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THE QUEST FOR SUSTAINABLE DISEASE MANAGEMENT: A BLUEBERRY 
SAGA  
 
Annemiek C. Schilder, Jerri M. Gillett, Timothy D. Miles, Roger W. Sysak 
 
Department of Plant, Soil and Microbial Sciences, Michigan State University, East Lansing, 
Michigan, USA 

schilder@msu.edu 
 
Highbush blueberries (Vaccinium corymbosum) are native to Michigan, but were not 
commercially grown until the 1940’s. The crop is affected by a number of fungal diseases, 
such as mummy berry (Monilinia vaccinii-corymbosi), Phomopsis canker and twig blight 
(Phomopsis vaccinii), and anthracnose fruit rot (Colletotrichum acutatum). Management is 
primarily through the use of fungicides, but the goal has been to find environmentally and 
economically sustainable disease management alternatives. The initial focus was on ensuring 
the availability of effective fungicides to replace triforine and benomyl, which were lost after 
the Food Quality Protection Act was enacted in 1996. The fungicides fenbuconazole and 
propiconazole have been effective against mummy berry, Phomopsis, and leaf rust, whereas 
metconazole also has activity against anthracnose fruit rot. Among reduced-risk fungicides 
and biocontrol agents, the strobilurins (i.e., azoxystrobin) and Bacillus subtilis have been 
effective against anthracnose fruit rot and mummy berry, respectively. Dormant sprays with 
lime sulfur have reduced disease pressure of all main blueberry diseases as well. Cultural 
control methods such as pruning have also been evaluated. For mummy berry, scouting to 
observe the stages of apothecial development is important for correct timing of fungicide 
sprays. Disease prediction models are being validated for anthracnose fruit rot and mummy 
berry, whereas the mechanism of resistance to anthracnose fruit rot has been studied in detail 
in ‘Elliott’ blueberries in order to facilitate breeding for resistance. The discovery of invasive 
virus diseases (blueberry scorch and blueberry shock) in 2009 led to an eradication effort, 
which appears to have been successful for blueberry shock virus. 
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ERWINIA PYRIFOLIAE AS A NEW PATHOGEN ON STRAWBERRY IN THE 
NETHERLANDS 
 
Wenneker M.1, Bergsma-Vlami M.2 
 
1Applied Plant Research, Research Unit Fruit, Wageningen University & Research Centre, 
P.O. Box 200, 6670 AE Zetten, The Netherlands; 2National Plant Protection Organisation 
(NPPO), P.O. Box. 9102, 6700 HC Wageningen, the Netherlands. 

marcel.wenneker@wur.nl  
 
During the late spring in 2013 strawberry plants (Fragaria x ananassa cv. Elsanta) were 
found at several locations in the Netherlands showing an intense blackening of their immature 
fruits, their fruit calyx and the attached stems. There were no symptoms observed on the 
leaves. The discoloration was also observed inside the young fruits, which presented an 
intense darkening or blackening of the fruit tissue at the edges and an intense shining of the 
fruit tissue in the middle. Fruits did not develop or were in many cases heavily malformed. In 
certain cases 40% of the crop was lost. The release of bacterial slime was additionally 
observed on the surface of the young fruits and their stems. Isolations from these symptomatic 
immature strawberry fruits yielded Erwinia-like colonies on YPG (Yeast Peptone Glucose) 
agar. 
Characterization of the isolates revealed Gram negative bacterial cells, giving a negative 
reaction on Levan, and on media containing pectin. Bacteria have the following biochemical 
features: positive for sorbitol, but negative for gelatine, esculin and D-raffinose. The isolates 
differed biochemically from E. amylovora and they were closely related to biochemical 
profiles of the Erwinia pyrifoliae reference strain LMG 25888. The isolates were further 
identified as E. pyrifoliae based on the real time PCR assay (Wensing et al., 2012). 
Pathogenicity of several isolates was tested and confirmed on potted strawberry plants (cv. 
Elsanta). Inoculation by injecting a thick bacterial suspension (108 cfu/ml) in the epicalyx of 
three immature strawberry fruits per plant quickly resulted in oily necrosis with abundant 
formation of exudate on the epicalyx and on the sepals. A few inoculated fruitlets with the 
isolates and E. pyrifoliae reference strain LMG 25888 developed similar symptoms to the 
ones observed in the original samples in three to four weeks. The bacterium was re-isolated 
from the affected symptomatic fruitlets and identity of the re-isolates was confirmed by PCR, 
indicating that E. pyrifoliae had caused the disease. Spray inoculation of strawberry flowers 
resulted in necrosis without ooze formation. 
Erwinia pyrifoliae is closely related to the main fire blight pathogen E. amylovora. The 
pathogen E. pyrifoliae was described for the first time in 1999 in Korea (Kim et al., 1999; 
2001). E. pyrifoliae is primarily a pathogen of Asian or Nashi pear (Pyrus pyrifolia) causing 
fire blight on Nashi pear and is considered to have a restricted geographic distribution in East 
Asia (Korea and Japan). Thus far occurrence of this pathogen on strawberry has not been 
reported nor its presence outside Asia. 
 
Key words: Erwinia, strawberry, bacterial disease, fire blight 
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INTEGRATED CONTROL OF BOTRYTIS FRUIT ROT (BOTRYTIS CINEREA) IN 
BLACKCURRANTS   
 
Berrie A., Lower K., Passey T., Saville R. 
 
East Malling Research, New Road, East Malling, Kent, ME19 6BJ, United Kingdom 

 
Blackcurrant production in the UK occupies an area of around 2,300 ha, producing a total 
tonnage of around 14,000 t. Much of the crop is currently grown on contract for processing. 
Botrytis fruit rot (Botrytis cinerea) is by far the most important disease problem which 
seriously compromises fruit quality at harvest. Losses after harvest are minimal as the fruit if 
not rapidly processed is stored frozen. Unlike B. cinerea infection on strawberry and 
raspberry, infection of blackcurrant flowers can result in flower abscission and significant 
yield loss, so control of the disease during flowering is vitally important. Fruit infection 
usually occurs via the flowers where the fungus can remain latent until the fruit matures, 
when, under conditions of high humidity, rapid colonisation of the fruit occur. Currently 
fungicides are relied on for control and are applied routinely during flowering and fruit 
development especially in wet seasons. In 2010 a Horticulture LINK project (HL 01105) was 
initiated, with the main objective of developing new management methods for key pests and 
diseases of blackcurrants. The use of biocontrol agents (BCAs), and alternative chemicals 
either alone or as part of an integrated programme with fungicides, offers a means of 
achieving good control of B. cinerea while minimising residues in the fruit. The main purpose 
of these experiments was to evaluate BCAs and alternative chemicals for control of B. cinerea 
compared to a conventional fungicide programme. Trials were conducted on the two cultivars 
Ben Hope and Ben Tirran 
In 2011, programmes of 4 or 5 sprays based on the BCAs Serenade, Prestop, Trianum P and 
Boniprotect Forte all reduced Botrytis fruit rot incidence in post-harvest tests compared to the 
untreated control but were not as effective as the 4 spray programme based on conventional 
fungicides. In 2012 the BCAs Serenade and Prestop were further evaluated as programmes of 
6 sprays compared to an untreated control or programmes of 4 or 3 sprays of Signum 
(pyraclostrobin + boscalid) or UKA386a or programmes where the final spray of Signum or 
UKA386a was substituted with 1 or 2 sprays of Serenade. The incidence of Botrytis was 
negligible on the fruit before harvest in both cultivars. In post-harvest tests the incidence of 
Botrytis was much higher on Ben Tirran than Ben Hope. On Ben Hope all treatments reduced 
Botrytis, but the best treatments (3 or 4x UK386a) reduced Botrytis from 13.2% in untreated 
plots to 0.5%. There was no advantage of substituting the 4th spray with 1 or 2 sprays of 
Serenade. On Ben Tirran, only UK386a was effective in reducing Botrytis rot and there was 
no advantage in substituting the fourth fungicide spray with 1 or 2 sprays of Serenade. This 
trial suggested that 3 sprays of an effective fungicide programme are sufficient to give good 
control of Botrytis in blackcurrants and there was no significant advantage from the 
application of late sprays of BCAs pre-harvest. The results from the trials are discussed in 
relation to the efficacy of fungicides and BCAs for control of Botrytis fruit rot and the 
economics of using BCAs in blackcurrants. 
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NEW DISEASES IN BERRY CROPS 
 
Michel V. V.1, Kopp M.2, Stensvand A.3, Strømeng G.M. 3 
 
1Agroscope, Institute for Plant Production Sciences, 1964 Conthey, Switzerland; 2Extension 
service, INFORAMA Oeschberg, 3425 Koppigen, Switzerland; 3Norwegian Institute for 
Agricultural and Environmental Research, Plant Health and Plant Protection Division, 
Høgskoleveien 7, N-1432 Ås, Norway. 

vincent.michel@agroscope.admin.ch  
 

Berry crops are threatened by a number of diseases and pests, which can have an important 
impact on the yield or the fruit quality. In major crops such as strawberry, raspberry and 
blueberry, these constraints are relatively well known. In minor berry crops, in contrast, 
knowledge is often scarce. In the context of innovation and diversification, the cultivated area 
of such berry crops is steadily increasing, and “new” diseases may become evident. In 
general, these diseases are caused by known pathogens, but what is new is the combination 
host plant x pathogen. 
In Switzerland, black elderberry (Sambucus nigra) is cultivated as a dual purpose crop. 
Flowers are used for candy and syrup production whereas the fruits are directly consumed as 
berries. In recent years, two new diseases appeared in black elderberry orchards: Anthracnose 
caused by Colletotrichum acutatum (fig. 1; Michel et al., 2013) and a root rot caused by 
Chalara elegans (synonym: Thielaviopsis basicola) (fig. 2; Michel, 2009). In the case of 
anthracnose, control by the use of fungicides was quickly implemented, but with the soilborne 
pathogen C. elegans solutions are more complicated. One possibility is a pre-planting analysis 
of the occurrence of this pathogen in the soil. 
Another possible new host plant of C. elegans is red raspberry (Rubus ideaus). A close 
association of this pathogen with the roots of raspberry was mentioned in the literature more 
than 30 years ago (Yarwood, 1981). However, until now a disease caused by C. elegans on 
red raspberry has not been reported. In 2013, chlamydospores of C. elegans were detected in 
two red raspberry plantations in Switzerland, where plants showed clear wilting symptoms 
and a strongly reduced vigour. A trial to confirm the pathogenicity of C. elegans on red 
raspberry is ongoing at Agroscope. 
 
Key words: black elderberry, Chalara elegans, Colletotrichum acutatum, red raspberry 
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Fig. 1. Black elderberry fruits covered with sporulating acervuli of Colletotrichum acutatum. 
 

 
Fig. 2. Black elderberry trees two years after planting with roots infected by Chalara elegans 
(syn. Thielaviopsis basicola). 
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CONTROLLING STRAWBERRY POWDERY MILDEW WITH FREQUENT 
OVERHEAD SPRINKLING WITH WATER   
 
Asalf B.1, Dobson A.1, Gadoury D.2, Stensvand A.1 

 
1Norwegian Institute for Agricultural and Environmental Research (Bioforsk), Plant Health 
and Plant Protection Division, 1430 Ås, Norway; 2Cornell University, New York State 
Agricultural Experiment Station, Geneva, New York 14456, USA. 
 
Powdery mildew (Podosphaera aphanis) is a serious disease of strawberry 
(Fragaria×ananassa), particularly when susceptible cultivars are grown in tunnels or 
glasshouses. Although many powdery mildews thrive in humid environments, certain species 
also seem to be inhibited by the presence of a water film on their host plants. Based upon the 
experience of growers employing overhead sprinklers in strawberry planting material 
production, we hypothesized that P. aphanis might be directly suppressed by a water film or 
the action of meteoric water applied through overhead sprinklers. Strawberry plants (cv. 
Korona) grown in a plastic tunnel were exposed to the following: (i) overhead sprinkling for 1 
minute with water four times per day, (ii) sulfur at the recommended rate once per week, (iii) 
sulfur at half rate twice per week, (iv) pyraclostrobin + boscalid (product: Signum) or 
penconazol (product: Topas 100 EC) at recommended rates alternately once per week. 
Appropriate controls (either non-treated or sprayed twice per week with water) were also 
included. The treatments and controls were arranged in a completely randomized design with 
three replications. One plant of cv. Korona bearing sporulating powdery mildew colonies 
were placed in the middle of each row of each plot and functioned as a source of inoculum. A 
plot contained two rows, each with nine strawberry plants. Thus each treatment had 18 
healthy plants and two inoculum source plants. Disease incidence and severity were assessed 
at weekly intervals beginning 10 days after placement of the inoculum source plants. The 
experiment was conducted once in 2013 and will be repeated in 2014. One month after 
inoculation, incidence and severity on the untreated controls reached 92% and 52%, 
respectively, in 2013. Overhead sprinkling for 1 minute 4 times per day during daylight hours 
significantly (P = 0.001) reduced disease incidence to 30% and severity to 5% compared to 
the unsprayed control. Overhead sprinkling alone was as effective as the fungicide treatments 
used in suppressing powdery mildew. Free water on the leaf surface inhibited conidial 
germination, hyphal growth, and sporulation. Overhead sprinkler with water may provide an 
additional tool to be used as an alternative or addition to chemical fungicides to suppress 
powdery mildew in strawberry production. 
 
Key words: powdery mildew, Strawberry, water, fungicide, overhead sprinkler 
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Physical mode of action of fungicides and fungicide alternatives used 
against strawberry powdery mildew 
 
Belachew Asalf1, David M. Gadoury 2, Arne Stensvand1 

1Norwegian Institute for Agricultural and Environmental Research (Bioforsk), Plant Health 
and Plant Protection Division, 1430 Ås, Norway. 2Cornell University, New York State 
Agricultural Experiment Station, Geneva, New York 14456, USA 
 
 
Abstract: As production of strawberry has shifted towards growth in polyethylene tunnels during the 
recent two decades, the severity of epidemics of powdery mildew (Podosphaera aphanis) has also 
increased. Current powdery mildew control relies on intensive use of fungicides. The mechanisms by 
which fungicides interfere with vital physiological functions of fungi, and sites of action, have been 
described for many fungicides. Fungicides or fungicide alternatives differ in their efficacy against 
different stages in the pathogen life cycle. Some are only effective as protectants, some also as 
curatives, while others may have an additional eradicant activity.  The physical mode of action of the 
fungicides or fungicide alternatives used against P. aphanis is unclear in many instances. We 
conducted laboratory experiments with detached leaflets of cv. Korona to study the effect of 
fungicides and fungicide alternatives on viability of conidia of powdery mildew; on germination, 
sporulation and disease severity. Treatments were: (i) penconazole (Topas 100 EC), (ii) kresoxim-
methyl (Candit), (iii) sulfur, (iv) mineral oil (JMS stylet oil), (v) rape seed oil, (vi) polyether modified 
trisiloxan (Silwet Gold) and untreated controls. The recommended rates of the above products were 
applied as follows: (i) preventive, detached leaflets were sprayed with each compound and then 
inoculated with fresh powdery mildew conidia; (ii) curative, detached leaflets were inoculated and 
incubated for 48 hours followed by application of the different compounds; (iii) eradicative, leaflets 
were inoculated and incubated for one week followed by applications. There were significant 
differences among treatments on germination of conidia, sporulation, and disease severity when 
applied as preventive, curative or eradicative. Conventional fungicidal spray programs for the control 
of powdery mildew are often applied late in the course of the epidemics, after powdery mildew was 
observed on the plant. Our results indicate that some fungicides or fungicide alternatives have little or 
no effect on established infections and subsequent development of the pathogen. The knowledge on 
physical mode of action of fungicides or their alternatives as protectant, post-infection, or eradicative 
is useful for the effective management of the disease and for their most efficient use.  
 
Key words: Adjuvant, fungicides, mode of action, powdery mildew, strawberry  
 
 
Introduction 
 
Several diseases attack strawberry fruits and leaves, among which powdery mildew caused by 
Podosphaera aphanis is of great economic importance. In the last two decades, strawberry 
production has increasingly shifted from open field towards high plastic tunnel production 
systems. Plastic tunnels create conducive conditions for powdery mildew and disease 
suppression may require multiple application of fungicides. For example, in France, up to 15 
fungicide treatments have been reported per growing cycle (Sombardier et al., 2010). Such 
intensive application of fungicides with high potential for resistance has led to (i) rapid 
development of resistance to fungicides and (ii) adverse effect on non-target organisms. 
Although, lower than the limit for  maximum residual level  on food,  high level of residue 
has been detected in fruits of strawberry sprayed with fungicides applied against powdery 
mildew (Pertot et al., 2008). Because of concern on the adverse effect of fungicides and the 
pressure and strict regulation on the use of chemical fungicides, alternative control strategies 
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are desirable. Several alternatives to fungicides are available in certain markets to control 
powdery mildews, but the efficacy of some of the products in strawberry powdery mildew is 
limited. Fungicides and the alternatives may be lethal to powdery mildew or inhibit conidia 
germination, hyphal growth, sporulation and dispersal of the inoculum (Asalf et al., 2009). To 
manage the disease effectively and reduce the adverse effect of the fungicides it is necessary 
to understand the mode of action of the fungicides and fungicide alternatives.  

A fungicide’s biochemical mode of action may involve single or multiple sites in a 
biochemical pathway. Szkolnik (1978) described a fungicide’s physical mode of action as 
protectant, post-infection, or pre-symptom and post-symptom. Protectant activity refers to 
suppression of the pathogen before infection. Post-infection activity occurs within a certain 
time after infection. Eradicant activity refers to the killing of an established pathogen. The 
objective of the study was to describe the efficacy and physical mode of action of fungicides 
and fungicide alternatives on viability of conidia of powdery mildew, on germination, 
sporulation and disease severity.  
 
 
Material and methods  
 
Young susceptible leaves of the strawberry cv. Korona were used for the experiment. The 
leaves were surface sterilized by soaking in a beaker containing a solution of 0.5 % sodium 
hypochlorite (NaOCl) for 5 minutes, followed by three times washing with distilled water for 
2 minutes.  Treatments were: (i) penconazole (Topas 100 EC), (ii) kresoxim-methyl (Candit), 
(iii) sulfur (Thiovit), (iv) mineral oil (JMS stylet oil), (v) rape seed oil, (vi) polyether modified 
trisiloxan (Silwet Gold) and untreated controls. The recommended rates of the above products 
were applied as follows: (i) preventive, detached leaflets were sprayed with each compound 
and then inoculated with fresh powdery mildew conidia; (ii) curative, detached leaflets were 
inoculated and incubated for 48 hours followed by application of the different compounds; 
(iii) eradicative, leaflets were inoculated and incubated for one week followed by application 
of the different compounds. Leaflets were allowed to dry at room temperature before 
incubation. For the curative and eradicative treatments, leaflets with uniform mycelial masses 
and sporulating colonies were selected and randomly assigned for each treatment. Each 
treatment was replicated three times. Disease severity was assessed one week after application 
of the different compounds. Furthermore, conidial germination and viability were determined 
for each treatment combination.   
  
 
Results and discussion 
 
There were significant differences in disease severity among treatments when applied as 
preventive, curative or eradicative (Fig. 1). There was interaction between the fungicides and 
mode of action. The effect of Rapeseed oil was not different from the control. Rapeseed oil 
had no effect on powdery mildew of strawberry whether applied as preventive, curative or 
eradicative. Silwet Gold, which is a wetting agent, showed some effect when applied as 
curative, but not when applied as preventive. It may have destroyed the hyphae through direct 
contact. Some additives are effective by themselves in the control of powdery mildews (Kiss 
et al., 2004).  

Szolnok (1978) distinguished the biochemical activity of fungicides from their physical 
mode of action (e.g., protectant, post-infection, or eradicant). The physical mode of action of 
a fungicide is defined here as the effect of the fungicide on powdery mildew conidia 
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germination and post germination processes such as infection, conidia production when the 
fungicide is applied prior to infection (preventive), post-infection (curative) and post-
symptom development (eradicative). However, those terms used to describe fungicides as 
protectant, curative and eradicative were not mutually exclusive. Kresoxim-methyl (Candit) 
had the eradicant, curative and preventive activity. The compounds also affect conidia 
viability and germination (data not presented).   

Timing of fungicide application with the sensitive stage of the fungus is crucial for 
effective control of powdery mildew. Preventing the pathogen is a key control strategy for 
polycyclic diseases like powdery mildews. Prevention requires a good knowledge of the 
pathogen life cycle and mode of action of the compounds. Conventional fungicidal spray 
programs for the control of powdery mildew are often applied after powdery mildew is 
observed on the plant. This is often too late to prevent powdery mildew to develop.  

A consideration in the use of protectant compounds to control powdery mildew in 
strawberry is that new growth (new leaves, flowers and runners) of a plant may not be 
protected as they are continuously produced unless redistribution of the initial deposit occurs 
during rainfall or free water. Fungicides with only protectant activity may require frequent 
application over the life of the plant to suppress disease development. Such fungicides 
generally suppress disease development best when regularly applied before a pathogen is 
established. In contrast, compounds with post-infection and eradicant activity can interrupt 
and kill established infections, and decreases new inoculum production. Many such 
compounds may also possess significant protectant properties. Knowledge of the full 
spectrum of physical modes of action displayed by single compounds or mixtures of 
compounds may therefore be useful in predicting their potential efficacy in certain use 
patterns and schedules.  In certain situation, it may be beneficial to mix or alternate the 
fungicide and fungicide alternatives with different physical modes of action to enhance 
efficacy and reduce the potential for development of resistance.  
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Fig.1. Effect of treatments on powdery mildew severity when applied as preventive, curative 
or eradicative. 
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Effect of some bioproducts on health status of strawberry 
 
Anna Wagner, Beata Hetman 
Dept. Of Plant Protection and Quarantine, University of Life Sciences, Leszczynskiego7,  
20-069 Lublin, Poland; wagnerania@gmail.com 
 
 
Abstract: In 2012-2013 three bioproducts (Trianum P, Boni Protect forte, Beta-Chikol) were tested 
for their efficiency in control of strawberry diseases. The application of all biological preparations 
significantly reduced the number of diseased plants and the populations of fungi potentially 
pathogenic to strawberry. 
 
Key words: strawberry, pathogens, bioproducts 
 
 
Introduction 
 
Strawberry is the most important fruit crop in Poland after apple. Poland exports big 
quantities of fresh and frozen fruit as well as seedlings from our nurseries. The yield of 
strawberry depends on many factors, among them the most important one is its health status. 
Fungi colonizing strawberry plants have the negative effect not only on fruit yield, but also on 
fruit quality. As the consumers pay more attention to pesticides residues in fruits, there is the 
need of using the biological and biotechnical preparations in horticultural farms.   

The aim of the study was the evaluation of diseases occurrence in the field and of the 
fungi colonizing strawberry plants after the application of selected biopreparations. 
 
 
Material and methods 
 
The objects of study were the plants of strawberry cv. ‘Elsanta’ grown in the field. For plant 
protection three bioproducts (Trianum P – Trichoderma harzianum T-22; Beta-Chikol – 
chitosan;  Boni Protect forte – Aureobasidium pullulans) were applied five times during two 
growing seasons (2012 and 2013). Untreated control (without any treatment) and standard 
chemical control (Switch 62, 5 WG – 2 applications) were included. The observations were 
carried out during the experimental period. The percentage of plants with symptoms of 
wilting or necrosis of above ground organs was determined in the first decade of September. 
At that time the samples of diseased plants were collected for mycological analysis. 
 
 
Results and discussion 
 
In 2012 the highest percentage of diseased plants was noticed in the untreated control 
(27,50%) and the lowest one in standard chemical control (3,75%). Quite a low number of 
diseased plants were also in the treatment with Boni Protect forte (7,50%). Also in 2013 the 
highest percentage of plants with disease symptoms was observed in the untreated control 
(25,00%) and the lowest ones in the treatment with Switch (7,50%) and with Beta-Chikol 
(8,75%). A total of 2451 fungal colonies were isolated from strawberry plants. More colonies 
were obtained in the first year of investigations. In both years the higher number of colonies 
was isolated from leaves and roots than from crowns. Among the fungi potentially pathogenic 
to strawberry, Fusarium spp., Cylindrocarpon spp. and Alternaria alternata predominated.  
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The fewest pathogenic fungi were obtained from the plants protected with Trianum P and 
Boni Protect forte, while in 2013 also BETA-CHIKOL was also effective. Trichoderma 
harzianum was isolated only from plants treated with Trianum P. The effect of Trianum P on 
health status of strawberry was similar in both years of investigations. Not only the number of 
diseased plants was lower by more than 50% than in the untreated control, but also the fewest 
potentially pathogenic fungi were isolated from the plants treated with this product, which 
contains T. harzianum that is well known for its antagonistic activity against many plant 
pathogens, including those of strawberry. The efficacy of Boni Protect forte in 2012 was very 
good, its activity was equal to the standard chemical treatment but in 2013 was not so 
efficient. The biocontrol agent, A. pullulans, is reported as an effective in the control of fruits 
diseases, but it is not always efficient in the protection of other organs of plants. The factors 
of environment influence the production of biologically active compounds by this yeast-like 
fungus. On the contrary, Beta-Chikol was more effective in 2013 than in 2012. As in other 
treatments, the percentage of diseased plants was correlated to the fungal communities 
colonizing the plants. A number of authors consider chitosan, the active compound of Beta-
Chikol, as one of elicitors inducing defensive reactions in plants as formation of phytoalexins, 
proteinase inhibitors, callose and lignin in tissues infected by a pathogen. Therefore, Beta- 
Chikol can be used, like other tested bioproducts for the protection of strawberry, especially 
on fruiting plantations. 
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Luna Sensation 500 SC for the control of grey mould (Botrytis cinerea) 
on strawberry plantations 
 
Meszka B.1, Korzeniowski M.2 
1Institute of Horticulture, 96-100 Skierniewice, Poland, Beata.Meszka@inhort.pl 
2Bayer CropScience, 02-326 Warsaw, Poland 
 
 
Introduction 
 
Luna Sensation 500 SC is a new fungicide containing two active ingredients with different 
mode of action: fluopyram (Succinate Dehydrogenase Inhibitor, SDHI) and trifloxistrobin 
(strobilurin). The product is a ready-to-use formulation, in which the new SDHI  molecule is 
combined with a fungicide classified with a different code by the Fungicide Resistance Action 
Committee (FRAC).  

Luna Sensation 500 SC offers to growers: 
 a new level of systemic control for a broad range of diseases, 
 a long-term improvement of plant health and fruit quality and shelf-life, 
 a new chemical class that provides control where other products are failing. 

The main aim of this study was to evaluate the biological efficacy of Luna Sensation 500 
SC in the control of strawberry grey mould.  
 
 
Material and methods 
 
Luna Sensation 500 SC was used alone (4 applications during blooming time) in 2012 or it 
was included in programs with other fungicides to control of grey mould (Botrytis cinerea) in 
2013. Applications were started from phase 60 (A) - 10% of blooming, followed by 65 (B) - 
full of flowering, 67 (C) - petal fall, 72 (D) - growth of fruit, 85 (E) - before harvest.  
The following programs in control of grey mould in 2013 were used:   

I: Pomarsol Forte 80 WG (tiuram) 4.0 kg/ha (A), Luna Sensation 500 SC 
(fluopyram+trifloxistrobin) 0.8 l/ha (B), Luna Sensation 500 SC (fluopyram+trifloxistrobin) 
0.8 l/ha (C), Teldor 500 SC 1,5 l/ha (fenhexamid) (D) , Serenade ASO (Bacillus subtilis) 8 
l/ha (E) 

II: Pomarsol Forte 80 WG 4.0 kg/ha (A), Luna Sensation 500 SC 0.8 l/ha (B), Luna 
Sensation 500 SC 0.8 l/ha (C), Teldor 500 SC 1.5 l/ha (D)  

III: Luna Sensation 500 SC 0.8 l/ha (A), Luna Sensation 500 SC 0.8 l/ha (B), Serenade 
ASO 8.0 l/ha (C), Serenade ASO 8.0 l/ha (D), Serenade ASO 8.0 l/ha (E)   

In 2012 following standard fungicides were used: Mythos 300 SC (pyrimethanil) 1.5 l/ha, 
Switch 62,5 WG (cyprodinil+fludioxonil) 1.0 kg/ha and Teldor 500 SC (fenhexamid) 1.5 l/ha. 
In 2013, the efficacy of three different protective programs were compared to the control 
(untreated).  

The efficacy of the tested products in the control of strawberry grey mould was evaluated 
by counting of infected fruits from 26 plants in each of 4 replications during two harvests 
compared to the control. During the second harvest from each plot additionally, 100 
apparently healthy fruits in each of the four replicates were collected randomly. After storage 
at 50C for 3 days, the number of affected fruits was assessed. Yield was recorded for 
individual plots by weighting fruits during the harvest. 
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Results 
 
The weather conditions in both seasons were very favourable to the development and spread 
of grey mould. The severity of disease on untreated plants has reached up to 100% of infested 
fruits on cv. Marmolada and 30-45% on Senga Sengana in 2012 and 18-25% on cv. 
Marmolada in 2013.  
In 2012, the efficacy of Luna Sensation 500 SC was about 70% on cv. Marmolada and 85-
98% on Senga Sengana and it was significantly higher than that of standard fungicides. 
In 2013, efficacy of Luna Sensation 500 SC used in programs with other fungicides was very 
high. The most effective in both assessments was program II. The efficacy level of this 
program was 87,3% at the first assessment (87 BBCH scale) and 93,8% seven days later (89 
BBCH). The efficacy of the programs I and III was also high (80-85%) as compared to the 
control plants. The number of affected fruits on plants treated with bioproduct Serenade ASO 
was similar to control (untreated) plants, but using of Serenade ASO in program III with 
fungicides showed very good efficacy, about 80%.  

Luna Sensation 500 SC also positively affected the shelf life of the fruits. The number of 
moulded fruits after three days of storage at 5 0C was up to 60 - 90% lower than those from 
control plots. The yield from plots treated with Luna Sensation 500 SC ‘solo’ and in different 
programs was higher than from control plots. Fruit yield was 2-3 or more times higher from 
plants treated with different fungicides (2012) or programs (2013) compared to control. 
 
 
Conclusions 
 
Luna Sensation 500 SC used ‘solo’ or in programs with other fungicides is very effective in 
the control of strawberry grey mould even under high severity of disease. Yield obtained from 
plants treated with Luna Sensation 500 SC was 2-3 fold or higher than the one from control 
plots and significantly higher than that from plants treated with standard fungicides. Luna 
Sensation 500 SC provides positive effect on fruits after storage. Biological product Serenade 
ASO can be included in programs with other fungicides against grey mould. Luna Sensation 
500 SC used against grey mould appeared to be very efficient in reducing other strawberry 
diseases such as: leather rot and powdery mildew. 
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REDUCING CHEMICAL INPUTS FOR SUSTAINABLE PROTECTION OF 
STRAWBERRY 
 
Prodorutti D., Profaizer D., Conci S., Grassi A., Pantezzi T., Angeli G. 
 
Center for Technology Transfer, Fondazione Edmund Mach, Via Mach 1, 38010 San Michele 
all’Adige (TN) Italy 

daniele.prodorutti@fmach.it 
 
In Trentino region strawberries (Fragaria x ananassa) are grown under tunnel with soilless 
cultivation system. This growing method allows to reduce grey mould (Botrytis cinerea) 
incidence but creates conditions for powdery mildew (Podosphaera aphanis) development.  
Starting from 2013, experimental trials with the aim to reduce chemical treatments on 
strawberry have been carried out. Some fungicides authorized in organic production have 
been recently registered on strawberry in Italy: among them there are commercial products 
based on potassium bicarbonate with specific activity against powdery mildew and very short 
pre-harvest intervals, moreover they are exempt from MRL. Semi-field and field trials were 
carried out to evaluate the efficacy of potassium bicarbonate against powdery mildew on 
strawberry. In the semi-field trials, potted plants were kept in a glasshouse and inoculated by 
shaking infected leaves over the plants. Treatments were: potassium bicarbonate, sulphur, 
bupirimate and untreated control. Four and five weekly applications were applied in the first 
and second trial, respectively. In the field trial (tunnel and soilless cultivation) a conventional 
spray program was compared with bicarbonate applications and the untreated control. 
Incidence and severity on leaves and fruits were assessed in these trials. 
In the glasshouse trials, the spray applications with potassium bicarbonate significantly 
reduced the incidence and severity of powdery mildew compared with untreated control. 
Efficacy of bicarbonate was similar to sulphur but was lower compared with the chemical 
reference. In the field trial, the untreated plots showed a high incidence of the disease while a 
very low incidence was observed both in conventional and bicarbonate treatments. In 
conclusion, our results showed that repeated applications of potassium bicarbonate were 
effective against powdery mildew and no phytotoxic effects were observed. Therefore this 
active ingredient can be included in IPM programs of strawberry, allowing a reduction of 
pesticide residues. 
 
Key words: powdery mildew, potassium bicarbonate, integrated management, strawberry 
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Molecular characterization of Raspberry bushy dwarf virus isolates 
from Poland 
 
Cieślińska M., Wójcik-Seliga J. 
Research Institute of Horticulture, Konstytucji 3 Maja 1/3, 96-100 Skierniewice, Poland 
 
 
Key words: RBDV, ELISA, RT-PCR, RFLP, sequencing 
 
 
Introduction 
 
Raspberry bushy dwarf virus (RBDV), a pollen-transmitted agent, occurs in wild and 
cultivated Rubus species throughout the world. Many infected raspberry and blackberry 
cultivars do not show any symptoms, while in sensitive Rubus species and cultivars RBDV 
induces yellows disease.  

The aim of the study was to detect and characterize of RBDV isolates infecting 
raspberry, blackberry and hybrids of these two species in Poland. 
 
 
Methods 
 
In 2012 and 2013 leaf samples from 110 symptomatic and asymptomatic Rubus sp. plants 
were collected in commercial orchards, private gardens and natural environment located in 
several regions of Poland. Some of the plants showed decreased vigor, yellowing of the leaves 
and produced crumbly fruits. Silica capture (SC) method was used for extraction of total 
nucleic acids from the raspberry and blackberry leaves. RBDV was detected by reverse 
transcription-polymerase chain reaction (RT-PCR) with MPUP/MPLO primer pair specific 
for movement protein (MP) gene. Molecular characterization of the virus isolates was 
determined by restriction fragment length polymorphism (RFLP) analysis using TaqI, HaeIII , 
HhaI, and BfaI enzymes, as well as by sequencing and phylogenetic analyses. 

In order to determine the optimal period of sampling, selected Rubus sp. plants were 
analysed several times during the growing season for the virus presence by ELISA and RT- 
PCR. 

Sap inoculation of Chenopodium quinoa herbaceous plants were carried out to study the 
biological properties of RBDV isolates. 
 
 
Results 
 
The presence of RBDV was detected in eight samples by RT-PCR. RFLP analysis showed 
different patterns after digestion of the MP gene of RBDV isolates from positively tested 
plants. Comparative sequence analysis of the viral amplicons indicated their high nucleotide 
sequence similarity with R15 reference strain from black raspberry (GenBank ID: S55890). 

This study showed that both, ELISA and RT-PCR, methods could be applied for 
detection of the virus from May to October. 

The symptoms on C. quinoa varied and their intensity depends  on the virus isolate used 
for mechanical inoculation. 
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Conclusion 
 
Based on MP gene analysis we showed that the RBDV isolates found in Poland varied in their 
molecular properties. Biological tests indicated that they caused different symptoms on C. 
quinoa plants. RBDV was detected from May to October using ELISA or RT-PCR 
techniques. 
 
 



 22

INTEGRATED CONTROL OF STRAWBERRY POWDERY MILDEW 
 
Xiaolei Jin, Yongju Huang, Bruce D.L. Fitt , Avice M. Hall  
 
Department of Human and Environmental Sciences, University of Hertfordshire, Hatfield, 
AL10 9AB 
 
Strawberry powdery mildew caused by Podosphaera aphanis has the potential to cause over 
20% yield loss, particularly where strawberries are grown under cover. Strawberries are now 
grown worldwide. In many countries they are grown as a perennial crop. This work shows 
that in order to achieve disease control with reduced use of conventional fungicides, disease 
control needs to be holistic, involving fungicide sprays in the intercrop period to reduce the 
number of mature chasmothecia, which reduces the initial inoculum of germinating 
ascospores in the spring. The use of a prediction system during the main growing season 
enables precision use of fungicides, so control is achieved with fewer fungicidal sprays. 
Finally, the use of silicon, either as a spray or through the roots enhances the level of silicon 
in the plants which gives physiological changes in the plant including more, longer leaf hairs 
which increases the plants resistance to the disease. The integrated use of all these control 
strategies suppresses disease development and so control is achieved with less use of 
conventional fungicides. 
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BIENNIAL CROPPING – THE ANSWER TO IMPROVED IPM IN RASPBERRY? 
 
Nina Trandem1, Arne Stensvand1, Anita Sønsteby2, Dan H. Christensen3, Stine Huseby4, 
Jørn Haslestad5  

 
1Bioforsk Plant Health and Plant Protection, Høgskoleveien 7, 1430 Ås, Norway; 2Bioforsk 
East, Nylinna 226, 2849 Kapp, Norway; 3The Norwegian Agricultural Extension Service 
Viken, Foss gård, 3403 Lier, Norway; 4The Norwegian Agricultural Extension Service Sogn 
and Fjordane, P.O. Box. 181, 6701 Måløy, Norway; 5The Norwegian Agricultural Extension 
Service Mjøsen, 2322 Ridabu, Norway 
nina.trandem@bioforsk.no 
 
Raspberry is a labour-intensive crop. The common practice is to grow summer raspberry as a 
mixture of primocanes (this year’s shoots) and floricanes (2-year old canes, bearing fruit this 
year) in the same row. However, the two cane types have different requirements regarding 
plant protection, pruning, trellising, fertigation, etc., and they compete for light as well as 
other resources. In so-called biennial cropping, the two cane types are grown in separate rows, 
either in every second row or in different parts of the plantation. Rows are completely cut 
down after harvest. This cultivation system allows plant care to be optimized for each cane 
type, and new shoots do not hamper picking or removal of old shoots. Moreover, plant 
protection measures that are damaging to pollinators or lead to unwanted residuals in the 
fruits, can be reserved for primocanes. The downside is of course that each row only gives a 
harvest every second year, theoretically meaning a 50% reduction of the yield per ha of 
raspberry. However, yield per metre of row is not halved in biennial cropping (in a Scottish 
trial it was even doubled), and with the ever-increasing costs of labour, the improved 
efficiency of plant care and berry picking may more than compensate for the reduction in 
yield. Despite these potential advantages of biennial cropping, it is not widely practiced in 
Northern Europe. Difficulties in finding soil free of root rot (Phytophthora rubi) and high 
investments in polytunnels may contribute to a focus on maximizing yield per hectare instead 
of minimizing costs per kg of yield.  
In Norway, a handful of growers has converted to biennial cropping, keeping primocanes and 
floricanes in separate parts of the farm. We are now starting a four-year project aiming to 
compare biennial and ordinary cropping with regard to optimal cane density, need for plant 
protection measures, yield, and overall profit in ‘Glen Ample’. The poster will present the 
project and some potential effects of biennial cropping on raspberry pest and disease 
management in a Northern climate. 
  
Key words: cane density, ‘Glen Ample’, Norway, Rubus idaeus 
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AN OPEN SOURCE TECHNOLOGY PLATFORM FOR INTERNATIONAL 
COLLABORATION AND LOCAL ADAPTATION OF IPM TOOLS 
 
Tor-Einar Skog, Berit Nordskog, Håvard Eikemo, Halvard Hole, Annette F. Schjøll,  
Jan Netland, Nina Trandem, Trond Rafoss 
 
Bioforsk, Plant Health and Plant Protection Division, Høgskoleveien 7, 1430 Ås, Norway, 
nina.trandem@bioforsk.no 
 
A web based forecasting and information service developed for integrated management of 
pests and diseases in Norwegian cereals, vegetables, and fruit crops has been running since 
2001 (www.vips-landbruk.no). The service is a collaborative project between Bioforsk 
(www.bioforsk.no) and the Norwegian agricultural extension service (www.lr.no) under a 
government-funded action plan for reducing the risks in pesticide use. At present, 24 models 
are running in VIPS, covering all pest and disease models in Norway. VIPS also includes a 
decision support tool for management of weeds in cereals, based on the Danish Plant 
Protection Online. An English demo of VIPS, featuring a forecasting model for potato late 
blight, can be found at http://testvips.bioforsk.no/index_en.jsp. 
A new version of VIPS is under development, allowing for local adaptations such as 
language, incorporation of models and other services. Our aim is to create a technology 
platform for international collaboration on IPM. Providers of forecasting models may have 
their models easily distributed to users worldwide. The model output views are flexible, and 
simple to incorporate in existing web sites or distribute on smart phones and tablets. 
Cooperation on development, implementation, testing and validation of forecasting models is 
easy. The source code for the new platform will be released under an Open Source License. 
The rapid worldwide adaptation of mobile telecom technology creates new opportunities for 
information flow and interactive pest forecasting. We are seeking partners interested in 
cooperation on developing the system, for example through joint research & innovation 
projects that include implementation of forecasting models and development of applications. 
 
Key words: agricultural extension service, climate, forecasting, Norway 
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FOLIAR DEPOSITION OF ELECTROSTATIC CHARGED SPRAY APPLIED BY A 
CANNON SPRAYER ON HIGH TUNNEL STRAWBERRY 
 
Bondesan Daniel1, Rizzi Claudio1, Ganarin Gianpiero1, Marchel Loris2, Bertoldi Silvio2 
 

1 Centre for Technology Transfer – Fondazione E. Mach, via Mach 1, 38010 S. Michele 
all’Adige (TN), Italy; 2 Sant’Orsola, Cooperative association of fruit growers, Via Lagorai 
131, 38057 Pergine Valsugana (TN), Italy 
 
Strawberry is the main soft fruit production in high tunnel cultivation of Trentino. With about 
4000 t of yield per year, the regional strawberry production has increased in the last years and 
it represents almost the 70% in terms of quantity and about 60% in terms of value in the 
production sector of small fruits. 
To improve pesticides application efficiency is a difficult process because it can be affected 
by several factors some of which do not allow an easy and sufficient control. The cannon 
sprayer is one of the equipment widely in use for protected cultivations in this area. This type 
of sprayer can be equipped with electrostatic charge devices, but the experience in how much 
this can improve the canopy deposition of PPP is not much. 
To acquire some preliminary data on the improvements achievable by the electrostatic 
charged application technique an experiment was carried out in strawberry tunnels using a 
cannon sprayer (Tifone Bravo 600) equipped with an electrostatic device which was turned on 
in a first plot and off in a second one during spraying a tracer solution (yellow Tartrazine). 
The experimental tunnels were about 18 m long and they were sprayed from both the front 
openings of the structure travelling at a working speed of 1.2 km h-1. Plants were grown into 
bowl at the top of hanging trellises disposed into four rows for each tunnel and the canopy 
stage was typical of the first decade of July (end of harvest). The applied volume was 1500 l 
ha-1 as usual in the area for this development stage. 
After drying of vegetation foliage was sampled at three different distances from the front of 
tunnels (2-3 m, 6-7 m, 9-10 m) and at two depth levels of the canopy (external crown and 
internal foliage) in the two central rows of the protection structure. 
Sample analysis showed that the use of the electrostatic charge seems to increase the tracer 
deposit in the outer part of the vegetation, close to the opening of the tunnel. This effect 
seems have an influence also on the deposits of the inner leaves closer to the front of the 
tunnel, reducing them. In the inner part of the vegetation – the most difficult to cover – it 
seems to be no appreciable increase in deposition using the electrostatic charge. In the central 
part of the tunnel, the effect was no more appreciable too. 
Further investigations appear suitable to determine the effect of this technique on earliest and 
more representative development stages of strawberry plants. 
 
Key words: foliar deposit, electrostatic application, cannon sprayer, high tunnel, strawberry 
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INVESTIGATING ALTERNATIVE RESIDUAL HERBICIDES FOR ANNUAL 
WEED CONTROL IN RASPBERRY 
 
John Atwood1, Janet Allen1, H. Roberts1  

1 ADAS UK Ltd, Battlegate Road, Boxworth, Cambridge, CB23 4NN 
harriet.roberts@adas.co.uk 

 
Efficient and cost effective weed control is important in raspberries; to prevent yield loss from 
competition for water and nutrients and to enable efficient harvesting without impedance by 
weed growth.  The majority of raspberries are currently treated with herbicides such as 
pendimethalin, napropamide and isoxaben.  As the EU review process continues to place 
existing residual herbicides under threat it is important to continue to develop alternative 
herbicides for economical weed control. 
To achieve this, a three year project, funded by the Horticultural Development Company was 
designed to test a range of residual herbicides, identified from other sectors, for weed control 
efficacy and crop safety.  In year one nine herbicides were tested individually on both an 
established plantation and a newly planted long cane crop, both cv. Glen Ample.   None of the 
herbicides tested caused any significant damage to the plants, nor did they reduce cane 
number in either the newly planted long cane or the canes in the established plantation.  
Flazasulfuron gave the most complete weed control spectrum with pendimethalin + 
dimethenamid-p, mesotrione, sulfosulfuron and flufenacet + metribuzin showing promising 
results. None of these had a fully comprehensive weed control spectrum, therefore in years 
two and three the most promising herbicides were taken forward as tank mixes in combination 
with either isoxaben or pendimethalin to enhance the spectrum of weeds controlled and to 
further assess crop safety and any effects on fruit yield and quality. 
 
 
Table 1.  Details of herbicides applied to the trial plots in years two and three of the project 
 
 Product 

 
Active ingredient Product rate Approval 

Raspberries 
1 Untreated - - - 

 
2 Artist + 

Stomp 400SC 
flufenacet + metribuzin  
(24:17.5% w/w) 
pendimethalin (400 g/L) 

2.5 kg/ha 
3.3 L/ha 

not approved 
approved 
 

3 Wing-P + 
Flexidor 125 

pendimethalin + dimethenamid p  
(250:212.5 g/L)  
isoxaben (125 g/L) 

4.0 L/ha 
2.0 L/ha 

not approved 
approved 
 

4 Wing-P + 
Gamit 36CS  

pendimethalin + dimethenamid p  
(250:212.5 g/L) 
clomazone (360 g/L) 

4.0 L/ha 
0.25 L/ha 

not approved 
not approved 
 

5 Callisto + 
Flexidor 125 

mesotrione (100 g/L) + 
isoxaben (125 g/L) 

1.5 L/ha 
2.0 L/ha 

not approved 
approved 
 

6 Chikara  + 
Stomp 400SC 

flazasulfuron (25% w/w) + 
pendimethalin (400 g/L) 

150 g/ha 
3.3 L/ha 

not approved 
approved 
 

7 Gamit 36 CS + clomazone (360 g/L) + 0.25 L/ha not approved 
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 Product 
 

Active ingredient Product rate Approval 
Raspberries 

Stomp 400SC pendimethalin (400 g/L) 3.3 L/ha approved 
 

8 HDC H7 + 
Flexidor 125 

s-metolachlor + terbuthylazine  
(312.5: 187.5 g /L) + isoxaben (125 
g/L) 

2.0 L/ha 
2.0 L/ha 

not approved 
 approved 
 

9 HDC H8 + 
Stomp 400SC 

undisclosed + 
pendimethalin (400 g/L) 

4.0 L/ha  
3.3 L/ha 

not approved 
approved 
 

10 Stomp 400SC + 
Flexidor 125 

pendimethalin (400 g/L) + 
isoxaben (125 g/L) 

3.3 L/ha 
2.0 L/ha 

approved 
approved 
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Figure 1. Effect of herbicides applied in March on weed numbers in established raspberry, 
post-harvest – August 2011 
 
 
Taking all three years into account flazasulfuron stood out as the most effective herbicide, and 
when used in combination with pendimethalin the weed control was comprehensive and more 
persistent than any of the other treatments. It did however cause some transient chlorosis to 
primocane in 2012.  Tank mixes with pendimethalin + dimethenamid-p, clomazone and 
flufenacet + metribuzin were less persistent but are worth developing for raspberries if 
extensions of approval can be obtained.  No effects on yield were recorded and no residues 
were detected above MRLs. 
 
  
Key words: raspberry, residual, herbicide, weeds, flazasulfuron 
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FIELD VALIDATION OF DIGITAL INSECT TRAP FOR MONITORING 
LEPIDOPTERAN PESTS IN ORCHARDS 
 
Greg Krawczyk1, Brian L. Lehman1, Johnny Park2, Larry A. Hull1 
 
1Penn State University, Department of Entomology, Fruit Research & Extension Center, 
Biglerville, PA 17307; 2Spensa Technologies, West Lafayette, IN 47906 
 
The use of sex pheromone-baited insect traps for precise pest monitoring is critical towards 
implementation of effective Integrated Pest Management (IPM) programs. Automation of 
insect trapping and monitoring has the potential to significantly reduce associated manual 
labor costs needed for traps maintenance.  
During last few seasons we evaluated an automated pest detection system using bio-
impedance-based electronic sex pheromone prototype traps (Z-Trap) to monitor various 
lepidopteran pests in fruit orchards. The evaluations were aimed at determining the accuracy 
and reliability of traps, wireless communication system and the functionality of a web-based 
user interface program.  A single Z-Trap system consists of traps, a wireless communication 
device to communicate captures to a base station, and a web based user interface 
(mytraps.com) where collected information can be viewed, stored and analyzed. Single trap is 
equipped with a microcontroller, a wireless communication module, and a 3.2v rechargeable 
battery pack. Electrically charged adjacent steel rods in the Z-Trap surround a sex pheromone 
lure and create an electrical signal when a moth contacts adjacent rods. After each incident, 
the moth capture algorithm is applied to the signal to determine whether it was caused by a 
target insect species and/or rule out non-target insect captures. Daily insect capture data is 
sent wirelessly to a base station, which automatically uploads the data to a web interface 
designed to organize and display insect trap capture data specific for each single location.  
During field trials the Z-Traps were deployed throughout commercial orchards in south-
central Pennsylvania. Each Z-Trap was deployed with a corresponding standard large plastic 
delta (LPD) trap placed nearby to compare the numbers of captured moths. All traps were 
rotated on a weekly basis to eliminate location related variability of moth captures. Z-Traps 
can be programmed to operate only when the moths are active.  
Regular pheromone traps generally captured higher cumulative numbers of moths than the Z-
Traps throughout the season.  However, the overall capture trends between both types of traps 
were reasonably consistent throughout the season. Unfortunately for some Z-traps, the 
reported detections were considerably higher than the actual moth captures observed in the 
collection containers (false positive).  
Wireless communication of the Z-traps to the base station was limited to a maximum distance 
range of about 1,5 km in a clear line of site.  Additional Z-nodes were placed between the Z-
traps and the base station to aid in the transfer of communication. To improve communication 
among units within the trap system after mid-June antenna extension cables were added to 
several of the traps to raise the antenna slightly above the tree canopy.  
Research and further development of the Z-trap is still an on-going process and it will require 
an improvement in the accuracy of moth detections to reduce the false detection rate.  Slight 
modifications to the algorithm may also be needed to increase moth identification accuracy.  
Changes in the algorithm and modifications to the sampling rate are expected to further 
increase battery life.  Wireless communication is limited by the distance from the base station 
and physical structures directly in the path of communication, but the battery efficiency was 
greatly increased by the addition of simple antenna cables to increase the height of the 
antenna.  
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THE USE OF BIOBEST “FLYING DOCTORS” IN STRAWBERRIES IMPROVES 
FRUIT QUALITY AND REDUCES GREY MOULD 
 
Mommaerts V.1*, Van Beneden S.1*, Van Delm T.2, Mourrut-Salesse J.1, Melis P.2, 
Stoffels K.2, Baets W.2, Wäckers F.1 
 
1 Biobest, Westerlo, Belgium; 2 Research Centre Hoogstraten, Meerle, Belgium 
*equally contributed 
 
Pollination by bees contributes to 1/3th of the global crop production. None withstanding, 
their benefits in enhancing crop yield and quality remain underestimated. In this study, the 
effect of bumblebee (Bombus terrestris) pollination was assessed in open field strawberries 
over the entire blooming season. For all harvest dates the results showed that bumblebee 
pollination improved both fruit quantity and quality as compared to natural pollination. 
Individual fruit weight per berry increased with 13 percent (1-3 g) and the number of fruits 
classified in the top quality class was highest in the bumblebee treatment. 
In addition, the innovative Flying Doctors® technique (Biobest NV) was used in strawberries 
grown under plastic tunnels and under open field conditions to control Botrytis cinerea. In 
this technique bumblebees are used as vector to transport the antagonistic fungus Gliocladium 
catenulatum J1446 (Verdera B4) into the flowers. For the greenhouse trial, results showed 
that Flying Doctors® in combination with Verdera B4 reduced B. cinerea and improved the 
shelf-life of strawberries. The efficacy of this biological control system was comparable with 
a conventional chemical spraying scheme. Similar results were also observed in the open field 
trial. Here the Flying Doctors®+Verdera B4 showed 30% B. cinerea reduction when 
compared with the control field. 
In conclusion, using bumblebees for pollination improves fruit quality of strawberries. A 
further advantage can be obtained by using the Flying Doctors® +Verdera B4 as here a dual 
positive effect was seen: improved fruit quality+quality combined with a significant B. 
cinerea reduction. 
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CONTROL OF BOTRYTIS CINEREA IN STRAWBERRIES WITH GLIOCLADIUM 
CATENULATUM VECTORED BY BUMBLEBEES  
 
Tom Van Delm1, Sarah Van Beneden2, Veerle Mommaerts2, Peter Melis1, Katrijn 
Stoffels1, Felix Wäckers2, Ward Baets1 
 
1 Research Centre Hoogstraten, Voort 71, 2328 Meerle, Belgium;  2 Biobest,Ilse Velden 18, 
2260 Westerlo, Belgium 
tom.vandelm@proefcentrum.be 
 
Grey mould Botrytis cinerea is the most common fruit rot disease in strawberries and shelf-
life is often limited because of Botrytis infections. This problem can be reduced by cultivating 
strawberries under protection. However, under favourable conditions Botrytis cinerea can still 
cause serious losses. Generally in commercial strawberry greenhouses in Belgium, the disease 
is controlled by spraying chemical pesticides. However, for sustainable disease control and 
producing strawberries with fewer residues, it is required to find non-chemical alternatives.  
A trial was conducted in strawberries grown under plastic greenhouse. To control Botrytis, 
bumblebees (Bombus terrestris) were used as vector to transport the antagonistic fungus 
Gliocladium catenulatum J1446 (Verdera B4) to the flowers using the Flying Doctors® 
system (Biobest). This system is a bumblebee hive with an integrated product dispenser. 
Bumblebees leaving the hive walk through the dispenser (filled with Verdera B4) and become 
loaded with the microbial product. The following treatments were compared with G. 
catenulatum vectored by bumblebees: untreated control, conventional chemical spray scheme, 
conventional spray application with G. catenulatum. In addition, it was investigated whether 
the efficacy of Verdera B4 (vectored) could be improved by combined spraying with G. 
catenulatum (1x) or Teldor (fenhexamid) (1x). An artificial inoculation with Botrytis was 
performed. Botrytis infection pre- and post-harvest, and yield were evaluated. It is important 
to pay attention  to the use of products for controlling other pests and diseases. These products 
should be compatible with G. catenulatum and with bumblebees. 
During harvest, there was no Botrytis infection found on the harvested fruits. After storage 
(14 days post-harvest), over all Botrytis assessments (all inoculated fruits and all different 
fruits under natural infection pressure) the untreated control gave 57.7% rotten fruits. Three 
spray applications with G. catenulatum (57.5%) or 1 spray application with Teldor (54.6%) 
did not reduce the Botrytis infection. The conventional treatment scheme gave a significant 
lower percentage of affected fruits 14 days post-harvest (45.8%). Also the object with G. 
catenulatum vectored by bumblebees (Flying Doctors® with Verdera B4; FD) gave a 
significant reduction (42.1%)  compared with the untreated control, and was comparable with 
the conventional chemical control. When the FD were combined with an additional spray 
application with Prestop or Teldor, it did not result in a lower Botrytis infection (46.9% and 
45.2%, respectively). 
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Botrytis-infection (%) over all assessments 14 days post-harvest (significance p<0.05 
Duncan) 
 
 
The disease pressure during the trial was relatively low, due to weather conditions during the 
trial.  At this relatively low disease pressure, the use of G. catenulatum vectored by 
bumblebees was as efficient than a conventional chemical treatment scheme. 
This greenhouse trial demonstrates that G. catenulatum vectored by bumblebees can reduce 
Botrytis infection and improve shelf-life of strawberries, comparable with a conventional 
chemical treatment scheme. This results in a more sustainable control with healthier 
strawberries due to fewer residues. 
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STRATEGIES FOR MINIMIZING PESTICIDE RESIDUES IN RED CURRANT 
(RIBES RUBRUM) 
 
Marcel Wenneker, Pieter van der Steeg 
 
Applied Plant Research, Research Unit Fruit, Wageningen University & Research Centre, 
P.O. Box 200, 6670 AE Zetten, The Netherlands. E-mail: marcel.wenneker@wur.nl 
 
A heavy reliance on synthetic fungicides has been necessary to control postharvest decay of 
fruits, including soft fruit. Recently, there is an ongoing concern about pesticide residues on 
fruits. Consumers increasingly prefer fruits without pesticides, and this is used by 
supermarkets as a selling strategy (residue free fruit). Research is started at Applied 
Plant Research (WUR-PPO) in order to find strategies for minimizing chemical pesticide use 
and residues in fruit crops. 
In the Netherlands soft fruit growers store their red currants for several months in order to 
obtain good prices. However, post-harvest rots can lead to significant losses. The most 
important post-harvest diseases are Botrytis cinerea and Penicillium expansum. 
Evaluation of spraying schedules revealed that red currant growers apply up to 16 spray 
applications in order to control Botrytis, powdery mildew, aphids and leaf drop disease. The 
majority of the spray applications during the season are focused on controlling Botrytis-
infections. Residue assessments showed that all applied active ingredients will be detected at 
harvest, and the number of different active ingredients measured is 6 to 10. 
In 2012 a project was started to develop strategies to decrease the number of spray 
applications and different chemical products applied. The results of the different strategies on 
residues, storability and quality of red currant in long storage will be presented.  
 
Key words: storage diseases, residues, Botrytis, fungicides, sustainable fruit production 
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REDUCING RESIDUES IN STRAWBERRIES THROUGH INTEGRATED PEST 
AND DISEASE MANAGEMENT IN COMMERCIAL UK PRODUCTION SYSTEMS 
 
T. O’Neill1, J. Allen1, E. Wedgwood1, H. Roberts1 J. Cross2, J. Fitzgerald2, A. Berrie2, X. 
Xu2, C. Jay2, M. Fountain2, R. Saville2 

 

1 ADAS UK Ltd, Battlegate Road, Boxworth, Cambridge, CB23 4NN 
2 East Malling Research, New Road, East Malling, Kent, ME19 6BJ 

harriet.roberts@adas.co.uk 
 
UK strawberry growers are under mounting pressures to produce supermarket quality fruit 
without detectible pesticide residues. In order to achieve this, a 5 year Defra Hort LINK 
funded project was carried out to find alternatives to conventional pesticide controls for the 
most damaging pests and diseases associated with strawberry.  These included powdery 
mildew (Podosphaera aphanis), Grey mould (Botrytis cinerea), European tarnished plant bug 
(Lygus rugulipennis), Common Green Capsid (Lygocoris pabulinus), aphids (all common 
strawberry species) and strawberry blossom weevil (Anthonumus rubi).  In the first three 
years of the project novel strategies were developed for the control of these pests and diseases 
by researchers within ADAS and EMR.  In the final two years the strategies were combined 
and tested alongside existing Biocontrol techniques over five field scale trial sites on 
commercial holdings to achieve an integrated program with the aim of achieving a 50% 
reduction in detectible pesticide residues. The experimental tunnels were compared with 
tunnels managed according to standard commercial practice. 
For aphids, well timed out of season aphicide sprays coupled with preventative introductions 
of aphid parasitoid wasps, provided comparable control to standard grower practice. Traps for 
strawberry blossom weevil and capsids proved effective and where catches didn’t reach 
thresholds routine pesticide applications were avoided.  These traps are now commercially 
available.  Predator releases already well-established in the industry for other pests (not 
investigated), including western flower thrips (Frankliniella occidentalis) and two spotted 
spider mites (Tetranychus urticae) performed better in the experimental tunnels where 
pesticide applications were limited. 
The strategy for disease control focussed on control during flowering using non-conventional 
and biological products, whilst outside of this period protective and curative pesticide 
applications were made.  For powdery mildew a model was used to trigger spray applications 
of potassium bicarbonate during flowering maintaining equivalent levels of mildew control 
with many fewer fungicide applications where there was a low mildew pressure. However 
more challenging and later sites required fungicide use alongside.  For Botrytis a combination 
of fungicide and biofungicide applications, timed according to the forecasting model outside 
of flowering and bumble-bee dispersed application of Gliocladium catenulatum through 
flowering, achieved equivalent and in one case lower levels of Botrytis compared with 
conventional applications. 
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Table 1. Strawberry yield results from the Surrey trial site in 2012. 
 

Date Class 1 Waste % Class 1

IPDM tunnels 601.6 kg 160.9 kg 78.9 

Untreated control tunnels 518.6 kg 548.1 kg 48.6 

Field average 54 t 15.6 t 77.5 

 
Yield and fruit quality were maintained in all but one site where exceptionally high mildew 
pressure caused problems.  Pesticide residues were reduced by between 50 and 100% and a 
detailed financial appraisal demonstrated this was possible without too great an increase in 
cost to growers. 
 
 
Table 2. Changes in variable costs per ha per annum that are likely to occur typically as a 
result of implementing the IPDM program in comparison with a typical growers program. 
 

Target pest/disease  Approach  
Additional 
cost/ha/annum  
£ (excl VAT) 

Botrytis  Bee vectored Prestop Mix  + £ 115 
BOTEM model and timed 
fungicide applications  

Variable depending on weather conditions  
+/-  

Powdery mildew  Applications of fungicide, potassium 
bicarbonate and sulphur according to 
forecasting model and field 
observations  

Variable depending 
on disease pressure 
and weather 2012 
estimate  
- £300 to - £404  

Aphids  Aphid parasitoid 6 wasp mix – 1 
tube/200m2 x 3 introduction at 3 week 
intervals  + £ 1,731 

Strawberry blossom weevil  Grid of 36 bucket traps and lures per 
hectare. 10 man hours to service traps  + £ 449 

Two spotted spider mite  High introduction rates of 
Phytoseiulus persimilis at first sight of 
pest 100k/ha followed by 25k/ha 2 
weeks later as required  + £ 404 

Capsids  2 green cross vane bucket traps for 
European tarnished plant bug, and 2 
blue sticky traps for Common green 
capsid per hectare with pheromones  + £ 86 

Western flower thrips and 
tarsonemid mites  

N. cucumeris ABS release sachets, 
followed by loose product 50/m2 as 
required  + £ 325 

Earwigs  Insect barrier glue on table top legs  + £ 94 
Net cost increase  + £ 2,800 

Key words: Integrated, Pest, Disease, Management, strawberry 



 36

VALUING THE ECONOMIC IMPACT OF DROSOPHILA SUZUKII ON SMALL 
FRUITS INDUSTRY IN TRENTINO (ITALY) 
 
Giorgio De Ros1, Sandro Conci1, Tommaso Pantezzi1, Gianluca Savini2  
 
1Center for Technology Transfer-FEM-IASMA; 2Organizzazione Produttori Agricoli 
Sant’Orsola 
 
The present paper aims to enhance a first estimate about the Drosophila suzukii’s potential 
economic impact on small fruit production in Trentino, North East of Italy. This was made 
possible not only thanks to a greater amount of data detected in the meanwhile, but also to the 
major knowledge developed about feasible mitigation strategies. At the present time there are 
still relatively scarce works on the subject, and focused on the USA despite of various 
invasions of D. Suzukii detected also in Europe since 2008. We think that our work can 
narrow this gap in the economic analyses about the impact of D. suzukii. 
As ex ante reference, i.e. the revenues generated by the industry in standard conditions, our 
evaluation utilised the average output value generated by the local industry in the period 
2007-09. That is to say the most recent years prior that economically significant damages of 
cultivated berries were detected in the area. According to the official statistics (Provincia 
Autonoma di Trento, 2012), during the 2007-2009 period the average revenues of small fruit 
industry amounted in Trentino to about 30 M€. Almost half of the total figure is due to 
strawberry, while the yearly output of the other selected crops vary from 2,4 M€ of blackberry 
to 5,3 M€ of raspberry. The invasion of D. suzukii challenged this situation. 
The growing scientific literature about the economic analysis of alien invasive species offers a 
range of methodological tools that can be used for the evaluation of the D. suzukii’s impact. 
Following the framework presented by Born et al. (2005), at least three methodological issues 
have to be taken into account: the field of application of the analysis (decision aid or impact 
assessment?), the range of impacts to be considered (just direct or even indirect impacts?), the 
data used (business or economic, i.e. societal, data?). 
Concerning the field of application, this paper focus either on the assessment of damage in 
absence of management strategies and on the management costs of control strategies. 
Attention was paid to just the five host crops mostly affected by the pest infestation in the 
analysed area: strawberry, raspberry, blueberry, blackberry and cherry. As a matter of facts 
damage reported by other crops can be actually considered negligible. Business data coming 
from the grading of infected samples at the level of marketing co-op were used. Moreover the 
costs of two specific pest management programmes were computed and compared with the 
production losses in the absence of management. With regard to this, the estimated costs 
include insecticides and other material used in the pest traps, but also the application costs. 
With regard to the range of impacts, the analysis is concentrated on the direct impacts of D. 
suzukii, i.e. the effects of the invasion on the host crops(s). No trade effects have been 
examined, since according to the industry operators the contingent decrease of production in 
the area could be easily substituted by other supplier of the Italian market. Consequently it 
was assumed that quantity reductions caused by infestation in Trentino do not increase market 
prices, differently from the analysis of Goodhue et al. (2011) about the impact on California 
strawberry and raspberry industry. No other indirect impacts, like for instance shifts in 
consumer demands caused by the pest’s invasion, were considered. 
Moreover, the present study aims to assess the impact of D. suzukii at the business level, and 
not at the whole society level. Biological invasions imply for sure external societal costs, 
above all whether the adopted control strategies are based on an increase of chemical inputs. 
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However, due to the lack of data necessary for reliable estimates, our work focuses on the 
impacts on local fruit industry.  
 
Keywords: Drosophila suzukii, impact assessment, agricultural production, berries, Italy 
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BRIDGING PEST AND DISEASE MANAGEMENT AND SELECTION IN BERRY 
GERMPLASM AND BREEDING PROGRAMS AT FEM 
 
Giongo L., Poncetta P., Martinatti P., Grisenti M., Fontanari M., Ajelli M., Loretti P.,  
Zoratti L., Grassi A., Mazzoni V., Costa F., Velasco R., Sargent DJ. 
 
Fondazione Edmund Mach, Via Mach 1 San Michele all'Adige, Italy 
 
Managing pests and diseases in berry breeding programs is of primary importance and as such 
is a continuous ongoing process at several levels. An apriori condition is to maintain constant 
field monitoring: not only where several crops are present at the same time but also at 
different developmental stages of the plants from seed to postharvest. For correct 
management during fruit production, evaluations of pest and disease resistance on single 
genotypes or varieties are essential . Whilst a wide germplasm base contributes beneficially to 
the enrichment of the ecosystem, the balance has to be carefully maintained in order to make 
plants fruiting for the selection process. Although the FEM programs are run at a single site, 
different environments are present and tunnels, glasshouses or open fields affect pest and 
diseases pressure on the plants in different ways. Field based phenomics, together with 
genomic tools are valuable analytical methods in berry breeding. At FEM, fruit quality is one 
of the main objectives of the blueberry, raspberry, and strawberry breeding and germplasm 
evaluation programs. During the selection or evaluation process, destructive and non-
destructive specific phenotyping techniques and instruments are applied, to model analyses 
that ensure an efficient and robust dissection of agronomic and fruit quality related traits. One 
of the traits that was identified as primarily important for quality characterization for most of 
the berry classes is texture. Texture analyses were modelled first on known cultivars and other 
quality parameters correlated to it and then applied and used as a tool to assist breeding and 
focus the selection of those phenotypes that better fit for specific identified and derived fruit 
categories (eg: storage or processing attitude). However, this method is destructive, so, based 
on the identified textural properties, a coupled laser Doppler vibrometry non-destructive 
technique was also modelled and applied to berry phenotyping and this allowed also to work 
toward a clustering of D. suzukii infested fruits and berries that were not infested. Amongst 
others, also compounds of the secondary metabolism of the plants appear to differently 
correlate with fruit quality traits in the different species with tolerance to different pests and 
diseases. While genotyping is a potent tool for the programs to ensure trueness to type and 
pedigree tracking, applied genomics, used in different ways for the different berry crops and 
for the different traits, including pest and disease resistance, helps us to deliver more accurate 
predictions on performance relating to traits that are usually complex and affected by many 
genes. However, several symptoms that might have a causal pest or disease effect still remain 
obscure, and a stronger collaborative effort among experts will be necessary. 
Results of these synergic analyses, selection and management applied to germplasm and 
breeding are here reported. 
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SUMMER FRUITING RASPBERRY VARIETY TRIAL 
 
Roberts H., Allen J. 
 
ADAS UK Ltd., Battlegate Road, Boxworth, Cambridge, UK 
 
For many years three summer fruiting varieties, Glen Ample, Tulameen and Octavia have 
dominated the UK raspberry industry and have enabled growers to produce quality fruit in the 
open field and using various types of protective covering from May – late July. However 
problems with their susceptibility to pest and or disease and in the case of Tulameen of 
imperfect fruit quality caused growers and industry representatives to ask the Horticultural 
Development Company to fund the trialling of new varieties and advanced selections of 
summer fruiting raspberries in order to identify varieties which could provide high quality 
fruit over an extended period, were high yielding, reliable in cropping, produce firm, 
attractive berries with a good flavour and texture, have a long shelf and are practical to 
manage and pick. 
Replicated plots of eight new summer fruiting raspberry varieties were planted as module 
raised plants in 2009 or 2010 at Rectory Farm, Stanton St John, Oxford, Oxfordshire. The 
trial site was located within a commercial south facing planting of raspberries and protected 
from adverse weather by Spanish tunnels from just prior to flowering until the end of harvest. 
The soil was a free draining, a light loamy sand. The trial varieties were compared with three 
control varieties, Glen Fyne, Tulameen and Octavia over two harvest years. In addition single 
guard plots of 10 additional varieties were examined alongside Glen Lyon which was planted 
as a standard variety for very early fruit production. 
In the harvest years the weight of marketable fruit and that of 25 berries selected at random 
from the harvested fruit was recorded. In addition once per week the quality of fruit was 
assessed e.g. appearance, cohesiveness, colour, etc. along with shelf life. Fruit lateral 
characteristics including presentation to the picker, cane, foliar & fruit susceptibility to pest 
and disease along with observations of cane habit, vigour and dates of bud break and harvest 
were also recorded. 
The potential of Glen Fyne, Tadmor and Cowichan as suitable summer fruiting raspberry 
varieties for UK growers was confirmed in this trial and four further guard entries; Jean 
d’Orléans, Chemainus, 0485K-1, 0019E-2 and Cascade delight were identified as promising 
selections. Results achieved by Tulameen, Glen Doll and Octavia in terms of yield and berry 
quality were disappointing in both 2011 and 2012. 
 
Key words: Cultivars, Variety, Pest, Disease, Management, Floricane, Summer, Raspberry 
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RESISTANCE AND OFF ODOUR VARIATION IN STRAWBERRY CULTIVARS 
INFECTED BY PHYTOPHTHORA CACTORUM 
 
Eikemo H.1, Haugen J.E.2, Lundby F. 2, Stensvand A.1 
 
1Bioforsk, Norwegian Institute for Agricultural and Environmental Research, Plant Health 
and Plant Protection Division, Høgskoleveien 7, 1430 Ås, Norway; NOFIMA, Norwegian 
Food Fesearch Institute, Osloveien 1,1430 Ås, Norway  
 
Phytophthora cactorum causes two different diseases in strawberry (Fragaria × ananassa), 
attacking both the fruits (leather rot) and the rhizome/crown (crown rot). Crown rot is caused 
by a special pathotype of P. cactorum, while leather rot can be caused by isolates from many 
host plants. Isolates causing crown rot in strawberry can also cause leather rot on strawberry 
fruits, but not the other way around. The two groups of isolates are morphologically similar, 
but can be separated by molecular methods. Crown rot causes a reddish brown discoloration 
of the crown (rhizome) and subsequent wilting of the plants. The disease is usually most 
devastating if the plants are infected during propagation, and symptomless infected plants are 
planted. In severe cases, more than 40% of the plants in a field have wilted and died from 
crown rot during one season. Leather rot can infect berries at any stage of development, and 
the symptoms vary between immature and mature berries. On green berries, attacked areas are 
usually brown or dark brown. As the rot spreads, the entire berry becomes brown, with a 
rough, leathery texture. The disease is difficult to detect on ripe fruit, and on fully mature 
berries, infection may result in only a slight, often hard to detect colour change (Ellis & 
Groove, 1983). Strawberry fruits infected by leather rot develop a very bad odour and taste, 
and this is problematic for both fresh consumption and the processing industry. The main 
cause of the bad odour has been identified as two phenols named 4-ethylphenol and 4-ethyl-2-
methoxyphenol (Jelen et al., 2005). Phytophthora cactorum can survive in the soil as 
oospores (resting spores) for many years in the absence of host plants. The diseases spread 
through motile zoospores, and one of the most important control measures is to avoid 
standing water in the field. Resistance of strawberry cultivars to crown rot has been well 
studied, and choice of cultivar plays an important role in controlling the disease. However, 
little is known about cultivar variation in resistance to leather rot, and if there is any 
correlation between resistance to crown rot and resistance to leather rot.  
A method for inoculating and assessing strawberry fruits with leather rot in the laboratory was 
developed, using surface sterilized, detached strawberries in humidity chambers. Inoculation 
was done with a 15 µl drop of zoospore suspension of around 104 spores per ml, and disease 
was assessed as percentage of surface area with symptoms four days after inoculation. Ten 
selections from a Norwegian strawberry breeding program, originally chosen for their 
potential as new cultivars for the processing industry, were included, together with three 
standard cultivars (Korona, Polka and Senga Sengana). The same selections and cultivars 
were also tested for resistance to crown rot in greenhouse tests. Plug plants were gently 
wounded in the crown with a scalpel, and inoculated with 2 ml of a 104 zoospore suspension. 
Disease was assessed on a scale from 1 to 8, where 8 to 5 is dead within 1, 2, 3 or 4 weeks 
after inoculation, respectively, and 4 to 1 based on symptoms in the crown of the remaining 
plants 4 weeks after inoculation (Eikemo et al., 2000; Simpson et al., 1994). To investigate 
possible cultivar differences in off odour, a sensory panel tested leather rot infected 
strawberry from the 10 selections and three cultivars mentioned above. All berries had been 
artificially inoculated in the laboratory and were frozen before they were tested. The sensory 
panel tested three sets of the 13 cultivars and selections, and the degree of smell from leather 
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rot was graded on a scale from 1 to 9. The same samples were also investigated by GC-MS to 
reveal the composition of volatile odour components in the infected berries including the 
leather rot specific phenols. 
Testing of resistance against leather rot showed variation from below 40 to over 80% of 
surface covered with leather rot 4 days after inoculation. Cvs. Senga Sengana and Korona 
came out as rather resistant (45%), while cv. Polka was quite susceptible (63%). For crown 
rot, the 10 selections varied between 3 and 6 on the scale from 1 to 8. Senga Sengana, Korona 
and Polka scored 1.2, 2.9 and 4.4, respectively, which was as expected according to previous 
experience (Eikemo et al., 2004). The results showed no correlation between resistances 
against the two diseases. The selection that was most susceptible to leather rot was the second 
most tolerant to crown rot, and the most susceptible to crown rot was among the most 
resistant to leather rot. All the selections tested were intermediately to highly susceptible to 
crown rot, with the most resistant showing a level of resistance comparable to cv. Korona 
(intermediately resistant). Results from the sensory panel showed a significant difference 
between the cultivars, and cv. Senga Sengana stood out as the cultivar with least perceived off 
odour from the leather rot infection. Results from the GC-MS showed a high correlation with 
amount of aroma components, which indicates that the smell of leather rot can partly be 
masked by high levels of strawberry aroma.  
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EFFICACY OF A NEW ACTIVE INGREDIENT SPIROTETRAMAT (MOVENTO 
100 SC) IN CONTROL OF THE BLACKCURRANT AND STRAWBERRY PESTS IN 
POLAND 
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Gruchała1, Tomasz Gasparski2 
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Warsaw, Poland 
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Spirotetramat is a new compound which belongs to the chemical class of ketoenols. During 
last few years spirotetramat (active substance of Movento 100 SC) was tested at the Research 
Institute of Horticulture in Skierniewice, Poland in the control of few most important pests of 
blackcurrant and strawberry plantations.  
In case of blackcurrant pests spirotetramat (as Movento 100 SC 0.75 and 1.0 l/ha) was applied 
either before or after bloom. On strawberry plantations the pest control treatment was 
performed after fruit harvest. 
On blackcurrant plantations spirotetramat showed very high and long-lasting efficacy in the 
control of aphid Hyperomyzus lactucae (treatment after blossom).  Efficacy of spirotetramat 
was similar or even higher than the efficacy of reference substances: pirimicarb, 
thiamethoxam and thiachloprid.  
Spirotetramat used 1-2 weeks before blossom or just after blossom of blackcurrant showed 
promising results in the reduction of the number of buds affected by the big bud mite.  
The results obtained in the last two years of experiments proved that the tested product used 
after bloom gave good control (up to 100 %) of the blackcurrant leaf midge (Dasineura 
tetensi), but much better results were obtained when the treatment was performed at the start 
of larvae feeding, both first and second generation. The efficacy obtained in trials with 
spirotetramat was similar to the results obtained after treatment with reference products as 
thiachloprid and lambda-cyhalothrin.  
Spirotetramat applied in the period of the blackcurrant stem midge  (Resseliella ribis) flight, 
both the first generation after blossom and the second generation just after  harvest, showed 
average results in the reduction of pest population (50-65 %).  
Tested product also reduced the two-spotted spider mite (Tetranychus urticae) population.  
On strawberry plantations spirotetramat applied once or twice, after fruit harvest, showed high 
efficacy in the control of the strawberry mite (Phytonemus pallidus). After just single 
treatment the pest population started to rebuild three weeks post-treatment. In the trial with 
two applications the efficacy of insecticide was at a high level (over 90 %) even five weeks 
after last treatment. The results obtained with spirotetramat were similar or even better than 
those obtained with the reference active substance - pirydaben. 
It is crucial to emphasize, that on plants treated with spirotetramat, natural enemies of pests 
such as Coccinelidae, Syrphidae and Phytoseiidae were noted. 
After completion of the registration procedures, spirotetramat may be used after blossom of 
blackcurrant to control the whole range of pests: big bud mite, aphids and blackcurrant leaf 
midge. It can also be applied to reduce populations of blackcurrant stem midge and two-
spotted spider mite. On strawberry plantations spirotetramat may also be applied after fruit 
harvest in order to control strawberry mite.  
This product will be a useful tool in the integrated plant protection. 
 
Key words: blackcurrant, strawberry, pest, chemical control, spirotetramat  
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Abstract: Natural enemies like arthropods and entomopathogenic fungi contribute to the natural 
regulation of pests in many crops. Arthropod natural enemies are a part of a complex multitrophic 
system and they exist alongside species of entomopathogenic fungi. Their regulation of prey will 
depend not only of their direct interactions but also of their interactions with each other. For example 
some of these entomopathogenic fungi may actually also be a potential threat to arthropod natural 
enemies. Both arthropod predators and entomopathogenic fungi are important biological control 
agents of the two spotted spider mite, Tetranychus urticae in strawberry. Previous studies on the 
interactions between these two types of natural enemies show variable results in regards to 
synergistic/antagonistic effects. We speculated if the degree of specialization of the predator or the 
fungus could affect the response. Therefore a behavioral study was conducted to investigate the 
behavior of predators (two species tested) in the presence of entomopathogenic fungal spores (two 
species tested). The predator species used in this study were the generalist predatory bug, Orius 
majusculus and the specialist predatory mite, Phytoseiulus persimilis. The entomopathogenic fungal 
species used was the generalist Metarhizium brunneum and the specialist Neozygites floridana. 
Predator behavior was recorded by observations in an experimental setup where the predator was 
given a choice between two strawberry leaf discs; one with entomopathogenic fungal spores and one 
without, and both with healthy T. urticae. Results suggest that searching and feeding times of both 
predator species was affected by the presence of entomopathogenic fungal spores and varied 
depending on the level of specialization of both the predator and the fungal species.  Searching time 
was lower on leaf discs with presence of M. brunneum spores compared to no fungal spores and higher 
on leaf discs with presence of N. floridana spores compared to no fungal spores. Results indicate that 
the degree of specialization of the beneficial organisms plays a role in the interaction between 
arthropods and entomopathogenic fungi. Such interactions are important to consider when biological 
control using several biological control agents is developed.  
 
Key words: Generalists, specialists, arthropod predators, entomopathogenic fungi, Tetranychus 
urticae, multitrophic interactions 
 
 
Introduction 
 
An understanding of the trophic interactions in a plant-herbivore-predator system requires 
knowledge of the interactions of different biological species. Many studies have been 
conducted on the trophic relationships between plant and natural enemy and how these 
mechanisms are involved in the defense of the pest as well as the interaction between 
predators. But what happens within a trophic level when the actors are biologically very 
different like entomopathogenic fungi and arthropod predators? This study is investigating 
that issue. Neither predators nor entomopathogenic fungi can be regarded as two distinct 
groups with uniform functions within the group.  Within these two groups, variation is high 
and their effects are rarely identical (Schmitz, 2007). Interactions between arthropod predators 
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and entomopathogenic fungi can be synergistic/additive or antagonistic. Arthropod natural 
enemies can for example influence local spore dispersal of insect pathogenic fungi by moving 
infected insects. This behavior is regarded as one of the most important ways of pathogen 
transmittance (Roy and Pell, 2000). This also means that predators can be negatively affected 
by entomopathogenic fungi directly by infection or indirectly by depleting prey populations 
(Roy and Pell, 2000) or reducing prey quality (Seiedy et al., 2012). This leads to the 
consideration of such interactions depending on the level of specialization because a 
specialized entomopathogenic fungal species is not as such a threat to a predator, while a 
fungal species with a broad host range represents a threat to a predator. Further a specialized 
predator may respond differently to entomopathogenic fungi in the presence of its prey than a 
generalist with a wider host range.  

This study is using as a model system the two spotted spider mite, T. urticae on 
strawberry. T. urticae is a serious pest in a wide variety of crops worldwide, including 
strawberries. The need for novel control options is increasing and the use of combined 
biological control agents has great potential. 
 
 

Materials and methods 
 
Colonies of T. urticae were reared on strawberry plants in a climate-controlled room at 
22°C±1, 50-70% RH and 16:8 L:D at the Norwegian Institute of Agricultural and 
Environmental Research (Bioforsk). Predatory bugs, O. majusculus, and predatory mites, P. 
persimilis were provided by EWH Bioproduction (Denmark) and LOG (Norway) weekly. 
Cultures of M. brunneum, Met52, were grown on Sabouraud Dextrose Agar (SDA) and stored 
in RT in darkness for approximately 25 days until used in the experiment. For preparation of 
leaf discs, a conidia suspension of M. brunneum of the wanted concentration was made. 
Strawberry leaf discs, 15 mm, were cut from fresh strawberry leaf material and dipped in a M. 
brunneum spore suspension of 1x107 conidia/ml and placed in a 5 cm petri dish with 1,5% 
water agar. Spore viability was established by a spore germination test. Leaf discs with spores 
of N. floridana, were produced by the use of cadavers with N. floridana, Brazilian isolate 
ESALQ1420. Three cadavers with N. floridana were evenly distributed on each leaf disc and 
placed in 20°C, 90% RH, in darkness, 24 hours. Sporulation was ensured by observing each 
leaf discs for presence of capilli conidia under a microscope the following day.  
The experimental set-up was based on two predator species and two fungal species in 
combinations, giving a total of six treatments: 1. M. brunneum + O. majusculus, 2. M. 
brunneum + P. persimilis, 3. N. floridana + O. majusculus, 4. N. floridana + P. persimilis, 5. 
O. majusculus and 6. P. persimilis, the latter two with no fungal spores. The observation arena 
was a 5 cm petri dish with two strawberry leaf discs, one with fungal spores and one without 
(except the two control treatments), placed on 1,5% water. The leaf discs were connected by a 
bridge of parafilm. In the two treatments with spores of N. floridana, cadavers were removed 
prior to the experiment. Six healthy T. urticae were transferred to each leaf disc 
approximately one hour before used in the experiment to allow them to settle. All predators 
used in the experiment were starved 24 hours. The behaviors recorded were walking 
(searching), feeding, resting, grooming and encountering prey, for 15 minutes. Sequence of 
treatments rotated between observation days and direction of leaf disc (left/right side) were 
randomized.  
 
 



 47

Results and discussion 
 
Preliminary results suggest that searching and feeding times of both predator species was 
lower on leaf discs with presence of M. brunneum spores compared to no fungal spores. On 
leaf discs with N. floridana spores the searching time of both predators was higher compared 
to no fungal spores. O. majusculus spent more time feeding on prey on the leaf disc with 
spores of N. floridana than on leaf discs without fungal spores, while P. persimilis spent less 
time feeding on leaf discs with N. floridana spores, compared to leaf discs with no fungal 
spores. Handling time of the prey was lower on leaf discs with fungal spores compared to no 
fungal spores and the predation rate increased on leaf discs with presence of fungal spores 
compared to no fungal spores. This indicates that several types of behaviors of both predator 
species are affected by the presence of entomopathogenic fungal spores and that the level of 
specialization seems to have an influence on the interaction. Further studies of the effect of 
entomopathogenic fungi on generalist and specialist predators would be necessary to make 
further conclusions but perhaps reveal new options of combining micro and macro-biological 
control agents. 
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The strawberry blossom weevil, Anthonomus rubi, oviposits in flower buds of strawberry and 
raspberry. This can cause substantial damage in organic crops, and the weevil is also 
increasingly difficult to control with pesticides in perennial conventional crops. As part of a 
project to develop multispecies traps for insect pests in strawberry and raspberry (“Softpest 
Multitrap”), we studied the phenology of A. rubi in different habitats and crops in Northern 
Europe and alpine Switzerland. The traps we used to monitor A. rubi in strawberry were green 
unitraps equipped with green cross-vanes, and in raspberry green unitraps with white cross-
vanes and bee excluding net. Each trap had a lure with two components known to attract both 
sexes of A. rubi in strawberry: aggregation pheromones and a plant volatile found in 
strawberry flowers. Cross-vane traps were also used to study the occurrence of European 
tarnished plant bug, Lygus rugulipennis, in strawberry (traps baited with commercially 
available sex pheromones), and raspberry beetle, Byturus tomentosus, in raspberry (traps 
baited with the commercially available attractant for this species). 
We will present results from Denmark, Norway, Latvia, Switzerland and UK, comparing the 
catch phenology of A. rubi with that of the two other species in different habitats (crop, 
boundary and forest). The significance of the results for developing alternative control 
strategies for the three pest species will be discussed. 
 
Key words: Anthonomus rubi, Byturus tomentosus, Lygus rugulipennis, organic farming, 
raspberry, strawberry 
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Aggregation and sex pheromone monitoring traps for the strawberry blossom weevil, 
Anthonomus rubi, and the European tarnished plant bug, Lygus rugulipennis, are now used 
routinely in UK strawberry crops to monitor the pests to target applications of plant protection 
products. Both pests can cause significant economic damage to both conventional and organic 
crops. Organic crops are particularly vulnerable because many of the products used to control 
the pests are not approved in organic growing systems. As part of a project to develop 
multispecies traps for insect pests in strawberry and raspberry (“Softpest Multitrap”), we 
investigated whether the Anthonomus rubi and Lygus rugulipennis traps could be combined to 
effectively mass trap both species in strawberry. We also considered the trap design, and in 
particular, the behavior of Lygus rugulipennis around the trap. This resulted in the trap design 
being changed to benefit capture of both species.  
We will present results from Denmark, Norway, Latvia, Switzerland and UK comparing the 
catches in 10 trap types, the effects on beneficial species and the behavior of Lygus 
rugulipennis around the trap.  
 
Key words: Anthonomus rubi, Lygus rugulipennis, mass trapping, trap, beneficials, 
behaviour, pheromone, aggregation 
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Introduction  
 
Vine weevil (Otiorhynchus sulcatus) remains one of the most serious pests of soft fruit crops. 
Although there are biological control options for control of vine weevil larvae, including 
entomopathogenic nematodes and fungi (EPF), adult weevils are typically controlled using 
broad spectrum insecticides that are incompatible with Integrated Pest Management (IPM) 
programmes. The potential of a novel, IPM-compatible control strategy that uses artificial 
refuges containing spores of an EPF and exploits vine weevil behaviour to disseminate the 
pathogen throughout weevil populations is currently under investigation.  

Determining how effectively adult vine weevil may disseminate the EPF throughout the 
crop requires improved understanding of how far weevils move and of their use of artificial 
refuges within crop environments. However, recording vine weevil movement within crop 
environments is difficult and traditional mark-release-recapture studies report low recapture 
rates. As a result there is little information on the movement of adult vine weevil within crop 
environments. 

Technological advances in animal tracking techniques may overcome the limitations of 
traditional mark-release-recapture studies of species such as vine weevil through remote 
sensing of the insect. Passive radio frequency identification (RFID) uses radio frequency 
magnetic fields to transfer data, typically a unique identification number, without contact 
between the tag and the reader. RFID has been used to study the spatial behaviour of a range 
of insects, but not previously the vine weevil.  

In a previous semi-field experiment a hydrophobic fluorescent powder served to mark 
weevils entering an artificial refuge and was used to simulate an EPF spore formulation. The 
powders used were brightly coloured and fluoresced under ultra-violet light, allowing easy 
identification of weevils that had entered a refuge or had come into contact with a weevil that 
had. This study found that a simple plastic crawling insect trap effectively disseminated 
fluorescent powders put in these refuges.   

This paper presents results from experiments using RFID tags, to record the distance 
moved by weevils, and fluorescent powders, to record the use of artificial refuges within a 
strawberry crop. This information will be used to determine the optimum density of artificial 
refuges within a crop in order to effectively spread the entomopathogenic fungus throughout 
the adult weevil population. 
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Material and methods  
 
Study sites 
Two strawberry crops were used in this study. A strawberry crop (cv. Elsanta) located at 
Harper Adams University, Shropshire was used in the RFID tagging experiment and a 
commercial strawberry crop (cv. Finella) located in Cambridgeshire, UK, was used in the 
experiment recording the use of artificial refuges.  
 
Insects 
Weevils used in the RFID tagging experiment were collected from commercial strawberry 
crops grown in Shropshire and Staffordshire. Before use weevils were kept in small groups 
(25-30 individuals) in ventilated plastic containers. Each container was lined with tissue 
paper, had a source of moisture (damp tissue paper), refuge (corrugated cardboard) and food 
source (strawberry leaves).  
 
RFID tagging 
RFID equipment used in this experiment was supplied by Biomark (Boise, Idaho, USA). 
HPT8 (8.4 mm 134.2 kHz FDXB) tags were used and these were read using an HRP Plus 
reader. A series of preliminary experiments confirmed that HPT8 tags are appropriate for use 
with adult vine weevil. In the experiments presented here the tags were attached to a weevil 
by first restraining the weevil by gently pressing it onto a softened roll of putty (Blue-tack®). 
Next a small droplet of thermoplastic adhesive was applied to the dorsal surface of the weevil 
abdomen using a low melt (130C) hot glue gun (TEC250LT, Basildon, Essex, UK). 
Immediately after applying the adhesive a tag was gently pushed into the adhesive. Once the 
adhesive had set and the tag was securely fastened the weevil was removed from the putty. 
 
Recording weevil movement 
Weevil movement within the strawberry crop was recorded in July 2013. A total of 40 tagged 
weevils were released into the strawberry crop on 3 July. Strawberry plants in this crop were 
grown in one metre grow-bags, 10 plants in each bag. A total of 76 grow-bags were arranged 
in four rows of 19 on a woven geotextile ground-cover membrane. The crop was grown 
outdoors. The distance between each row was one metre (measured from the centre of each 
row). Weevils were released after scanning the attached tags to record their unique 
identification numbers before placing single weevils in the centre of a strawberry grow-bag. 
Alternate bags in each row were infested with a single weevil in this way.    

The position of the released weevils was recorded by carefully scanning the crop area 
using a HRP Plus reader at regular intervals until 7 August 2013. Preliminary work indicated 
that an HRP Plus reader could detect the HPT8 tags from a distance of up to 14 cm 
(unpublished data). Therefore, the grow-bags were scanned along both sides and over the top. 
In addition, the area between the rows of grow-bags was scanned as well as the area 
immediately around the crop area. The minimum distance moved by each weevil was 
determined by measuring a straight line between the last recorded position of the weevil and 
the point at which the weevil was next detected.   
 

Recording use of artificial refuges by weevils 
Simple crawling insect traps (RoguardTM, BASF plc, UK), used as artificial vine weevil 
refuges, were placed within a post-harvest commercial strawberry crop naturally infested with 
weevils in August 2013. The experiment consisted of four densities of artificial refuge (0.75, 
2.25, 3.75 and 6.00 per m2) treatments replicated five times. Each plot measured 2 x 2 m2 and 
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contained two beds of strawberries with an alleyway between. There were approximately 12 
strawberry plants in each bed section and the beds were covered with black polythene.   

On 6 August 2013, 0.2 g of hydrophobic fluorescent powder (Swada, Stalybridge, UK) 
was added to the central well of each trap. A different colour was used for each trap density. 
The traps were positioned in the alleyways and on the beds within each plot. After two, nine 
and 15 days, UV torches were used after dusk to record the number of weevils within each 
plot and the proportion of these weevils coated with fluorescent powder.  
 
 

Results and discussion 
 
Recording weevil movement 
Of the 40 tagged weevils released into the strawberry crop, a total of 11 (28%) live tagged 
weevils were recovered from the crop after 35 days. From the data collected on the position of 
the weevils throughout the 35 day monitoring period it was possible to determine that the 
weevils had moved between 2.65 and 10.40 m from their release point. This is equivalent to 
an average speed of movement of between 0.08 and 0.30 m/day, although weevils were 
recorded to have moved up to 1.41 m within the crop in one day. Weevils were recorded to 
move both along rows of strawberry grow-bags as well as between rows of bags. If each 
weevil took the most direct route between recorded positions then the 11 weevils would have 
visited a total of 47 (62%) grow-bags in 35 days.   

In the only previous study of vine weevil movement, weevils were recorded to move 
between 0.32 and 0.55 m/day in an urban area. The slower speed of movement recorded in the 
current study may reflect the fact that the weevils had an abundant food supply and 
oviposition sites within the strawberry crop. Despite the relatively slow speed of movement, 
these results indicate that adult weevils are capable of disseminating the EPF as they move 
through the crop.   
 
Recording use of artificial refuges by weevils 
On the first assessment date, two days after placing the artificial refuge traps within the crop, 
a total of 178 weevils were recorded; 170 of these weevils were recorded moving on the 
leaves of strawberry plants with the other eight recorded moving on the black polythene. Of 
the 178 weevils recorded, 31 (17%) had fluorescent powder on their body, confirming that 
they had either entered an artificial refuge or had come into contact with a weevil that had. On 
the second assessment date, a total of 54 weevils were recorded; 31 of these weevils were 
recorded moving on the leaves of strawberry plants with the other 23 recorded moving on the 
black polythene. Of the 54 weevils recorded, six (11%) had fluorescent powder on their body. 
On the final assessment date, a total of 13 weevils were recorded; nine of these weevils were 
recorded on the leaves of strawberry plants with the other four recorded moving on the black 
polythene. Of the 13 weevils recorded, none had fluorescent powder on their body. There was 
no significant difference in the total number of weevils or the number of weevils with 
fluorescent powder on their body between treatments on any of the assessment dates. 

These results indicate that despite the large number of alternative refuge sites available 
within the strawberry crop, up to 17% of weevils had entered an artificial refuge or had come 
into contact with a weevil that had. The decline in the numbers of weevils recorded at each 
assessment date probably reflects the fact that the crop was rapidly senescing during the 
experiment. 
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Conclusions 
 
Results from these experiments provide more information on the movement of adult vine 
weevil within crop environments. This information will be used to determine how effectively 
adult vine weevil may disseminate an EPF from artificial refuges throughout the crop and the 
weevil population.   
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Introduction 
 
In both soft fruit and nursery stock industries, vine weevil (Otiorhynchus sulcatus) remains 
one of the most serious economic problems. In order to reduce damage caused by this pest, 
controls can be targeted against both the larvae in the growing medium which feed on the 
roots, and the adult weevils within the crop which cause leaf notching.  
Biological control of vine weevil is preferable to the use of insecticides in Integrated Pest 
Management (IPM) programmes.  Current options for biological control of vine weevil larvae 
include various entomopathogenic nematode species (in the genera Steinernema and 
Heterorhabditis) and the entomopathogenic fungus Metarhizium anisopliae (Met52). 

As there are a number of nematode products now commercially available, growers are 
unsure of which product to use, and how their control of vine weevil compares with that given 
by using Met52 in the substrate.  In an experiment in 2013 on a poly-tunnel crop of everbearer 
strawberry, Nemasys®  L (Steinernema kraussei) was compared with three Heterorhabditis 
bacteriophora products in a coir substrate, and the entomopathogenic fungus Met52 
(Metarhizium anisopliae) in both coir and peat substrates. Efficacy of Met52 combined with 
each of the nematode products was also determined in coir.  
 
 
Materials and methods 
 
The experiment consisted of fourteen treatments (Table 1). 
 
Table 1. Treatments, rates and methods of application 
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On 20 June, ten strawberry plants were planted per grow-bag. Each grow-bag represented a 
treatment plot, and there were four replicates per treatment except for treatment 1 and 13 
which had eight replicates each. 

Due to a malfunction with the Dosatron between 27 June and 16 July, feed was not 
delivered correctly. Although this was rectified four plants furthest away from the drippers in 
each coir bag failed to recover. In order to standardize the number of healthy plants per grow-
bag, on 23 August the four plants which failed to establish in each coir bag, and an equivalent 
four plants in each peat bag, were removed by cutting them just above the crown leaving six 
plants per bag.  

On 23 August, 15 vine weevil eggs were washed onto the soil around the stem of each of 
the six plants. Egg viability was 93%. 

On 5 September, each nematode product was applied at a rate of 25,000 nematodes in 
100 ml of water to each planting hole. All ten planting holes per grow-bag were treated as the 
roots of the removed four plants remained in the substrate. Nematodes were applied with a 
syringe to ensure dose accuracy to each plant. For treatments involving Met52, grow-bags 
with Met52 already incorporated into the substrate (500 g/m3) by the supplier were used at 
planting. 
Grow-bags were destructively sampled between 11-14 November. The numbers of live vine 
weevil larvae were recorded by carefully searching through the roots, substrate and breaking 
open the crown of the plant. Visual assessments were also made of plant vigour and scored 
between 1-5 (1 dead, 2 wilted, 3 discoloured leaves, 4 small and healthy, 5 large and healthy). 
 
 
Results 
 
In Figure 1 the results of the experiment are shown. The highest numbers of live larvae were 
recorded in the untreated grow-bags containing either peat (44.3 larvae per bag equivalent to a 
mean of 7.4 per plant) or coir substrate (39.5 (untreated coir 1) and 44 (untreated coir 2) 
larvae per bag equivalent to 6.6 and 7.3 larvae per plant respectively). High numbers of larvae 
(statistically similar numbers to the untreated bags) were also observed in grow-bags 
containing Met52 in a peat substrate, indicating that this treatment was not effective. Lower 
than optimum temperatures and moisture could possibly explain the performance of Met52 in 
the experiment. 

When considering the effect of nematode treatments alone in coir (without Met52), S. 
kraussei and H. bacteriophora A were the most effective nematode products, reducing the 
mean number of larvae per bag to 1.5 and 7.5 respectively (equivalent to means of 0.3 and 1.3 
per plant respectively). These two treatments were not significantly different. 

H. bacteriophora B and C reduced the numbers of live larvae per bag to 16 and 20.5 
respectively (equivalent to means of 2.7 and 3.4 per plant respectively) and were not 
significantly different from H. bacteriophora A. However, these two treatments did not 
reduce vine weevil larvae as well as S. kraussei. 

When used alone, Met52 in a coir substrate significantly reduced the mean number of 
larvae per bag when compared with numbers in untreated bags, to 23.5 (Met52 coir 1) and 
19.5 (Met52 coir 2) (equivalent to means of 3.9 and 3.3 per plant respectively). However, 
Met52 in a coir substrate was not as effective as S. kraussei in coir but was not significantly 
different than H. bacteriophora A, B and C in coir. 

When each nematode product was combined with Met52 the numbers of live larvae per 
grow-bag were not significantly lower compared with treatments where the nematode 
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products were used alone. Therefore combining Met52 with nematodes did not result in 
improved control.  
 
Analysis of the average plant vigour score per plot showed that despite some visual difference 
in plant vigour there was no significant effect of treatment on plant vigour observed during 
the experiment. 
 
 

 
 
Figure 1. Mean numbers of live vine weevil larvae per grow-bag with standard error of the 
mean. The least significant difference (LSD) was used to determine any significant 
differences. Different letters above bars indicate a significant difference. The mean vigour 
score per grow-bag is also shown. 
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FRESAPROTECT AND BERRYPROTECT: MIXES OF PARASITOIDS TO 
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CROPS. PRODUCT DEVELOPMENT AND CASE STUDIES FROM THREE YEARS 
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Introduction 
 
Aphids are a major pest in soft fruit production and chemical control is becoming difficult for 
different reasons: demand of the retailers for zero residue products, reduction in availability of 
active substances, insecticide resistance. For those reasons, and to reduce pesticide exposure 
of farm workers and the environment, many growers opt for an integrated pest management 
(IPM) of aphids using parasitic wasps (Braconidae and Aphelinidae).  
Viridaxis is a Belgian company, specialized in the rearing of those parasitic wasps.  
In 2007, Viridaxis started the development of FresaProtect. This product was designed to be 
easy to deploy by growers and to control all aphid species on strawberry crop (15 different 
species in Western Europe). For this purpose, FresaProtect contains six parasitoid species 
(Aphidius colemani, A. ervi, A. matricariae, Aphelinus abdominalis, Praon volucre and 
Ephedrus cerasicola) (de Menten 2011). It is used as a preventive tool (first release before 
aphids appear) allowing to keep aphid populations below the economic damage threshold. 
The development of the release point is described in de Menten (2011). It is a cardboard tube 
containing the mummies (Fig. 1). This model is easy to ship, to carry and to install in the 
greenhouses. The perforated plastic lid includes a recipient for honey to feed the parasitoids, 
increasing their life-span and fecundity. The tubes are clipped under a plastic roof hung by a 
fine nylon string to avoid predation by ants (Fig. 1).  

 

Fig. 1. Left: FresaProtect tube with its integrated feeding point (honey) in the lid; right: Protection of the tubes 
against water, direct sunshine and ants: tubes are clipped on a plastic roof hung to the structure of the greenhouse 
by a nylon string to avoid access by ants. 

To obtain a product with a long lasting effect which allows the parasitoid releases to be 
spaced in time, mummies with different development stages are mixed allowing an extension 
of the emergence period from 2 to 4 weeks depending on the temperature (Rosemeyer et al. 
2011). With this extended emergence period and regarding the life span of the different 
species ranging from 2 weeks for Aphidus spp. to 2 month for Aphelinus abdominalis, one 
release every three weeks guarantees a constant presence of fresh parasitoids in the crop. 
BerryProtect: A similar product to FresaProtect was developed for berries (raspberries, 
blueberries…). Its composition was adapted to the different aphid spectrum. BerryProtect 
contains five species of parasitoids with a high proportion of Praon volucre, giving a good 
control of the large raspberry aphid, Amphorophora idaei, and the blueberry aphid, Ericaphis 
fimbriata. 
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Case studies 
 
FresaProtect and BerryProtect have been used commercially since 2011 in many European 
countries, including Belgium, France, Germany and United Kingdom, in different cropping 
systems (heated glasshouses or unheated tunnels, full ground or soilless) and varieties of 
strawberries, raspberries and other berry crops (currants, blueberries, blackberries). Releases 
start, in the absence of aphids, just after planting or covering of the tunnels (or after an 
insecticide ‘clean up’ if necessary). Releases are done every three weeks at the recommended 
rate of one tube for 200 m². In 2012 and 2013, aphids and mummies in some commercial 
crops and several research stations, were regularly monitored (at least monthly). For 
FresaProtect, we provide here quantitative data from three research stations with different 
characteristics (cropping systems, varieties…), representative for what can be seen in the 
majority of commercial crops. To give a complete picture of the efficacy of the product in 
commercial environment, we also provide non quantitative results obtained with commercial 
use of FresaProtect and BerryProtect in the UK.  

FresaProtect 

Start with clean crop (Fig. 2) 

The first parasitoid release was done in week 15 on a clean Elsanta crop. Aphid pressure was 
low and all arriving aphids (Acyrtosiphon malvae) were rapidly parasitized. 
  

 

Fig. 2. Percentage of plants (N=25) with aphids (wide bars: level 0: no aphid, level 1: 1-4 aphids/plant, level 2: 
5-10 aphids/plant, level 3: Spot with colonies) and mummies (narrow bars: mum 1: 1-2 mummies /plant, mum 2: 
2-10 mummies/plant, mum3: >10 mummies/plant) in a 800 m² polythene protected tunnel with a table top crop 
of strawberries (Elsanta + other June bearer varieties). Proefcentrum Hoogstraten, April�July 2013. 

Start after a clean-up treatment (Fig. 3)  

A clean-up treatment with pirimicarb (0.4 kg/ha) was done in week 17 before the first release. 
After that, the first aphids were well controlled until week 25. As no release was done during 
5 weeks, a new clean-up treatment was applied in week 26 and releases restarted in week 27. 
After that, aphids were under control until the end of the harvest. 
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Fig. 3. Percentage of plants (N=40) with aphids (wide bars: level 0: no aphid, level 1: 1-4 aphids/plant, level 2: 
5-10 aphids/plant, level 3: Spot with colonies) and mummies (narrow bars: mum 1: 1-2 mummies /plant, mum 
2: 2-10 mummies/plant, mum3: >10 mummies/plant) in a 1600 m² plastic tunnel with a table top crop of 
strawberries (everbearers, different varieties). Landwirtschaftskammer Nordrhein-Westfalen, Auweiler, 
April�September 2012. 

Start after organic clean-up treatment (Fig.4) 

Just after covering the tunnels, individuals of Chaetosiphon fragaefolii were detected. They 
were treated with a foliar application of pyrethrum. After which, A. malvae and Macrosiphum 
euphorbiae were observed on a relatively high number of plants (more than 90% of the plants 
in week 20). However, the parasitism rate was very high (Mummies on 66% of the plants, 
Fig. 7) (mummies of A. abdominalis, P. volucre and Aphidius sp. were observed) and the 
latter two aphid species never reached the economic damage threshold. 

 

Fig. 4. Percentage of plants (N=25) with aphids (wide bars: level 0: no aphid, level 1: 1-4 aphids/plant, level 2: 
5-10 aphids/plant, level 3: Spot with colonies) and mummies (narrow bars: mum 1: 1-2 mummies /plant, mum 
2: 2-10 mummies/plant, mum3: >10 mummies/plant) in a 200 m² plastic tunnel with an organic full ground 
strawberry crop (Var. Candiss). Provinciaal Proefcentrum voor Klein fruit, Pamel (PPK), March�June 2013. 

Commercial crops in the UK 

In the UK, in 2013, a non-quantitative follow-up was realized at some growers using 
FresaProtect. 3.4 ha from 5 fields of strawberry crops were monitored. In all situations aphids 
stayed under control. The level of aphid presence was variable but in all situations, no aphid 
damage was recorded and no chemical correction was needed. The details are given for two 
examples. In Sonata strawberries (soil, unheated tunnel) (releases in week 14, 17 and 20), the 
red form of M. euphorbiae appeared in May and was immediately parasitized by P. volucre 
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and Aphidius sp. The parasitoid population established and control of the aphid was 
maintained until the end of the harvest (week 26�27) without additional parasitoid releases. 
In unheated tunnels with table top Elsanta strawberries (releases between week 14 and 25), M. 
euphorbiae appeared in week 21 in one of the 17 tunnels. In week 23, aphids were present in 
all tunnels and the number of mummies was still limited. However, the examination of the 
aphids showed that most of them were already parasitized and that they would soon be 
mummified. No additional treatment was applied and in week 25, very few living aphids 
remained and mummies of P. volucre could be found on nearly all plants. No damage by 
aphids was found.  
 
BerryProtect 
 
For BerryProtect, a non-quantitative follow-up was done in one commercial raspberry crop in 
Belgium in 2012 (soil, unheated tunnels) and at two commercial plantations in the UK (pot 
Maravilla plants in double cropping system in unheated tunnels as well as in heated 
glasshouse) in 2013. In Belgium, in 2012, releases started in March. Amphorophora idaei 
appeared towards the end of April and was rapidly controlled by P. volucre and Aphidius sp. 
No treatment against aphids was needed. In the UK, in 2013, releases of parasitoids were 
begun at the end of March in the heated glasshouse and in mid-May in the unheated tunnels 
after a ‘clean-up’ treatment of thiacloprid against raspberry beetle and cane midge. In the 
glasshouse, A. idaei was observed throughout the first crop cycle (until end of first harvest 
beginning of July), but no significant aphid population increase was recorded and mummies 
of P. volucre and Aphidius sp. were regularly observed. In the tunnels, individual aphids (A. 
idaei and M. euphorbiae) were regularly seen until end of first harvest (mid-July) but no 
colonies were formed and Aphidius sp. and P. volucre mummies were observed. 
 
Discussion 
 
From 2010 to 2013, in trials or in commercial crops, FresaProtect and BerryProtect offered a 
good protection against the different encountered aphid species. The use of a mix of 
parasitoids is thus an efficient alternative to chemical aphicides. FresaProtect and 
BerryProtect are, however, part of an integrated aphid management strategy and chemical 
treatments may be necessary in some situations. As parasitoids are mainly efficient when used 
preventively, a clean-up treatment can be needed before the first release if aphids are already 
presents at the beginning of the season. Aphicides may also be used as a correction measure 
in case of loss of control of the aphid population. This type of situation often results from an 
inappropriate use of the product (e.g.: non-respect of preventive use or of the three weeks 
interval between two releases or combination with an incompatible pesticide).  
The growers using parasitic wasps decreased their use of insecticides in the treated crops, 
saving, on average, one to three treatments compared to their standard strategy and, in many 
cases, no aphicide had to be used. The ease of use of the release system was appreciated by 
the growers for whom the mix of parasitoids is a valuable tool to reduce pesticide residues in 
fruit and to manage insecticide resistance. The absence of harvest interval makes the product 
also very useful during the picking period. 
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Tephritidae, also known as the true fruit flies, comprise a huge number of key agricultural 
pests, causing both quantitative and qualitative crop losses. Investigating mating sequences of 
these flies could help to unveil mate choice dynamics, adding information to improve 
behaviour-based control tools. Here we critically review knowledge about sexual 
communication and related behaviour in Tephritidae, with a special focus on agricultural 
pests of soft fruits. We examine features and the role of male-male combat in lek sites, cues 
affecting mating dynamics, and some fitness-promoting female behaviours [mainly female-
female aggressive interactions on fruits and oviposition marking pheromones (OMPs)] that 
occur at oviposition sites. We outline future perspectives arising from knowledge about 
sexual communication for Integrated Pest Management programs for Tephritidae pests 
infesting soft fruits. Sexually selected traits are frequently good indicators of male fitness and 
knowledge of sexual selection processes may contribute to the improvement of Sterile Insect 
Technique (SIT) programs. Furthermore, males’ exposure to parapheromones can enhance the 
mating success of sterile flies used in SIT programs. Lastly, the development of IPM 
strategies based on OMP application could help to improve eco-friendly control approaches 
against Tephritidae infesting soft fruits. 
 
Key words: courtship, Integrated Pest Management, parapheromone, oviposition marking 
pheromone, sex attractants, sexual selection, Sterile Insect Technique  
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PHYLLOCOPTES GRACILIS (NAL.) - MONITORING IN POLAND 
 
Tartanus M., Piotrowski W., Łabanowska B.H. 
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For many years, the raspberry leaf and bud mite (Phyllocoptes gracilis) was present on 
raspberry plantations in Poland. However, until now, it was not a threat to plants. However, in 
the last few years the pest population seems to increase and more damage to plants can be 
observed.  
The aim of studies carried out at the Research Institute of Horticulture (RIH) in years 2011-
2013 was to monitor the population of P. gracilis. Each year, observations were made on 
raspberry plantations in several regions of Poland such as Grójec, Lublin, Opole Lubelskie, 
Puławy, Poznań, Stargard Szczeciński and Skierniewice 1-3 times in the growing period. 
During each visit to plantation four samples comprising 10 leaves from each cultivar of 
raspberries were collected. Particular leaves sampled for assessment showed characteristic 
symptoms of damage. In the laboratory the lower side of the leaf blade was screened under a 
stereoscopic microscope for the presence of eriophyoid mite. 
In all experimental locations, during the three years of studies, specimens of the pest were 
noted on cultivar 'Glen Ample'. This raspberry cultivar bears fruit on previous year's cane 
(biennial shoots) and is considered as particularly sensitive to colonization by the raspberry 
leaf and bud mite. Observations performed on other raspberry cultivars confirmed that P. 
gracilis was present on 'Laszka' (Skierniewice area), 'Malling Promise' (Opole Lubelskie 
region) and 'Polka'- which is fruitful on the one-year shoots (Skierniewice and Puławy areas). 
During the studies performed in years 2011-2013 the raspberry leaf and bud mite was also 
confirmed to be a vector of a new type of viral agent – the raspberry leaf blotch virus.  
The studies on P. gracilis monitoring will be continued in Poland in 2014. We will also look 
for the possibilities to control the pest. 
 
Key words: Phyllocoptes gracilis, monitoring, raspberry, Raspberry leaf blotch virus. 
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The hairy scarab Epicometis (Tropinota) hirta Poda (Coleoptera, Scarabeidae) is a dangerous 
pest of strawberry, other berries, and orchard fruits especially in Eastern and Central Europe. 
The adult beetles cause damage mainly to flowers. They chew the petals, staminae and 
stigmae thus rendering the flower infertile. They can damage not only flowers in full blossom, 
but also in the bud stage, and ripening fruits. In Central Europe the overwintering adults 
emerge from pupae from the soil in April; the peak of the swarming period is in April - May. 
The grub (larva) lives in the soil, feeds on rotting plant material, it causes no damage. Control 
of this pest is difficult, since most insecticides cannot be applied during flowering without 
affecting honeybees or other beneficials. Mass trapping of adult beetles by high capacity traps 
supplied with highly effective attractants could be an excellent alternative control method, as 
it could reduce damage below an economically acceptable threshold and, at the same time, 
would be non-toxic, posing no health or environmental risk to other organisms, and so could 
be used throughout the blossoming period. In the present paper I attempt to summarize 
research efforts connected with the trapping of E. hirta.  
E. hirta, similar to many other day-active flower-feeding insects, uses both chemical and 
visual cues in host location. As for visual colour stimulus, it has a strong preference towards 
light blue, followed by white or different hues of yellow. As for chemical stimulus, a binary 
floral attractant has been described containing (E)-anethol and (E)-cinnamyl alcohol as a 
result of field screenings. Later, candidate synergist compounds were selected through 
electroantennographic tests which were conducted using the antennae of female and male E. 
hirta adult beetles. Among synthetic floral compounds 4-methoxyphenethyl alcohol and 
methyl salicylate evoked high responses from the antennae and were chosen for further field 
studies. The addition of 4-methoxyphenethyl alcohol proved to be synergistic. Light blue 
funnel traps baited with the chemical lure were found to be highly effective for trapping both 
females and males of the beetle in large numbers. In mass trapping efforts traps set out at a 
density of 12-15 traps/ha in strawberry fields were able to decrease the population of the 
beetles below damage threshold levels. A significant reduction in beetle numbers was also 
recorded in apple orchards.  
Most recent research provided evidence that E. hirta females produce a pheromone which is 
attractive for males. Identification of the active compounds is underway and could help in 
further improving the efficiency of E. hirta traps. 
Light blue funnel traps with the E. hirta floral lure were effective also for the capture of the 
closely related Tropinota squalida Scop. (Coleoptera, Scarabaeidae). This species causes 
similar type of damage as E. hirta in the Mediterranean and the Middle East. 
 
Key words: floral attractants, colour, pheromone, Epicometis hirta, Tropinota squalida, 
trapping 
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The raspberry variety Glen Ample has become very popular in Finland during the last decade. 
It has proven very susceptible to the raspberry leaf and bud mite Phyllocoptes gracilis, which 
is present not only on wild raspberry but is increasingly common also in raspberry plantations 
in Finland. Control of this mite has become more important especially as it has been 
recognized as a vector of Raspberry Leaf Blotch Virus, which recently has been recorded also 
in Finland. Along with the growing interest for cultivation of raspberries in tunnels even the 
two spotted spider mite Tetranychus urticae will obviously become more important in Nordic 
climatic conditions. The aim of the study was to find out whether repeated introductions of 
the predatory mites Neoseiulus barkeri, Neoseiulus cucumeris and Phytoseiulus persimilis 
could control the pest mites in polythene tunnel and open field conditions.  
Material and methods 
In 2011-2012, natural infestation, spread, establishment and biological control of P. gracilis 
and T. urticae was studied on two raspberry varieties, Glen Ample and Maurin Makea, a  
Finnish variety, in identically arranged tunnels and fields at MTT Jokioinen, Finland. Plots of 
seven plants, eight plots per unit were arranged in four tunnels and open field blocks. The 
plants were grown in large pots with peat and watered and fertilized by drip irrigation. 
In 2011, N. barkeri were released in early August in slow release sachets (70 mites/plant) 
against P. gracilis. P. persimilis were released three times in June-August scattered on the 
leaves (total of 90 mites/plant). Only part of the P. persimilis material remained on leaves due 
to windy weather. In 2012, N. cucumeris were introduced six times on the plants (total of 
1300 mites/plant) in small cups with two weeks intervals. The number of mites as well as 
other pests and naturally occurring mite predators were checked from leaf samples at 2-3 
weeks intervals. Berries were picked and the yield/plot was weight. No pesticide treatments 
were carried out in the field. 
Raspberry leaf and bud mite 
In 2011, natural infestation of P. gracilis increased slowly until late August when all Glen 
Ample plots in the tunnels were infested, with the maximum value of 7 mites/cm2. In all the 
Maurin Makea plots P. gracilis spread slower as well as in the Glen Ample open field plots 
with the maximum values less than 1 mite/cm2 in early September. Introductions of N. barkeri 
were not successful and did not have any effect on P. gracilis at the end of the season. In 
early summer 2012 P. gracilis was present in all plots on both varieties. In the tunnels the 
population increased continuously reaching the maximum level (13.5/cm2) in the Glen Ample 
plots in early August (Fig. 1). In Maurin Makea plots the number of mites remained about 
half of that of Glen Ample throughout the season with the maximum of 6.7/cm2 in the middle 
of July. Releases of N. cucumeris reduced P. gracilis populations in both varieties with ca 50 
% in the treated plots compared to the untreated plots in the tunnels (pooled vegetative 
samples, log-transformed data, ANOVA, Holm-Sidak, t=2.804, P=0.031). In the open field no 
significant differences between treated and untreated plots were noticed with the maximum P. 
gracilis numbers of 6.2/cm2 (GlenAmple) and 1.0/cm2 (Maurin Makea).  
Continuous introductions of N. cucumeris in combination with the improved release method 
where mites were put into protected cups in 2012, gave a better result than in the previous 
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year when paper sachets containing N. barkeri were used. The P. gracilis population 
maintained at a reasonable level during the whole season. The question remains, does 
biological control prevent the spread of RLBV if there are infested plants inside the field? 
 

 
 
Figure 1. Development of raspberry leaf and bud mite (RLBM) populations in the tunnels. N. 
cuc gen. and veg. = introductions of N. cucumeris, samples from generative and vegetative 
shoots, respectively.  
 
Two spotted spider mite 
In 2011 T. urticae occurred mainly in the tunnel particularly on Maurin Makea soon after the 
plants were planted in the experimental field. The peak was reached in mid-July after which 
the population decreased rapidly. In spite of the problems in spreading the predators on the 
leaves P. persimilis efficiently controlled T. urticae. P. persimilis was practically the only 
phytoseiid species found in the leaf samples in 2011. Next year the number of T. urticae 
stayed at a lower level both in the tunnel and open field plots.  
Natural enemies 
Besides the introduced biological control agents, several local natural mite enemies were 
recognized in leaf samples. The most common natural enemies were cecidomyiid larvae and 
phytoseiid mites, both were most common in Glen Ample. Phytoseiid mite species Phytoseius 
macropilis, Anthoseius rhenanus, Amblyseius reductus, Euseius finlandicus and Paraseiulus 
soleiger were identified in leaf samples. The dominant local phytoseiid species was P. 
macropilis which inhabited especially open field Glen Ample where plenty of P. gracilis were 
available as food. N. cucumeris and P. macropilis were found in the same samples indicating 
that introduction of N. cucumeris did not prevent the natural spread of P. macropilis into the 
same plants. The naturally occurring predators contributed to the control of mites particularly 
in the open field. Predatory midge larvae (Cecidomyiidae) were present in higher numbers in 
the tunnels compared to the open field in both years and contributed to the control of both T. 
urticae and P. gracilis.  
 
Key words: Phyllocoptes gracilis, Tetranychus urticae, Neoseiulus cucumeris, two spotted 
spider mite, Phytoseiidae, polythene tunnel 
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Natural vegetation management may be an important component of conservation biological 
control strategies and its interest as potential reservoir of beneficial organisms is increasing in 
integrated pest management. To study sustainable integrated pest management strategies, it is 
very important to know mite species inhabiting both crops and surrounding vegetation. 
Acarological surveys on unsprayed blackberry plantations (open field and greenhouse) and 
nearby weeds were carried out every two weeks from March to June 2011, in order to study 
species diversity and population interaction. The research was conducted at Fataca 
Experimental Farm in Odemira (Southwestern Portugal, 300 Km from Lisbon) and was 
performed on three blackberry cultivars: ‘Apache’, ‘Ouachita’ and ‘Karaka Black’. Samples 
were further studied in laboratory and collected mites were prepared and mounted in slides for 
identification. The importance of spontaneous vegetation on crop mite populations and its 
potential contribution to enhance biological control of mite pests were evaluated. 
Twenty three mite species, belonging to six families, were identified on blackberries. The 
redberry mite Acalitus essigi (Hassan) was the most noxious mite, causing severe damage in 
protected crop. Its feeding activity causes an incomplete, delayed and uneven ripening of the 
berries. During feeding, the mite seems to inject a toxin that prevents the berries from 
ripening. Part or all of infested berries remain bright red, pink or green in contrast to the 
normal black colour of ripe blackberries and are quite inedible. Fruit marketable value is 
greatly reduced. The late maturing Ouachita cultivar was the most attacked by this eriophyid 
mite, a high population of eriophyids and a great number of attacked fruits were observed. 
Often late maturing cultivars may incur more damage, as their fruits are more exposed to mite 
attack. A. essigi is a refuge inhabiting species. Observations of A. essigi life cycle have shown 
that this mite follows the development of the host plant and seeks refuge in buds, flowers and 
the spaces between berry drupelets. These very small mites overwinter as adults in bud scales 
and in other crevices on the plant. 
Other phytophagous mite, the tetranychid Eotetranychus rubiphilus (Reck), detected for the 
first time in Portugal, had some importance in greenhouse, mainly in Karaka Black cultivar. 
The stigmaeid Agistemus longisetus Gonzalez and the phytoseiids Amblyseius stipulatus 
Athias-Henriot, Typhlodromus recki Wainstein and Amblyseius californicus (McGregor) were 
the most common predacious mites on blackberries. Stigmaeids move more slowly and less 
actively than phytoseiids but their deliberate movements are advantageous for locating small, 
slow moving and inconspicuous preys such as eriophyoid mites. 
Of the 65 weed species identified in blackberry crop, 41 were host plants of mites with 
agricultural interest, including 19 botanical families. Asteraceae was the most representative 
family, with eleven different host species of mites, followed by Poaceae, with six host 
species. 
Seventeen mite species, belonging to five families, were identified on natural vegetation in 
the studied blackberry plantations. The tydeid Orthotydeus californicus (Banks), observed on 
16 weed species, phytoseiids, especially A. stipulatus, observed on 14 weed species and T. 
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recki, observed on seven weed species, and the stigmaeid A. longisetus, observed on 10 weed 
species, were the predominant mites. These mite species also occurred on blackberries. 
The results obtained showed the influence of the neighbouring vegetation on the occurrence 
of predacious mites on blackberry plantations, apparently as a consequence of their migration 
between wild plants and crops, enhancing the impact of predators on pests. From acarological 
point of view, safeguarding the competition relatively to some vegetal species, natural 
vegetation may be an important component of conservation biological control in blackberry 
crop, because host weeds of mites are mostly repositories of predacious species and other 
mites that may serve as an alternative food for predators of plant pests, namely O. 
californicus. 
 
Key words: Acalitus essigi, Agistemus longisetus, blackberry, natural vegetation, phytoseiids. 
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Thrips (Thysanoptera) fauna associated to strawberry is still almost unknown in Portugal, 
except for Frankliniella occidentalis (Pergande) which is a recognized pest, causing high crop 
losses. The objective of this work was to contribute to a better knowledge of thrips presence 
in this crop and to evaluate the interaction crop- weeds. Which weeds harbor phytophagous 
thrips that are also present in the crop and constitute a threat to it? And in which ones we find 
thrips not dangerous to the crop or even beneficial fauna? Insects were surveyed, during the 
crop flowering period, in three strawberry fields and in the weed flora next to their 
boundaries, in the Oeste region (about 80 km north Lisbon). Sampling occurred weekly from 
20 March to 31 July 2013. The beating technique was used on the strawberry flowers directly 
in the field, along randomly selected rows, two flowers/ m2. In relation to the weeds, whole 
plants were collected or just one flowering branch per plant (for plants higher than 25 cm 
and/or with more than 20 cm diameter). For each weed species, three whole plants or three 
branches from different plants were collected, whenever available. Plant material was carried 
to the laboratory where it was identified and thrips were dislodged by the beating technique. 
The weed species analysed (N=98) belonged to 21 families. Thrips were detected in 62 
species (20 families). Adult thrips were identified. In the crop, 397 thrips were detected: 
72.8% were Aeolothrips spp. and 20.2% were Thrips spp., mainly T. angusticeps Uzel, 
followed by T. tabaci Lindeman. The third most abundant genus in the crop was Frankliniella 
(3%), where F. occidentalis represented 2.8% of the thrips caught in the crop. Aeolothrips are 
known predators (obligatory or facultative, depending on the species) and their high 
abundance in the crop during the sampling period may be attributed to a high mite infestation; 
they prey on thrips, mites and other small arthropods. Other thrips genus detected in the 
strawberry crop, but much less represented (vestigial presence) were: Ceratothrips, 
Isoneurothrips, Limothrips, Melanthrips, Neohydatothrips and Tenothrips. In relation to the 
weeds, 761 thrips were identified, being 41.9% Thrips spp. (mainly T. angusticeps, followed 
by T. tabaci), 11.3% Tubulifera , 9.7% Aeolothrips spp and 2.9% F. occidentalis. Other genus 
detected in the weeds, but much less represented, were those detected vestigially in the crop 
(referred above), plus: Anaphothrips, Aptinothrips, Chirothrips, Megalurothrips and 
Odontothrips. The presence of the Hemiptera Orius sp., recognized predators of thrips, is still 
under evaluation. Most of the Aeolothrips detected were A. tenuicornis Bagnall, but A. 
andalusiacus zur Strassen, A. citricinctus Bagnall, A. intermedius Bagnall and A. melisi 
Priesner were also present. The weeds that harbored a higher number of T. angusticeps were 
Andryala integrifolia L., Crepis capillaris (L.) Wallr., Crepis vesicaria L., Ranunculus 
trilobus Desf., and Raphanus raphanistrum L.. No weed was particularly abundant in T. 
tabaci. In relation to the Aeolothrips, attention should be given to Lupinus luteus L., owing 
their abundance in this weed species. Some additional interesting associations between thrips 
and plants were noticed: Limothrips sp. (94.6% were L. cerealium Haliday), rarely detected in 
the crop, were mainly in Poaceae (77.8%); Tubulifera, not found in the crop, were present 
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mainly in three Asteraceae: A. integrifolia, Chamaemelum mixtum (L.) All. and Coleostephus 
myconis (L.) Rchb. f. The knowledge about insect fauna present in weeds surrounding crop 
fields is essential for a better weed management and for a more efficient crop protection. 
 
Key words: Thysanoptera, Fragaria x ananassa, natural vegetation, IPM 
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Oviposition performance of Drosophila suzukii females across different 
yeast species 
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Abstract: Yeasts are known to play an important role in nutrition physiology and host attraction of 
many Drosophila species. Among other saprophagous Drosophila species, Drosophila melanogaster 
shows high attraction to Saccharomyces cerevisiae for oviposition. Predominant associations of yeasts 
to D. suzukii were detected to be similar on different cultivated host plants. In our study we observed 
the egg-laying behaviour of spotted-wing drosophila on fruits artificially associated with various yeast 
species. To record oviposition behaviour on a natural substrate, ripe cherry fruits were inoculated with 
selected yeast species. The behaviour of two populations of D. suzukii females, one population 
maintained in the laboratory for several generations on artificial diet and another population obtained 
from infested cherry fruits and reared for one generation in the laboratory on cherry fruits was studied 
in this experimental trail. To allow sexual maturing and egg production, and to detect posteclosional 
nutrition influences, the respective yeast species were provided as the only protein source to adult flies 
between eclosion and experimental start. The comparison of the selected yeast species shows 
significantly highest number of eggs from females of both populations fed with Candida sp. on 
inoculated cherry fruits. Additionally high numbers of eggs were detected on Saccharomyces 
cerevisiae for the cherry population. Possible reasons for this behavioural distinction between the 
selected yeast species are discussed with focus on nutritional quality and odour mediated attraction.  
 
Key words: spotted-wing drosophila, behaviour, egg-laying, Saccharomyces cerevisiae, Candida sp. 
 
 
Introduction 
 
Unlike most other species of the genus Drosophila, Drosophila suzukii females are able to 
infest and damage unwounded ripening fruit by their sclerotized serrated ovipositor 
(Kanzawa, 1939). The high dispersal potential as well as the wide host range makes this 
insect pest very dangerous. The fly is able to reproduce and develop on a very wide range of 
small and stone fruit crops. Soft-skinned and fleshed fruits of cultivated as well as of wild 
plants make part of its host range (Kanzawa, 1939; Calabria et al., 2012). Host susceptibility 
as well as suitability for larval development and attraction however can differ widely among 
fruit variety, cultivar and ripening stage. In studies on the host suitability of different fruits, 
raspberries and blackberries turned out to be the most preferable (Burrack et al., 2013; 
Bellamy et al. 2013). However, host fruit suitability for larval development and attraction for 
oviposition seem to be variable (Bellamy et al., 2013). 

Host suitability in most studies is evaluated with focus on fruit characteristics such as 
sugar content, pH or fruit firmness (Burrack et al., 2013), but host preferences and suitability 
may also vary due to the different microbial community on respective host fruits. Microbes, 
associated with Drosophila, belong primarily to the phylum Ascomycota and the family 
Saccharomycetaceae (Chandler et al., 2012; Hamby et al., 2012; Starmer et al., 1990). These 
yeasts play an important role as major food source on adult and larval nutrition of many 
Drosophila species (Begon, 1982).  
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Studies on the nutritional importance of dietary yeast on Drosophila melanogaster show 
an explicit influence of different yeast species to larval and adult fitness traits (Anagnostou et 
al., 2010). Additionally, it was found that larvae and adults of D. melanogaster prefer specific 
yeast species. However, these preferences vary between adult and immature Drosophila 
stages (Anagnostou et al., 2010; Fogleman et al., 1981; Cooper, 1960). Specific effects of 
single yeast species however may be less important, considering the findings of Rholfs and 
Kürschner (2010). Their findings suggest favourable effects of an increased species diversity 
and appropriate species combination of dietary yeast species on D. melanogaster fitness traits. 
The aim of this study was to determine the importance of yeast species, isolated from infested 
grape, as a nutrition source in Drosophila suzukii. We tested in a no choice situation, whether 
different yeast species can affect oviposition performance of adult spotted wing drosophila. 
 
 
Material and methods 
 
Insects, diet substrate and plant material 
Laboratory population (LAB strain) of D. suzukii originated from infested fruits of various 
types in South Tyrol and was maintained on artificial Cornmeal diet under laboratory 
conditions (22°C,  75% relative humidity, photoperiod L16:D8) for more than 10 generations.  
Wild strain cherry population (FRUIT strain) originated from infested cherry fruits in South 
Tyrol and was reared for one generation under laboratory conditions on cherry fruits. Ripen 
cherry fruits (Prunus avium subsp. duracina cultivar ‘Kordia’) used for insect rearing and 
bioassays originated from orchards in South Tyrol. All bioassays were conducted under the 
same environmental conditions: 22°C, 75% relative humidity, photoperiod L16:D8 
Yeast species and handling 
The yeasts used in this study have been isolated in our laboratory from the larval feeding 
grooves of D. suzukii infested grape of the variety ‘Vernatsch’ in 2012. For species 
identification molecular methods were applied: the partial sequences of the 28 rDNA were 
amplified using the universal primer pair NL1 (5'-GCA TAT CAA TAA GCG GAG GAA 
AAG-3')/NL4 (5'-GGT CCG TGT TTC AAG ACG G-3') (O’Donnell, 1993). PCR products 
were sequenced with NL1/NL4 primers. The obtained sequences were blasted and aligned 
using the NCBI database. 

For the bioassays we chose most frequent species-isolates: Hanseniaspora uvarum 
(accession ID: KC160555.1), Issatchenkia terricola (accession ID: GU585900.1), 
Rhodotorula mucillaginosa (accession ID: KC160628.1, Candida sp. (accession ID: 
JQ917720.1), Metchnikowia pulcherrima (accession ID: HM067867.1), Saccharomycopsis 
vini (accession ID: JF749205.1) and Saccharomyces cerevisiae (bakers yeast). 
Effects of nutritional yeast on oviposition performance in a no choice experiment 
D. suzukii adult flies of laboratory and cherry population were kept after eclosion in rearing 
cages with 0.5% sucrose solution for nutrition until start of the experiment. After 
approximately 10 days, 20 female and 18 male flies per treatment were replaced in a new cage 
and fed with respective yeast species (H. uvarum, I. terricola, R. mucillaginosa, Candida sp., 
M. pulcherrima, S. vini and S. cerevisiae) cultivated on potato dextrose agar (Merck) for 4 
days until experimental start, to allow egg production. For the oviposition record of flies of 
the cherry population on axenic cherry fruits, adult flies were fed previously with S. 
cerevisiae. 
For oviposition record, ripe cherry fruits were inoculated with yeast suspension (108 cells/ml) 
to stimulate females to lay their eggs. For this, seven cherry fruits per treatment were dipped 
consecutively for 30 sec in 0.5% NaOCl, for 30 sec. in 70% EtOH and 15 sec. in dH2O to 
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disinfect the surface, and then air-dried. Afterwards cherries were dipped for 2-3 seconds each 
in 15 ml of respective yeast suspension. In order to allow yeasts colonize fruits, cherries were 
kept for 24 hours under laboratory conditions. Yeast-colonised fruits and axenic fruits 
respectively were offered for the period of 2 or 3 days to adult flies for oviposition, and laid 
eggs per treatment and fruit were recorded. For the respective D. suzukii flies, this process 
was repeated on two consecutive dates, whereat three test intervals for always the same group 
of test individuals have resulted. During the entire oviposition record, respective yeast species 
were provided as diet to adult flies.  

Adult oviposition performance was analysed using the general linear model ANOVA for 
repeated measures. Differences among respective yeast species treatments (independent 
factor) were analyzed for oviposition on consecutive test intervals, significant effects were 
detected using the Bonferroni-test. To meet the assumption of normality, data were log10 

transformed before analysis. All statistical analyses were conducted in SPSS version 20 (IBM 
Corp. Released 2011) 
 
 
Results and discussion 
 
Effects of nutritional yeast on oviposition performance in a no choice experiment 
Our observation of female oviposition performance demonstrates significant effects of adult 
nutrition. Adult spotted wing drosophila females of the laboratory population laid 
significantly more eggs on cherry fruits when fed previously with Candida sp. (F = 63.60, d.f. 
= 6, P < 0.001, n = 49) (Figure 1A). Females of the cherry population laid significantly more 
eggs in the Candida sp. and S. cerevisiae treatment (F = 35.27, d.f. = 7, P < 0.001, n = 56) 
(Figure 1B).  
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Figure 1: Mean (±SD) oviposition of D. suzukii female adults of the laboratory (A, n= 49) and 
cherry (B, n= 56) population (number of eggs/fruit/day) on cherry fruits inoculated with 
different yeast species on three consecutive test intervals. Means followed by the same 
lowercase letter are not significantly different (Bonferroni; P>0.05). 
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These findings indicate a potential higher suitability of respective yeast species regarding 
their nutritional quality for egg production. It is known, that egg maturation in Drosophila 
female flies is depending on the availability of yeast (Bouletreau-Merle et al., 1978; Powell, 
1997), however, the nutritional quality of specific yeast species is still unclear. 
The numbers of eggs counted on axenic fruits were significantly lower than on S. cerevisiae-
colonised fruits even though both of the respective insect groups were fed with S. cerevisiae, 
what indicates a potential stimulation for oviposition induced by the yeast on the fruits. This 
enhanced oviposition performance of female flies on a yeast-colonised oviposition site could 
be explained by a preference of female flies to oviposit where they find most favourable food 
for their own nutrition (Scheirs et al. 2000). 

In conclusion, our findings suggest a strong association of yeasts to the herbivore 
invasive pest species, Drosophila suzukii. However, to allow an evaluation of potential host 
plant in terms of host suitability, detailed information’s on the interactions between host 
plants, microbial flora and pest insect are still required.  
 
 
References 
 
Kanzawa, T. 1939: Studies on Drosophila suzukii Mats (in Japanese). Kofu: Review of 

Applied Entomology 29. 622 p. 
Calabria, G., Maca, J., Bachli, G., Serra, L., Pascual, M. 2012: First records of the potential 

pest species Drosophila suzukii (Diptera: Drosophilidae) in Europe. J Appl Entomol 136: 
139-147. 

Burrack, H.J., Fernandez, G.E., Spivey, T., Kraus, D.A. 2013: Variation in selection and 
utilization of host crops in the field and laboratory by Drosophila suzukii Matsumura 
(Diptera: Drosophilidae), an invasive frugivore. Pest Manag Sci 69: 1173-1180. 

Bellamy, D.E., Sisterson, M.S., Walse, S.S. 2013: Quantifying Host Potentials: Indexing 
Postharvest Fresh Fruits for Spotted Wing Drosophila, Drosophila suzukii. PLoS ONE 
8(4): e61227. 

Begon, M. 1982: Yeast and Drosophila. The Genetics and Biology of Drosophila. London: 
Academic Press. 345-384. 

Anagnostou, C., Dorsch, M., Rohlfs, M. 2010: Influence of dietary yeast on Drosophila 
melanogaster life-history traits. Entomol Exp Applicata 136: 1-11. 

Fogleman, J.C., Starmer, W.T., Heed, W.B. 1981: Larval selectivity for yeast species by 
Drosophila mojavensis in natural substrates. Proceedings of the national Academy of 
Science of the USA 78: 4435-4439. 

Rohlfs, M., Kürschner, L. 2010: Saprophagous insect larvae, Drosophila melanogaster, profit 
from increased species richness in beneficial microbes. J Appl Entomol 134: 667-671. 

Bouletreau-Merle, J., Fouillet, P., Terrierm, O. 1978: Seasonal variations and polymorphisms 
in the reproductive potential of temperate D. melanogaster populations. Entomol Exp 
Applicata 43: 39-48. 

Powell, J.R. 1997: Progress and Prospects in Evolutionary Biology – The Drosophila Model. 
New York: Oxford University Press.  

Scheirs, J., De Bruyn, L., Verhagen, R. 2000): Optimization of adult performance determines 
host choice in a grass miner. Proceedings of the Royal society of London B 267: 2065-
2069. 

 
 



 77

About the overwintering ability of Drosophila suzukii in South Tyrol 
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Abstract: As D. suzukii is known to be thermo sensitive we investigated its ability to overwinter in 
the climatic conditions of the South Tyrolean area. The monitoring of the fly activity using Droski- 
drink baited traps allowed to detect an overwintering locality in the Adige valley at 300 m asl. We 
determined the reproductive condition of all females trapped weekly in the period from August 2012 
until September 2013 by dissecting their abdomen. In order to find a correlation between 
overwintering localities, reproductive status and climatic conditions, microclimatic data (air 
temperature and RH at 50-100 cm ground level, and temperature under the forest mulch) were 
registered. The results showed that the microclimatic conditions of single localities are of great impact 
for the overwintering and suggest that the adults aggregate in most favourable overwintering sites. In 
such sites a high part of the female population is able to survive, however in spring some of them 
show degenerated reproductive organs. Dissection of abdomens revealed a reproductive diapause in 
winter, which appears to be affected by the winter climatic conditions, the nutritional status and food 
availability.  
 
Key words: Drosophila suzukii, overwintering, reproductive status, microclimatic data, flight activity 
 
 
Introduction 
 
First recordings of Drosophila suzukii in South Tyrol (Italy) occurred in August 2010. Since 
2011 a monitoring program was implemented to observe the flight activity of this species in 
the South Tyrolean area. Because of the high reproductive potential of this species as well as 
the wide host range, it is very hard to control the pest during the growing season. According 
to previous findings and observations the hibernation is a bottleneck for the survival of the 
populations. For this reason, the knowledge of the factors for a successful overwintering of D. 
suzukii is of great importance.  

The monitoring of the flight activity allowed to detecting an overwintering locality in the 
Adige valley at 300 m asl. We determined the reproductive condition of all females trapped 
weekly at this location. Observations on the morphology of the overwintering females were 
also recorded.  

As this species is known to be thermo sensitive we investigated its ability to overwinter 
in the local climatic conditions. In order to find a correlation between overwintering localities, 
reproductive readiness and climatic conditions, microclimatic data (air temperature and RH at 
50-100 cm ground level and temperature under the forest mulch) of three selected sites were 
registered in the winter 2013-2014 and compared between each other.  
 
 



 78

Material and methods 
 
Monitoring of flying activity 
Traps (1l plastic bottle Kartell, coloured with a ca. 7 cm wide red band punctured with holes 
of 2-3 mm Ø) filled with 200 ml of the attractant Droski- Drink (Sant. Orsola Coop. agricola, 
TN, Italy) were controlled weekly by filtering the liquid and collecting the insects trapped. 
The bait was replaced weekly. D. suzukii individuals captured in the attractant were identified, 
preserved in 70% alcohol and stored at 6°C. 

From September 2013 until April 2014, weekly flight activity of D. suzukii was recorded 
in three locations with different environmental characteristics:  

- Schlossleiten: 300 m a.s.l. in the Adige Valley, 1,5 ha vineyard on the eastwards 
mountains slope, adjacent to natural forest with wild host plants such as blackberries 
and strawberries 

- Kurtatsch: 200m  a.s.l. 2 ha blackberries and blueberries plantations in the Adige 
valley surrounded by apple orchards with the nearest forest habitat at about  600 m air  
flight distance 

- Barbian: 900 m a.s.l   3000 m² strawberries, blueberries and raspberries plantations in 
the Isarco Valley on the eastwards mountains slope partially adjacent to natural forest 
habitats  

Traps were collocated on the host plants and in the neighbouring forest. 
Assessment of the reproductive status of the females  
All the females trapped in Schlossleiten (3176 ♀♀) from August 2012 until September 2013 
were dissected. Female reproductive condition was categorized as follows:  
1. no distinguishable ovarioles 
2. unripe ovarioles 
3. ripening eggs in ovarioles visible 
4. mature eggs with filaments 
5. old eggs 
Microclimatic data recordings 
In autumn 2013, in the forest at Schlossleiten and Barbian, and on the blackberry bush  at 
Kurtatsch, data loggers (Easylog-USB- 2,  Lascar Eletronics) recording hourly temperature 
(T) and relative humidity (%RH) were placed, protected from rain, at 50-100 cm above 
ground level near to the traps.   

Waterproof thermo sensors (handicrafts) were also collocated under the forest mulch 
(Schlossleiten and Barbian) or under the blackberries foliage on the ground (Kurtatsch) in 
December 2013. 
 
 
Results and discussion 
 
Flying activity and climatic data  
Schlossleiten was the only monitoring site (of 35 sites all over the province area) where 
constant flight activity was recorded also in the winter period from January to March, in both 
year 2013 and 2014. In year 2013 at Kurtatsch the flight almost ceased in December and 
sporadic catches were recorded in January 2014; in Barbian flight stopped at the end of 
November 2013.  

Kurtatsch showed the longer continuously period with weekly mean minimum air 
temperatures below 0 °C (48th – 4th week, with exception of week 52) and it is also the only 
site where, under the mulch foliage, hourly (h) temperatures   below 0°C were recorded 



 79

(figure 1). In this location there is no other possibility than the ground to refuge, as other 
natural potential refuges or human habitats are available not nearer than 600 m. Although the 
mean daily air temperatures (> 7°C, registered starting from week 8) allow the flight activity, 
no D. suzukii were trapped. Presumably the majority of the flies could not survive over winter 
in that site. 

Schlossleiten had also a period with weekly mean minimum air temperatures under 0 °C 
(week 48 2013 till week 3, 2014 except week 52), but beneath the forest mulch the 
temperatures did not drop below 2 °C. In contrast to the other monitored localities, the 
number of catches in Schlossleiten indicates the presence of a big population since the end of 
November in week 50 (up to 8000 individuals/week), even after the first frost period. In 
March 2014 up to 3000 individuals/week were trapped.  Thus, it is likely that the majority of 
the population survived and that the flies choose appropriate sites as overwintering localities. 

In Barbian the fluctuations between minimum  and maximum daily temperatures were 
minimal (averaged 5.1°C) and the mean weekly air temperatures ranges for a long period 
(week 48 until week 9) between  -2°C and  2°C, with discontinuous course below and above 
0°C. Underneath the forest mulch the hourly temperatures did not drop below 0°C and ranged 
mainly between 2° C and 5°C. Until week 11 the daily mean air temperatures were still below 
7°C and thus, the failure of catches till March could be due to a restricted flight activity. 
Nevertheless laboratory results showed that adult longevity decreases progressively at 
constant temperatures below 10°C (Dalton et al., 2011). So seems to be more likely that even 
if the temperatures in refuges were mainly above 2°C, the very long period (1600 h) exposed 
to temperatures ≤5°C, and with possibility to be exposed to air temperatures ≥10°C for very 
short periods during the daytime, caused an increased mortality of the local population.  
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Figure 1. Comparison of hourly ∑degree recorded under the mulch in possible refuges during 
the period 23.12.2013 until 13.3.2014 between three localities 
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Reproductive status of overwintering females  
The dissection of the females trapped at Schlossleiten during August 2012 and September 
2013 (figure 2), showed that females with ripening eggs were caught until the end of 
November 2012. At the beginning of the winter, females mostly contained unripe ovarioles.  
Starting from February until April, 90% of the trapped females mainly contained no 
distinguishable ovarioles suggesting an oosorption (Rosenheim et al., 2000; Clifton and 
Noriega, 2011). First ripening eggs were found in females caught in the first week of April.  

 Looking at the morphology of the females caught in March 2013, just about 1/3 of them 
showed an abdomen with lipid reserves, while the remaining proportion presented starvation 
signs like transparent abdomen without any visible content inside, just filaments adhered to 
the exoskeleton, or a small “imploded” abdomen. In April females with lipid reserves in the 
abdomen increased rapidly to 100% of the total caught.  
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Figure 2. Reproductive status of females trapped in Schlossleiten during the period August 
2012- September 2013. 
 
 

In January 2014 -March 2014 about 11000 females were caught in Schlossleiten, 1/3 of 
them has been already dissected and showed ripening eggs in the first decade of March, one 
month before than in 2013. In the period February –March 2014, 35% of the dissected 
females had no distinguishable ovarioles, indicating a lower percentage of females with 
resorption of reproductive organs compared to 2013.  Generally, both, weekly mean air 
temperature and weekly minimum air temperature in the respective period (January-March 
2014) were 2°C higher on average,  than in year 2013 in that geographical area. These 
observations indicate a reproductive diapause in that population, which appears to be 
influenced by the winter climatic conditions and the nutritional disposability.  

Our results showed that the microclimatic conditions of single localities are of great 
importance for overwintering and suggest that the flies aggregate in most favourable 
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hibernation sites. In such sites a high proportion of the female population is able to survive 
even if at the beginning of spring a variable percentage of females show degenerated 
reproductive organs. Further research is needed to determine if the loss of reproductive organs 
is an irreversible phenomenon and to evaluate its impact on the population dynamic of the 
following season. Also males could survive in Schlossleiten in proportion 1:2, males:females. 

 The behaviour of the flies in mountain sites like Barbian could not be elucidated as the 
air temperatures in the period January-March were mainly in a range which affects flight 
activity (≤ 7°C) and did not enable to monitor the fly. As the hourly temperatures in refuges 
did not drop below 0°C, survival of D. suzukii could not be excluded.  
The characterization and identification of overwintering sites could facilitate the development 
of target control strategies in order to delay the population dynamics in the following season. 
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CONTRIBUTION OF WILD HOSTS TO DROSOPHILA SUZUKII POPULATION 
DYNAMICS IN THE FINGER LAKES REGION OF NEW YORK 
 
Elsensohn J., Hesler S., Loeb G. 
 
Cornell University, Geneva, NY (USA) 
 
Drosophila suzukii Matsumura or Spotted Wing Drosophila (SWD) is a serious pest of many 
soft-skinned fruit crops but also utilizes a wide range of uncultivated plant species (wild 
hosts), many of which grow in proximity to small fruit crops.  Although SWD has been 
successfully reared from a number of wild host species in North America and elsewhere, little 
information is available on the season long contribution of wild hosts to SWD population 
dynamics. To address this question, we reared out Drosophila from ripe fruit collected from 
candidate wild host species found adjacent to 8 farms located in the Finger Lakes Region 
of New York USA throughout the 2013 field season. We asked the following questions: a) 
What is the seasonal pattern of host infestations for different plant species?  b) Which plant 
species produce the most SWD? Study sites were visited weekly, collecting fruit from up to 
five different plants of each species, starting in June and continuing through late November 
2013. Fruit samples were returned to the lab and monitored for fly emergence. Plant species 
surveyed included several species of Rubus, Cornus amomum Mill., C. racemosa Lam., 
Rhamnus cathartica L., Phytolacca americana L., Solanum dulcamara L., Prunus virginiana 
L., P. serotina Ehrh., Lonicera morrowii A. Gray, and Viburnum opulus var. opulus L.  Black 
raspberry (Rubus occidentalis) is likely a very suitable host, but ripens in June/early July and 
therefore escaped almost all infestation.  We reared significant numbers of SWD in mid-
season (July & August) from Morrow’s honeysuckle (L. morrowii), a widely distributed 
invasive shrub in New York, as well as wild blackberry (Rubus sp.). We hypothesize that 
these two hosts, which are very common at our study sites, may represent significant risk 
factors for nearby blueberries and primocane raspberries.  Important late season hosts 
(September-October) in terms of SWD per fruit included American pokeweed (P. americana) 
and dogwood (Cornus spp.).  Silky dogwood (C. amomum) had the highest overall infestation 
rate (#SWD/g), though the species was not very abundant at our study sites and it had a short 
fruiting season. Although buckthorn (R. cathartica) was abundant at most of the study sites, 
relatively few SWD per gram fruit were reared from this invasive shrub. Finally, despite the 
fruit of V. opulus var. opulus (highbush cranberry) ripening in late August and September, 
when SWD was abundant, we did not rear any SWD from this species. Multiple inter-related 
factors combine to determine the impact of wild hosts on SWD population dynamics 
including the degree to which fruit is attractive to SWD for oviposition and is a good larval 
host, when during the season ripe fruit is available, overall plant abundance, and length of 
fruiting season. Future research should address the impact of on-farm removal of wild hosts 
on SWD crop infestation at different distances from susceptible crops. 
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Evaluation of some organic products for Spotted Wing Drosophila 
control 
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elisabetta.gargani@entecra.it 
 
 
Abstract: In recent years the potential economic loss associated with Drosophila suzukii (Matsumura) 
(Diptera: Drosophilidae), the Spotted Wing Drosophila (SWD), is significantly increased. The timely 
control of the insect represents a challenge for research, due to the insect’s fast generation time, the 
wide range of host fruits continuously available throughout the summer season and the zero tolerance 
for marketing fruits. Currently, control efforts of D. suzukii rely heavily on the use of chemicals; this 
implies, as the fast SWD generation succession, many interventions at the fruit ripening by increasing 
risk of insecticide residues in fruits and promoting insect resistance. According to the EU regulations 
which provide for the reduction of chemicals, laboratory tests were performed in 2013 (see Gargani et 
al., 2013) to evaluate/screen direct and residual toxicity of different organic labelled products. In 2014, 
on the basis of the acquired evidences, further investigation was performed to evaluate different 
dosages of these substances. 
 
Key words: Drosophila suzukii, Beauveria bassiana, Sophora flavescens, Brassicaceae. 
 
 
Material and methods 
 
Five products were tested: Naturalis and Botanigard, registered as bioinsecticides, both based 
on living spores of naturally occurring strains of the entomopathogenic fungus Beauveria 
bassiana (Bals.-Criv.) Vuillemin. The other three products, without a known specific 
insecticidal activity, but with possible effects on plant defence mechanism, were: “Agricolle” 
- a product composed of some natural polysaccharides -, “Duofruit” - an emulsion of mustard 
oil added with patented defatted seed meals (DSM) able to release biological active 
compounds of Brassicaceae -, “Deffort” - a liquid fertilizer based on Sophora flavescens 
Aiton -. In the second experimental round (2014), laboratory trials were carried on by 
adopting higher doses of Naturalis and “Deffort” and different rates and mixing of “Duofruit” 
components (DSM and oil). All bioassays included a distilled water check. Regarding direct 
toxicity trials, healthy blueberries were inserted in a climatic chamber at 25°C and exposed to 
SWD adults for 72 hours. After adults’ removal, a fixed number of blueberries for each tested 
product was immerged for 30 seconds into 100 ml of solution/emulsion. Air dried fruits were 
then kept in a cell at 25°C and 75±5% RH for 10 days; emerged adults were collected and 
counted under stereo microscope. As concern residual contact toxicity test, healthy 
blueberries were dipped into 100 ml of solution/emulsion for each product and then air dried 
for two hours. For each product, treated blueberries were placed into Petri dish, the whole 
material was kept in a cage with D. suzukii adults for 72 hours and stored in climatic chamber 
at 25°C and 75±5% RH. Inspections were made under stereo microscope in two steps, 
immediately after the removal of the adults in order to verify oviposition on fruits and 10 days 
later in order to count larvae, pupae and adults. 
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Results and discussion 
 
During the first step of the laboratory trials (2013), with the exception of “Duofruit” and 
“Agricolle”, all the organically labelled products significantly reduced the vitality of SWD 
(Gargani et al., 2013). In particular, Botanigard determined the highest Abbott mortality 
(84.6%), not significantly different from “Deffort” and Naturalis that reduced the population 
over 50%. As concerns the residual contact toxicity, the number of hatched eggs was reduced 
by “Duofruit”, Naturalis and Botanigard. The coefficient of toxicity (E, see Overmeer, 1988)  
was higher than 80% for “Duofruit”, “Deffort” and Naturalis. In the 2014 trials, with regard to 
the direct toxicity, the best results were obtained with Naturalis (used at the highest dose 
suggested on the label), which exceeded the 60% Abbott mortality, while “Deffort” settled 
around 50%. The product based on Brassicaceae seed meals, “Duofruit”, has improved its 
performance by increasing the rate of DSM in the emulsion; the mortality, however, did not 
exceed 38%. Concerning the evidence of indirect contact toxicity, Naturalis once again 
showed good efficacy, reducing the SWD oviposition on treated fruits and confirming a 
coefficient of toxicity, E, around 80% as in the previous trials. For the other products, E 
settled in order of 50%. The results obtained showed a certain control action on the fly, 
particularly by the two products based on B. bassiana, as already reported by other authors 
(Jentsch, 2014; Cuthbertson, pers. comm.). ”Duofruit”, although showing a better performance 
with the increase of concentration of DSM, needs further studies. 
These biological products determined reductions in the numbers of D. suzukii , but are not 
sufficient to control populations, however, they can be more effortlessly integrated into 
existing insect control strategies compared to conventional insecticides. 
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A FIXED-SPRAY SYSTEM FOR SPOTTED WING DROSOPHILA MANAGEMENT 
IN HIGH TUNNEL RASPBERRIES 
 
Arthur Agnello, Andrew Landers, Greg Loeb 
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Geneva, NY  USA  14456 

ama4@cornell.edu 
 
Spotted wing drosophila (SWD) represents a serious challenge for fruit growers in the 
Northeast and elsewhere. Unlike other fruit flies, SWD has the capacity to lay its eggs in ripe, 
marketable, soft-skinned fruit. Later maturing berries, such as blueberries, fall raspberries and 
day-neutral strawberries, appear to be especially vulnerable. SWD was first observed in the 
Northeastern region in 2010, became widespread during the 2011 field season, and in 2012 
decimated fall berry crops throughout the region.  Over 50% of the blueberry and bramble 
growers that responded to an end of season survey of small fruit growers in the Northeast 
conducted by Cornell University reported significant crop loss due to SWD.  
High tunnels are increasingly being used for berry production in NY and elsewhere. Work by 
Pritts has been instrumental in the development and optimization of high tunnels for raspberry 
and blackberry production, showing that they perform particularly well under high tunnel 
conditions, with greater yields, extended harvest season, and greatly improved fruit quality.  
SWD represents a major economic constraint to the adoption of this profitable production 
innovation. 
Raspberries grown in high-tunnels are particularly vulnerable to SWD. The invasion of SWD 
has forced raspberry growers to dramatically increase insecticide applications to produce 
marketable fruit, an especially significant logistical challenge for high tunnel production. 
Pesticides are the only practical management tools currently available to growers. To achieve 
a reasonable level of control, they need to be applied frequently (5–7-day spray intervals) over 
a long harvest period. These repeated insecticide applications are expensive (fuel and operator 
expenses plus the pesticides), time-consuming and sometimes not fully effective. Moreover, 
operating application equipment in the high tunnel environment can be very challenging. 
Previous work has been done in tree fruits using irrigation-type tubing fitted with greenhouse 
microsprinklers to deliver pesticide sprays directly to the crop canopy from a centralized 
pump. The supply lines are fixed on support wires within or above the canopy to optimize 
spray delivery and coverage. 
A fixed system to apply insecticides may help mitigate a number of pest management 
problems in high tunnel production. Fixed sprayer systems may be particularly cost-effective 
in high tunnels, as the framework to support the fixed lines is already present. A fixed sprayer 
system would save time in the application of insecticides compared with using conventional 
application equipment (e.g., a backpack sprayer). Coverage, and therefore effectiveness, may 
also be improved with a fixed system. 
In mid-July 2013, an arrangement of fixed tubing and nozzles for pesticide application was 
installed in each of three high tunnel (HT) systems currently under bramble production in NY: 
a high tunnel raspberry research planting at the NYS Agricultural Experiment Station in 
Geneva, a blackberry research planting at the Cornell Horticulture high tunnels in Ithaca, and 
a high tunnel raspberry operation at Stonewall Hill Farm (Dale Ila Riggs), in Stephentown, 
NY. For the raspberry systems (Geneva and Stephentown), the main supply lines consisted of 
3/4" polyethylene irrigation tubing strung above the planted rows, and affixed to the cross-
struts of the HT structure using cable ties, with 1/4" micro-tubing drop lines suspended down 
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to the plant canopy every 5' along each side of the row. Each drop line was fitted with a 
Netafim DAN 7000 series microsprinkler with an 8-mm orifice and a flat circular pattern 
spreader; each unit contained a 20-psi check valve. The nozzles were oriented laterally facing 
toward the row center, producing a spray profile in the vertical plane and directed slightly into 
the canopy. In the blackberry HT system (Ithaca), the structure was similar, but because of the 
higher plant density of this crop, the drop lines were suspended every 2.5' along the sides of 
the rows, and an additional overhead supply line was used to contact the row center from drop 
lines spaced every 5'; nozzles on this line were oriented with the spray profile being 
horizontal over the canopy.  All supply lines were connected to a PVC manifold (mounted on 
a board near the HT entrance) fitted with an individual pressure gauge and ball valve for each 
line; the manifold in turn was connected to a portable wheeled greenhouse sprayer (Rear's 
Nifty Nursery-Cart model) with a 25-gal tank and a 3 HP gasoline motor powering a 
diaphragm pump. Each tunnel consisted of three planted rows, ranging from 100-120 ft in 
length; only a single line was operated at a time in order to optimize spray pressure along the 
extent of the line.   
To make an application, all lines were first filled by sequentially opening each valve to 
receive spray solution from the pump until the line pressure reached 20 psi, or just before the 
check valves opened. Then, one valve at a time was opened to increase the pressure to 30 psi 
and spray the pesticide solution from one line, for a total application time of 30 seconds, 
which thoroughly wet the canopy foliage adjacent to the line of nozzles. The next line's valve 
was then opened as the first one was closed, to continue the process similarly until all six lines 
were allowed to spray; total time for priming plus application therefore required 
approximately 5 minutes, and took approximately 15 gal for the area sprayed (ca. 0.08 acre).  
To recover pesticide solution remaining in the tubing after spraying was finished, a length of 
hose attached to a valve on the PVC manifold drained off much of the contents of the supply 
lines into a container; this was used to fill a backpack sprayer for treating check rows in an 
adjacent HT planting not fitted with the fixed spray system. 
During the last week of July, SWD adult traps were deployed adjacent to the HT systems at 
each site to get an indication of local population pressure near each planting. Traps were 
plastic deli cups containing a fermented yeast+flour mixture, with apple cider vinegar as a 
drowning medium. Numbers of SWD adults captured were very low initially and began to 
increase starting in mid-August (Fig. 1); however, to protect the fruit from attack by 
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Fig. 1. Spotted wing Drosophila adults caught in traps in research high tunnel sites, NY 2013. 
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undetected SWD females, preventive insecticide treatments were also started in late July. The 
two principal products used were Delegate [spinetoram] (3–6 oz/A) and Assail 
[thiamethoxam] (5 oz/A), to each of which was added 2 lb sugar/100 gal as a feeding 
stimulant.  Sprays were applied weekly, and rotated on the following schedule: Delegate, 29 
Jul; 19 & 26 Aug; 16 & 23 Sept; Assail, 5 & 12 Aug; 2 & 9 Sept.  At Stephentown, additional 
sprays of Mustang Max [zeta-cypermethrin] were applied during the two weeks following the 
23 Sept Delegate spray.  All applications were made at dusk to minimize exposure to foraging 
bees. 
To assess efficacy of the insecticide treatments in preventing SWD fruit infestation, samples 
of maturing fruit were taken weekly beginning the first week of August, and held at room 
temperature in the lab to rear out any larvae in the fruit to the adult stage.  Numbers of 
samples taken ranged from 8-13 per site, each consisting of 10–20 berries (~50–100 g total), 
taken from both the fixed spray planting and a check planting at each site.  At Stephentown, a 
commercial site where ripe fruit was picked nearly daily, there were generally low numbers of  
flies reared from the fruit, with no major difference between the fixed spray and backpack 
sprayer treatments (Fig. 2).  In the Geneva and Ithaca HT systems, approximately 2.5 times as 
many flies were obtained from the fixed spray treatments as from the check plantings. At 
these sites, the ripening fruit was not harvested as frequently, and the Ithaca blackberry 
planting was much more vigorous, which resulted in spray coverage not being as thorough. 

0

0.5

1

1.5

2

0

2

4

6

8

10

Fixed
Spray

Backpack Fixed
Spray

Backpack Fixed
Spray

Backpack

SWD/g SWD/berry

M
e
a
n

 t
o

ta
l S

W
D

/g
 o

f 
fr

u
it M

e
an

 to
ta

l S
W

D
/b

erry

Geneva Ithaca Stephentown
 

Fig. 2. SWD emergence from ripening fruits sprayed with a fixed spray vs. backpack, 2013. 
  
 
On 25 Sept, to measure spray deposition from the system in the fully developed canopy, 
water-sensitive cards were stapled onto the leaves on the outside portion of the row as well as 
in the inside center of the canopy, both on the leaf tops and undersides, and on the left and 
right side of candidate rows. The system was run for 30 seconds with water only, and video 
imaging software was used to assess average card coverage. Results show that spray coverage 
was highly variable, but predictably best on the outside of the canopy, and markedly better on 
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the tops of the leaves (40-100% coverage, above the average seen in field trials) than on the 
undersides (1-26%) (Fig. 3).  Cards in the inside center of the canopy were less well covered 
(16-67% on leaf tops, still acceptable levels; 1-8% on undersides). 
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Fig. 3.  Fixed spray deposition on cards placed in different raspberry canopy positions, 2013 
 
Potential new areas of investigation next season include: 
 • Examining shortening the spray duration times, as it is possible the system is running too 
long and in effect washing off the active ingredient; changes in rates of water and insecticide 
may affect coverage and efficacy. 
 • Adding center overhead lines in the raspberry systems to improve coverage to the insides 
of the rows. 
 • Assessing spray coverage on the fruit, by using a fluorescent tracer dye. 
 • Examining the possibility of direct pesticide injection (dosing pump) rather than mixing 
pesticide solutions in the tank. 
 • Investigating whether there is a way to incorporate air-assist into the spray system. 
 • Quantifying pesticide residue levels on the fruit, or conducting bioassays using lab-
reared flies to see how efficacy changes over time. 
 • Looking at cultural practices that might increase coverage (e.g., positioning of canes, 
cane pruning). 
 
 We believe that the availability of a fixed sprayer system could make growing high tunnel 
raspberries more feasible in the age of SWD.  Fixed sprayer systems may also prove practical 
for smaller field plantings of high-value blueberries and raspberries.  Importantly, the 
adoption of fixed sprayer systems for berry crops will reduce grower exposure to insecticides, 
as there will not be a need to travel through the planting to apply them. 
 
Key words: SWD, raspberry, pesticide application, microsprinklers, solid-set 
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Screening products for control of Drosophila suzukii in the UK 
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Abstract: The first recording of Drosophila suzukii in the UK occurred in the south of England in 
2012. Since then sticky traps have continued to record the presence of individuals. Several products 
(both chemical and biological) were investigated for their efficacy against different life-stages of the 
pest.  Both direct and indirect exposure to control products was assessed.  Spinosad along with 
chlorantraniliprole and an experimental product (coded: TA2674) showed excellent potential as 
control agents when used as either a pre or post-dipping treatment with mortalities of 100, 93 and 98% 
mortality respectively being achieved. Direct spray application of all products tested had limited 
impact upon adult flies. Highest mortality (68%) was achieved following direct application of 
TA2674. Entomopathogenic agents (nematodes and fungi) tested appeared to reduce fly population 
development (ranges of 34-44% mortality obtained) but would seem unable to eradicate outbreaks. 
The potential of the products to control D. suzukii is discussed. 
 
Key words: Drosophila suzukii; control; pesticide 
 
 
Introduction 
 
The arrival and spread of spotted wing drosophila, Drosophila suzukii Matsumura, into major 
fruit production regions of the northern hemisphere has caused significant economic and 
sociological impacts (Goodhue et al., 2011). Susceptible crops, such as soft-skinned berries 
are at significant risk from this pest. The zero tolerance of the fresh fruit market for insect 
infestation of fruit is resulting in fruit growers having to make major efforts in controlling this 
pest. Evaluations of insecticides for control of D. suzukii have been undertaken in most of the 
major regions of its distribution. However, to make effective management decisions about 
which insecticide to use, it is important to understand the relative ability of all the potential 
options to prevent larval infestation of D. suzukii and to know how much residual control is 
offered before additional protection is required (Van Timmeren & Isaacs, 2013).  

The first recording of D. suzukii in the United Kingdom (UK) occurred in August 2012. 
During 2013, sticky traps continued to record the presence of individuals. However, damage 
was not significant enough to allow open field testing of control products.  
 
 
Materials and methods 
 
Source of insects 
Drosophila suzukii used in the experiments originated from Italy. Specimens were imported 
into the UK under a specific licence required for importing non-indigenous invertebrates. A 
colony was initiated within the secure Insect Quarantine Unit at Fera within bug-dorm insect 
cages at 25°C, 65% r.h. and 16:8 hr L:D regime. The insects were maintained on a mixture of 
drosophila diet (Blades Biological, UK) and organic blueberries. 
 
Control products selected for investigation 
Bioassays were performed using formulated insecticide products. The biological agents are 
commercially available in the UK. Products tested were: Coragen (chlorantraniliprole), 
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Movento (spirotetramat), Calypso (thiacloprid), Conserve (spinosad), Pyrethrum 5EC 
(pyrethrins), Decis Protech (deltamethrin), Neem oil, Tri-Tek (petroleum oil based product; 
awaiting UK registration) and a new experimental product (coded: TA2674); two 
entomopathogenic fungi (Lecanicillium muscarium and Beauveria bassiana); three 
entomopathogenic nematodes (Steinernema carpocapsae, S. feltiae, S. kraussei). 
 
Laboratory bioassays to investigate effectiveness of chemical control products 
Blueberries (140 in total) were infested for 72 hours within a bug-dorm cage containing 
approximately 70 adult D. suzukii. Following this infestation period the blueberries were 
cleaned of adult flies and equal numbers were dipped in field-rate concentrations of the 
following products: chlorantraniliprole, spirotetramat, thiacloprid, spinosad, pyrethrins, 
deltamethrin, Neem oil, Tri-Tek and TA2674. A water treatment acted as control. After 
dipping, berries were returned to a Controlled Environment (CE) cabinet and incubated for 10 
days at 25°C. Berries were then assessed for presence of adult flies and dissected to inspect 
for presence of larvae and/or pupae.  
 
Investigating impact of entomopathogenic nematodes and fungi on Drosophila suzukii 
emergence 
Berries were again infested for 72 hours (264 in total) in bug-dorm cages containing 
approximately 70 adult flies. 44 blueberries were selected at random per treatment and, after 
full emersion in standard formulations of the control agents, were incubated in a CE cabinet 
for 10 days at 25°C. All larvae, pupae and adult flies that emerged were counted. Berries were 
dissected for signs of larvae in treated dishes. Berries dipped in water acted as controls. 
 
Impact of direct application of products on adult Drosophila suzukii 
Spinosad, chlorantraniliprole and TA2674 were applied directly at standard rates against 
equal numbers of male and female adult D. suzukii using an automatic-load Potter precision 
laboratory spray tower. Following treatment adult flies were maintained at 25°C and supplied 
with standard drosophila medium as a food source. Mortality was assessed following 24 and 
48 hrs. Direct application of all the ‘green’ products was also undertaken and mortality was 
assessed following 7 days. Individuals sprayed with water acted as controls. 
 
Potential for oviposition deterrents for fruit protection 
To investigate potential oviposition deterrents, blueberries were first dipped in standard dose 
rates of spinosad, chlorantraniliprole and TA2674. They were then allowed to air dry for 2 
hrs. Equal numbers of male and female adult D. suzukii were then introduced to the berries 
contained within plastic deli-pots. All were maintained in a CE cabinet at 25°C. Mortality of 
adult flies was assessed over 48 hrs. Berries were maintained at 25°C for a further 10 days 
before dissection and inspection for presence of larvae/pupae was undertaken.  
 
Results and discussion 
 
Spinosad, deltamethrin and the new experimental product (TA2674) proved most efficient at 
controlling D. suzukii (Figure 1). The products Neem oil and Tri-Tek would appear to have 
perhaps delayed population development of the flies. However, large numbers of flies still 
emerged after 10 days incubation (Figure 1). 
 
 



 93

 
Figure 1. Impact of treatments on emergence of Drosophila suzukii from infested blueberries 
(assessed after 10 days incubation at 25oC). 
 
 
Both the nematodes and fungi also caused population decreases of D. suzukii. However, 
neither would appear to have the potential to eradicate D. suzukii. There was no huge impact 
on fly emergence (Figure 2).  
 

 
Figure 2. Impact of dipping infested berries in entomopathogenic nematodes and fungi on 
resulting fruit fly emergence following 10 days incubation at 25oC. 
 
 
Direct application of all products had limited mortality on adult D. suzukii. TA2674 proved 
the best with 68% mortality. Direct application of all the ‘green’ products caused higher 
mortality than the water control. Beauveria bassiana caused 44% adult mortality after 7 days. 
However, these would not seem efficient in controlling D. suzukii numbers as the next 
generation of larvae were already coming through in the feeding media following one week. 
 
In assessing the potential of oviposition deterrents, no adult flies developed from any of the 
three chemical treatments (Figure 3). Larvae, pupae and adults developed in the control 
berries as expected. 
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Figure 3. Impact of pre-treating blueberries with chemical insecticides on Drosophila suzukii 
development (assessed after 10 days incubation at 25oC). 
 
 
Drosophila suzukii presents a real challenge to the UK horticultural industry. Containment 
and/or eradication of this pest will prove difficult. From our trials spinosad along with 
chlorantraniliprole and the experimental product TA2674 have shown excellent potential as 
control agents of D. suzukii when used as either a pre or post-dipping treatment. None of the 
products tested provided complete mortality following direct application to adults, all worked 
better following berry dipping. The biological agents (fungi and nematodes) caused 
reductions in population numbers of D. suzukii but are unlikely to control/eradicate 
populations. However, they should prove easy to incorporate into existing invertebrate control 
programmes as shown in other pest control strategies (Cuthbertson, 2013). 
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Abstract: A two-year field survey (2012-2013) of parasitoids of the spotted wing drosophila (SWD), 
Drosophila suzukii (Matsumura), was carried out at four locations of Trento province (Italy). The aim 
was to determine the status of local biological control agents utilizing SWD as a host. Three 
hymenopteran species were found attacking the drosophilids: one larval parasitoid and two pupal 
parasitoids. After setting up rearing of these species, parasitization experiments were performed in 
order to assess the effectiveness of each parasitoid against D. suzukii, in laboratory conditions. The 
results confirmed the ability of two species. 
 
Key words: Spotted wing drosophila, Pteromalidae, Figitidae, Leptopilina heterotoma, 
Pachycrepoideus vindemiae. 
 
 
Introduction  
 
The Asian SWD, was first documented in European and North American fruit production 
regions during 2008 and its impact has had significant economic implications (Cini et al., 
2012). Several approaches to reduce populations of D. suzukii have been attempted. Chemical 
control has been proven inefficient (Bruck et al., 2011); nonetheless, insecticides continue to 
be the primary tool used by growers to manage SWD (Bruck et al., 2011; Cini et al., 2012). 

The aim of the present study was to determine the presence and seasonal phenology of 
indigenous D. suzukii parasitoid populations and to assess their economic and ecological 
significance. The laboratory experiments were performed in controlled conditions and three 
indices were scored in order to evaluate the host-parasitoid interactions the "Degree of 
Infestation" (DI), the "Success rate of Parasitism" (SP) and the "Total Encapsulation Rate" 
(TER) (Eslin and Prévost, 1998). 
 
 
Results and discussion 
 
Our study sites included a range of commercial soft fruits and natural non-commercial 
habitats. In each site, sentinel traps were baited with D. suzukii or Drosophila melanogaster 
Meigen (Diptera: Drosophilidae) or a non-baited control using different food substrates. The 
larval parasitoid, Leptopilina heterotoma Thomson (Hymenoptera: Figitidae), and two pupal 
parasitoids, Pachycrepoideus vindemiae (Rondani) (Hymenoptera: Pteromalidae) and 
Trichopria drosophilae Perkins (Hymenoptera: Diapriidae), were collected from both D. 
suzukii and D. melanogaster pupae in traps deployed in a selection of these sites.  



 96

Parasitization experiments confirmed the ability of two species, L. heterotoma and P. 
vindemiae, to successfully parasitize D. suzukii (Fig. 1). Furthermore, results indicate that P. 
vindemiae is capable of attacking third instar D. suzukii. Replicated experiments could not be 
conducted on T. drosophilae, although preliminary data indicated its capacity to develop on 
D. suzukii. It is clear from these results that there are differences in the utilization of D. 
suzukii as a host between the three parasitoid species. 
 
 

 
 
Figure 1. Averaged percentage of the outcomes among the different treatments for L. heterotoma (A) 
and P. vindemiae (B). Treatments: SWDe: D. suzukii's eggs on artificial diet; SWD1: D. suzukii's 1st 
instar larvae on artificial diet; SWDeb: D. suzukii's eggs on blueberries; DMe: D. melanogaster's eggs 
on artificial diet; SWD3: D. suzukii's 3rd instar larvae on artificial diet; SWD3b: D. suzukii's 3rd instar 
larvae on blueberries; DM3: D. melanogaster's 3rd instar larvae on artificial diet. up: unemerged pupae; 
pi: emerged parasitoids; dc: emerged Drosophila carrying a melanized capsule; di: unparasitized 
emerged Drosophila. 
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BLUEBERRY FIELDS 
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Although the spotted wing drosophila, Drosophila suzukii (Matsumura) (Diptera: 
Drosophilidae) was first observed in Quebec in 2010, its population only reached important 
levels in summer 2012, particularly in soft fruit productions. In order to support organic 
growers who do not use insecticides, exclusion nets were tested as a D. suzukii control 
method in blueberry production. The objectives were to evaluate the efficacy of exclusion 
nets against SWD in blueberry production and to evaluate their impact on yield, fruit quality 
and on other pests, including diseases. Twelve plots of five bush rows were selected from five 
rows from an organic blueberry field. Three treatments were assigned to these plots: net, 
insecticide (Entrust™SC) and control. There were four replicates for each treatment. Nets 
were deployed on wooden crosses and their borders were buried in the ground. Baited traps 
were placed in the four netted plots as well as in a control plot central to all other plots. The 
baits were yeast and apple cider vinegar. Baits were changed weekly and the trap contents 
were observed in the laboratory. The number of D. suzukii adults was recorded. Weekly 
blueberry picking started as soon as the fruits were mature. Only the blueberries from the 
three central bushes of each row for each plot were used in the laboratory. For each plot, 100 
fruits were stored in rearing chambers at 25°C to check for D. suzukii and another 100 were 
evaluated for all types of damage. The diameter of 50 fruits was measured and, for the first 
three harvests only, the sugar content of 50 other fruits was also measured. Finally, all 
blueberries picked were weighed to determine the total yield for each bush from all plots. 
The insecticide treatment was not conducted as planned. Instead, the four plots of this 
treatment were added to the four control plots, for a total of eight control plots versus four 
netted plots. 
No D. suzukii adults were caught in baited traps placed inside the nets, but 16 were caught in 
the baited trap in the control plot. No D. suzukii adults were reared from blueberries picked 
from netted plots whereas many emerged from fruits picked in the control plots. Emergence 
was observed from the third harvest onward. On average, 72.2 ± 45.3 D. suzukii adults were 
reared from the 100 blueberries picked on the sixth harvest on August 27. Nets did not have a 
significant impact on the sugar content of blueberries picked inside these plots. The sugar 
content of all blueberries from the second harvest was significantly lower than that of the first 
and third harvests. Growth between the first and second harvests was most likely affected by 
abiotic factors such as temperature, humidity and sunlight. Nets did not have a significant 
impact on yield. On average, bushes from netted plots produced 3.6 ± 0.6 kg of fruits as 
opposed to 2.7 ± 0.4 kg for bushes from control plots. Nets did have a significant impact on 
the diameter of fruits; blueberries picked from netted plots were larger than that of control 
plots. Throughout harvests, the diameter of fruits significantly decreased. The larger diameter 
of fruits from netted plots is probably caused by the generally higher humidity of these plots. 
As for temperature, records were similar in both type of plots and so, it is unlikely that this 
factor would have caused the difference in diameter of the fruits. Also, there was a tendency 
for blueberries to burst more in netted plots than in control plots. As for other types of 
damage, significant differences were observed for fly damage, unidentified insect damage and 
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mechanical damage; there was significantly less of these in the netted plots. Nets did not have 
a significant impact on the percentage of healthy blueberries produced. Overall, 65.1 ± 17.7% 
of blueberries from netted plots were healthy as opposed to 70.5 ± 17.3% from the control 
plots. However, nets were deployed late in the season–four weeks after fruit set, the period 
regarded as optimal–and damage caused by other pests was probably more important than it 
could have been were the nets deployed earlier. Also, D. suzukii damage was undervalued; 
from the fourth harvest onward, blueberries were prioritized for rearing rather than checked 
for damage. The results from the first year of this research project demonstrate the efficacy of 
exclusion nets against the spotted wing drosophila without having any adverse effects on 
blueberry production. 
 
Key words: Drosophila suzukii, organic production, physical barrier, sugar content 
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EVALUATION OF DIFFERENT TRAP TYPES FOR CATCHING THE SPOTTED 
WING DROSOPHILA (DROSOPHILA SUZUKII) 
 
Christa Lethmayer & Alois Egartner 
 
Austrian Agency for Health and Food Safety, Institute for Sustainable Plant Production, 
Spargelfeldstraße 191, 1220 Vienna, Austria 

christa.lethmayer@ages.at 
 
Introduction and objectives 
The spotted wing drosophila, Drosophila suzukii, originating from Asia, has been introduced 
recently to Europe and is a pest of many fruit crops (mainly soft and stone fruits) and grapes. 
This vinegar fly is very difficult to control due to its enormous reproduction rate and its huge 
host-plant spectrum. Thus, great efforts were undertaken to develop efficient control 
strategies, especially biological and environmentally-friendly control measures. During the 
last years many different trap designs have been developed for monitoring and/or mass-
trapping of D. suzukii but the “ideal” trap is still not available until now.  
Therefore, a comparison of 3 different trap types for catching D. suzukii was carried out in 
Austria in 2013 in order to find an efficient, cheap and useable trap for the practice.  
This investigation was carried out within the research project DROSKII (“Damage potential 
of Drosophila suzukii and development of risk management and control measures”) of 
EUPHRESCO II.  
 
Methods 
Two commercial traps – modified DROSO-trap® from Belgium (‘Biobest Belgium N.V.’) and 
the Swiss cup trap (RIGA AG) – were compared with a self-developed trap (see Fig. 1). 
The 3 big holes of the red DROSO-traps were reduced to a size of about 5 mm in diameter 
and 5% apple cider vinegar (300 ml) was used as trapping liquid. The Swiss cup trap had 9 
openings (size of 3 mm in diameter) in the lid and was filled with 100 ml of the company’s 
own trapping lure. The self-developed trap (green trap) was a green-coloured 1,5 l water 
bottle with 8 openings (about 3 mm in diameter) in the upper area of the bottle and 250 ml of 
5% apple cider vinegar was the trapping lure. 
 

          
 
Fig. 1: DROSO-trap (left), green trap (middle) and Swiss cup trap (right) 
 
The 15 traps (5 replicates for each trap type, randomly distributed in 3 rows) were tested on 
two different sites: a raspberry orchard in Styria (Nitschaberg) and a private garden (with 
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different fruits and vegetables) in Eastern Tyrol (Dölsach). The trap content was changed 
regularly in 2 weeks intervals from July until November 2013. 
 
Results and conclusions 
The number of caught flies was not high on both sites but certain tendencies were noticeable 
and similar regarding the trap efficiency.  
Nitschaberg: 
Until October 2013 only single individuals of spotted wing drosophila were caught with the 
traps in the raspberry orchard, followed by an increase during the next coming weeks and 
reaching a peak in the end of October / beginning of November. Here the average number of 
flies in a trap within 2 weeks was between 20 and 50 flies. During this catching period the 
efficiency of the Swiss cup trap and the green trap seems to be more or less equal. The 
DROSO-traps showed the lowest number of caught drosophila flies. 
Dölsach: On this site the number of caught flies was very low even since October where an 
increase of caught flies was visible – the average number of caught drosophila flies per trap 
within 14 days was 1 single individual up to a maximum of about 15 individuals, except 3 
traps (1 Swiss cup trap, 1 green-trap and 1 DROSO-trap) which reached conspicuous high 
numbers of caught flies compared to the other traps at the same time (about 20 up to a 
maximum of 99 individuals per trap within 14 days). Here, the results showed that the Swiss 
cup trap seems to catch much more drosophila flies than the other two trap types, especially if 
the abundance of flies was still very low as in July and August. 
However, statistical analysis of results is still in progress and is needed for final conclusion.  
In addition, this trap comparison will be replicated in 2014. 
 
Key words: Drosophila suzukii, spotted wing drosophila, trap comparison, control 
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Monitoring Drosophila suzukii Matsumura in Oregon, USA sweet 
cherry orchards  
 
Shearer, Peter W.1, Brown, Preston H.1, Castagnoli, Steve P.1, Cha Dong H.2, Landolt, 
Peter J.2 
1Oregon State University, Mid-Columbia Agricultural Research and Extension Center, 3005 
Experiment Station Dr., Hood River, OR 97031, USA,  
2Yakima Agricultural Research Laboratory, USDA, ARS, Wapato, WA 98951, USA  

peter.shearer@oregonstate.edu 
 
 
Abstract: Drosophila suzukii rapidly became a significant cherry pest in the western United States 
after it was observed damaging cherries in 2009 in California.  It has caused significant damage to 
ripening cherries in all major USA cherry production districts leading to increased management costs 
and reduced profits.  Cherry producers require good tools that provide information on the need to treat 
with insecticides.  This project presents information on recent studies on attractants and traps for D. 
suzukii in sweet cherries.  
 
Key words: Prunus avium, spotted wing drosophila, attractants, traps 
 
 
Introduction 
 
The invasive spotted wing drosophila, Drosophila suzukii (Diptera: Drosophilidae) is now a 
severe pest in western USA cherry orchards.  Early efforts to use traps to detect D. suzukii in 
cherry orchards often proved unreliable.  In some cases, crop damage occurred despite that no 
D. suzukii were captured in traps.  Therefore, new studies were initiated to evaluate additional 
attractants and traps for monitoring D. suzukii in Oregon cherry orchards.   
 
 
Material and methods 
 
The first of two studies reported here compared red plastic cup traps (475 ml) baited with 150 
ml of apple cider vinegar (ACV) or yeast + sugar water (YSW) (40 g yeast, 216 g white 
sugar, 1420 ml water) against the standard clear trap (950 ml) baited with 150 ml ACV. The 
yeast bait was made the day before it was added to the traps. All traps had unscented soap (1.4 
ml of soap per 1420 ml of liquid) added to break the surface tension of the liquid baits.  Traps 
had 10-0.5 cm holes punched in the cups near where the lid was affixed.  Eighteen sets of 
traps were placed in or near commercial cherry orchards. Traps were monitored and baits 
were changed weekly.   

A second study compared 6 trap-bait combinations in 12 commercial cherry orchards.  
For this study, red cup traps (as above) were compared with yellow Trappit dome traps (clear 
dome top with bottom entrance). Traps were baited with ACV, YSW or the 4-component 
Cha-Landolt lure containing acetic acid, ethanol, acetoin and methionol.  For traps baited with 
the Cha-Landolt attractant, acetic acid and ethanol were added to water, boric acid plus soap 
to form the drowning solution. The acetoin and methionol were dispensed separately from 2-1 
dram Nalgene vials each containing a 0.5 cm evaporation hole. These vials were suspended 
over the drowning solution.  All traps had soap added as above.  Each of the 6 trap-bait 
combinations were in cherry trees next to the orchard border and another set was placed in a 
row in the middle of the orchard. Overall, 144 traps were serviced weekly. The traps were 
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placed in the orchards while the cherries were still green and followed through the end of 
harvest. Fruit were collected weekly from each orchard (20 fruit from 10 border and 10 
interior trees per orchard, n=400 fruits per site per sample date). Thirty fruit per plot were 
assessed for fruit color using the CTIFL color scale, then returned to its lot, aged for 3-5 days 
and then run through a cherry crusher on an orchard-by-orchard basis. Crushed fruit was 
placed in brown sugar + water (15 brix) to asses for internal larvae which float to the surface 
when present. Results showed that adult D. suzukii were captured in orchards shortly after 
traps were deployed despite the fruit being small and green.   
 
 
Results and discussion 
 
Overall, results from the first study demonstrated that red cup traps baited with YSW captured 
more D. suzukii than red or clear traps baited with ACV. Additionally, there was a four-week 
period from the end of May through late Jun 2013 when approximately 20% of the red traps 
containing either bait caught female D. suzukii while no D. suzukii were captured in clear 
ACV traps. This supports previous studies that demonstrated that red traps are better for 
attracting D. suzukii than clear traps.  

Results from the second study revealed that adult D. suzukii were present in sweet cherry 
orchards when the fruit was small and green, well before fruit were suitable for infestation.  
Results also demonstrated that the Cha-Landolt lure captured more D. suzukii than did traps 
baited with either ACV or YSW. The Trappit dome trap captured more D. suzukii than the red 
cup trap. Traps in the orchard interior were just as likely to catch the “first” female D. suzukii 
as were traps placed in the orchard border row. One D. suzukii larvae was detected in the final 
fruit sample. In this case, the traps detected adult D. suzukii before damage occurred.  
Currently, insecticide applications are recommended if D. suzukii are trapped in or near cherry 
orchards.  
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ATTRACTIVENESS OF DIFFERENT ATTRACTANTS TO DROSOPHILA SUZUKII 
(MATSUMURA) IN FIELD TRIALS IN FRANCE  
 
Vendeville J.1, De Souza A1, Bourdon P.A.1, Mourrut-Salesse J.2 and Wäckers F.2  
  
1Biobest, Orange, France  
2Biobest, Westerlo, Belgium  
  
The spotted-wing drosophila Drosophila suzukii (Matsumura) (Diptera : Drosophilidae) is 
becoming worldwide one of the most important pests in soft fruits. The pest is particularly 
attracted by soft fruits and cherries. Commonly, growers are using traps with baits based on 
wine and/or apple-cider vinegar (ACV) for monitoring and mass trapping. We describe the 
development of traps using baits for Drosophila suzukii. Two trap models, the 2014 
Drosotrap® in red color, the 2011 Drosotrap® were first tested in the field in a post-harvest 
cherry orchard. The most effective trap was the new Drosotrap® model. The more promising 
trap was tested using different baits based on fruit juice and different concentrations of wine, 
ACV and sugar (Dros’attract® 2014 formulation) on a fig-tree orchard during the harvest and 
post-harvest periods. The attractiveness of the Drosophila suzukii fluctuated throughout the 
season. We will discuss on the influence of the attractants during the autumn on Drosophila 
suzukii.  
 
Key words: Drosophila suzukii, fruits, trap, attractant, baits  
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Development and efficacy of Droskidrink, a food bait for trapping 
Drosophila suzukii  
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De Cristofaro2, Gianluca Savini3, Claudio Ioriatti1  
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Abstract: Droskidrink is the name given in Trentino, Italy, to a food bait for attracting Drosophila 
suzukii (Matsumura) (Diptera Drosophilidae). It was originally designed in 2011 by a team led by 
Alberto Grassi. The Droskidrink consists of a mixture of apple cider vinegar (75%), red wine (25%) 
and 20 g/l of unrefined sugarcane. Its efficacy in comparison with other available food baits has been 
evaluated in different field trials (monitoring, mass trapping, attract-and-kill) during the period 2011-
2013. 
 
Key words: Spotted wing drosophila, Drosophila suzukii, Droskidrink, mass trapping, red trap 
 
 
Introduction  
 
Drosophila suzukii, native of South-east Asia, is a pest of fresh fruits since it is one of the few 
Drosophilid with serrated ovipositor, which enables it to oviposit in unwounded fresh fruits 
thereby making them unmarketable. D. suzukii is highly polyphagous and, at present, infests 
various soft skinned fruits including cherry, blueberry, blackberry, strawberry, raspberry, 
apricot and grapes (Cini et al., 2012). Recently, D. suzukii invaded western countries and is 
now a threat to both European and American fruit industry (CABI, 2014). A highly attractive 
lure is an important part of integrated pest management strategies. Initial trap designs for 
monitoring D. suzukii utilized apple cider vinegar, grape wine, yeasts and sugar water 
mixtures, or a vinegar/wine mixture as bait. We report here the results of several field 
experiments (2011-2013) that led to the development of Droskidrink, the food bait 
recommended in Trentino and that compared its attractiveness and control efficacy with that 
of other available food baits for D. suzukii.  
 
 
Results and discussion 
 
In July 2011, a first version of Droskidrink, prepared with only apple cider vinegar and wine, 
showed a good efficacy in limiting the damage in the inner part of experimental plots treated 
with the perimeter mass trapping technique as a control method. A further improvement, 
obtained by adding sugarcane, was observed in August-September 2011, when Droskidrink 
was deployed as a bait in attract-and-kill experiments in commercial highbush blueberry 
gardens. 

During the same period, results of another trial showed that a red bottle generally 
performed better than clear bottles in catching D. suzukii attracted to apple cider vinegar. 
Therefore, during the following seasons (2012-2013) the combination Droskidrink-red bottles 
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was adopted as a tool for the monitoring and control efforts in Trentino with promising results 
as attract-and-kill and mass trapping devices (part of these results shown in Figure 1). 
Moreover, in comparative field trials Droskidrink performed better than both commercially 
available D. suzukii lures and food baits recommended in other fruit growing regions. Red 
bottle traps baited with Droskidrink showed to be more effective in catching D. suzukii in 
spring and able to provide the best estimation of the beginning of fruit infestation. The 
chemical ecology and the mechanisms underlying the attractiveness of Droskidrink to D. 
suzukii are the focus of our current investigations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   

 
 
 
 
 
 
 
 
 
Figure 1. An exemplary graph of a field experiment for the evaluation of Droskidrink. Mean 
number of D. suzukii flies captured in monitoring traps in 2012 (n=63) and 2013 (n=44), from 
week 14 (beginning of April) to week 50 (mid-December) on a log scale. The solid lines 
represent red bottles baited with Droskidrink, and the dashed lines clear bottles baited with 
apple cider vinegar.  
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Monitoring of Drosophila suzukii in Emilia-Romagna region (2012-
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Abstract: In Emilia-Romagna region Drosophila suzukii (Matsumura) was detected in 2011 on 
cherry. During 2012-2013 a monitoring of D. suzukii was extended to the whole region. The objective 
was to obtain information on the distribution and incidence of pest populations for the regional alert 
system and to investigate on biological and ethological aspects of the pest. A total of respectively 118 
and 91 traps in 2012 and 2013 were installed throughout the region. The traps were applied mostly in 
cherry orchards but also on apricot, peach, strawberry, plum, berries, persimmon and grapevine plants. 
In order to improve the monitoring, a slightly different kind of trap and bait was used in 2013 than in  
2012. A detailed description of the used traps is given. In general the monitoring began in the middle 
of April, until harvest of the late ripening varieties. The content of the traps was examined every week 
in laboratory to determine the number and the sex of the adults. D. suzukii was found all over the 
region and on all crops monitored, while damages on fruits were reported only for cherry. On average 
only a few adults of D. suzukii were caught per trap during the spring and summer in 2012. However 
no significant damage to the production was recorded throughout the region in 2012.  In 2013 the 
catches increased progressively from late May to July. The first oviposition and damage on cherry 
fruits were detected in early June, while significant damage was recorded in the second decade of July. 
In both years a decline of adult presence was recorded in August and an increase occurred in autumn. 
In conclusion the data arising from the monitoring showed that the insect is widespread in the region, 
although to a different extent depending on crops and environmental conditions.  
 
Key words: Drosophila suzukii, cherry, pest, monitoring, Emilia-Romagna 
 
 
Introduction 
 
In Italy Drosophila suzukii (Matsumura) was reported for the first time in Trentino in 2009 
(Grassi et al., 2009). In 2011 the presence of D. suzukii was detected also in Emilia-Romagna, 
in the provinces where the cherry cultivation is most widespread (Boselli et al., 2012). Since 
2012 the survey was extended to most of the regional territory and the pest was found to 
spread rapidly although at low density. Relevant damages on cherry fruit production were 
recorded only in few farms in the hill area of Cesena on Corniola, a late cherry variety 
(Boselli et al., 2012). This paper describes the monitoring and observation carried out in 
Emilia-Romagna region during 2012-2013 to check the spread and impact of D. suzukii. The 
collected information had both a cognitive function and alertness on the prevalence and 
incidence of D. suzukii, but it was also useful to investigate biological and ethological aspects 
of the insect. 
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Material and methods 
 
To monitor the presence and dimension of adult population of D. suzukii, 118 and 91 traps 
were installed respectively in 2012 and 2013 throughout the Emilia-Romagna region.  
Because in Emilia-Romagna cherry is the highest risk crop for D. suzukii damages, it is on 
this crop that most of the traps were applied, however apricot, peach, strawberry, plum, 
berries, persimmon and grapevine were also checked. In order to improve monitoring, a 
slightly different kind of trap and bait was used in 2013 than in 2012, based on preliminary 
results on attractiveness in comparative trap tests carried out in both Emilia-Romagna and 
Trentino. 

In 2012 traps consisted of transparent PET bottles with 6-7 holes of 5 mm diameter and 
bait was 200-250 ml of apple vinegar. In 2013, traps consisted of one-liter Kartell-type bottles 
colored in red with 6 holes of 5 mm diameter drilled in the upper third of the bottle. As bait, a 
mixture called Droskidrink (Grassi & Maistri, 2013) made of apple vinegar (150 ml), red 
wine (50 ml) and a teaspoon of brown sugar was used. In both years the bait was replaced 
once a week. The traps were placed in shaded areas of the tree. In general the monitoring 
started in the middle of April until harvest of the late ripening varieties. The contents of the 
traps were examined weekly in laboratory with the aid of a stereo microscope to determine the 
presence, number and sex of the adults of D. suzukii. Each monitoring site was geo-referenced 
and entered into the database of the Plant Protection Service of Emilia-Romagna region. 

In the provinces of Modena and Forlì-Cesena, monitoring of D. suzukii was tighter than 
in other parts of the region, due to the high vocation and specialization of cherry farms and to 
the substantial damage found on the production in the Cesena area in 2011. Consequently, in 
these two areas a weekly sampling of 100 fruits/sites was carried out, in order to detect the 
presence of eggs, larvae and damage. In particular, the data collected on both fruits and traps 
are related to 28 sites located in the Modena province, and, respectively, 22 and 17 sites in 
2012 and 2013 in the province of Forlì-Cesena.  

Furthermore, in 4 sites of the Modena province trap monitoring continued 
uninterruptedly throughout 2012-2013. 
 
 
Results and discussion 
 
The results of monitoring of adults of D.suzukii show that the presence of the pest was 
detected all over the region. Of the 118 sites monitored in 2012, 84 were positive and 79 sites 
out of a total of 91 resulted positive in 2013. In the period of observation the presence of 
adults was found on all crops monitored, although damages on fruit were reported exclusively 
on cultivation of cherry. 

Figure 1 displays the trend of captured adults and the presence of damage on cherry fruits 
in the provinces of Modena and Forlì-Cesena in 2012 and 2013. It shows very clearly the 
difference in the amount of captures in relation to year and territory. In 2012, the average 
amount of captures in Forlì-Cesena was of few adults/trap, starting at the end of May up to 
June, followed by a decrease in presence in the first decade of July. In the Modena area the 
captures started at the same time as in Forlì-Cesena, but from the end of May up to early July 
the flight of D. suzukii increased, with peaks in excess of 5-10 adults/trap. In both provinces, 
the trend of maximum temperatures has been consistently higher than 30-35°C from mid-June 
onwards, with rainfall almost absent. 
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Figure 1. Trend of the flight of males and females of D. suzukii in the Forlì-Cesena and 
Modena provinces in 2012 and 2013.  
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A visible sign of damage was observed only in the province of Modena in early June, but 
in both provinces and in the whole region there was no significant damage to cherry 
production. The amount of D. suzukii captures per trap in 2013 was significantly higher 
compared to 2012 in both provinces. In Forlì-Cesena flight was raised at the last week of May 
and then increased gradually in June. A fluctuating trend was recorded in July, with captures 
ranging from 30 to more than 50 adults/trap. In connection with the increasing of flight at the 
end of May, the first eggs and larvae were found into fruits. Significant damage to 
commercial productions was recorded in the second decade of July, corresponding to the 
ripening of the cherry late harvesting variety Corniola.  

In Modena, the first captures were recorded soon in the second half of April. Soon after 
the flight dropped significantly and then increased again starting from late May up to the 
middle of July. The first oviposition and the presence of visible damage on the fruits were 
found early in June, while significant damages to productions were recorded in the second 
decade of July on late harvesting varieties. 

Concerning the observation of D. suzukii capture along the four seasons in four orchards 
of the Modena province, the insect appears to have two main development moments. In the 
first period (June-July) the presence of the pest in the field ranges from a few to tens of 
individuals. In the second period (autumn - winter) there was a dramatic increase of the 
populations, particularly in October-November when a peak of 600-700 individuals per week 
was recorded. 

In conclusion, the monitoring of D. suzukii adults in the Emilia-Romagna region in 2012-
2013 showed that the insect is widespread throughout the region, although to a different 
extent depending on the geographical areas. The activity carried out in the provinces of 
Modena and Forlì-Cesena provided some guidance on the biology and behavior of D. suzukii 
in our environments. In particular, meteorological factors seem to have a strong influence on 
the development of the insect populations. In fact, the amount of adults captured radically 
differs between the two years of observation, closely related to summer temperatures and 
rainfalls. The first year (2012) was exceptionally warm (maximum temperatures greater than 
30-35°C from the middle of June) and dry and the presence of D. suzukii remained at very 
low levels. On the contrary, 2013 was fresher and humid and D. suzukii presence was higher. 
These results seem to confirm empirically the decreased activity of adult males and their 
sterility due to high temperatures (Cini et al., 2012).  

Furthermore, the collected data show that the raising of the flight occurs from mid-late 
May, corresponding to the ripening period of the early harvesting varieties, and the presence 
of significant damage occurs only on the late harvesting varieties (end June – July). 
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DROSOPHILA SUZUKII MATSUMURA - MONITORING IN POLAND 
 
Piotrowski W., Łabanowska B.H., Tartanus M. 
 
Research Institute of Horticulture, Department of Plant Protection of Fruit, Konstytucji 3 
Maja 1/3, 96-100 Skierniewice, Poland 

Wojciech.Piotrowski@inhort.pl 
 
In recent years, the spotted wing drosophila (Drosophila suzukii) has appeared on fruit plants 
(blueberry, raspberry, blackberry, strawberry, currant, apricot, peach, cherry and plum) in 
many European countries (Spain, France, Austria, Switzerland, Italy, Slovenia, Croatia, 
Germany and England) and has become a new and very expansive pest. It only attacks healthy 
and undamaged fruit when they reach maturity stage and are ready to harvest.  
During 2012 and 2013 the monitoring of D. suzukii was carried out on blueberry plantations 
in Poland by the Research Institute of Horticulture (RIH). In the first year (2012) studies were 
only carried out in central Poland (in the region of Skierniewice). However, in 2013, research 
was continued in the region of Skierniewice but also extended to monitor the plantations in 
other regions of the country such as Grójec and Piaseczno (central Poland), and Września 
(western part of the country). Observations were also carried out at the wholesale market in 
Bronisze near Warsaw, where imported and domestic fruit are stored and traded as well as 
held prior to shipment to other countries.  
In order to verify the presence of Drosophila suzukii on studied blueberry plantations, 
different types of traps and liquid attractants were used, following the research studies carried 
out by the Italian Laboratory of Entomology. Several types of traps were used and tested. The 
first, made at RIH, consisted of PCV bottles with a capacity of 1.0-1.5 L filled with 250 ml of 
liquid attractant. The attractant consisted of 200 ml of vinegar wine and 50 ml of red wine. In 
addition, some prototype traps and liquid attractant were also used and those were supplied by 
a number of different chemical companies. In each of the two years of the research, traps were 
placed in blueberry plantations at the beginning of July. These were monitored once or twice 
a week until mid-September. No samples of D. suzukii were found in 2012. However, in 
2013, flies resembling the spotted wing drosophila were captured in two locations in central 
Poland. Detailed photos of flies were taken in order to let them be identified by Italian 
researchers (Dr Andrea Tandardini). Found specimens, however, were not identified as D. 
suzukii.  
Although, the spotted wing drosophila was not captured on monitored plantations, we cannot 
exclude the fact that it is not present in other regions of Poland. Therefore, our research will 
be extended to other areas of Poland in 2014. In addition, traps used in 2012 and 2013, are 
now improved and will be used together with the liquid attractant supplied by chemical 
companies in the next part of our research. We will also be in cooperation with fruit producers 
as well as companies both importing and processing fruit.   
 
This work was performed within framework 1.7 of Multi-annual Programme, financed by 
Polish Ministry of Agriculture and Rural Development. 
 
Key words: Drosophila suzukii, monitoring, trap, liquid attractant. 
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Comparison of different trap types for Drosophila suzukii in cherry 
orchards  
 
Giacomo Vaccari1,2, Stefano Caruso1, Céline Nouhaud2, Lara Maistrello2  
1Plant Protection Service of Modena, Via Santi 14, 41123 Modena, Italy 
2University of Modena and Reggio E., Department of Life Sciences, , Via G. Amendola 2, 
42122 Reggio-Emilia, Italy  
 
 
Abstract: In 2013 an experiment was carried out to compare six types of similar size traps baited with 
the same food attractant (“DroskiDrink”), differing for their shape and the number of entry holes. Four 
of the traps are already/will be soon available on the market, two of them being marketed specifically 
for SWD (“Drosotrap new®” and “Drosotrap®” by BIOBEST), and two being marketed for other 
pests (“Taptrap®” and “Vasotrap®” by Roberto Carello). The other two traps were specifically 
designed and hand-made on purpose (Kartell red and Bot). The trial was performed in a cherry orchard 
in Vignola (Modena Province, Northern Italy), area of IGP cherries; traps were placed according to a 
completely randomized block design and their position was changed weekly. The number of captured 
SWD and that of other insect taxa were recorded weekly. 
After the first year, results show that the traps with the best performance in terms of early season 
captures and total number of SWD catches were “Drosotrap new” and “Bot”. However, the low 
selectivity towards other insect types and the uneasiness of use suggest the need of further research to 
improve the efficacy of these traps.  
 
Key words: Drosophila suzukii, monitoring, trapping, traps, cherry orchard, 
 
 
Introduction  
 
The interest towards the Spotted Wing Drosophila (SWD) (Drosophila suzukii, Matsumura 
1931), an invasive alien pest that attacks ripening fruits of small and stone fruit crops, is 
growing worldwide because of its recent fast spread in the United States, Canada, Mexico and 
Europe.  In Italy, SWD is becoming a serious pest of soft fruits in the Trentino Alto Adige 
Region and a dangerous pest, especially for cherry orchards, in the Emilia Romagna Region 
(Cini, 2012).  

A monitoring program activated since 2011 in Emilia Romagna using hand-made food 
traps, showed an increasing presence of SWD in the main fruit orchards and grapevine 
producing area of the region (Boselli, 2012). It also highlighted some limitations related to the 
types of the used traps, such as no or very low captures in the early season, decreased 
attractiveness overtime of the food lures, low selectivity of the traps. 
To solve these critical aspects that would greatly benefit planning of SWD management 
strategies, in 2013 an experiment was performed to compare six types of similar size traps 
baited with the same food attractant (“DroskiDrink”), differing for their shape and number of 
entry holes. 
 
 
Material and methods  
 
Six traps models (shown in Table 1) were compared during the period 30 April to 17 July 
2013, in a multivarietal cherry crop of about 1 ha located in proximity of Vignola (Mo). 
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All traps were baited with the same attractive bait (200 ml per trap), called  DroskiDrink, a 
mixture of apple vinegar, vine and brown sugar, with the addition of a drop of surfactant 
(Triton X100), that was replaced weekly. 
 
 
Table 1. Trap description 
 

Trap name Acronym Color 
Hole 
size / 

hole n° 
Hole position 

New Droso Trap model 
(Commercial, Bio Best) 

DRNEW red 
5 mm / 

21 

On the side along the 
circumference in three groups of 

7 holes  
Bottle (milk bottle) 
(Self-made, 1L  volume) 

BOT transparent
6 mm / 

7 
Grouped in one side of the bottle

Tap Trap* 
(Commercial, Az. Roberto 
Carello) 

TAP red 
20 mm / 

1 
Top opening with a mesh screen 

3 mm diameter 

Vaso Trap* 
(Commercial, Az. Roberto 
Carello) 

VASO red 
18 mm / 

1 
Top opening with a mesh screen 

3 mm diameter 

Bottle (Kartell) 
(Self-made, 1L volume) 

KART red 
5 mm / 

6 
On the side along the 

circumference  

Old Droso Trap model* 
(Commercial, Bio Best) 

DROSO red 
10 mm 

/3 

On the side along the 
circumference with a mesh 

screen 3mm diameter 
 
  
The comparison was replicated three times. Blocks were positioned at 50 m distance and set 
up in one cherry variety, or in multiple cherry varieties with similar ripening times and similar 
microclimatic condition. Traps in each block were randomly rotated every week. Each trap 
was spaced about 4 m from the others and positioned on the plants at about 1.50 m, in a shady 
position.  

Every week all the content of the traps was checked in laboratory counting the number of 
SWD (male, female and total ), other Drosophilids,  Coleoptera and other bigger size insects 
(> 0,4 mm), that were mostly Diptera and Lepidoptera. 
Data on weekly captures of adult D. suzukii in each trap type were transformed (ln+1) to meet 
the assumption of homogeneous variances. As trends were similar for both sexes, the total 
number  of SWD was used for the analyses . Data were compared using ANOVA followed by 
LSD post hoc test to separate the means. 
 
 
Results and discussion  
 
Total catches and trap sensitivity  
DRNEW and BOT captured significantly more SWD than all other traps along all the testing 
period, catching respectively 80 (± 11,85) and 69 (± 10,60) adults (Figure 1); the catches of 
KART (4 ± 1) and DROSO (2,33 ± 0,88) were sigificantly lower than the ones of other traps. 
TAP and VASO have a intermediate position, catching respectivelly 23,67 ± 1,76 and 15,33 ± 
4,63 adults and  are statistically different from the best and the worst traps. 
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Figure 1. Cumulative SWD captures per trap type (mean ± SE) along the whole test period. 
Different letters denote significant difference after LSD test on log-transformed data. 
 
 
As shown in Table 2 DRNEW and BOT are the only traps that caught at least one SWD adult 
among the three repetitions in each of the 11 weeks, although no statistically significant 
differences were detected between the traps during the first six weeks except for the week 
number 3 in which DRNEW differed from all the other traps capturing approximately ten 
times more SWD than the other traps. DRNEW had the best score of captures in seven of the 
11 weeks and BOT had the best score in 4; significant differences between these two traps 
were detected only in week 3 and in week 11. 
 
 
Table 2. Weekly captures of D. suzukii in traps (mean ± SE). For each week column, different 
letters denote significant difference after LSD test on log-transformed data. 
 
Trap WEEK 1 WEEK 2 WEEK 3 WEEK 4 WEEK 5 WEEK 6 WEEK 7 WEEK 8 WEEK 9 WEEK 10 WEEK 11

DRNEW 0,7± 0,3  1,0± 0,6 3,00± 1,15 a 1,0± 0,6 0,5± 0,5 3,3± 2,0 2,00± 1 ab 7,67± 2,96 a 25,33± 3,71 a 13,0± 4,04 a 22,33± 4,18 b

BOT 0,3± 0,3 0,7± 0,3 0,33± 0,33 b 2,7± 1,5 2,7± 1,7 1 3,33± 0,67 a 5,00± 1,53 a 6,33± 1,20 b 11,0± 2,31 a 35,67± 10,09 a

TAP 0,3± 0,3 0 0 b 0,7± 0,7 0 0 0,67± 0,33 bc 3,33± 0,88 a 6,33± 0,33 b 4,33± 0,88 b 8,00± 1 b

VASO 0 0 0 b 0 0,7± 0,7 1,0± 0,6 0 c 2,67± 1,45 ab 1,67± 1,20 c 3,33± 0,88 b 6,00± 2,65 c

KART 0,3± 0,3 0 0,33± 0,33 b 0 0,7± 0,3 0,3± 0,3 0,33± 0,33 bc 0,33± 0,33 b 0,33± 0,33 c 0,33± 0,33 c 1,00± 0,58 c

DROSO 0 0 0,33± 0,33 b 0,3± 0,3 0 0 0 c 0,33± 0,33 b 0,33± 0,33 c 0 c 1,00± 0,58 c  
 
 
Selectivity  
As reported in other studies (Lee et al, 2012) traps that caught D.suzukii earlier also caught 
many other insect species, in fact DRNEW and BOT caught significantly more other non-
target insects compared to the other tested traps (Tab. 3). None of the traps was selective, as 
the average proportion of  D. suzukii caught among all the insects ranged from 0,2% to 0,7%, 
a percentage which is lower than those described in other studies (Basoalto, 2013; Lee, 2012). 
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Table 3. Cumulative captures of non-target insects in the traps (mean ± SE). For each column, 
different letters denote significant difference after LSD test. 
 

Drosophilids Coleoptera Big size insect

DRNEW 1846,3±488,2 a 247,3±45,0 a 105,7±3,2 a

BOT 1943,7±163,4 a 313,3±33,5 a 121,0±33,6 a

TAP 194,3  ±17,1 b 29,7  ±7,4 b 1,0     ±1,0 b

VASO 387,3  ±91,4 b 46,0  ±5,5 b 11,3   ±3,8 b

KART 288,7  ±26,2 b 82,7  ±15,4 b 3,7     ±0,9 b

DROSO 343,3  ±7,7 b 86,3  ±4,7 b 3,3     ±1,7 b  
 
 
Conclusions 
 
After the first year, results show that the traps with the best performance in terms of early 
season captures and total number of SWD catches were “Drosotrap new” and “Bot”. 
However, the low selectivity towards non-target insects and the uneasiness of use suggest the 
need of further research to improve the efficacy of these traps.  
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DROSOPHILA SUZUKII: MONITORING IN SWITZERLAND IN 2012 AND 2013 
 
Richoz Pauline, Baroffio Catherine, Fischer Serge, Kehrli Patrik, Kuske Stefan, Linder 
Christian 
Agroscope, 1964 Conthey, Switzerland 
 
Drosophila suzukii is an Asian native vinegar fly that was recently introduced into Europe and 
invaded Switzerland in 2011. The monitoring was conducted in all Swiss cantons all over the 
country. The network consisted of about 200 traps distributed according to the importance of 
fruit growing areas (between 2 to 15 traps/canton). The traps consisted of a 1300 ml 
polystyrene box (homemade trap) or Droso-trap (Biobest) containing 200 ml of attractive 
liquid. The liquid was a standard formulation (RIGA) or composed of 75% cider vinegar and 
25% red wine as well as a drop of detergent to reduce the surface tension of the liquid. From 
April to October the monitoring traps were placed in cherry and strawberry crops, followed 
by raspberry, blackberry, blueberry crops and in autumn they were finally set-up in vineyards. 
The traps were checked on a weekly base and the catches were reported in an internet 
database (www.drosophilasuzukii.agroscope.admin.ch). The pest was found in all regions of 
the country, from low altitudes to the timberline. The range of this pest’s host plants is very 
broad and does not only include crops, but also wild fruits. Most individuals were captured 
close to or within cultivated raspberry, blackberry and grapevine as well as wild shrubs such 
as elderberry. Economic damages differed between 2012 and 2013. Many economic damages 
were reported in 2013 especially in late crops such as raspberries and blackberries, whereas 
there were fewer damages reported in 2012. Monitoring traps can reliably detect the 
occurrence of the pest in a region. 
 
Key words: Drosophila suzukii, monitoring, control, trap 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 118

OVERVIEW ON DROSKII PROJECT: TWO-YEAR EVALUATION OF THE 
DAMAGE POTENTIAL AND CONTROL MEASURES OF DROSOPHILA SUZUKII  
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Forestry Policies,  20, via XX Settembre, 00187 Roma, Italy 
 
The transnational approach of the Droskii Project (“Damage potential of Drosophila suzukii 
and development of risk management and control measures”) was configured in the context of 
the urgent challenge posed by Drosophila suzukii, the Spotted Wing Drosophila (SWD), for 
the development of alternative IPM and biological control measures. The work-packages were 
mainly characterized by monitoring activities, testing of susceptibility of different fruit 
varieties, surveys on grape infestation, refinement of actions for containment and control of 
D. suzukii. It is to be accounted that the structure of the project and the partners involved 
allowed the enrichment and improvement of data on spreading of SWD in the European area 
by large scale monitoring and updating information. By means of deepening the study on the 
most behaviourally-active volatiles emitted by host fruits for D. suzukii, it was pursued the 
development of more selective and powerful attractant lures. To determine the real threat 
posed by SWD to European table and wine grape production, fruit infestation levels and 
economic damage in different vine growing areas were examined, considering also the 
susceptibility of the most important grape varieties. Monitoring strategies, applicability and 
efficacy of environmentally sound methods (physical barriers, mass-trapping) were tested. 
The occurrence and level of incidence of natural enemies, in particular parasitoids, was 
evaluated.  
It can be considered that data acquired in project progress can be adopted in the set-up of 
protocols, both in IPM and biological strategies, for the enhancement of the activities aiming 
at the control of D. suzukii. 
 
Key words: SWD, IPM, Biological control, transnational project 
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DELEGATETM WG: AN INNOVATIVE TOOL TO CONTROL EMERGING PEST 
DROSOPHILA SUZUKII 
 
Galli Marco, Andrea Giberti, Tescari Enzo, Bacci Leonardo, Bradascio Rita 
Dow Agrosciences srl, viale Masini, 36 – 40126 BOLOGNA – www.dowagro.it 
 
Damages caused by D. suzukii. 
The high reproductive potential of Drosophila suzukii creates concerns in all the countries 
affected. Every female is able to lay hundreds of eggs (avg 400 eggs each female). They may 
lay several eggs on a single fruit. Unlike other Drosophilidae, D. suzukii has a strong 
ovipositor, able to drill fruit cuticle and skin. Fruits closer to ripening are preferred. Larvae 
destroy the fruit flesh. The combination of high reproductive potential, broad spectrum of host 
plants, its preference for healthy fruits close to harvest, makes this pest extremely dangerous. 
In US in 2008 total damages (soft fruits and cherries) were estimated around 500 mio $, with 
an impact in terms of yield equal to 20%. In Trentino Alto Adige (that represents more than 
40% of Italian soft fruits production) in 2012 D. suzukii caused damages of several thousands 
of euros. 
DelegateTM WG, discovery and history.  
In the early 1980s, a vacationing chemist collected a soil sample from an abandoned rum still 
in the Caribbean as part of a program to search for soil microorganisms with unique 
biological activity. From a soil sample, a new species of actinomycete (Saccharopolyspora 
spinosa) was isolated. Extracts from the fermentation broth of S. spinosa showed both contact 
and ingestion activity against southern armyworm (Spodoptera eridana). Considering the 
rarity of natural products with contact activity against Lepidoptera, this discovery spurred 
further studies leading to the identification of a series of new macrocyclic structures, later 
named "spinosyns." 
The molecule and mode of action.  
Spinosyns act through a novel site in the nicotinic receptor that is distinct from neonicotinoids 
or any other nicotinic actives. This consists into the activation of this α6-nAChR by the 
spinosyns that begins the cascade of events leading to insect death. This mode of action is 
effective in controlling a variety of insect pests. After first discovery of spinosyns, a huge 
compounds screening has been made, obtaining spinosad product (a mixture of 2 natural 
spinosyns). Following studies about chemical modification possibilities, has determined a 
new compound (still a mixture of 2 spinosyns, but chemically modified). Additional testing 
confirmed that this combination of synthetic modifications increased activity and residual 
control across a wide range of insect pest species. The active ingredient that resulted from 
combining these two synthetic modifications is spinetoram (DelegateTM WG). 
 
Key words: Drosophila suzukii, DelegateTM WG, spinetoram, Saccharopolyspora spinosa, 
spinosyns  
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EVALUATION OF PREDATORY ACTIVITY OF ORIUS LAEVIGATUS (FIEBER) 
AND O. MAIUSCULUS REUTER TOWARDS DROSOPHILA SUZUKII 
(MATSUMURA) UNDER LABORATORY CONDITIONS 
 
Malagnini Valeria, Zanotelli Livia, Tolotti Gessica, Profaizer Davide, Angeli Gino 
 
Edmund Mach Foundation – Centre for Technology Transfer – Plant Protection Unit, via 
E.Mach, 1 – 38010 San Michele all’Adige (TN), Italy 
 

Drosophila suzukii (Matsumura) (Diptera Drosophilidae) is a highly poliphagous insect which 
is native to South East Asia and now is widespread in many regions of Europe causing severe 
damages to crops mainly soft fruits. As economic losses due to D. suzukii damages are 
relevant many efforts should be done to find strategies to control this pest. There are multiple 
biocontrol agents (fungi, bacteria, viruses and other natural enemies of the pest, such as 
predators and parasitoids) that could be employed in IPM for D. suzukii. Natural enemies in 
the invaded area may establish new associations with invasive pests, thus gradually 
contributing to its control. There is hence a high probability for natural enemies in the invaded 
regions to exploit also D. suzukii. The predatory activity of Anthocorids was suggested by 
some Authors. The aim of this study was to test the predatory activity against D. suzukii  of 
two specie of Anthocorids such as Orius laevigatus (Fieber) and O. maiusculus (Reuter), 
under laboratory conditions. 
D. suzukii females and males from FEM rearing were put into plastic box containing 
blueberries, and let lay eggs for 24-48 hours. After this period D. suzukii individuals were 
removed and the eggs laid in each blueberry fruit were counted. Blueberries infested by D. 
suzukii eggs were exposed to 0, 1, 2, 3 adult stages of O. maiusculus or O. laevigatus. A 
treatment containing blueberries without D. suzukii eggs and 3 Orius was also considered as 
control for the surviving of Orius. The number of emerged D. suzukii was checked daily until 
no more D. suzukii was born for three consecutive days. This number was compared with the 
initial egg counts to assess the predation of Orius on D. suzukii . The longevity of Orius was 
also considered. The experiments was carried out in a climatic chamber at22°C, U.R: 70% 
L:D 16:8. The results obtained in this trial showed a slightly predatory activity of O. 
maiusculus and an increase of its longevity, but no significant differences were observed 
among treatments. No predatory activity was observed for O. laevigatus. Data obtained in this 
study suggested a marginal role of O. laevigatus and O. maiusculus in controlling D. suzukii. 
 
Key words: spotted wing drosophila, anthocorids, insect control 
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EVALUATION OF THE STRATEGY OF MASS TRAPPING FOR CONTROL OF 
POPULATIONS OF DROSOPHILA SUZUKII (MATSUMURA, 1931) USING 
SUZUKII TRAP® SYSTEM IN SPAIN 
 
Manel Carrión1,  Anna Botta1,  Núria Sierras1,  Ricard Sorribas2, Cándido Marín1 

 
1Research Department, BIOIBERICA, S.A. 08389 Palafolls (Barcelona), Spain 
2 Servei de Sanitat Vegetal, DARP 08018 (Barcelona), Spain 
 
The development of different strategies for the control of Drosophila suzukii is necessary to 
optimize its control and minimize the damage caused by this recent new pest settlement in the 
West. Given the limitation of use of many insecticide active ingredients and the need for 
integrated management of pests, the R&D Department of Bioiberica has developed Suzukii 
Trap®, a specific food attractant for actions of monitoring and capture of D. suzukii. During 
the year 2013, several trials were performed in different plots and conditions of pest pressure, 
with the aim of studying the behavior of the fly and evaluating the best strategy of mass 
trapping. The objective of this work is to present two experiences of mass trapping in berry 
crops in Spain: a commercial but isolated plot (surrounded by forest) of strawberries and 
raspberries in Barcelona (North-East Spain) and a commercial subplot of raspberries in a large 
and high-tech farm in Huelva (South-West Spain) surrounded by other subplots of berries. 
Results indicate that mass trapping could significantly reduce population levels in the interior 
of the plot and thereby reduce the percentage of fruit damage. It also shows that reinforcement 
of plot perimeters with traps is very important to prevent the transfer and installation of the 
pest in the crop. Furthermore, it corroborates that the most risky seasons for crops in Spain are 
spring and especially autumn, when moisture and temperature conditions are optimal for the 
rapid development of this Drosophila. Noteworthy peaks of captures after 7-10 days of a rainy 
period were seen, when the maximum temperature did not exceed 25°C. Further work is 
needed in order to optimize the best trapping strategy into each condition and crop cycle. 
 
Key words: Drosophila suzukii, mass trapping, berries, spotted wing drosophila, attractant 
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EFFICACY OF DIFFERENT PROTECTION STRATEGIES AGAINST 
DROSOPHILA SUZUKII IN COMBINATION WITH MASS TRAPPING 
 
Profaizer D.1, Grassi A.2, Zadra E.1, Maistri S.2 
 
1Edmund Mach Foundation – Centre for Technology Transfer – Plant Protection Unit, via 
E.Mach, 1 – 38010 San Michele all’Adige (TN), Italy 
2Edmund Mach Foundation – Centre for Technology Transfer – Soft Fruits Unit, via della Val 
2, Loc Costa di Casalino – 38057 Pergine  Valsugana (TN), Italy 
 
A field trial of integrated management against D. suzukii was carried out in a blueberry 
orchard in Trentino region. Mass trapping with red traps containing an attractive based on 
apple vinegar (Droskidrink) was used for the entire plot. Treatments were: Spada 200 EC, 
Laser and Boundary. For each treatment two applications were done at the same time. 
Assessments were made on fruits picked every 3-7 days during all the harvest time, checking 
egg’s deposition of D. suzukii and the emerging adults from berries. The insects caught in the 
traps were also weekly counted. The damage observed on the three treatments was always 
similar and low during all the harvest time, reaching high values only in the last assessment, 
at the end of harvesting (90% of production already picked). 
A semi-field trial was carried out to verify whether the 3 protection strategies were really 
equally effective. Fruits were collected 7 days after the last insecticide application and keep 
for 24 hours with D. suzukii reared in the laboratory. At the end of this period, oviposition and 
the development of adults was verified. The oviposition was not significantly different 
between treatments, even if the Boundary treated fruits showed a presence about twice of eggs 
compared with the insecticides (Spada 200 EC, Laser). 
The number of emerged adults showed evident differences between treatments. Spada 200 EC 
was the most effective, showing a lower development of adults, while Boundary was the less 
effective. Laser showed an intermediate efficacy. 
The three strategies showed a different efficacy in the semi-field trial and were similar in the 
field. These results could be explained with the presence of mass trapping in the orchard, 
which covered the differences between treatments emerged in the semi-field experiment. The 
arrangement of mass traps, carried out on the perimeter of a plot of limited area, has certainly 
enhanced their effectiveness. The traps were disposed at a distance of two meters each other 
and this resulted in a concentration, within the experimental plot, higher than in the bigger 
orchards. The efficacy demonstrated by this technique requires to consider it as the primary 
tool in the management of D. suzukii on blueberry. 
 
Key words: Drosophila suzukii, mass trapping, blueberry, Droskidrink 
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Experimental studies on Drosophila suzukii in protected strawberry 
crops: biology of the pest and effectiveness of a parasitoid of pupa in 
field conditions  
 
Yannie Trottin1, Estelle Paulhiac1, Arnaud Zicot1, Véronique Baffert1, Jean-Michel 
Leyre1, Claire Weydert1, Mathilde Poyet2, Nicolas Ris3, Patricia Gibert2 
1 Centre Technique Interprofessionnel des Fruits et des Légumes (Ctifl), 751 Chemin de 
Balandran – 30127 BELLEGARDE, France, trottiny@ctifl.fr  
2 Laboratoire de Biométrie de Biologie Evolutive. UMR CNRS 5558 Université Claude 
Bernard Lyon 1, Bât. Grégor Mendel. 43 bd du 11 novembre 1918 - 69622 VILLEURBANNE 
cedex, France 
3 Centre INRA PACA, Institut Sophia-Agrobiotech. UMR INRA CNRS 1355 Université Nice 
Sophia Antipolis, 400, route des Chappes, BP 167 - 06903 SOPHIA-ANTIPOLIS, France 
 
 
Abstract: Experimental studies have been carried out on the emerging pest Drosophila suzukii since 
2012. Preliminary tests were done in laboratory to gain a better understanding of the biology and the 
behaviour of the pest in controlled conditions. The different stages of D. suzukii have been observed 
on strawberries as well as the life cycle of the pest. Moreover, following research under laboratory 
conditions testing the ability of European frugivorous Drosophila parasitoids to develop on D. suzukii, 
the effectiveness of the pupal parasitoid Trichopria cf drosophilae in parasitizing D. suzukii, was 
investigated in field conditions during spring and summer 2013. 
 
Key words: Drosophila suzukii, Biology, Parasitoids, Biological control 
 
 
Introduction 
 
Drosophila suzukii is considered as an invasive species (Balmes, 2010). It quickly spread 
throughout the world, for example, in China in 1937, northern India in 1965, Thailand in1976, 
Korea in 1995 and Pakistan in 2005. More recently, the pest has been identified for the first 
time in 2008 in North America. Since 2010, it has been observed in other states (Stocks, 
2011). In Europe, D. suzukii was observed for the first time in 2008 in Spain and Italy 
(Weydert & Bourgouin, 2012) and since 2009, it has extended to different areas of these 
countries. It is also reported in Switzerland, Slovenia, Croatia, Austria, Germany and Belgium 
(Cini et al., 2012). Identified for the first time in France in the Mercantour Park in 2008, its 
presence has been confirmed in many areas since 2010. This pest is a real economic threat to 
fruit production and berries in France (Weydert & Bourgouin, 2012). Following the first 
observations of damage caused by D. suzukii on strawberry crops in 2011, experimental 
studies on this pest began in 2012 with preliminary studies on the biology and the behaviour 
of the insect in laboratory conditions. Then, following basic research of different larval and 
pupal parasitoids in laboratory conditions (Chabert et al., 2012), the efficiency of one of the 
two native pupal parasitoid Trichopria cf drosophilae was studied in experimental strawberry 
crops. It should be noted that the other one, Pachycrepoideus vindemiae was also studied by 
Stacconi et al., (2013) in small fruit production in Oregon and Europe.  
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Experimental studies in laboratory conditions 
 
Laboratory tests and preliminary studies have been conducted to gain a better understanding 
of the biology of D. suzukii on strawberry especially the biological cycle of D. suzukii and the 
egg laying behaviour of females on immature strawberries. Individuals of D. suzukii in these 
experiments were used from mass rearing on artificial medium tube. 
 
Biological cycle of D. suzukii on strawberry 
The development cycle of D. suzukii has been studied on strawberry: each stage and its 
duration were observed. The duration of the life-cycle at 20°C was 13 to 18 days from egg to 
adult. The first larval stage was generally observed two days after egg-laying. The larva 
measured 2 mm long and was translucent. It appeared that the larvae did not like light and 
seemed to eat constantly, until it was in contact with the fruit. The larva of the second stage 
was observed two days after the observation of the first stage. It was a little larger and 
measured 2.5 to 3 mm long. It was characterized by a great voracity and the development of 
two short posterior spiracles. Mouth hooks were also slightly visible. The third stage was 
observed two days after the previous one and measured 4 mm. It could easily be identified by 
the presence of long posterior spiracles. The total duration of the larval stage was 5-7 days. 
Pupation occurred inside and sometimes outside of the fruit. The duration of pupation lasted 
7-9 days at an average temperature of about 20° C (in 24h). D. suzukii pupae were easily 
identified by the anterior spiracles with a particular shape differing from those of D. 
melanogaster. Three phases were observed during the pupal stage. The spots on the wings of 
the males usually appear 10-12 hours after emergence from the pupae. The ovipositors of the 
females are still soft just after emergence. Then, reproduction can occur very soon from 24 to 
72 hours after. Moreover, from all the observations in laboratory conditions, D. suzukii seems 
to be sensitive to a lack of humidity and especially for the pupal stage and egg-laying seems 
to be disturbed when females are subjected to high temperature variations.  
 
Studies of egg laying of D. suzukii at different stages of strawberry fruit maturity  
In order to improve preventive measures to control D. suzukii in strawberry crops, it was 
interesting to know whether females of D. suzukii were able to lay eggs on immature fruits 
and if development was influenced by the level of fruit maturity. Two treatments were 
evaluated: egg-laying on 10 pink fruits (i.e. with two colours) and on 10 white fruits, these 
fruits being harvested from a strawberry crop. Two replications were performed in the same 
conditions. Each fruit was placed in a box, with 2 females and 1 male of D. suzukii for 24 h. 
All the fruits were stored in the same cage for larval development and then individualized for 
adult emergence (2nd trial). The number of pupae (considered as future adults) was counted 
per fruit (1st trial) or the number of emerged adults (2nd trial).  

Very few eggs were observed on white fruits (under binocular magnifier x40) in these 
experimental conditions of "non-choice." The eggs were either placed directly on the fruit 
surface or partially inserted in a hole.  

There are significantly fewer emerged D. suzukii per white fruit (average of 4.8 ± 1.4 on 
a sample of 20 fruits) than on pink fruits (average of 18.9 ± 3.2 on a sample of 20 fruits) 
(Kruskal Wallis Test). However, there is a great variability in the number of individuals 
emerged among the fruits. Moreover, no pupae (or emerged adults) were observed in several 
white fruits.  

So, D. suzukii was able to lay eggs and develop on fruits at the pink stage. However, it 
was more difficult on white fruits. Development time of D. suzukii in a pink fruit is longer 
than in a ripened one: 17 days at 20 ° C versus 12-13 days in the same conditions on ripened 
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strawberries. These observations confirmed the study of IRTA Cabrils (Gabarra et al., 2012) 
on harvested fruits (Arbutus, raspberries…) at different levels of maturity.  
 
 
Experimental study in crop conditions  
 
Biological control with a pupal parasitoid 
The first studies were carried out under laboratory conditions by Chabert et al, 2012 in order 
to test the ability of two pupal parasitoids (Trichopria cf drosophilae and Pachycrepoideus 
vindemmiae) and three larval parasitoids (Asobara tabida, Leptopilina heterotoma, 
Leptopilina boulardi) to develop on D. suzukii. The authors also investigated the immune 
resistance of Drosophila larvae by considering the hemocyte load when parasitized by L. 
heterotoma (the most virulent among the larval parasitoids). 

Out of the five main European parasitoid species, only two pupal parasitoids with wide 
host ranges significantly develop on D. suzukii. The three larval parasitoids were almost 
unable to develop presumably because of a strong immune response. The authors showed that 
resistance of D. suzukii to L. heterotoma French strain is related to its hemocyte load with 
numbers of circulating hemocytes in D. suzukii larvae that are the highest ever recorded in the 
melanogaster group. 

Following these preliminary studies in laboratory conditions, the effectiveness of one of 
the two pupal parasitoids, Trichopria drosophilae, was evaluated on strawberries 
in collaboration with the colleagues of CNRS Lyon/INRA Sophia Antipolis. 
 
Material and methods 
 

Trials were set up in four experimental 60 m² glasshouses in 2013 (C1/C2/C3/C4). The 
treatments were each applied in a separate glasshouse. Strawberry plants cv. Cirafine, were 
grown on peat bags on the basis of 80 plants per row or plot (plant density: 10/linear meter). 
Plants were planted on 1st March 2013. 

Treatments were arranged in a block design with four replicates in each trial. A very high 
artificial infestation of D. suzukii was done in the four treatments: 155 females and 80 males 
in 4 releases per greenhouse (on 3rd, 5th, 8th and 11th July 2013).  

Optimal conditions were defined for a good establishment of D. suzukii and T. 
drosophilae: low harvest frequency (1/week) in all greenhouses, 10 non harvested plants/row, 
adequate climate and hygrometry (min17°C, max 26°C, 60-70% hygrometry). 

The following treatments were evaluated:  
- Control treatment without parasitoid releases (C4). 

- Releases of Trichopria drosophilae (from CNRS rearing): 600 adults/greenhouse in 3 
releases on 18th (100 adults), 24th July (190) and 310 adults on 1st August (i.e. the first release 
was done 15 days after the first pest infestation). The parasitoid was released either in bulk 
(C2) with an introduction at one point in the greenhouse, or by the technique of the 
"augmentorium" (2 to 3 per greenhouse - C1 and C3). An “augmentorium” is a cage in which 
released parasitoids can develop with infested fruits and hosts but also actively disperse into 
the crop through an adequate net. This system is used on the Reunion Island for Cucurbitacea 
flies and has been tested for D. suzukii parasitoid in strawberry crops. 

In all treatments, 20 Amblyseius californicus and 2×500 Phytoseiulus persimilis in each 
greenhouse were also released against mites. 
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The observations were carried out on a sample of 35-40 fruits per plot and per treatment 
and randomly chosen from the harvested fruits. After each harvest (one per week), this sample 
of fruit was stored individually in the laboratory for D. suzukii adult emergence (on the base 
of one fruit per plastic cup covered with an insect proof net). Fruits were observed 15 to 20 
days after harvest in each cup. Moreover, D. suzukii pupae were collected once a week from 
fruits of non-harvested plants and stored in the laboratory for parasitoid emergence. 

Infested fruits were regularly introduced into the "augmentorium" for the development of 
the parasitoid.   
 
 
Results 
 
There was a good establishment of D. suzukii in all treatments but the population (i.e the 
number of emerged adults per fruit) was significantly higher in the greenhouse C1 at the 
beginning of the trial (22nd July), relative to the others (C2, C3 and C4). Similarly, a good 
establishment of the parasitoid was observed in all treatments including the control (C4). The 
parasitoid T. drosophilae was able to detect D. suzukii pupae in the crops and parasitize them. 
A significant decrease of the D. suzukii population was observed during a short period (at two 
dates, 5th and 12ndAugust) but at the end of the trial, there was no significant difference 
between treatments probably due to the very high population of D. suzukii in all greenhouses 
(Anova, Newman and Keuls Test, 5%). Furthermore, all the harvested fruits were infested by 
D. suzukii with more than 60% damaged. The rate of pupae parasitism (from 0 to 1)  was up 
to 0.6 for C1 and C3 treatments and reached 0.3 in the control C4 at the end of the trial 
(Figure 1). It should also be noted that 5 to 30% of Drosophila adults were D. melanogaster 
(except on 5th August: 25 to 50%). Moreover, some parasitoids T. drosophilae emerged from 
D. melanogaster pupae. These observations could be explained by the high number of 
damaged fruits by D. suzukii. 

These first results are promising even if the efficiency of T. drosophilae was not proved 
in these experimental conditions, due to different factors, especially an initial infestation of 
D. suzukii that was too high and two first releases of the parasitoid that were probably too low 
(relative to the planned dose). Moreover, the interest of the "augmentorium" was not observed 
relative to releases in bulk but many adults of parasitoids could be observed in and around the 
"augmentorium". 
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Figure 1. Mean rate of parasitism from 14th August to 3rd October (rate from 0 to 1). Samples 
of 10 to 30 pupae per plot (4 plots per treatment) and per date of observation 



 127

 
Conclusion  
 
Interesting results were obtained on the biology of D. suzukii on strawberry as well as the 
egg-laying behaviour on fruits at different stages of maturity. The pupal parasitoid Trichopria 
drosophilae showed that it was able to find D. suzukii pupae in a strawberry crop and to 
parasitize them successfully. In our experimental conditions of strong pest population, it was 
able to limit D. suzukii population development during a short period but these results have to 
be confirmed. Its action on pupae could be interesting in the case of a crop with fruits that 
could be forgotten in the crop or present on the ground. This parasitoid will be tested in 
commercial plastic tunnels in 2014.  
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STRATEGIES TO DEVELOP EFFECTIVE, INNOVATIVE AND PRACTICAL 
APPROACHES TO PROTECT MAJOR EUROPEAN FRUIT CROPS FROM PESTS 
AND PATHOGENS (DROPSA) 
 
Neil Audsley 
 

Fera, Sand Hutton, York, Y041 1LZ UK 
 

New and emerging pests (Drosophila suzukii Matsumura), and quarantine pathogens such as 
Pseudomonas syringae pv. actinidiae (Psa), Xanthomonas fragariae (Xf) and X. arboricola 
pv. pruni (Xap) that have been introduced into Europe have been identified as major 
phytosanitary risks and pose a major challenge to fruit production. 
The primary research emphasis of this DROPSA project is on the development of effective, 
innovative and practical solutions for the control of D. suzukii, Psa, Xf and Xap on various 
fruit crops that are representative of the some of the major fruit sectors in the EU (namely, 
berries, grapes, stone fruits and kiwifruit). 
The project will deliver a cost effective approach that can be widely implemented by the EU 
fruit industry. The aims and objectives are to: 
*  Determine the pathways of introduction and spread of D. suzukii and pathogens into the EU 
and develop preventative strategies and recommendations against the introduction of other 
dangerous fruit pests and pathogens. 
* Determine the biology, ecology and interaction of these pests and diseases in different 
regions of Europe. This will involve a comprehensive evaluation of the life cycles, host 
ranges, capacities to disperse, the identification of natural enemies, plant-pathogen 
interactions as well as the semiochemicals involved in the behaviour of D. suzukii. The 
biology will provide the platform to develop practical solutions for sustainable pest control. 
* Develop innovative and effective control options using approved chemicals, 
semiochemicals, novel antimicrobial compounds and biological control agents as well as 
cultural practices, sterile insect techniques and new mode of action compounds. The most 
reliable and effective control options will be combined to optimise an integrated pest 
management (IPM) strategy. 
* Develop forecasting and decision support systems and risk mapping as a component of 
IPM. The economic viability of proposed strategies for fruit crop protection will be evaluated 
and used to support decision making in the implementation of IPM strategies to protect the 
EU fruit sector. 
* To protect intellectual property (IP) and to undertake dissemination and exploitation actions 
to maximise the impact and up take of the recommended IPM by commercial fruit growers. 
This research project is funded by the European Union Seventh Framework Programme (FP7/ 
2007-2013) under the grant agreement n°613678 (DROPSA). 
 
Key words: DROPSA, Drosophila suzukii, Pseudomonas syringae pv. actinidiae, 
Xanthomonas fragariae, X. arboricola pv. pruni 
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Mazza 1, Sauro Simoni 1 
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elisabetta.gargani@entecra.it 
 
 
Abstract: Drosophila suzukii (Matsumura) (Diptera Drosophilidae) was detected for the first time in 
Tuscany (Italy) during a survey carried out in natural forest environments around San Giuliano Terme 
(province of Pisa) in 2008 and officially reported for Italy in 2009. Rapidly, the Spotted Wing 
Drosophila (SWD) has spread throughout the country, causing serious damages on many fruit crops. 
The potential of infestation rate by SWD is enormous and its host range is very wide, including both 
cultivated and wild plants belonging to many botanical families. Throughout 2010-2013 years, the 
spread of the insect is further increased in almost all Italian regions. Given the economic losses that 
SWD can determine in central Italy and to assess the risk of spreading into new areas and new crops, 
in 2013 (Gargani et al., 2013) and 2014, samplings were conducted in different areas of Tuscany. 
Further, to better understand the relationship between SWD and wine grape, one of the most important 
cultivations in the region, preliminary lab trials were carried out to test the susceptibility of three grape 
varieties to D. suzukii. 
 
Key words: Drosophila suzukii, monitoring, laboratory bioassays, wine grape 
 
 
Material and methods 
 
In 2013, from late May, before complete ripening of fruits, until the end of harvest, SWD 
population was regularly monitored in an important district for the sweet cherry production 
(Lari, Pisa province). In the orchards and in warehouses, 22 food traps - see IASMA, 2012 - 
were positioned and changed once a week. On biological blueberry orchards in the Southern 
coast of Tuscany (Castiglion della Pescaia, Grosseto province), from May 2013 till May 2014, 
25 food traps were placed. From summer 2013 till spring 2014, surveys were carried out in 
vineyards (Grosseto and Siena provinces) and, out of regular monitoring setup, in other 
different Tuscan areas: Stia (Arezzo province), Vada (Leghorn province) and Florence 
neighbouring. All the material collected was analyzed in the laboratories of CRA-ABP 
(Florence): all Diptera specimens were counted under stereomicroscope and drosophilids 
identified by specific dichotomous keys. More than 100 fruits collected were analyzed, partly 
by microscope and partly by immersion in a saturated solution of Sodium Chloride to count 
the larvae and pupae escaped from the fruits. In laboratory, three trials were conducted to 
verify the susceptibility of three varieties of wine grapes: “Sangiovese”, “Merlot” and “Petit 
Verdot”. During the harvest period, for each variety, some tens of healthy clusters were 
collected. In test 1, 36 bunches were singly placed in cages, each containing 5 pairs of adults 
of D. suzukii. After 3 days, the adults were removed and the bunches were left in climatic 
chamber (25°C, 75% RH) for 2 weeks; then, SWD preimaginal forms and adults were 
counted. In test 2, the same number of bunches per variety was damaged mechanically by a 
microneedle and stored with adults of Drosophila at the same conditions. In test 3, a choice 
apparatus with detached berries of the three varieties was set up, by allowing the free 
oviposition of 50 SWD females. 
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Results and discussion 
 
The species, present in all the Tuscan checked areas, in 2013 caused heavy infestations on 
sweet cherries into the Lari district (Pisa), showing that SWD has already become a key pest 
for this crop. Adults of SWD were also caught in traps placed on blueberry orchards in 
Castiglione della Pescaia (Grosseto) even if any kind of damage on fruits was detected. SWD 
specimens were captured in the different monitored wine growing areas (Grosseto and Siena 
provinces); also on these crops, no damage on grape was recorded. In laboratory, during the 
trials, D. suzukii females were able to lay eggs on all the three wine grape varieties; however, 
significant preference was registered for the damaged bunches (test 2) compared to intact ones 
(test 1). Probably the damage on berries provides nutrients to gravid females and reduceS the 
resistance due to the barrier of the fruits’ skin, analogously to what registered on other grape 
varieties (see: http://ipm.wsu.edu/small/pdf/NoChoiceSWDonGrapesAug28.pdf). The daily 
number of eggs per female was quite low, and only a small part of individuals (about 9%) 
reached the adult stage. The sugar content seems to have a decisive effect in the development 
of adults: in our experiment, adults emerged only from “Merlot”, where the highest Brix value 
in bunches was registered. This hypothesis, with significant correlation between the increase 
in the sugar content and a greater number of emerged adults, is supported by Linder et al. 
(2013) and confirmed, at least for small fruit, by Lee et al. (2011). According to the literature, 
grape does not seem to be a preferred host. Analogously to our data, Linder et al. (2013) 
reported low development in laboratory and survival of SWD not exceeding 9%. The whole 
of these evidences and the biotic potential of SWD impose to deep knowledge on the 
relationship between the pest and Tuscan viticulture. 
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SPOTTED WING DROSOPHILA IN THE UK 
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The Spotted Wing Drosophila (SWD; Drosophila suzukii) is a relatively recent challenge to 
growers in the USA and Europe, only appearing there in the 21st century. The fly is 
superficially similar to other common Drosophilids, however where it differs from almost all 
other Drosophila species, is by exploiting ripening, commercially viable, fruit still growing 
on the plant. This is possible due to a heavily sclerotized and serrated oviscapt, which can 
penetrate the fruit skin and allow egg laying and thus larval development within the fruit. This 
causes breakdown of the fruit from the inside, making the product unsaleable. Fruit crops 
vulnerable to SWD include raspberries, blackberries, cherries, blueberries, strawberries, 
blackcurrants and apricots, amongst others. Together with a high fecundity and tolerance of 
thermal variation these factors have combined to make SWD a widespread and potentially 
damaging pest in many countries 
The origins of SWD are in China or Japan, but during the 20th century it was recorded as 
spreading through Asia, reaching India in the 1960s and the Russian Far East in the 1990s. 
The first recorded instance in the USA was in 2008, although initially it was wrongly 
identified as the similar Drosophila biarmipes. It was only in 2009 that SWD was correctly 
identified, associated with an infestation of cherries, and now it has spread over most of the 
fruit growing areas in the USA. Similarly, SWD was first officially recorded in Europe, in 
Spain, in 2009 and now it has been found as far North as Germany and as far East as Slovenia 
and Hungary.  
Although SWD infestations tend to be variable, probably in part due to climatic differences, it 
is a significant pest of fruit crops. Crop losses in California in 2008 were up to 30% 
(blueberries and cherries) or 50% (blackberries and raspberries). In France, Italy, and Spain 
localised heavy losses of strawberries and cherries have been reported, as well as of 
raspberries, grapes and figs. 
Spotted Wing Drosophila was first detected in the United Kingdom in 2012. This led to the 
establishment of a working group of scientists, UK fruit growers and the UK fruit growing 
levy board (Horticultural Development Company) to monitor the problem, develop counter 
measures, and investigate the biology and ecology of the pest in UK conditions.  
An extensive monitoring programme has been established across England and Scotland, with 
130 traps. A primary focus has been in improving the attraction and selectivity of these traps, 
with the development of new lures. SWD were not a significant problem in the United 
Kingdom in 2013, probably because of the unusually cold and prolonged spring. The first 
individuals were detected in August, and although trap catches increased through the autumn 
and early winter and SWD were detected in several regions of England, SWD did not reach 
commercially damaging levels. We are continuing monitoring in 2014, and providing 
teaching to growers to extend this with their own networks.  
Research into control of SWD has investigated both cultural and chemical components. 
Historically, fallen fruit presented little problem within crops, but this represents a major 
source of SWD re-infestation. Preventing this will require both a change in culture, and the 
development of new techniques for fruit sterilisation and disposal. We have found anaerobic 
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storage capable of sterilising fruit waste, but this material is still attractive to SWD and needs 
to be disposed of carefully.  
Identification and chemical control of SWD is difficult because the larvae are sheltered within 
the fruit. We have compared various methods of assessing fruit infestation, with immersion in 
sugar or salt solution found to be effective. Also, in addition to assessing insecticides against 
adults, we have evaluated the potential of various compounds to reduce oviposition and larval 
development. Spinosad and chlorpyrifos gave control of SWD for up to 2 weeks after 
spraying on fruit. 
We will present results from this wide ranging project and discuss the outcomes and way 
forward for the UK industry.  
 
Keywords: Drosophila suzukii, invasive species, monitoring, chemical control 
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Monitoring and controlling Drosophila suzukii in Switzerland 
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Abstract: Drosophila suzukii is a highly polyphagous vinegar fly native to Asia, which invaded 
Switzerland in 2011. The monitoring survey begun in 2012 and the network consisted of about 200 
traps distributed according to the importance of fruit growing areas. Drosophila suzukii was found in 
all regions of the country, from low altitudes to the timberline. The range of the pest’s host plants is 
very broad and does not only include crops, but also wild fruits. Most individuals were captured close 
to or within cultivated raspberry, blackberry and grapevine as well as within wild shrubs such as 
elderberry. Monitoring traps can reliably detect the occurrence of the pest in a region. In 2013, an 
intensive survey was set up in order to study the attractiveness of different host towards D. suzukii. 
Our results showed that cherry and raspberry were very attractive throughout the season even if there 
were no more fruits on the trees and plants, respectively. Results showed that cherry and raspberry 
were highly attractive throughout the season. Even when there were no more fruits on the plant, they 
continued to capture lager numbers of D. suzukii. Cherries and raspberry therefore seem to be good 
host plants for installing survey traps that monitor population dynamics over the whole season. 
Due to its fast reproduction rate and the infestation of fruits shortly before harvest D. suzukii is 
difficult to control. When D. suzukii was found in a monitoring trap in a region, sanitary measures and 
mass trapping were immediately set-up in the berry crops of the particular region. Sanitary measures 
included a shorter picking interval and the immediate destruction of all unmarketable fruits. Mass-
traps were either deployed in a dense net around the crop or between hedges and a culture in order to 
capture D. suzukii before they attack ripe fruits. These control measures were satisfying, although 
economic damages differed between 2012 and 2013. Whereas fewer attacks were reported in 2012, 
many economic damages were reported in 2013 especially in late harvested crops such as raspberries 
and blackberries. 
 
Key words: pests, Drosophila suzukii, berry, monitoring, mass trapping, integrated pest management  
 
 
Introduction  
 
Drosophila suzukii is a highly polyphagous vinegar fly native to Asia. It has spread rapidly 
throughout Europe and North America (Calabria et al. 2012; Cini et al. 2012). It is a concern 
to small fruits and stone fruits. Economical damages were reported in North America and 
Europe, specially France and Italy (Weydert et Bourgouin 2012). Beside the loss of the crop, 
there is also the concern on rejection of damaged fruits with larvae inside or with too many 
chemical residues by retailers (Lee et al. 2011). These potentially dangerous economic 
consequences led to organize a survey of the pest. The detection and monitoring of D. suzukii 
is important for pest management decisions (Beers et al. 2011; Dreves 2011). Monitoring 
began in all the concerned countries with traps baited with apple cider vinegar because of its 
simplicity (Lee et al. 2013).   
 

Switzerland launched its first survey in 2011 and then continued over the following 
years. In addition, an intensive survey was set-up in 2013 to study the insect’s biology. The 
aim was to complete the actual situation of the distribution of the pest, to study the 
attractiveness of potential host plants and to initiate a sustainable control strategy. 
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Material and methods  
 
National survey  
The monitoring was conducted in all Swiss cantons with 200 traps distributed, between 2 and 
15 per canton, according to the surface of fruit growing areas. From April to October 
monitoring traps were first placed in cherry and strawberry crops, then set-up in raspberry, 
blackberry, blueberry crops and in autumn they were finally moved into vineyards. Traps 
were checked weekly and the captures were reported on the internet  
(www.drosophilasuzukii.agroscope.admin.ch).   
Intensive monitoring and winter monitoring 
In six different regions of Switzerland, traps were deployed on cherry, raspberry, grapevine 
and elderberry (=four different host plants). These traps were placed within one kilometer and 
they were not moved from one crop to another like in national survey. Traps were controlled 
weekly from April to October. Over the winter, Drosotrap traps were left in the same places 
as the intensive monitoring and they were controlled on a monthly base. 
Traps  
Two models of traps were used for the monitoring: a homemade model and a commercial 
model. The homemade model consisted of a polystyrene box (1300 ml) with 16 holes 
(diameter 3mm) in the upper part. It was used for national survey and the intensive 
monitoring. For the winter monitoring, the more robust DrosoTrap (Biobest/Andermatt 
Biocontrol) was used. Both models were filled with 200 ml of attractive liquid. The liquid for 
the national survey and the winter monitoring was composed of 75% cider vinegar and 25% 
red wine as well as a drop of detergent to reduce the surface tension of the liquid. For the 
intensive survey, the standard formulation (Riga) was used. 
Infestation level and pest control 
Over the past years, producers were asked to indicate the infestation level of susceptible fruits 
and to announce economic damages. Besides, they were asked to report their pest control 
measures. 
 
 
Results and discussion  
 
National survey 
The pest was found in the whole country from low altitudes to the timberline. The host plant 
range of D. suzukii is very broad and includes also wild fruits. Most individuals were captured 
close to or within cultivated raspberry, blackberry and grapevine as well as within wild shrubs 
such as elderberry. The peak of insect activity was recorded between mid-september and mid-
october 2013 (Fig.1), which is in accordance with the observations in 2012 (Baroffio et al. 
2014). The traps set-up at different altitudes confirmed the possible migration of individuals 
to higher altitudes in the summer (Mitsui et al. 2010). It is suspected that the insect might 
avoid the dry and hot temperatures from the low altitudes and migrate to 1000-1500 m where 
it was captured in raspberry plantations in August. 
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Figure 1: Number of D. suzukii  captures from March to October 2013 in the national survey. 
In brackets: number of traps).  
 
Intensive monitoring  
Results showed that cherry and raspberry were highly attractive throughout the season (Fig.2). 
Even when there were no more fruits on the plant, they continued to capture larger numbers 
of D. suzukii. Cherries and raspberry therefore seem to be good host plants for installing 
survey traps that monitor population dynamics over the whole season. 
 
  

 
Figure 2. Number of D. suzukii  captures per crop between April and October 2013 in the 
intensive monitoring  
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Winter monitoring 
Since the winter 2013-2014 was mild, D. suzukii could be captured over the whole winter 
(Fig.3) and initial pest populations for 2014 seem to be more important than in the previous 
two years. Thus, early harvested crops, such as cherries or strawberries, might be at higher 
risk than in the past. 
 

 
Figure 3. Number of D. suzukii  captures over the winter 2013-2014 in the Ticino for 5 traps. 
 
Infestation level and pest control  
Economic damages differed between 2012 and 2013. More damages were reported in 2013, in 
particular in late harvested berries such as raspberry and blackberry. 
Due to its fast reproduction rate and the infestation shortly before harvest, D. suzukii is 
difficult to control. The implemented pest control strategies were usually based on monitoring 
traps, sanitary measures and mass trapping. It can be concluded that monitoring traps are a 
reliable tool to detect the occurrence of D. suzukii  in a region. After the detection of the pest 
in a region, sanitary measures and mass trapping were immediately implemented in the berry 
crops of the particular region. Sanitary measures included a shorter picking interval and the 
immediate destruction of all unmarketable fruits. Mass-traps were deployed in a dense net at 
every 2 meter around the crop or between neighbouring hedges and a susceptible culture in 
order to capture most vinegar flies before they fly into the culture and attack ripe fruits. 
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Abstract: Since Drosophila suzukii has been first recorded in Germany in 2011, the pest has rapidly 
spread out and is now found in most Federal States. In 2013 we observed an immense increase in 
numbers of individuals and positive sites. Peak numbers of SWD were caught from September 
onward, resulting particularly in infestation of blackberries and late raspberries. Due to the mild 
winter, SWD was continuously caught from autumn 2013 to spring 2014, especially in hedges, 
shrubberies, forest and forest borders, at many sites in high numbers. Monitoring traps in pine tree 
tops in the forest caught about twice as much SWD than traps at standard height at the same site. Soil 
emergence traps detected SWD only rarely. With regard to SWD control, neither mass trapping nor 
bait sprays (a.i. 0,125% thiacloprid and 5 % protein bait), both combined with sanitation measures, 
reduced the infestation level when applied in 0.05 to 0.2 ha raspberry and blackberry plots. 
 
Key words: Drosophila suzukii, phenology, biology, overwintering, crop damage, control measures  
 
 
Introduction  
 
In Germany Spotted Wing Drosophila (SWD), Drosophila suzukii, has been reported the first 
time in 2011 (Vogt et al., 2012). Since then the pest has rapidly spread through the country 
and is now found in most Federal States (Vogt & Köppler, 2014). Particular high numbers of 
adults have been recorded in the South, in Baden-Württemberg and Rhineland-Palatinate. In 
the North and Northeast in most cases only a few individuals have been detected up to now. 

Fruit damage occurred in soft fruits, like raspberries, blackberries, blueberries and 
elderberries, to a large extent and in grapes as well as plums to a smaller extent. Sour and 
sweet cherries were only affected after harvest in remaining fruits. Control of this pest is very 
difficult against the background of its high reproduction rate and short generation cycle, the 
infestation of fruits close to harvests, the lack of authorization of effective insecticides as well 
as residue problems. In 2013 we investigated basics of D. suzukii biology and ecology as well 
as approaches for its control using sanitary measures, mass trapping and bait sprays. 
 
 
Material and methods  
 
Monitoring, Phenology and Overwintering 
Transparent plastic cups (500-800 ml) closed with lids and provided with at least 10 holes (2-
3 mm in diameter) in the upper third of the cup were used for monitoring SWD. As bait, apple 
cider vinegar with water (ratio 1:1 or 2:3) (ACV 1:1, ACV 2:3) or apple cider vinegar with 
red vine (1:1 or 2:3) was used. Traps were placed in fruit orchards, hedges and forests, and 
were checked and renewed weekly or bi-weekly over the whole year. With the aim to find 
overwintering places, we installed artificial hiding places, such as bamboo tubes (n=40) and 
polystyrene cups (n=48), both filled with corrugated cardboard, as well as soil emergence 
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traps (n=24). Furthermore we installed ACV-baited cup traps in tree tops of pine, oak and 
beech trees in the forest (Pinus sylvestris, Fagus sylvatica, Quercus ssp.).  
Trap types and baits 
We tested different trap types and bait mixtures: A) a commercially available ready-to-use 
trap consisting of a small plastic cup (5.5 cm in height, 7 cm in diameter) filled with 80 ml 
bait (cider vinegar, red wine, sugar and berry juice; Kehrli et al. 2013). Entrance holes were 
pierced in the aluminium lid and traps were rain-protected with a white plastic roof (RIGA 
AG, Switzerland) (http://www.becherfalle.ch); B-E) plastic cup of 12 cm in height and 11 cm 
in diameter with twenty 2.5 mm entrance holes in two rows in the upper third of the cup, 
filled with 200 ml bait: B) RIGA AG bait; C) standard ACV bait (2:3); D) cup with black 
stripes (n=3) above and below the entrance holes and with standard ACV bait (2:3); E) ACV 
(1:1) and 10% cherry juice. The test design was a complete randomized block with 5 
replicates. Traps were checked, renewed and their position was rotated weekly. Test duration 
was five weeks (19.9.-24.10.2013). Results of trap captures were analyzed with SAS 9.3, Proc 
mixed with log-transformed data, multiple significance level α=0,05. 
Sanitary measures combined with mass trapping  
In a 0.1 ha raspberry and blackberry berry plot at JKI Dossenheim, from August 15th  2013 
onward, we examined the effect of sanitary measures in combination with mass trapping. All 
ripe and ripening fruits were picked twice per week and traps were installed in two sets: 1st 50 
traps from RIGA AG, deployed for 3 weeks; 2nd 15 traps (3 replicates from the trap/bait 
comparison as described above) deployed for 5 weeks. Larval infestation was checked weekly 
in samples of 50 ripe fruits using 10% salt water for extraction of larvae. 
Bait sprays and mass trapping  
Bait sprays and mass trapping were tested at the 0.05 ha blackberry plot of LTZ Augustenberg 
and at a 0.2 ha raspberry field of a commercial orchard. Both plots were divided into three 
parts: untreated control, mass trapping (using cup traps baited with vinegar and red wine 2:3 
in blackberries and with RIGA AG bait in raspberries, resp.) and bait sprays  (n =4, 1 l protein 
bait with 0.025 l Calypso (a.i. thiacloprid) in 20 l water/ha). Traps were installed before the 
beginning of fruit ripening in a distance of 2 m in the border rows of the mass trapping plots. 
Bait spray was applied weekly, in blackberries on already infested fruits (infestation rate 
approximately 5 larvae/fruit) on 9, 16, 23, 30 August 2013 and on raspberries at the beginning 
of the infestation period (approximately 0.1 larvae/fruit) on 16, 23, 23 August, 6 September 
2013. Larval infestation was checked with the salt water method using 100 or 50 fruits/sample 
every 3 to 4 days in the blackberry plot, and weekly in the raspberry plot in combination with 
subsequent harvest as described above.  
 
 
Results  
 
Monitoring, Phenology and Overwintering  
Whereas only single individuals were caught in monitoring traps during winter until early 
summer in 2013, the numbers increased considerably from August onward. Also the number 
of sites with detection of SWD increased. Peak numbers of adults were recorded in September 
and October in fruit crops like blackberries (cultivated and wild) (Figure 1A) and late 
raspberries. Following, blackberries and late raspberries were most infested crops. With 
regard to post-harvest phenology, high captures of several hundred to several thousand D. 
suzukii/week were recorded in monitoring traps from October to winter months in harvested 
crops (cherries, apples, vineyards close to forests) as well as in alternative habitats (e.g. wild 
blackberries, hedges, shrubberies, forest borders, forests) (Figure 1 B). Compared to 2012 the 
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captures in 2013 were immense: e.g. in the monitoring program of LTZ 1.900 SWD (11/trap) 
in 2012, and 58.200 (330/trap) in 2013.  

With regard to potential overwintering places, we did not find any SDW in the bamboo 
tubes or the polystyrene cups.  Soil emergence traps detected SWD in low numbers at three 
sites. Monitoring traps in pine tree tops, however, caught several hundred individuals, about 
twice as much as traps in standard height (ca. 1.80 m) at the same site in the forest: e.g. sum 
of SWD from January 23rd to April 2nd 2014, Mannheim-Seckenheim: standard trap 181; pine 
tree top 1: 331, pine tree top 2: 302. 
 

    
Figure 1  D. suzukii captures (A) in 2013 in a monitoring trap in a blackberry hedge at JKI 
Dossenheim and (B) in autumn/winter 2013/2014 in monitoring traps in diverse habitats (sum 
males and females); E1, E2: forest near Dossenheim; E5: shrubs amidst vineyards with wild 
blackberries, close to forest, near Schriesheim.  
 
 
Trap types and baits 
Though variability in trap captures was high within each treatment and between weeks, the 
commercial bait, when offered in the big cup trap and with higher volume, was most 
attractive. Over all weeks and blocks SWD captures of variant B (n=3.643 in total) were 
significantly higher than C, D or E (n=1.131, 1.573, 1.527), whereas the small commercial 
trap with 1.971 SWD in total only differed significantly from variant C over the whole period 
of the test. The cup trap with black stripes (D) and the ACV/cherry juice mix (E) increased 
the captures compared to the standard ACV bait (C), but differences were not significant.  
Sanitary measures combined with mass trapping  
The traps caught about 3.000 SWD. Yet, in spite of the taken measures, both mass trapping 
and sanitation, infestation steadily increased in all berry varieties (raspberries: Pokusa, 
Autumn Bliss, Polka, Himbo Top and blackberries: Theodor Reimers and Loch Ness)  and 
amounted to 14 larvae/fruit at maximum.  
Bait sprays and mass trapping  
Neither mass trapping nor the application of the bait spray resulted in a decrease of the 
number of larvae per fruit compared to the control. In both trials, in black- and raspberries, a 
steady increase in larval infestation was observed, attaining a maximum of 12 larvae per fruit. 
Results for the raspberry trial are shown in Figure 2.  

2013 2014 

A  B

2013 
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Figure 2.  SWD fruit infestation in raspberries, 2013, using different control measures.  
 
 
Discussion  
 
SWD has become the main pest in late soft fruits. We expect a further spread in Germany. The 
observation, that SWD is mainly found during winter months in habitats in the landscape (hedges, 
shrubberies, forests), supports the assumption that there are spatial shifts to suitable overwintering 
sites. Pine tree tops seem to be especially attractive. After the mild winter of 2013/2014 a higher 
initial population can be expected and earlier crops, like strawberries, cherries and blueberries are 
at risk. According to our own experience and that of others the measures tested in Germany in 
2013 (mass trapping, bait treatment, insecticides) or a combination thereof did not result in a 
sustainable control (Vogt & Köppler, 2014). The situation is most critical in small plots, which 
are underlying continuous immigration. The commercial bait from RIGA AG was highly 
attractive, especially when offered in a bigger cup trap and with a greater bait volume. The 
increase in captures compared to the standard ACV bait was comparable to bait mixtures of ACV 
with red wine (Landolt et al. 2012, Vogt 2014). Such mixtures, however, also catch high numbers 
of non-target Drosophila-flies.  
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