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Introduction

During the last decade, the invasive fly Drosophila suzukii [START_REF] Matsumura | Pyracantha (Rosaceae) naturalized in Texas and the southeastern United States[END_REF]) (Diptera: Drosophilidae) has become one of the most damaging pests for soft small fruits crops in many regions of the world, such as Europe and North America [START_REF] Asplen | Invasion biology of spotted wing Drosophila (Drosophila suzukii): a global perspective and future priorities[END_REF][START_REF] Tait | Large-scale spatial dynamics of Drosophila suzukii in Trentino, Italy[END_REF]. This highly polyphagous pest can use a wide range of plant species as hosts: wild ones [START_REF] Poyet | The Wide Potential Trophic Niche of the Asiatic Fruit Fly Drosophila suzukii: The Key of Its Invasion Success in Temperate Europe?[END_REF][START_REF] Kenis | Non-crop plants used as hosts by Drosophila suzukii in Europe[END_REF], as well as cultivated and ornamental ones [START_REF] Lee | In Focus: Spotted wing Drosophila, Drosophila suzukii, across perspectives[END_REF][START_REF] Poyet | The Wide Potential Trophic Niche of the Asiatic Fruit Fly Drosophila suzukii: The Key of Its Invasion Success in Temperate Europe?[END_REF]. While the majority of other Drosophila species lay eggs on over-ripe fruits, female D. suzukii possess a serrated ovipositor [START_REF] Atallah | The making of a pest: the evolution of a fruit-penetrating ovipositor in Drosophila suzukii and related species[END_REF]) that allows them to penetrate the robust skin of healthy ripening fruits. Using the scars created in the fruit skin by the flies, pathogens (yeast and bacteria) can thus access the flesh of the fruit and, together with the activity of D. suzukii larvae, cause the fruit to decay prematurely [START_REF] Walsh | Drosophila suzukii (Diptera: Drosophilidae): Invasive Pest of Ripening Soft Fruit Expanding its Geographic Range and Damage Potential[END_REF].

Finding control methods against D. suzukii is becoming imperative to reduce potential future economic loss [START_REF] Bolda | Spotted wing Drosophila: potential economic impact of a newly established pest[END_REF][START_REF] De Ros | The potential economic impact of Drosophila suzukii on small fruits production in Trentino (Italy)[END_REF][START_REF] Keesey | Plant-Based Natural Product Chemistry for Integrated Pest Management of Drosophila suzukii[END_REF]. For instance, in the French region of Dordogne in 2013, D. suzukii caused the loss of 600 tons of strawberries, estimated to a total of 1.8 M€ and a shortfall of 9000 €/ha in cherry crops (CTIFL 2018). The use of chemicals is still currently the primary method to manage D.

suzukii, but studies tend to show that this solution is not the most suitable one against this species [START_REF] Walsh | Drosophila suzukii (Diptera: Drosophilidae): Invasive Pest of Ripening Soft Fruit Expanding its Geographic Range and Damage Potential[END_REF], Shaw et al. 2019), especially since insecticide resistance could emerge quickly among the pest populations living in treated crops [START_REF] Gress | Identification and risk assessment of spinosad resistance in a California population of Drosophila suzukii[END_REF]. Moreover, the massive use of pesticides can threaten biodiversity, including local predators of agricultural pests [START_REF] Desneux | The Sublethal Effects of Pesticides on Beneficial Arthropods[END_REF]. The use of parasitoids in the biological control of D. suzukii has been intensively studied and has shown promising results. However, particularly in Europe, efficient parasitoid species are mainly pupal ones such as Pachycrepoideus vindemmiae Rondani or Trichopria drosophilae Perkins [START_REF] Chabert | Ability of European parasitoids (Hymenoptera) to control a new invasive Asiatic pest, Drosophila suzukii[END_REF][START_REF] Girod | Host specificity of Asian parasitoids for potential classical biological control of Drosophila suzukii[END_REF][START_REF] Iacovone | Time-course analysis of Drosophila suzukii interaction with endoparasitoid wasps evidences a delayed encapsulation response compared to D. melanogaster[END_REF]) and some research still needs to be done to find parasitoid species able to attack other life stages of D. suzukii. Some commercially available predators, such as species of the genus Orius, could represent an interesting alternative in combination with other methods to control populations of D. suzukii (Cuthbertson et al. 2014[START_REF] Woltz | Efficacy of commercially available predators, nematodes and fungal entomopathogens for augmentative control of Drosophila suzukii[END_REF][START_REF] Gabarra | Prospects for the biological control of Drosophila suzukii[END_REF][START_REF] Renkema | Impact of multiple natural enemies on immature Drosophila suzukii in strawberries and blueberries[END_REF]). However, the potential use of plants, and particularly trap plants, in the biological control of D. suzukii has been poorly studied.

Plants have long been used as a means of biological control in crops, through different mechanisms such as the repulsion of the pest or attraction of predators [START_REF] Parolin | Secondary plants used in biological control: A review[END_REF]. Some of these plants, called trap plants, have been proposed as a means of biocontrol against D. suzukii [START_REF] Poyet | The Wide Potential Trophic Niche of the Asiatic Fruit Fly Drosophila suzukii: The Key of Its Invasion Success in Temperate Europe?[END_REF]. Trap plants can attract, divert, intercept and/or retain the pest from the target crops [START_REF] Hokkanen | Trap Cropping in Pest Management[END_REF][START_REF] Javaid | Trap Cropping in Insect Pest Management[END_REF][START_REF] Shelton | Concepts and Applications of Trap Cropping in Pest Management[END_REF]. Trap plants are usually low value species planted next to higher value crops. By offering food or oviposition sites, they appear more attractive to the pest than the main crop, thus concentrating the pest population in the trap crop. Moreover, trap crops could also offer shelter and/or food to natural enemies of the pest [START_REF] Shelton | Concepts and Applications of Trap Cropping in Pest Management[END_REF][START_REF] Sarkar | Implications of sub-lethal rates of insecticides and daily time of application on Drosophila suzukii lifecycle[END_REF]. Some trap plants, although acting as attractive hosts for the target pests, do not allow these pests to complete their life cycle on them. The pests can lay eggs on the plant but their offspring will not be able to develop and survive in the trap crop [START_REF] Shelton | Dead-end trap cropping: a technique to improve management of the diamondback moth, Plutella xylostella (Lepidoptera: Plutellidae)[END_REF]. These so called "dead-end trap plants" have already been shown to provide a promising way of controlling various pests such as Lepidopterans (van den [START_REF] Van Den Berg | Developing habitat management systems for gramineous stemborers in South Africa[END_REF][START_REF] Nibouche | The use of Erianthus arundinaceus as a trap crop for the stem borer Chilo sacchariphagus reduces yield losses in sugarcane: Preliminary results[END_REF][START_REF] Badenes-Perez | Using plant chemistry and insect preference to study the potential of Barbarea (Brassicaceae) as a dead-end trap crop for diamondback moth (Lepidoptera: Plutellidae)[END_REF] or nematodes [START_REF] Vestergård | Trap crops for Meloidogyne hapla management and its integration with supplementary strategies[END_REF].

Studies on trap plants that could be efficient in the management of D. suzukii are rare. The work of [START_REF] Weißinger | Influences of blackberry margins on population dynamics of Drosophila suzukii and grape infestation in adjacent vineyards[END_REF] gives clues about the potential of margins of blackberries that could act as trap crops around vineyards and [START_REF] Leach | Spotted wing drosophila (Drosophila suzukii) utilization and dispersal from the wild host Asian bush honeysuckle (Lonicera spp.)[END_REF] studied the infestation of honeysuckle around blueberry field. A study made by [START_REF] Kenis | Non-crop plants used as hosts by Drosophila suzukii in Europe[END_REF] provides information on non-crop host plant species that may be highly infested by D. suzukii. However, these are conventional trap plants as they do not kill the pest, which may have counterpositive effects (Parker et al. 2013) by becoming reservoirs for the targeted pest. Indeed, as [START_REF] Parolin | Secondary plants used in biological control: A review[END_REF] stated, if the trap crop is not well managed, the populations of the pest could be higher with than without the trap crop, turning what was supposed to be a "sink" for the pest into a "source". To avoid this potential adverse effect, we chose to work on a dead-end trap plant. [START_REF] Poyet | The Wide Potential Trophic Niche of the Asiatic Fruit Fly Drosophila suzukii: The Key of Its Invasion Success in Temperate Europe?[END_REF] tested the susceptibility of a wide variety of wild fleshy-fruited plant species from the North of France to D. suzukii infestation. For each one, the willingness of D. suzukii to lay eggs on the fruit was measured, as well as the number of live larvae after 7 days, and the number of adults emerging from the fruits. Among these tested plants, we chose a species whose fruits showed a high attractiveness for D. suzukii but allowed the lowest pre-imaginal survival rate. According to the results of [START_REF] Poyet | The Wide Potential Trophic Niche of the Asiatic Fruit Fly Drosophila suzukii: The Key of Its Invasion Success in Temperate Europe?[END_REF] (but see also [START_REF] Alhmedi | Preference and performance of Drosophila suzukii on Prunus species: A potential eco-friendly pest management tool[END_REF] and [START_REF] Olazcuaga | Oviposition Preference and Larval Performance of Drosophila suzukii (Diptera: Drosophilidae), Spotted-Wing Drosophila: Effects of Fruit Identity and Composition[END_REF]) on D. suzukii host plants, several potential dead-end trap plants with a high attractivity and a low developmental suitability for the pest can be identified such as Arum maculatum L., Cotoneaster salicifolius Franch, Gaultheria procumbens L., Phytolacca Americana L., Prunus lusitanica L., Prunus padus L., Pyracantha coccinea M.Roem, Ribes nigrum L., Rubia tinctorum L. or Symphoricarpos x chenaultii Rehder.

We chose to work on the firethorn Pyracantha coccinea as this species is one the species showing the best features as a dead-end trap plant. First, this species was shown to be very attractive to D. suzukii (2.28 ± 0.48 eggs laid per fruit after 24 hours of exposure to 3 mated females, corresponding to 1.10 eggs per cm² of fruit skin and 8.07 eggs per cm 3 of fruit, given that those fruits are very abundant on the plants; [START_REF] Poyet | The Wide Potential Trophic Niche of the Asiatic Fruit Fly Drosophila suzukii: The Key of Its Invasion Success in Temperate Europe?[END_REF]. Second, P. coccinea showed a mortality rate from egg to adult of 100% [START_REF] Poyet | The Wide Potential Trophic Niche of the Asiatic Fruit Fly Drosophila suzukii: The Key of Its Invasion Success in Temperate Europe?[END_REF]. Third, P. coccinea is a robust ornamental shrub species, easy to maintain in a wide range of environments and it produces huge amounts of fruits, thus making it easy to set up and manage for farmers. Fourth, P. coccinea produces fruits from midsummer to the end of autumn, making its phenology compatible with late-fruiting crops such as late varieties of strawberries, raspberries and blackberries, for instance. Finally, this species is already present in a large number of countries. Indeed P. coccinea originates from Europe and temperate Asia (Armenia, Azerbaijan, Balkans peninsula, Georgia, Iran, Lebanon, Spain, Turkey, Ukraine) [START_REF] Csurhes | Dossier de présentation du projet CASDAR 2018 DS² -Drosophila suzukii : Développer des stratégies de gestion efficaces, économiquement viables et durables[END_REF]). The species is not considered invasive in France (de Villalobos & Vázquez 2010) and could even be indigenous in some spots in the South of France since the prehistorical period (Tison & de Foucault 2014).

We wanted to know if adding a trap plant such as P. coccinea in strawberry production greenhouses or in the vicinity of cultivated fields could reduce the rate of fruit infestation by Drosophila suzukii. To investigate the potential of P. coccinea as an efficient trap plant, we initially tested the attractiveness of P. coccinea fruits to D. suzukii in the laboratory. To do so, we used experimental choice-test boxes with an attractive fruit, a strawberry.

We also increased the spacing between the two plant species while remaining in laboratory experimental conditions in order to assess the impact of the distance on the preference of the pest. We then conducted choicetests in growhouses with potted plants to offer conditions closer to the reality of the field. Finally, we monitored the development of D. suzukii's offspring within the fruits of P. coccinea to investigate the fate of the progeny once the eggs have been laid in the fruits.

Materials and Methods

Biological material

The laboratory strain of Drosophila suzukii used was described by [START_REF] Poyet | Invasive host for invasive pest: when the Asiatic cherry fly (Drosophila suzukii) meets the American black cherry (Prunus serotina) in Europe[END_REF] and collected in the forest of Compiègne (France) in 2011. Drosophila individuals were reared on a banana-based substrate (Water=50 mL, fresh banana= 200 g, yeast=15 g, ethanol=15 mL, sugar=10 g, agar=10 g, Nipagin™=2 g).

Mated females and males aged between 4 and 8 days were used for the experiments.

The strawberries used in the laboratory experiments (Fragaria × ananassa Duchesne var. Elsanta) were bought from the greengrocer "Les Vergers d'Opale" (Amiens, France) and originated from different producers in Belgium and the Netherlands (Vandepoel, BelOrta, Hoogstraten). They were bought on the morning of the assay, then carefully rinsed two times with cold water, dried on a paper towel and kept in insect-proof containers in order to avoid any contamination by potentially wandering wild insects prior to the experiments. Strawberries were individually weighed before use (mean=12.73 g, SE=0.20, n=214 strawberries).

The strawberry plants (Fragaria × ananassa var. Mara des Bois) used in the growhouse experiment were organically grown by a local market gardener (Esquennoy in the Somme region of France). They were planted in the field in 2018 (late winter) and were transferred to black plastic pots (diameter=16 mm, height=14.5 mm) with potting mix (Biolandes Pin Décor©) approximately a week before each experiment.

The branches of Pyracantha coccinea used in the experiments were collected on shrubs grown in ornamental gardens in Amiens, North of France (49°54'38.0"N 2°18'07.4"E) and had not been treated by any pesticide. For the laboratory experiments, corymbs of 50 healthy red fruits (rotting or mouldy fruits were removed) were used as the weight of 50 firethorn fruits was roughly similar to the weight of a strawberry (mean=11.97 g, SE=0.57, n=13 corymbs). Pyracantha coccinea fruits being smaller than strawberries, they are more prone to desiccation.

To prevent this, the cut base of the corymb-bearing stem was coated with wet cotton. The cotton was encased in a plastic bag to avoid the potential attractiveness of the water. Leaves present on the corymb were not removed to avoid plant sample desiccation and potential liberation of volatile compounds by cut leaves. For the growhouse experiment, fruited firethorn branches of 450 fruits were selected (extra fruits were removed) and each fruited branch was placed along with a leafed branch in a 2 L plastic bag with wet cotton to prevent desiccation. The plastic bag was then placed in a pot and covered with soil, letting only the two branches sticking out of the soil. This offered a set-up similar to an actual potted plant, while allowing for a standardisation of our experimental conditions (Figure 1).

Effect of the trap plants on D. suzukii oviposition in laboratory experiments

A choice-test experiment was performed to find out if strawberry infestation by D. suzukii was reduced in the presence of Pyracantha fruits in laboratory conditions. The experimental choice-test boxes consisted of rectangular plastic boxes (L: 110 mm x l: 95 mm x h: 50 mm) covered with nylon mesh. One strawberry was placed in one corner on a plastic cap (to prevent it from rolling in the set-up) and one corymb of Pyracantha fruits in the opposite corner. The distance between the two was approximately 5 cm as shown in Figure 2a. In control boxes, only one strawberry was placed in one corner of the box on a plastic cap. Five flies were released (3 females, 2 males) in the centre of each box and boxes were incubated for 24h at a constant temperature of 20°C, a relative humidity of 60% and a L:D regime of 16:8. After 24h, flies and fruits were removed from the boxes. To estimate the number of eggs laid on the 50 fruits of P. coccinea in each box, we counted the eggs laid on a subset of 15 fruits randomly selected on each corymb. Unlike Pyracantha fruits, strawberries were too delicate to count the number of eggs laid on them under a stereo-microscope. This operation would have damaged the fruits and possibly the eggs on them. Thus, strawberries were individually placed on wet cotton in plastic cylindrical transparent containers (diameter= 52 mm, height=73 mm) covered with mesh and maintained in an emergence room with a 16:8 L:D regime and kept at 20°C until emergence of all the adults. The number of adult flies emerging from the fruits was recorded daily. All the Pyracantha fruits used in the experiments were also maintained in the emergence room for 40 days to check for potential late emergence of adult flies.

Prior to the assays, we measured the survival rate of D. suzukii from egg to adult on strawberries in the same conditions. To do so, we manually placed eggs in small cuts made with a razor blade on strawberries (40 eggs per fruit). Artificially infested strawberries were maintained in the emergence room and the number of emerging adults was counted daily. We obtained a mean developmental success rate of 79.44 % (SE=4.05, n=9). This mean developmental success rate was used to estimate the number of eggs laid in our choice test bioassay (number of eggs laid = number of emerging adults * 1/0.7944).

Effect of the distance between fruit species on D. suzukii oviposition rates

We performed an assay to test whether the results obtained in the choice tests would still be valid when the distance between the fruits of the two plant species increased. We used rectangular plastic boxes (L: 360 mm x l: 240 mm x h: 140 mm), in which were placed a strawberry on one side, and a corymb of Pyracantha fruits on the other side. Two conditions were tested (Figure 2b), where only the distance between the fruits changed: a distance of 5 cm and a distance of 30 cm. Then 5 D. suzukii individuals (3 females, 2 males) were released in the centre of the box. The boxes were incubated for 24h at a constant temperature of 20°C, a relative humidity of 60% and a L:D regime of 16:8. Strawberries and Pyracantha fruits were then removed from the boxes and treated as previously described.

Infestation status of the strawberries used in our laboratory experiments

As the strawberries used for the two previous laboratory experiment could potentially already contain eggs laid by wild Drosophila suzukii when we bought them, we needed to know their initial level of infestation. For every assay, we kept the strawberries which were not used for the experiment (minimum 10 strawberries for each assay) and placed them individually on cotton in the emergence room. We tested 95 strawberries in total, and no flies emerged from them. Therefore, we assumed for all the experiments that the totality of the flies emerging from the strawberries came from eggs laid during the assays.

Growhouse experiments

The set-up consisted of 12 plastic growhouses (L: 91 cm x H: 164 cm x D: 49 cm, Truffaut©, ref 668643) with two 20 x 20 cm mesh covered aeration in the upper part of the lateral sides (Figure 1). Four potted strawberry plants were placed in each growhouse, allowing for conditions closer to those found in the field. The minimal and maximal temperatures were regularly recorded outside and inside the growhouses with thermometers (Moineau Instruments©) to check if any extreme temperature episode happened in the growhouses during experiments.The climatic conditions during the growhouse experiments were in the average of what can be experienced in this time of the year, no extreme temperatures or brutal change were recorded (inside the growhouses: maximum temperature mean=20.7°C, SE=0.37; minimum temperature mean=12.4°C, SE=0.78outside the growhouses: maximum temperature mean=21.8°C, SE=0.42; minimum temperature mean=11.2°C, SE=0.78; n=20 temperature reading).

Strawberry plants were left in quarantine in the growhouses and watered regularly for a week prior to the start of the experiment. Strawberries grown during this period were less likely to be infested as all mature (and potentially infested) strawberries had been removed before placing the plants in the growhouse. Twenty-four hours before the beginning of the experiment, the P. coccinea pots were placed in six of the 12 growhouses and strawberries were removed to leave only eight mature strawberries per growhouse. The six growhouses with P. coccinea were termed 'P. coccinea' and the six without were termed 'Control'.

At the start of the experiment, 15 female and 10 male D. suzukii individuals were released in each growhouse. After 72 hours, the strawberries and P. coccinea were removed. This duration was chosen as it corresponds to the frequency at which strawberries are picked in the field by growers. Three series repeating the experimental modalities were undertaken between the 11 th of September and the 14 th of October 2019. Hence a total of 288 strawberries were tested (8 per growhouse x 6 growhouses x 2 conditions x 3 series) over this period.

A total of 18 growhouses (6 growhouses x 3 series) were placed under the 'P. coccinea' experimental condition and 18 growhouses under the 'Control' condition.

To estimate the number of eggs laid on the P. coccinea fruits, eggs were counted on 100 randomly selected fruits for each growhouse under a stereo-microscope. All infested fruits were placed on wet cotton in the emergence room to measure developmental success. Strawberries were also placed in the emergence room as previously described.

Development of D. suzukii eggs in Pyracantha fruits

In our experiments, a total of 5 200 Pyracantha fruits was left in contact with the flies (50 fruits in each box, n=64 boxes in the choice-test experiment, n=40 boxes in the distance-test experiment). With a measured infestation rate of 1.015 eggs laid per fruit (measured on 1 560 fruits, see results), this comes to an estimated total of 5,275 eggs laid by D. suzukii on the Pyracantha fruits of our study. Given that no fly emerged from those P. coccinea fruits, we wanted to know what happened to the offspring inside the fruits, and at which developmental stage the death occurred. To do so, we individually placed 4 corymbs of Pyracantha fruits in contact with 5 female D. suzukii each for 24 h in mesh-covered plastic boxes kept in a 20°C phytotron. We then counted the number of eggs laid on the fruits and selected 84 fruits in order to obtain a total of 150 D. suzukii eggs. This number of eggs was chosen to allow for a 15-day monitoring, as on the strawberries placed in our emergence room at 20°C, the development time from egg to adult was approximately 13 days. Fruits were then maintained on wet cotton in the emergence room. Every day for 15 days, we examined 10 eggs or larvae and noted their health condition and development stage by dissecting the fruits under a stereomicroscope.

Statistical analyses

Analyses were performed with R version 3.6.0 (R core team 2019). Artworks were made with GIMP version 2.10.12.

The number of emerging D. suzukii adults and eggs laid on fruits were compared between experimental modalities (strawberry+P. coccinea vs. strawberry alone (control), 5 cm distance vs. 30 cm distance, strawberry vs. firethorn) using Fisher-Pitman permutation tests, as values of response variables did not follow a normal distribution.

The effect of the presence of a trap plant on the total number of D. suzukii adults emerging from strawberries of each growhouse was tested using a Generalised Linear Mixed Model (GLMM) with a Poisson distribution [START_REF] Breslow | Approximate Inference in Generalized Linear Mixed Models[END_REF]. The treatment ('P. coccinea' vs. 'Control') was used as a fixed effect and the series was introduced as a random effect term. The analysis was performed using the 'glmer' function in the lme4 package of R.

The relationship between the mortality rate of D. suzukii offspring and its residence time in P. coccinea fruits (i.e. its age) was examined using a logistic regression model.

Results

In the laboratory choice-test experiments, the number of D. suzukii adults emerging from the strawberries was significantly lower in the presence of P. coccinea (34.47 ± 2.8 adults per strawberry) than in control boxes (64.54 ± 3.08 adults per strawberry; Z=6.10, p<0.001; Figure 3). The presence of the trap plant led to 47% reduction of the strawberry infestation level, corresponding to an average of 30 fewer emerging flies per fruit. In choice-test boxes, female D. suzukii laid 48.18 ± 3.29 eggs per P. coccinea corymb (50 fruits).

In the distance test, the infestation rates of strawberries placed at a 5 cm (26.94 ± 5.36 eggs per strawberry) and 30 cm (27.82 ± 5.53 eggs per strawberry) distance from P. coccinea were not significantly different (Z=0.116, p=0.905; Figure 4). Similarly, the increase of the distance between the fruits of the two plant species did not have a significant impact on the number of eggs laid on P. coccinea (Z=-1.39, p=0.169). Female D.

suzukii laid significantly more eggs on the Pyracantha fruits than on the strawberry for both distances 5 cm (Z=-2.84, p=0.003) and 30 cm (Z=-2.65, p=0.005).

The GLMM showed that the total number of D. suzukii adults emerging from the strawberries was significantly reduced in the presence of P. coccinea compared to control growhouses (estimate=-0.486, SE=0.040, Z=-12.28, p<0.0001, the negative estimate indicating a negative effect of the presence of Pyracantha on the number of D. suzukii emergence). The average number of D. suzukii adults emerging per strawberry (total per growhouses/8) was reduced by 39% (corresponding to 4.47 fewer D. suzukii) in the presence of P. coccinea (7.14 ± 0.97 flies per strawberry) compared to the control (11.61 ± 1.28 flies per strawberry; Figure 5).

Additionally, we counted a total of 781 eggs laid by D. suzukii on the 1800 observed P. coccinea fruits (100 fruits x 18 repetitions) but no adults emerged from them.

In the last experiment monitoring D. suzukii survival in Pyracantha fruits, the mortality rate of the offspring was null the first day (Figure 6). Observations confirmed that almost all the eggs hatched within 48h (only two eggs were found unhatched past 48h, the 3 rd and the 7 th day respectively). After 5 days the mortality rate was above 50%, and after 10 days it was close to 100%. The few remaining larvae that were still alive after 10 days were still in 2 nd larval instar. Moreover, we noted a darkening of the cuticle of all the larvae (Figure 7). The darkening started around the second day by brown rings on each segment of the larvae (Fig7 A). Then it spread (at different rates depending on the individuals) to all the segments until it covered the centre of the larvae, leaving only the terminal parts unaffected (Fig7 B). Observation of the affected larvae under stereomicroscope revealed that the brown part was harder and/or more rigid than the rest of the cuticle. That stiffness impaired the movements of the larvae as the brown part could hardly bend and/or extend. When the larvae died, only the shrunken brown parts could be found along with the mouthparts (Fig7 c).

Discussion

The use of trap-plants as a biological means of controlling pest populations has long been successfully applied to many pest species, but its application to Drosophila suzukii is still nascent. Our study demonstrates the potential of Pyracantha coccinea as a dead-end trap plant by observing a reduction in the infestation of strawberries in its presence, its high attractiveness for oviposition and null survival of D. suzukii on its fruits.

Firstly, the presence of P. coccinea reduced strawberry infestation rates by 47% in the laboratory, and by 39% in the growhouse experiments. This means P. coccinea successfully diverted oviposition away from the strawberries, highlighting its potential as a trap plant. Although the reduction was lower in conditions closer to the field (the growhouses), it was still highly significant. Data from both the laboratory and growhouse experiments confirm the high attractiveness of P. coccinea fruits as oviposition sites for D. suzukii. Indeed, an estimation of 8318 eggs were laid on a total of 13117 fruits, corresponding to an infestation rate of 0.63. This rate was 1.01 in the laboratory experiments and 0.43 in the growhouses. Previous studies have shown that D. suzukii prefers bigger shapes [START_REF] Poyet | The Wide Potential Trophic Niche of the Asiatic Fruit Fly Drosophila suzukii: The Key of Its Invasion Success in Temperate Europe?[END_REF][START_REF] Rice | Behavioral Responses of Drosophila suzukii (Diptera: Drosophilidae) to Visual Stimuli Under Laboratory, Semifield, and Field Conditions[END_REF]. Therefore, the individuals may have been attracted to the corymb of P. coccinea in the laboratory experiments because of its larger size. The architectural complexity of the corymb (a tangle of fruits, thin branches and leaves) may have provided hiding places, in contrast with the "simplicity" of a single strawberry. Since the strawberries in the growhouse experiments presented a similar architectural complexity (branches, leaves, etc.), this effect may have been reduced. However, we can note that P. coccinea remained highly attractive in the growhouse experiments since it still allowed for a reduction in the infestation rate of strawberries. Chemical cues could also impact D. suzukii's preference. While the volatiles emitted by strawberry fruits seems to be attractive to D. suzukii [START_REF] Revadi | Olfactory responses of Drosophila suzukii females to host plant volatiles[END_REF], others volatiles emitted by P. coccinea fruits may explain the preference of the pest.

In certain cases, D. suzukii even showed a preference for P. coccinea over strawberries. For example, in the laboratory experiments, D. suzukii laid up to twice as many eggs on the firethorn fruits than on the strawberries.

Interestingly, in our first experiment (choice tests in small boxes) the mean number of eggs laid on Pyracantha fruits and on strawberries was not significantly different (48.2 and 43.4, respectively), while it was 2 times higher on P. coccinea than on strawberries (55,4 and 27.4, respectively) in our second experiment (distance tests in large boxes), whatever the distance between the fruits of the two plant species (5 cm or 30 cm). In the 5 cm condition of the distance test, the distance between the fruits was approximatively the same as in the first choicetest experiment. Experiments were made in the same conditions, the only difference being the size of the box (522.5 cm 3 vs 12 096 cm 3 ). The small size of the boxes used in the first choice-test experiment may have restricted the behavior of D. suzukii, thus masking the preference for P. coccinea over strawberries. In the growhouses, D. suzukii did not show a significant preference for P. coccinea over strawberries, even though the number of eggs laid remained very high (3039.53 eggs for 7894 fruits). Even if D. suzukii showed a similar interest for both fruits, this still means the trap plant can help divert oviposition away from the strawberries.

In this study, P. coccinea fulfills another criterion for a dead-end trap plant: its fruits do not allow for the development of D. suzukii. Out of all the eggs laid on P. coccinea (estimated to a total of 8318), none reached the adult stage, giving an egg-to-adult survival rate of 0 %. This null survival rate is consistent with the results obtained by [START_REF] Poyet | The Wide Potential Trophic Niche of the Asiatic Fruit Fly Drosophila suzukii: The Key of Its Invasion Success in Temperate Europe?[END_REF] and contrasts with the high egg-to-adult survival rate on the strawberries (79,44 % in our laboratory experimental conditions). This result contradicts behavioral theories on optimal oviposition preference. For example, the preference-performance hypothesis states that females of herbivorous insect species have evolved to lay eggs on hosts that offer the best performance to their offspring [START_REF] Gripenberg | A meta-analysis of preference-performance relationships in phytophagous insects[END_REF]). However, even if this hypothesis is supported by the majority of studies, previous works have already shown that the preference of females when choosing a plant host to lay eggs may not always be correlated with the performance of the offspring on this plant [START_REF] Valladares | Host-Plant Selection in the Holly Leaf-Miner: Does Mother Know Best?[END_REF][START_REF] Faria | Vigour of a dioecious shrub and attack by a galling herbivore[END_REF][START_REF] Friberg | Decoupling of female host plant preference and offspring performance in relative specialist and generalist butterflies[END_REF][START_REF] Alhmedi | Preference and performance of Drosophila suzukii on Prunus species: A potential eco-friendly pest management tool[END_REF]. For D. suzukii, these "oviposition mistakes" may be linked to the high polyphagy of the species. Polyphagy is advantageous for D. suzukii as it ensures a high number of hosts as well as resources available throughout the year. However, polyphagy has a cost for the species [START_REF] Janz | The cost of polyphagy: oviposition decision time vs error rate in a butterfly[END_REF][START_REF] Hutchinson | Is more choice always desirable? Evidence and arguments from leks, food selection, and environmental enrichment[END_REF][START_REF] Gripenberg | A meta-analysis of preference-performance relationships in phytophagous insects[END_REF][START_REF] Clark | Does mother know best? The preference-performance hypothesis and parent-offspring conflict in aboveground-belowground herbivore life cycles[END_REF]. D. suzukii, like others polyphagous insects, can make oviposition mistakes by laying eggs on host plants that are unsuitable for the development of its larvae. This suggests a high potentiality of trap plants such as P. coccinea to control populations of polyphagous frugivorous insects such as

D. suzukii.

The mechanisms leading to the death of the larvae are still unknown, but previous studies on the chemical content of firethorn fruits indicate some interesting possibilities. The fruits of P. coccinea are rich in saponins, condensed tannins, phenolics and flavonoids [START_REF] Sarikurkcu | Biological activity and phytochemistry of firethorn (Pyracantha coccinea M.J. Roemer)[END_REF]. These secondary chemical compounds produced by plants often have a defensive role against herbivorous insects due to their toxicity [START_REF] Francis | The biological action of saponins in animal systems: a review[END_REF][START_REF] Simmonds | Flavonoid-insect interactions: recent advances in our knowledge[END_REF][START_REF] Forkner | Feeny revisited: condensed tannins as anti-herbivore defences in leaf-chewing herbivore communities of Quercus[END_REF][START_REF] Sparg | Biological activities and distribution of plant saponins[END_REF][START_REF] Barbehenn | Tannins in plant-herbivore interactions[END_REF][START_REF] Haldhar | Biochemical basis of plant-insect interaction in arid horticulture crops: a scientific review[END_REF] and may be responsible for the death of the larvae. As stated by [START_REF] Poyet | The Wide Potential Trophic Niche of the Asiatic Fruit Fly Drosophila suzukii: The Key of Its Invasion Success in Temperate Europe?[END_REF], other factors may be involved in the mortality of the offspring, such as low water and nutrient content or a fibrous structure of the flesh of the fruits.

On the strawberries placed in our emergence room at 20°C, the development time from egg to adult was between 12 and 14 days. [START_REF] Plantamp | All or nothing: Survival, reproduction and oxidative balance in Spotted Wing Drosophila (Drosophila suzukii) in response to cold[END_REF] found a development time from egg to adult of 16 days at the same temperature. These observations show, besides a high mortality rate, a significant delay in the larval development of D. suzukii in P. coccinea. This was confirmed by determining the larval stage of several individuals by looking at the mouthparts [START_REF] Jakobs | Cold tolerance of third-instar Drosophila suzukii larvae[END_REF][START_REF] Van Timmeren | A Filter Method for Improved Monitoring of Drosophila suzukii (Diptera: Drosophilidae) Larvae in Fruit[END_REF]. We noted that almost all larvae died in 2 nd larval instar. Even if a low percentage of larvae were still alive at the end of our observations (three 2 nd instar larvae alive after, respectively, 13, 14 and 15 days, see Figure 6), they would not have been able to reach the pupal stage. Third instar D. suzukii larvae tend leave the fruit and fall on the soil to pupate [START_REF] Woltz | Pupation behavior and larval and pupal biocontrol of Drosophila suzukii in the field[END_REF]. In our experiments, we did not find any pupae at all near the corymb, suggesting that all larvae died before reaching this stage.

To our knowledge, this study is the first to document such an impairment of D. suzukii development along with the melanization of the cuticle of the larvae. [START_REF] Bezzar-Bendjazia | Azadirachtin induced larval avoidance and antifeeding by disruption of food intake and digestive enzymes in Drosophila melanogaster (Diptera: Drosophilidae)[END_REF] reported a "heavy pigmentation" of Drosophila melanogaster Meigen larvae after being exposed to azadirachtin, an antagonist of the juvenile hormone and 20 hydroxyecdysone. However, in our case the brown part of the cuticle of the larvae was not only heavily pigmented, but also harder and rougher-looking than the white parts of the cuticle. It did not look like an internal pigmentation, but as if the whole properties of the cuticle had changed. [START_REF] Rizki | Encapsulation of parasitoid eggs in phenoloxidase-deficient mutants of Drosophila melanogaster[END_REF] showed that phenoloxidases, proteins involved in the production of melanin, are linked to the darkening and hardening of cells in the process of parasitoid egg encapsulation. Hence, the effects that we observed may be caused by the activity of phenoloxidases in the larvae's cuticle. This could either result from an external effect such as a topical contact with chemicals in the fruit, or an internal reaction resulting from an intoxication caused by consuming the fruits' flesh. More studies on the effects of the different molecules present in P. coccinea on D. suzukii development will be conducted.

Since the D. suzukii individuals used in our study come from a laboratory strain, we cannot exclude that, in the wild, D. suzukii may have evolved an avoidance of P. coccinea, or a physiological adaptation/resistance to this unsuitable host. This was documented for the leafmining fly Amauromyza flavifrons Meigen on Beta vulgaris L. (sugar beet), which has been present in parts of its native range for the last 50-60 years (Uesugi 2008). In a no-choice test, the population that encountered B. vulgaris in the wild (a host on which its offspring cannot survive) was significantly less likely to oviposit on it than a population that did not encounter it in its native range. According to Nesom (2010), P. coccinea has been naturalized in D. suzukii's native range (Japan) since at least 2010, but such a recent introduction has probably not allowed for the evolution of avoidance or physiological adaptations by D. suzukii. Rearing the colony on a benign substrate for generations could also favor the loss of resistance against toxic chemical if it is costly to maintain. Moreover, the susceptibility of Pyracantha fruits to D. suzukii could vary with geographic location, climate and local conditions and between species of the genus [START_REF] Kenis | Non-crop plants used as hosts by Drosophila suzukii in Europe[END_REF]). These plant-insect interactions may require further investigation and field monitoring to know whether this type of avoidance or adaptation could evolve. P. coccinea presents some additional characteristics which make it a good candidate for use in the field, for example planted in field margins instead of others non-deadly host plants. We showed that, at least on a small scale (<1 m), an increase of the distance between the 2 plant species did not impact the effect of P. coccinea on strawberry infestations. Even in the growhouses, where the distance was greater than in the laboratory, the reduction in infestation was still significant. However, experiments need to be conducted in field conditions to know if, when increasing this distance to larger scales (a few meters), P. coccinea could continue to divert oviposition away from the strawberries. In a study by [START_REF] Weißinger | Influences of blackberry margins on population dynamics of Drosophila suzukii and grape infestation in adjacent vineyards[END_REF], the highly attractive blackberry concentrated the population of D. suzukii in the first meters near the margin (very few D. suzukii were captured 10 m away from the margin) in vineyards. Knowing the range of attractiveness of P. coccinea and the distance at which D. suzukii ceases to be attracted to it would allow a better management of trap crops in the field. It should also be noted that the presence of attractive P. coccinea near strawberry crops might increase the total fruit mass and thus attract more D. suzukii that would be present without P. coccinea, hence the need for further studies to better understand the impact of firethorn trap crops. Nevertheless, the results from this first upscaling are quite promising. Additionally, since P. coccinea bears fruits in Autumn and early Winter, its presence in high numbers could help reduce the number of overwintering D. suzukii which are the primary source of crop infestation in the following spring [START_REF] Hwang | Year-round trap capture of the spotted-wing drosophila, Drosophila suzukii (Diptera: Drosophilidae), in Korean strawberry greenhouses[END_REF][START_REF] Panel | Overwintered Drosophila suzukii Are the Main Source for Infestations of the First Fruit Crops of the Season[END_REF]. Indeed, overwintering D. suzukii are adults that emerged before winter, meaning their larval development occurred during P. coccinea fruiting period. Thus, the present study shows the high potential of P. coccinea as an alternative means of managing the pest's populations. Such means are increasingly needed, and this seems to be the first occurrence of a plant simultaneously highly attractive for the pest while being invariably deadly for its offspring. Besides, a biochemistry study on the different molecules present in P. coccinea is underway in order to increase our knowledge on the physiological mechanisms leading to the death of D. suzukii larvae. 
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 12345 Fig. 1 Experimental set-up used in the growhouse experiments. a = growhouses with P. coccinea, b = control growhouse and c = schematic representation of the P. coccinea pots
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 6 Fig.6Variations of the proportion of dead individuals out of the 10 eggs and/or larvae monitored daily for 15 days after oviposition in P. coccinea fruits. The red line represents the logistic regression curve associated with the data (estimate=0.39, SE=0.06, Z=6.34, p<0.0001).
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 7 Fig. 7 Stereomicroscopic images of D. suzukii larvae developing in firethorn fruits at different stages of the darkening: early stage (a), advanced stage (b), after the death (c)
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