host plants. Of these, a total of 
16 egg masses were parasitized by some parasitoid wasp, which represents a 26% parasitism rate of the total egg 
masses. Standing out as the main parasitoid was the samurai wasp - Trissolcus japonicus, found in four different 
locations in the region and responsible for parasitizing 11, out of a total of 16 parasitized egg masses (table 1). 
The identity of T. japonicus was confirmed by 99.85% identity in COI with the T. japonicus voucher of the CABI 
colony (Accession: MH919759.1).

Table 1. Halyomorpha halys egg masses (EM) and parasitism in 2021.

The 16 parasitized wild eggs showed a parasitism rate (proportion of eggs parasitized in one egg mass) bet-
ween 50 and 100% (average 92 ± 8%) and emergence rates (proportion of adults hatched from parasitized eggs) 
ranging from 4 and 100% (average 59 ± 33%). 

However, for the sentinel egg masses a lower parasitism by parasitoid wasps was observed and none of the 
egg masses was parasitized by Trissolcus japonicus but only by other species of the same genus, highlighting T. 
cultratus and a single paratization by T. plautiae (Table 1). 

The egg parasitoids species of wild egg masses are shown in table 2. Four different wasps were identified: 
Telenomus chloropus, Trissolcus cultratus and other species of the family Pteromalidae As can be seen in table 
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2, Trissolcus japonicus was the most important parasitoid, responsible for more than 70% of the parasitism and 
with an egg parasitism rate of more than 90%. In a study conducted by Dieckhoff et al (2021) in the year 2020 in 
Germany, 38% of wild egg masses were parasitized, and the main parasitoid, Trissolcus japonicus, was respon-
sible for about 60% of the total parasitisation, this data is similar to the results obtained in our work. 

Table 2: Parasitoids of wild H. halys egg masses collected from host plants. 

The type of the H. halys egg mass influenced the parasitism rates. Naturally laid egg masses collected in the 
wild showed higher parasitization rates than egg masses from the laboratory colony. A fraction of the laboratory 
egg masses was sterilized before they were placed in the wild. However, parasitism rates of sterilized and non-
sterilized egg masses were in a similar range (1.62 % for non-sterilized and 2.53 % for sterilized).

In a similar study in the USA in 2012 and 2013, Jones et al. (2014) also observed a considerable effect of 
egg types on the parasitism rate: For wild eggs 55 % parasitism was observed whereas for sentinel eggs 0.8 %. 
Furthermore, differences in the parasitoid community were present. This and our study show, that reliance on 
sentinel egg masses for parasitoid assessment might provide a biased picture. Jones et al. (2014) speculate, that 
the difference in parasitism might be mediated by the lack of certain semiochemicals that facilitate parasitoid 
searching behaviour. Later, it has been shown that T. japonicus searching behaviour is stimulated by the footprints 
of H. halys on the plant surface (Malek et al. 2021), however, footprints are lacking for the sentinel egg masses, 
possibly explaining the lower parasitism of sentinel egg masses.

For sentinel egg masses predation was also assessed. Predation was around 34 % (95% CL: 29% - 39 % for 
n= 7332). Egg Predation followed a seasonal trend and was highest in August. Ladybugs (mainly Harmonia 
axyridis Pallas) were often observed near the baits as well as earwigs (Forficulidae). Nymphs of H. halys were 
also responsible for preying on eggs, which were pierced by the nymphs to suck them. Taken together, this shows 
that predators as well as parasitoids contribute to the control of H. halys populations in Southern Germany. 

Figure 1 provides more details on the Methods used.

Figure 1. A: Samurai wasp - Trissolcus japonicus, main parasitoid of H. halys identified in this work. B and C: 
Parasitized naturally laid egg masses found in plants of Catalpa sp. D: Baiting of H. halys sentinel eggs and 
guarding of eggs by parasitoid wasps. E: Predated sentinel eggs and presence of Bug with predatory habit.

 *Foto A – Trissolcus japonicus, by Olaf Zimmermann – LTZ, Augustenberg.
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From the data obtained, the occurrence of the samurai wasp Trissolcus japonicus in the Lake Constance re-
gion can be reported for the first time and also confirmed that it is the main egg parasitoid of Halyomorpha halys 
in the region. 

Acknowledgments: The authors would like to acknowledge the valuable cooperation with colleagues from 
LTZ Augustenberg, especially Dr. Christine Dickhoff and Dr. Olaf Zimmermann and team, who contributed tips 
for the development of the work and for the morphological and molecular identification of the samples.
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MODE OF ACTION AGAINST STINK BUGS AND SIDE EFFECTS ON TRISSOLCUS 
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Berteloot2, Patrick De Clercq2 and Dany Bylemans1,3
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653, B-9000 Ghent, Belgium
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Abstract: Pentatomid stink bugs (Hemiptera: Pentatomidae) include several species that occur in orchards 
where they cause feeding damage with their piercing-sucking mouthparts, resulting in deformed fruits. Recently, 
these pests have attracted considerable attention due to the introduction and spread of the invasive brown 
marmorated stink bug Halyomorpha halys in various fruit regions in Europe and the US. The past year H. halys 
has also been detected in Belgian pome fruit orchards, as well as Trissolcus basalis, a scelionid solitary egg 
parasitoid of stink bugs. We performed different laboratory bioassays to test the potential control effect of a range 
of commonly used crop protection products against distinct stink bug species, including H. halys. Furthermore 
also the potential side effect against T. basalis was evaluated. Test products were applied using a potter spray 
tower, on different life stages and using different contact ways (direct spray on the organisms or as a residual 
film). Crop protection agents with a chemical and/or physical mode of action were included in the bioassays. 
The outcomes are discussed with special attention for the optimal timing of specific crop protection treatments. 
This paves the way towards improved integrated pest management (IPM) strategies with maximal control effects 
against target stink bugs and minimal side effects on the egg parasitoids.

 Key words: stink bugs, Halyomorpha halys, Trissolcus basalis, laboratory bioassays, physical mode of 
action, Integrated Pest Management (IPM).
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P-39
HALYOMORPHA HALYS FRUIT INJURY ON PEAR CAN BE REDUCED BY 
APPLYING KAOLIN AND ZEOLITES 
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Abstract: Brown marmorated stink bug (Halyomorpha halys, Hemiptera: Pentatomidae), is a key pest 
of several horticultural crops, challenging to manage due to its high poliphagy and dispersal capacity. In 
addition, insecticide products have only a limited impact on this species (Kuhar & Kamminga, 2017). The 
use of geomaterials such as kaolin clays has been investigated for several insect pests, including H. halys; for 
instance, kaolin has been tested in combination with pyrethrin affecting insect mortality and mobility (Lee et al., 
2014). Another usage of kaolin reported in the literature is to protect fruiting vegetables from H. halys injuries, 
specifically in organic agriculture (Kuhar et al., 2019). These authors reported a laboratory choice test using 
tomato fruits placed on a Paulownia tomentosa leaf treated or not with kaolin. Significantly fewer H. halys 
individuals occurred on the kaolin-treated leaves; the same study showed also promising results in the field, 
where kaolin sprays to peppers resulted in significantly lower stink bug-injured fruit compared to the untreated 
control (Kuhar et al., 2019). Here we present the results of field investigations carried out across 2020-2021 
seasons in Emilia-Romagna (Northern Italy) to evaluate the effect of geomaterial sprays on the fruit injury 
reduction on pear crops within the public project ‘Alien.Stop’ funded by the Emilia-Romagna region.

Two small-plot trials and four big-plot trials were carried out during 2020-2021 in pear orchards cv 
Bartlett, either for fresh consumption or for processing (e.g., juice production). Several geomaterials have been 
investigated within this project, including two types of kaolin clays, three types of zeolites, a volcanic dust and a 
talcum based-products. Repeated sprays were carried out across the season from fruit set until harvest, testing the 
products alone (repeated applications of the same geomaterial) or combined (e.g., 4-5 kaolin sprays followed by 
4-5 zeolite sprays), with a spray interval of 7-10 days. The growers sprayed all the orchards according to the IPM 
or organic guidelines and the treated blocks differed from the control blocks only for the additional applications 
of the geomaterials. Fruit damage assessments were carried out during the season, at harvest and post-harvest, 
recording the level of pest damage incidence (percentage of injured/deformed fruits) and in some trials, the level 
of pest damage severity (number of stings per fruit, after cold storage of 6-8 weeks, peeling the fruits). Data 
analysis was performed using GLM followed by Tukey’s test for means (SAS program).The small-plots trials 
showed an effect of kaolin in reducing the pest damage incidence significantly, while only a trend was recorded 
in terms of pest damage severity; also, zeolite materials showed some activity in reducing the crop damage when 
applied alone but to a lesser extent compared to kaolin. 

Considering the big-plot trials, in 2020 one experiment was carried out in an organic pear orchard and showed 
a significant effect of the kaolin/zeolite strategy in reducing the crop damage compared to the control; the second 
experiment was carried out in a conventional pear orchard and in such experimental condition the contribution 
of the geomaterial was not significant. In 2021, the big-plot trial was carried out spraying kaolin alone 6-8 times 
(from the end of April until the end of July) in Bartlett pears used for processed fruit production. The results 
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showed a significant effect in the fruit injury reduction using kaolin, although the fruit’s skin was covered by clay 
at harvest (not relevant for fruits to be processed).In 2021, a big-plot trial considered a strategy with kaolin sprays 
until early June, followed by zeolite sprays to prevent fruit staining at harvest. The results showed a significant 
effect in fruit injury reduction using the geomaterials (compared to the untreated control), with negligible effects 
on the fruit quality at harvest (pears acceptable for fresh consumption).These studies support the use of kaolin 
and zeolite for pome fruit crops such as pear to prevent or at least reduce the fruit damage caused by H. halys. 
Nevertheless, the results of these additional sprays may be affected by several factors. The deterrent effect of 
geomaterials on the H. halys feeding depends on the quantity of product sprayed, the sprays interval, the wash-
off as an effect of rainfalls, the management program (organic or conventional) and specifically the insecticide 
spray program, and above all the pest pressure and the agroecological landscape surrounding the orchard. Lastly, 
the economic evaluation considering the costs of such products (in relation to the dose and the number of 
applications) has to be carefully considered. 

Key words: brown marmorated stink bug, pest control, crop protection, geomaterial, fruit damage.
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INFLUENCE OF EXCLUSION NET EMPLOYMENT TIME AND COLOUR ON THE 
BROWN MARMORATED STINK BUG, HALYOMORPHA HALYS (HEMIPTERA: 
PENTATOMIDAE) INFESTATION AND DAMAGE IN PEAR AND APPLE ORCHARDS 

Alberto Pozzebon, Davide Scaccini, Veronica Lombardo, Giulia Galli, Diego Fornasiero 
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Viale dell’Università 16, Legnaro (PD), Italy 

Abstract: The invasion by Halyomorpha halys (Hemiptera: Pentatomidae) was often associated with an 
increase in broad-spectrum insecticides use in pear and apple orchards, but the control level obtained was not 
always satisfactory (Leskey & Nielsen, 2018). Exclusion netting based on insect-proof nets is considered a more 
environmentally friendly tactic compared to chemical control. Exclusion netting represents physical barriers that 
limit the movement of target insects when colonizing the crop, and is used against H. halys and other fruit crop 
pests with promising results (Alaphilippe et al., 2016; Caruso et al. 2020; Candian et al., 2018; 2021). Alteration 
of microclimatic conditions in the orchards was associated with the use of this insect-proof netting, which may 
depend on the different colours of the nets. These effects can be desirable when fruits’ quality and yield are 
increased, but alteration of microclimatic features of the orchards can potentially influence H. halys biology 
and behaviour with no clear outcomes on pest management. Another critical aspect is related to the timing of 
exclusion netting deployment, since and early deployment can negatively impact on fruit number and quality 
but, on the other hand, provide an early protection against H. halys infestation. However, no information is 
available on this aspect, and no robust criteria have been established for the decision on netting deployment time.

This study evaluated the effect of both netting deployment time and colour on H. halys infestation level and 
damage in pear and apple orchards. Different trials were conducted to evaluate the effect of the two factors on 
the seasonal fluctuation of pest population and damage at harvest on both pear and apple fruits. Two experiments 
performed in apple and pear orchards tested the effect of netting deployment time, while two others tested 
the effect of different colours of the exclusion net. Pear and apple orchards were located in northern Italy and 
experiments were performed in 2020 and 2021. In two apple and two pear orchards, three treatments were 
compared considering netting deployment time: (1) un-netted control; (2) netted plots deployed at flowers fading 
(BBCH 67, FF); (3) netted plots deployed at fruit size up to 20 mm phase (BBCH 72, GF). Plots were arranged 
in a randomized block design with orchards considered as blocks. In two apple orchards, two treatments were 
compared to study the effect of net colour: (1) white net; (2) black net. In both orchards, plots were arranged in 
a randomized block design. Halyomorpha halys infestation was quantified every 7-10 days using beat sampling. 
In all experiments, fruit damage caused by H. halys feeding on pears and apples was assessed at harvest. Data 
were analysed using mixed models.

Halyomorpha halys individuals were observed in all experimental orchards, where stink bugs fluctuated 
in numbers through the growing season. In the two years, different timing of net employment shaped pest 
infestation in pear orchards, with a lower infestation in plots with net closed at flowers fading compared to 
the other two treatments. An intermediate level of infestation was observed on plots with netting employed at 
the growing fruit phase. Fruit damage was lower in both plots with netting than in the control ones. In apple 
orchards, both netted plots showed a reduction of stink bug infestation if compared to the un-netted plots, with 
plots with netting employed at the growing fruit phase showing an intermediate infestation level between the 
control and the netting employed at flowers fading. For both years, the percentage of undamaged apples was 
higher in plots with nets than in those without. Concerning net colour’s influence on brown marmorated stink 
bug infestation, the population level in both years was significantly higher in plots covered by the black net than 
plots with the white net. At harvest, more undamaged fruits were found in plots covered by the white net than in 
those with the black one. This study demonstrated that exclusion nettings are valid tools in H. halys management 
in fruit orchards. The colour and deployment time influence the efficacy of this tactic. In particular, a white net 
should be preferred over a black one. The effect of net colour is probably driven by the preference of H. halys 
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towards shaded and dark areas during the summer. Early employment was associated with a reduced infestation 
because netting constituted a barrier during the H. halys orchard colonization phase. 

Key words: exclusion netting, netting colour, brown marmorated stink bug, apple orchard, pear orchard.
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P-41
MATING DISRUPTION FOR THE CONTROL OF CRYPTOBLABES GNIDIELLA 
IN VINES. AN EXPERIMENT TECHNICALLY VALIDATES THE PHEROMONE-
BASED METHOD TO CONTROL THIS WORRYING PEST IN THE VINEYARDS OF 
SOUTHERN FRANCE
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Abstract: The honeydew moth is a polyphagous specie on many crops including different species of great 
economic interest such as Vitis vinifera (vine), Diospyros kaki (persimmon), Punica granatum (pomegranate), 
Citrus spp., Malus spp., Prunus spp., Persea americana (avocado) and Mangifera indica (mango), among 
others.The efficacy of mating disruption, with the lepidopteran pheromones (SCLPs) (Z)-13-octadecenal and 
(Z)-11-hexadecenal as active substances, was studied in the context of the control of the honeydew moth. This 
alternative method can be implemented within the framework of integrated protection against pests, making 
it possible to reduce the number of applications of so-called “conventional” chemical insecticides. The data 
obtained in the south of France confirm the value of mating disruption as a tool for controlling Cryptoblabes 
gnidiella in vines, even in the event of high populations.

Key words: Cryptoblabes gnidiella, Honeydew moth, vine, pheromones, biocontrol.




