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Abstract
Since 2008, Drosophila suzukii, the spotted wing drosophila, has colonized most of the 
American and European continents, being able to adapt to very different climates. In 
Italy, this pest has been captured from northern Alpine to southern Mediterranean 
regions where it can infest a broad range of fruits, including wine grapes. Studies have 
shown that oviposition levels and developmental rates of D. suzukii on wine grapes are 
lower than on other berries, although recent observations indicate that grapes may 
become a suitable host plant in particular conditions. Here, we report, for the first 
time, the results of a series of no-choice oviposition experiments using berries of five 
table grape varieties sampled in the provinces of Taranto and Bari (Apulia region, 
south-eastern Italy) during 2013 from both organic and conventional farming systems. 
The sugar content (SC) and skin hardness of each sample were analysed to assess the 
influence of these physiological parameters on the susceptibility of table grapes to 
D. suzukii infestation. A negative correlation was found between the number of eggs 
laid and berry skin penetration force, whereas there was a positive one between the 
number of eggs and Brix values, as well as sampling date. In organic grapes, SC and 
skin hardness of two varieties (“Crimson” and “Scarlotta”) were measured, respec-
tively, higher and lower than in conventional grapes, thus making them more suscep-
tible to pest infestation. The study hence shows that in laboratory conditions D. suzukii 
is able to heavily infest and develop on table grapes and that susceptibility to its infes-
tation significantly depends on both variety and farming system.
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1  | INTRODUCTION

Drosophila suzukii (Matsumura) (Diptera: Drosophilidae), also known as 
spotted wing Drosophila, is an invasive pest native to south-eastern 
Asia (Ometto et al., 2013), and after the first reports from United States 
and Europe (Cini, Ioriatti, & Anfora, 2012; Hauser, 2011), it has been 
recorded worldwide (Asplen et al., 2015). Thanks to its sclerotized and 

serrated ovipositor (Lee et al., 2015; Poyet et al., 2015), D. suzukii can 
lay eggs on a wide range of cultivated soft-Skinned fruits, thus caus-
ing loss of marketable value in a few days. Moreover, the oviposition 
wounds can give rise to secondary pathogen infestations that contrib-
ute to further fruit deterioration (Cini et al., 2012). While the ability 
of D. suzukii to infest berry fruits has been largely reported (Cini et al., 
2012; Goodhue, Bolda, Farnsworth, Williams, & Zalom, 2011; Walsh 
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et al., 2011), grape susceptibility and related economic damage are still 
a matter of debate (Rombaut et al., 2017).

To date, damage to Vitis vinifera L. (both table and wine grapes) 
has been recorded only in Japan (Kanzawa, 1939). In 2011, D. suzukii 
adults were trapped for the first time in vineyards in the Sauternes 
region (Bordeaux, France) and Michigan (USA), but no damage was 
reported (Rouzes, Delbac, Ravidat, & Thièry, 2012; Van Timmeren & 
Isaac, 2014). In Canada, the presence of D. suzukii in vineyards was 
observed in Quebec in both sentinel traps and grape bunches (Saguez, 
Lasnier, & Vincent, 2013). D. suzukii adults have also been found in 
table grape vineyards in Pennsylvania and Maryland (Joshi, Butler, 
Demchak, & Biddinger, 2017). Other field observations reported low 
levels of wine grape susceptibility to D. suzukii oviposition, but with 
significant differences between varieties (Andreazza et al., 2016; 
Linder, Martin, Laboisse, Chatelain, & Kehrli, 2014).

The potential impact of D. suzukii on wine grapes in a temper-
ate climate was discussed for the first time by Ioriatti et al. (2015), 
who observed the ability of D. suzukii to lay eggs in undamaged soft-
skinned berries (e.g., cv Schiava). On the other hand, a field study, car-
ried out in Southern Wisconsin (USA) to assess grape susceptibility 
to the pest of cold hardy varieties, indicated that such varieties were 
generally resistant if the berry skin was intact but highly susceptible 
if it was damaged (Pelton, Gratton, & Guédot, 2017). The main fac-
tor that affects the grape susceptibility is skin hardness. In line with 
previous investigations on other fruits (Burrack, Fernandez, Spivey, & 
Krausa, 2013; Lee et al., 2016), Ioriatti et al. (2015) demonstrated that 
oviposition increased consistently as the skin hardness of the grape 
decreased. Other physiological changes that occur during ripening, 
such as an increase in sugar content (SC) and a decrease in acidity 
levels, can also play a role in host susceptibility.

However, as the D. suzukii larvae consistently showed low devel-
opmental and survival rates in grapevine berries, it is still questionable 
whether oviposition alone could cause economic damage even if in 
terms of subsequent outbreaks of sour rot (Ioriatti et al., 2015, 2017; 
Rombaut et al., 2017). It must also be pointed out that in the case 
of table grapes the economic threshold would be much lower than in 
wine grapes in that even small wounds in the skin can compromise the 
quality and marketability of table grape bunches.

In Europe, the production of table grapes mainly takes place in 
Mediterranean regions such as Italy, which is ranked third among ex-
porters worldwide (Ferrara et al., 2014). Specifically, Apulia region pro-
duces more than 60% of Italian table grapes. In Apulia, D. suzukii was 
recorded for the first time in 2012, using vinegar traps placed in or-
ganic vineyards (Baser, Ouantar Broutou, Lamaj, Verrastro, & Porcelli, 
2015). Subsequent monitoring campaigns revealed that D. suzukii has 
become well-established in the area and its population peaks occur 
in autumn (i.e., October and November) when table grapes have not 
yet been harvested (Baser et al., 2015; N. Baser, unpublished results).

The goal of this investigation was therefore to evaluate the sus-
ceptibility to D. suzukii of different table grape varieties grown in the 
Apulia region under laboratory-controlled conditions. We aimed at 
assessing whether the susceptibility was correlated with two organo-
leptic parameters, skin hardness and SC, over the ripening period. As a 

whole, we tested five table grape varieties in two different farming sys-
tems, for example, organic and conventional, to ascertain whether the 
farming system could determine distinct physiological properties on 
table grapes that in turn could affect their susceptibility to D. suzukii.

2  | MATERIALS AND METHODS

2.1 | Mass rearing of D. suzukii

The D. suzukii population used in the experiments was reared in the 
laboratory and originated from living wild adults collected in an exper-
imental field at the Mediterranean Agronomic Institute of Bari (MAIB), 
in Valenzano (41°04′59.89″N, 16°88′43.69″E; Apulia, southern Italy) 
during the summer of 2012. Mass rearing of D. suzukii was carried 
out at the insect breeding facility of MAIB and periodically refreshed 
with individuals collected in the field, to avoid problems associated 
with multi-annual breeding. Insects were reared in Plexiglas® cages 
(30 × 30 × 30 cm) in laboratory conditions (T: 22–24°C, RH: 64% and 
14-L:10-D photoperiod) and were constantly provided with a water 
wick and artificial diet (Dalton et al., 2011) that served both as a food 
source and an oviposition medium.

2.2 | Experimental design

Five different table grape varieties, three with red berries (Red Globe, 
Crimson and Scarlotta) and two with white berries (Victoria and Italia), 
were considered in this study. All varieties were grown under both 
organic and conventional farming systems in five different farms, lo-
cated in the province of Bari and Taranto. The sampling period in each 
farm corresponded to harvest time (Table 1). Each sample consisted 
of a 2 kg lot of ripe fruit, from which two subsamples of 50 berries 
were randomly selected. Both subsamples were carefully examined 
under a stereoscope (Nikon SMZ 245T) to remove overripe and un-
healthy berries. One of the subsamples was used for infestation trials, 
whereas the second was used to evaluate the physiological param-
eters of the berries. Both these activities were carried out within 24 hr 
of harvesting.

2.3 | Grape infestation trials and adult emergence

The berries from each sample were arranged at a distance of 5 × 5 cm 
in a HD-PVC plastic box (51 × 10 × 35 cm − l hw) containing a layer 

TABLE  1 Sampling periods of the different table grape varieties

Variety

Sampling period

Organic Conventional

Red Globe 21/09–10/10 03/10–11/12

Victoria 21/09–17/10 02/10–23/10

Italia 02/10–18/11 28/10–10/12

Crimson 05/10–24/10 10/10–18/12

Scarlotta 29/10–15/11 28/10–13/11
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of 10-cm-thick clean river sand. Each berry was half-immersed in a 
sand bed with pedicels at the bottom. Wet paper and a medium diet 
were added to the boxes for insect feeding, and the containers were 
sealed with a 3-mm-thick glass sheet. Eight circular holes of 4 cm di-
ameter were made along the lateral plastic walls of the box and closed 
with gauze to allow gas exchange and prevent the flies from escaping. 
Twenty couples of 5-day-old D. suzukii adults were released in each 
box and left in contact with the berries for 48 hr. After this time, the 
berries were scrutinized under the stereoscope and their infestation 
level was assessed as the percentage of berries containing at least one 
egg and the number of eggs per cluster. The five most heavily infested 
berries in each sample were put individually into a plastic cup covered 
with gauze and closed with a rubber band. The eggs were counted 
on each berry. Afterwards, the cups were observed every 3 days to 
monitor the number of laid eggs and emerging adults. Full-factorial 
two-way ANOVA was used to assess statistical differences between 
organic and conventional farming systems (first factor) and between 
grapevine varieties (second factor). Homoscedasticity (Levene’s test) 
and normality (Shapiro–Wilk test) assumptions were tested before 
ANOVA. Tukey’s HSD test was applied to separate the means. Five 
boxes for each variety and farming system were used in replications.

2.4 | Physiological characteristics of grapes and 
correlation with D. suzukii infestation

Sugar content and penetrating resistance (PR) were measured in the 
berries of the second sample and correlated with the level of D. suzukii 
infestation. Penetrating resistance was expressed as the penetration 
force (in cN) exerted by a 2-mm blunted needle probe at the point of 
penetration (Letaief, Rolle, Zeppa, & Gerbi, 2008). The SC (in °Brix) 
was measured by means of an electronic refractometer. Differences 
in SC and PR were tested by means of two-way ANOVA as previ-
ously described. Principal component analysis (PCA) was carried out 
to obtain the relative value for the contribution of each phenological 
parameter to D. suzukii egg-laying susceptibility (Ioriatti et al., 2015). 
Principal component analysis was based on two grape parameters (SC 
and PR) and sampling time during ripening (St). Samples were grouped 
by variety and classified at three infestation severity levels: low 0%–
20%; medium 20%–50%; and high >50%. Infestation percentages 
referred to the fraction of berries with the presence of at least one 
laid egg. Pairwise correlation (Pearson product–moment correlation) 
was conducted to measure the correlation between each parameter 
and the number of eggs laid per berry. All statistical analysis was con-
ducted using Statistica 64 software (version 13, Dell Inc., Tulsa, OK).

3  | RESULTS

3.1 | Grape infestation trials and adult emergence

Two-way ANOVA indicated a significant difference for both factors 
(farming system: F1,40 = 8.4, p = .006; variety: F4,40 = 12.1, p < .001) 
and for their interaction (F4,40 = 7.2, p < .001). The Italia and Victoria 
cultivars showed the lowest susceptibility in terms of numbers of 

eggs laid per berry, regardless of the farming system, while the high-
est number of eggs was observed in Scarlotta and Crimson. Organic 
systems were generally more susceptible than conventional farming 
systems (F1,40 = 8.3592, p < .01). However, only organic Scarlotta 
showed a significantly higher susceptibility than the conventional 
counterpart (Tukey’s HSD test < 0.05), while the only other signifi-
cant difference was found between conventional Crimson and Italia 
(Figure 1). The percentage of adult emergence deriving from eggs 
laid in the sampled berries ranged from 47% (organic Red globe) to 
82% (organic Victoria and conventional Italia) (Table 2). However, 
we did not find any significant difference in adult emergence among 
the tested cultivars (farming system: F1,40 = 0.3, p = .61; variety: 
F4,40 = 1.3, p = .30; interaction: F4,40 = 1.8, p = .14).

3.2 | The physiological characteristics of grapes and 
correlation with D. suzukii infestation

Skin hardness varied from a minimum of 140 ± 30 cN (mean ± SD) in 
organic Scarlotta, to a maximum of 320 ± 40 cN in conventional Italia. 
While varieties grown with organic systems had lower skin hardness 
than those from conventional farming (F1,40 = 14.8, p < .001), only or-
ganic Italia and Scarlotta showed a significantly lower skin hardness 
(Tukey’s HSD test < 0.05) than the conventional counterpart.

Sugar content of table grapes, expressed as Brix values, varied 
from 13.8 ± 0.6 (mean ± SD) (Red Globe) to 18.3 ± 0.9 (Scarlotta), and 
it was significantly higher in the grape berries grown under the organic 
system than those grown in the conventional system (F1,40 = 7.8889, 
p < .01). Italia and Scarlotta cultivars had higher SC in organic than 
in the conventional faming system (F4,40 = 3.3, p < .02) (Tukey’s test: 
p < .05).

Principal component analysis (Figure 2) showed that the PR and 
SC of host grape berries were both important variance contributors 
to D. suzukii egg-laying capacity. Highly infested berries (n = 20) were 
placed on the negative side of the PC1 and samples from organic vine-
yards on the positive side of PC2. PC1 (53.5% of variance) was posi-
tively correlated with PR (0.76) and negatively with SC (−0.87), while 
PC2 (31.0%) was mostly correlated with sampling time (St) (0.83). The 
position of lower infested berries (n = 17) was relatively symmetrical 
in comparison with the positive side of PC1, with a certain trend to-
wards the lower side of PC2, while the medium-level infested berries 
(n = 13) were located around the centre of the PCA diagram. These 
observations were confirmed by Pearson correlation analysis, with 
an infestation rate that was significantly correlated with PR (Linear 
r Pearson = −.83, p < .0001) and SC (r = .64, p < .0001) but not with 
the St (r = −.24, p = .10). Significant correlations were also found be-
tween SC and St (r = −30, p = .037) and between SC and PR (r = −.48, 
p < .001).

4  | DISCUSSION

This work confirms that table grapes can be heavily infested by D. su-
zukii in laboratory conditions and that damage may differ according 
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to the cultivar and its physiological characteristics. Cultivars with 
low skin firmness, such as Crimson and Scarlotta, were more heavily 
attacked than cultivars with high skin hardness, that is, Italia. The 
latter, despite a relatively high berry SC (>18 °Bx when organically 
farmed), showed low susceptibility to pest infestation. These find-
ings confirm the results of previous studies carried out in Brazil, in 
which the Italia cultivar was reported to be resistant to D. suzukii 

oviposition (Andreazza et al., 2016). On the other hand, they also 
confirm that levels of PR are the principal indicators for evaluating 
grape susceptibility to D. suzukii attack (Ioriatti et al., 2015). This 
parameter involves direct measurement of the force that the pest 
has to apply to the fruit skin to lay eggs into the berry; thus, it looks 
reasonable to find it negatively correlated with pest oviposition 
rate (Burrack et al., 2013; Grant & Sial, 2016; Ioriatti et al., 2015; 

F IGURE  1 Number of eggs laid, sugar content and penetrating resistance of the different table grape varieties. Data are presented as 
mean ± SD. Different letters indicate significant differences between treatments (either within and between the farming systems) after two-way 
ANOVA followed by Tukey’s HSD post hoc test (p < .05)
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Kinjo, Kunimi, Ban, & Nakai, 2013; Lee et al., 2016). On the con-
trary, SC positively influences the deposition of eggs, probably be-
cause it makes the substrate more suitable for larval development 
(Broutou, 2014; Ioriatti et al., 2015; Lee et al., 2011). Nevertheless, 
in another recent study it is reported that fruit characteristics, such 
as °Brix, in some cold hardy grape varieties, were uncorrelated with 
D. suzukii performance (Pelton et al., 2017). It is likely that, inde-
pendently from the SC, when the penetration force is over a certain 
threshold D. suzukii females prefer to move elsewhere to lay their 
eggs. Drosophila females are known to selectively choose egg-laying 
sites (Yang, Belawat, Hafen, Jan, & Jan, 2008), and this behaviour 
has been recently confirmed for D. suzukii females on grape as well 
(Ioriatti et al., 2017). At harvest time, females can choose among 
grapes characterized by highly variable PR, which depends on the 
variety and the phenological stage. The PR of wine grapes is re-
ported to range between 30 and 225 cN (Ioriatti et al., 2015; Lee & 
Bourne, 1980; Letaief et al., 2008), while that of table grapes ranges 
between 50 and 180 cN (Ejsmentewicz et al., 2015; Lee & Bourne, 
1980; Rolle, Giacosa, Gerbi, Bertolino, & Novello, 2013; Tarricone, 
Amendolagine, Di Gennaro, Masi, & Gentilesco, 2016). Ioriatti et al. 

(2015) observed a distinct threshold for skin hardness in wine grapes, 
corresponding to a PR lower than 40 cN, which would favour pest 
oviposition. In our trials, we observed that D. suzukii females were 
able to oviposit in berries of table grape varieties characterized by 
much higher PR (137–313 cN). However, lower skin penetration 
values were significantly associated with higher oviposition rate. 
Comparing this value with the skin penetration values reported in 
the literature during the ripening process, it is clear that most table 
grape varieties may become suitable hosts for D. suzukii before har-
vest (Abbal, Boulet, & Moutounet, 1992; Grotte et al., 2001; Lee 
& Bourne, 1980; Letaief, 2007). This would probably give the pest 
enough time to spread through the vineyard and lay eggs on a large 
number of berries, also favouring grey mould post-harvest infection 
(Hamby, Hernández, Boundy-Mills, & Zalom, 2012) provided that 
larvae develop inside the berry (Ioriatti et al., 2017).

Several studies in the literature have reported no differences be-
tween organic and conventional fruit production in terms of desirable 
components such as ethanol, sugar, total acid and extract (Alvarez, 
Carracedo, Iglesias, & Martinez, 1993; Danner, 1986; Lutz, 1990; 
Woese, Lange, Boess, & Bögl, 1997), whereas others reported a higher 
concentration of soluble solids in organic farming (Rembiałkowska, 
2000, 2007; Zadoks, 1989). According to our analysis, organic farm-
ing induced significant increase in SC and significant decrease in skin 
hardness, thus exposing such organically grown grapes to heavier at-
tack by the pest. In a temperate and Mediterranean climate, D. suzukii 
reaches its population peak between the end of summer and autumn 
(Baser et al., 2015; Rossi Stacconi et al., 2016; Wiman et al., 2014), 
when climatic conditions are the most favourable and there is a con-
siderable availability of ripening hosts. During this period, D. suzukii 
finds large amounts of food and substrate for oviposition in vineyards, 
particularly when a large proportion of the berries are cracked be-
cause of high rainfall or lower temperatures (Saguez et al., 2013; Van 
Timmeren & Isaacs, 2013).

TABLE  2 Drosophila suzukii adult emergence percentage in the 
different table grape varieties and at different farming systems

Variety

Adult exclusion (%)

Organic Conventional

Red Globe 47 ± 16 53 ± 22

Victoria 82 ± 22 78 ± 19

Italia 68 ± 29 82 ± 22

Crimson 71 ± 12 72 ± 12

Scarlotta 62 ± 7 64 ± 17

All values are mean ± SD.

F IGURE  2 Principal correlation analysis 
based on three quality parameters: sugar 
content (SC), penetrating resistance (PR) 
and sampling time (ST). The degree of 
infestation has been categorized as low 
(<20%), medium (20%–50%) or high 
(>50%). Conventional (red) and organic 
(blue) farming systems are indicated for 
each variety. Cr: Crimson; It: Italia; Rg: Red 
globe; Sc: Scarlotta; Vi: Victoria
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Conversely, D. suzukii oviposition occurs at a very low rate on un-
damaged wine grapes (Kim et al., 2015; Pelton et al. 2016). Atallah, 
Teixeira, Salazar, Zaragoza, and Kopp (2014) observed D. suzukii pro-
ducing clusters of small and mostly sterile (i.e., no egg laying) oviposi-
tion punctures. This phenomenon is probably due to the difficulty in 
penetrating the grape skin with the ovipositor. Moreover, Ioriatti et al. 
(2015) found that the percentage of emerging adults from eggs laid on 
grapes was considerably low (0%–35%), varying according to differ-
ent grape varieties. On the contrary, our experiment showed that the 
tested table grape varieties provided a suitable substrate for D. suzukii 
full development and that pre-imaginal mortality was comparable with 
the rates reported for other hosts (Tochen et al., 2014). These findings 
therefore suggest that the table grape is potentially a profitable host 
for D. suzukii and that if high population pressure is maintained over 
time, the crop is likely to be severely damaged by the pest.

In conclusion, our study indicates a risk for the table grapes grown 
in Apulia region to D. suzukii attacks. This raises the question of which 
pest control strategy could be suggested to farmers. As biological 
control against the pest is still at the stage of laboratory assays (Rossi 
Stacconi et al., 2015, 2017), farmers must rely on currently available 
preventive methods, such as insecticides and/or the use of exclusion 
netting (Chouinard, Firlej, & Cormier, 2016; Cormier, Veilleux, & Firlej, 
2015; Del Fava, Ioriatti, & Melegaro, 2017) that should be applied at 
the end of summer (Baser et al., 2015).

AUTHOR CONTRIBUTION

All authors conceived the research. NB, FP and GA designed experi-
ments. OB and NB conducted experiments. VM and MVRS elaborated 
data. NB, MVRS and VM wrote the manuscript. GA, CI, VV and FP 
revised the manuscript.

ORCID

N. Baser   http://orcid.org/0000-0002-7695-2329 

REFERENCES

Abbal, P., Boulet, J. C., & Moutounet, M. (1992). Utilisation de parametres 
physiques pour la caratérisation de la véraison des baies de raisin. 
Journal International des Sciences de la Vigne et du Vin, 26, 231–237.

Alvarez, C. E., Carracedo, A. E., Iglesias, E., & Martinez, M. C. (1993). 
Pineapples cultivated by conventional and organic methods in a soil 
from a banana plantation—A comparative study of soil fertility, plant 
nutrition and yields. Biological Agriculture & Horticulture, 9, 161–171. 
https://doi.org/10.1080/01448765.1993.9754629

Andreazza, F., Baronio, C. A., Botton, M., Valgas, R. A., Ritschel, P. S., Maia, 
J. D. G., & Nava, D. E. (2016). Suscetibilidade de bagas de genótipos de 
videira pela infestação por Drosophila suzukii (Diptera: Drosophilidae). 
Pesquisa Agropecuária Brasileira, 51, 599–606. https://doi.org/10.1590/
S0100-204X2016000500021

Asplen, M. K., Anfora, G., Biondi, A., Choi, D. S., Chu, D., Daane, K. M., 
… Desneux, N. (2015). Invasion biology of spotted wing Drosophila 
(Drosophila suzukii): A global perspective and future priorities. 
Journal of Pest Science, 88, 469–494. https://doi.org/10.1007/
s10340-015-0681-z

Atallah, J., Teixeira, L., Salazar, R., Zaragoza, G., & Kopp, A. (2014). The 
making of a pest: The evolution of a fruit-penetrating ovipositor in 
Drosophila suzukii and related species. Proceedings of the Royal Society 
B, 281, 20132840. https://doi.org/10.1098/rspb.2013.2840

Baser, N., Ouantar Broutou, O., Lamaj, F., Verrastro, V., & Porcelli, F. 
(2015). First finding of Drosophila suzukii (Matsumura)(Diptera: 
Drosophilidae) in Apulia, Italy, and its population dynamics 
throughout the year. Fruits, 70, 225–230. https://doi.org/10.1051/
fruits/2015016

Broutou, O. (2014). Studies on table grape damages due to Drosophila su-
zukii (Diptera Drosophilidae) and pest overwintering in Apulia. Thesis of 
Master of Science, CIHEAM/IAMB, Valenzano (BA), Italy. http://www.
iamb.it/mod¼static_content,185,224,tesi-e-apporti.htm

Burrack, H. J., Fernandez, G. E., Spivey, T., & Krausa, D. A. (2013). Variation 
in selection and utilization of host crops in the field and laboratory 
by Drosophila suzukii Matsumura (Diptera: Drosophilidae), an inva-
sive frugivore. Pest Management Science, 69, 1173–1180. https://doi.
org/10.1002/ps.3489

Chouinard, G., Firlej, A., & Cormier, D. (2016). Going beyond sprays and kill-
ing agents: Exclusion, sterilization and disruption for insect pest control 
in pome and stone fruit orchards. Scientia Horticulturae, 208, 13–27. 
https://doi.org/10.1016/j.scienta.2016.03.014

Cini, A., Ioriatti, C., & Anfora, G. (2012). A review of the invasion of 
Drosophila suzukii in Europe and a draft research agenda for integrated 
pest management. Bulletin of Insectology, 65, 149–160.

Cormier, D., Veilleux, J., & Firlej, A. (2015). Exclusion net to control spot-
ted wing Drosophila in blueberry fields. IOBC-WPRS Bulletin, 109, 
181–184.

Dalton, D. T., Walton, V. M., Shearer, P. W., Walsh, D. B., Caprile, J., & 
Isaacs, R. (2011). Laboratory survival of Drosophila suzukii under sim-
ulated winter conditions of the Pacific Northwest and seasonal field 
trapping in five primary regions of small and stone fruit production in 
the United States. Pest Management Science, 67, 1368–1374. https://
doi.org/10.1002/ps.2280

Danner, R. (1986). VergleichendeUntersuchungenzumkonventionellen, 
organisch-biologischen und biologisch-dynamischen Weinbau. 
Mitteilungen Klosterneuburg, 36, 96–100.

Del Fava, E., Ioriatti, C., & Melegaro, A. (2017). Cost-benefit analysis of con-
trolling the spotted wing drosophila (“Drosophila suzukii” (Matsumura)) 
spread and infestation of soft fruits in Trentino, Northern Italy. Pest 
Management Science, 73(11), 2318–2327. https://doi.org/10.1002/
ps.4618

Ejsmentewicz, T., Balic, I., Sanhueza, D., Barria, R., Meneses, C., Orellana, 
A., … Campos-Vargas, R. (2015). Comparative study of two table grape 
varieties with contrasting texture during cold storage. Molecules, 20, 
3667–3680. https://doi.org/10.3390/molecules20033667

Ferrara, G., Mazzeo, A., Netti, G., Pacucci, C., Matarrese, A. M. S., Cafagna, I., 
… Gallo, V. (2014). Girdling, gibberellic acid, and forchlofenuron: 
Effects on yield, quality, and metabolic profile of table grape cv Italia. 
American Journal of Enology and Viticulture, 65, 381–387. https://doi.
org/10.5344/ajev.2014.13139

Goodhue, R. E., Bolda, M., Farnsworth, D., Williams, J. C., & Zalom, F. G. 
(2011). Spotted wing drosophila infestation of California strawberries 
and raspberries: Economic analysis of potential revenue losses and 
control costs. Pest Management Science, 67, 1396–1402. https://doi.
org/10.1002/ps.2259

Grant, J. A., & Sial, A. A. (2016). Potential of muscadine grapes as a via-
ble host of Drosophila suzukii (Diptera: Drosophilidae) in blueberry-
producing regions of the South-eastern United States. Journal of 
Economic Entomology, 109, 1261–1266. https://doi.org/10.1093/jee/
tow025

Grotte, M., Cadot, Y., Poussier, A., Loonis, D., Pietri, E., Duprat, F., & Barbeau, 
G. (2001). Determination of the maturity status of grape berry (Vitis vi-
nifera) from physical measurement: Methodology. Journal International 
des Sciences de la Vigne et du Vin, 35, 87–98.

http://orcid.org/0000-0002-7695-2329
http://orcid.org/0000-0002-7695-2329
https://doi.org/10.1080/01448765.1993.9754629
https://doi.org/10.1590/S0100-204X2016000500021
https://doi.org/10.1590/S0100-204X2016000500021
https://doi.org/10.1007/s10340-015-0681-z
https://doi.org/10.1007/s10340-015-0681-z
https://doi.org/10.1098/rspb.2013.2840
https://doi.org/10.1051/fruits/2015016
https://doi.org/10.1051/fruits/2015016
http://www.iamb.it/mod¼static_content,185,224,tesi-e-apporti.htm
http://www.iamb.it/mod¼static_content,185,224,tesi-e-apporti.htm
https://doi.org/10.1002/ps.3489
https://doi.org/10.1002/ps.3489
https://doi.org/10.1016/j.scienta.2016.03.014
https://doi.org/10.1002/ps.2280
https://doi.org/10.1002/ps.2280
https://doi.org/10.1002/ps.4618
https://doi.org/10.1002/ps.4618
https://doi.org/10.3390/molecules20033667
https://doi.org/10.5344/ajev.2014.13139
https://doi.org/10.5344/ajev.2014.13139
https://doi.org/10.1002/ps.2259
https://doi.org/10.1002/ps.2259
https://doi.org/10.1093/jee/tow025
https://doi.org/10.1093/jee/tow025


     |  7BASER et al.

Hamby, K. A., Hernández, A., Boundy-Mills, K., & Zalom, F. G. (2012). 
Associations of yeasts with spotted-wing Drosophila (Drosophila su-
zukii; Diptera: Drosophilidae) in cherries and raspberries. Applied and 
Environmental Microbiology, 78, 4869–4873. https://doi.org/10.1128/
AEM.00841-12

Hauser, M. (2011). A historic account of the invasion of Drosophila suzukii 
(Matsumura) (Diptera: Drosophilidae) in the continental United States, 
with remarks on their identification. Pest Management Science, 67, 
1352–1357. https://doi.org/10.1002/ps.2265

Ioriatti, C., Guzzon, R., Anfora, G., Ghidoni, F., Mazzoni, V., Roman Villegas, 
T., … Walton, V. M. (2017). Drosophila suzukii (Diptera: Drosophilidae) 
contributes to the development of sour rot in grape. Journal of Economic 
Entomology, in press, https://doi.org/10.1093/jee/tox292.

Ioriatti, C., Walton, V., Dalton, D., Anfora, G., Grassi, A., Maistri, S., & 
Mazzoni, V. (2015). Drosophila suzukii (Diptera: Drosophilidae) and its 
potential impact to wine grapes during harvest in two cool climate 
wine grape production regions. Journal of Economic Entomology, 108, 
1148–1155. https://doi.org/10.1093/jee/tov042

Joshi, N. K., Butler, B., Demchak, K., & Biddinger, D. J. (2017). Seasonal 
occurrence of spotted wing drosophila in various small fruits and ber-
ries in Pennsylvania and Maryland. Journal of Applied Entomology, 141, 
156–160. https://doi.org/10.1111/jen.12325

Kanzawa, T. (1939). Studies on Drosophila suzukii Mats.- Kofu, Yamanashi 
Agricultural Experiment Station 49 pp. Review of Applied Entomology, 
29, 622.

Kim, M. N., Kim, J. S., Park, J. S., Choi, D. S., Park, J., & Kim, I. (2015). 
Oviposition and development potential of the spotted-wing dro-
sophila, Drosophila suzukii (Diptera: Drosophilidae), on uninjured 
Campbell Early grape. Entomological Research, 45, 354–359. https://
doi.org/10.1111/1748-5967.12142

Kinjo, H., Kunimi, Y., Ban, T., & Nakai, M. (2013). Oviposition efficacy of 
Drosophila suzukii (Diptera: Drosophilidae) on different cultivars of 
blueberry. Journal of Economic Entomology, 106, 1767–1771. https://
doi.org/10.1603/EC12505

Lee, C. Y., & Bourne, M. C. (1980). Changes in grape firmness during 
maturation. Journal of Texture Studies, 11, 163–171. https://doi.
org/10.1111/j.1745-4603.1980.tb00315.x

Lee, J. C., Bruck, D. J., Curry, H., Edwards, D., Haviland, D. R., Van Steenwyk, 
R. A., & Yorgey, B. M. (2011). The susceptibility of small fruits and cher-
ries to the spotted-wing drosophila, Drosophila suzukii. Pest Management 
Science, 67, 1358–1367. https://doi.org/10.1002/ps.2225

Lee, J. C., Dalton, D. T., Swoboda-Bhattarai, K. A., Bruck, D. J., Burrack, H. J., 
Strik, B. C., … Walton, V. M. (2016). Characterization and manipulation 
of fruit susceptibility to Drosophila suzukii. Journal of Pest Science, 89, 
771–780. https://doi.org/10.1007/s10340-015-0692-9

Lee, J. C., Dreves, A. J., Cave, A. M., Kawai, S., Isaacs, R., Miller, J. C., … 
Bruck, D. J. (2015). Infestation of wild and ornamental noncrop fruits by 
Drosophila suzukii (Diptera: Drosophilidae). Annals of the Entomological 
Society of America, 108, 1–13.

Letaief, H. (2007). Application of chemical-physical and mechanical tests 
for the definition of wine grape quality. Thesis, University of Turin, Italy, 
Turin, Italy.

Letaief, H., Rolle, L., Zeppa, G., & Gerbi, V. (2008). Assessment of grape 
skin hardness by a puncture test. Journal of the Science of Food and 
Agriculture, 88, 1567–1575. https://doi.org/10.1002/(ISSN)1097-0010

Linder, C., Martin, C., Laboisse, S., Chatelain, P., & Kehrli, P. (2014). 
Susceptibility of various grape cultivars to Drosophila suzukii and other 
vinegar flies. IOBC/WPRS Bulletin, 105, 219–224.

Lutz, A. (1990). Qualitätsweinmit Öko-Prädikat. Öko-Test-Magazin, 1, 
32–41.

Ometto, L., Cestaro, A., Ramasamy, S., Grassi, A., Revadi, S., Siozios, S., … 
Rota-Stabelli, O. (2013). Linking genomics and ecology to investigate 
the complex evolution of an invasive drosophila pest. Genome Biology 
and Evolution, 5, 745–757. https://doi.org/10.1093/gbe/evt034

Pelton, E., Gratton, C., Isaacs, R., Van Timmeren, S., Blanton, A., & Guédot, 
C. (2016). Earlier activity of Drosophila suzukii in high woodland land-
scapes but relative abudance is unaffected. Journal of Pest Science, 89, 
725–733.

Pelton, E., Gratton, C., & Guédot, C. (2017). Susceptibility of cold hardy 
grapes to Drosophila suzukii (Diptera: Drosophilidae). Journal of Applied 
Entomology, 141, 644–652. https://doi.org/10.1111/jen.12384

Poyet, M., Le Roux, V., Gibert, P., Meirland, A., Prévost, G., Eslin, P., & 
Chabrerie, O. (2015). The wide trophic niche of the asiatic fruit fly 
Drosophila suzukii: The key of its invasion success in temperate Europe? 
PLoS ONE, 10(11), e0142785. https://doi.org/10.1371/journal.
pone.0142785

Rembiałkowska, E. (2000). Wholesomeness and sensory quality of potatoes 
and selected vegetables from the organic farms. Warszawa, Poland: 
Fundacja Rozwòj SGGW.

Rembiałkowska, E. (2007). Quality of plant products from organic agri-
culture. Journal of the Science of Food and Agriculture, 87, 2757–2762. 
https://doi.org/10.1002/(ISSN)1097-0010

Rolle, L., Giacosa, S., Gerbi, V., Bertolino, M., & Novello, V. (2013). Varietal 
comparison of the chemical, physical and mechanical properties of five 
colored table grapes. International Journal of Food Properties, 16, 598–
612. https://doi.org/10.1080/10942912.2011.558231

Rombaut, A., Guilhot, R., Xuèreb, A., Benoit, L., Chapuis, M. P., Gibert, P., 
& Fellous, S. (2017). Invasive Drosophila suzukii facilitates Drosophila 
melanogaster infestation and sour rot outbreaks in the vineyards. Royal 
Society Open Science, 4, 170117. https://doi.org/10.1098/rsos.170117

Rossi Stacconi, M. V., Buffington, M., Daane, K. M., Dalton, D. T., Grassi, 
A., Kaçar, G., … Anfora, G. (2015). Host stage preference, efficacy 
and fecundity of parasitoids attacking Drosophila suzukii in newly in-
vaded areas. Biological Control, 84, 28–35. https://doi.org/10.1016/j.
biocontrol.2015.02.003

Rossi Stacconi, M. V., Kaur, R., Mazzoni, V., Ometto, L., Grassi, A., 
Gottardello, A., … Anfora, G. (2016). Multiple lines of evidence for 
reproductive winter diapause in the invasive pest Drosophila suzukii: 
Useful clues for control strategies. Journal of Pest Science, 89, 689–700. 
https://doi.org/10.1007/s10340-016-0753-8

Rossi Stacconi, M. V., Panel, A., Baser, N., Ioriatti, C., Pantezzi, T., & Anfora, 
G. (2017). Comparative life history traits of indigenous Italian para-
sitoids of Drosophila suzukii and their effectiveness at different tem-
peratures. Biological Control, 112, 20–27. https://doi.org/10.1016/j.
biocontrol.2017.06.003

Rouzes, R., Delbac, L., Ravidat, M. L., & Thièry, D. (2012). First occurrence 
of Drosophila Suzukii in the Sauternes vineyards. Journal International 
des Sciences de la Vigne et du Vin, 46, 145–147.

Saguez, J., Lasnier, J., & Vincent, C. (2013). First record of Drosophila Suzukii 
in Quebec vineyards. Journal International des Sciences de la Vigne et du 
Vin, 47, 69–72.

Tarricone, L., Amendolagine, A. M., Di Gennaro, D., Masi, G., & Gentilesco, 
G. (2016). Rootstock effects on productive characteristics of ‘Princess’ 
seedless table grapes in Apulia region (Southern Italy). Acta Horticulture, 
1136, 51–56. https://doi.org/10.17660/ActaHortic.2016.1136.8

Tochen, S., Dalton, D. T., Wiman, N., Hamm, C., Shearer, P. W., & Walton, 
V. M. (2014). Temperature-related development and population pa-
rameters for Drosophila suzukii (Diptera: Drosophilidae) on cherry 
and blueberry. Environmental Entomology, 43, 501–510. https://doi.
org/10.1603/EN13200

Van Timmeren, S., & Isaac, R. (2014). Drosophila suzukii in Michigan vine-
yards, and the first report of Zaprionus indianus from this region. 
Journal of Applied Entomology, 138, 519–527. https://doi.org/10.1111/
jen.12113

Van Timmeren, S., & Isaacs, R. (2013). Control of spotted wing drosophila, 
Drosophila suzukii, by specific insecticides and by conventional and or-
ganic crop protection programs. Crop Protection, 54, 126–133. https://
doi.org/10.1016/j.cropro.2013.08.003

https://doi.org/10.1128/AEM.00841-12
https://doi.org/10.1128/AEM.00841-12
https://doi.org/10.1002/ps.2265
https://doi.org/10.1093/jee/tox292
https://doi.org/10.1093/jee/tov042
https://doi.org/10.1111/jen.12325
https://doi.org/10.1111/1748-5967.12142
https://doi.org/10.1111/1748-5967.12142
https://doi.org/10.1603/EC12505
https://doi.org/10.1603/EC12505
https://doi.org/10.1111/j.1745-4603.1980.tb00315.x
https://doi.org/10.1111/j.1745-4603.1980.tb00315.x
https://doi.org/10.1002/ps.2225
https://doi.org/10.1007/s10340-015-0692-9
https://doi.org/10.1002/(ISSN)1097-0010
https://doi.org/10.1093/gbe/evt034
https://doi.org/10.1111/jen.12384
https://doi.org/10.1371/journal.pone.0142785
https://doi.org/10.1371/journal.pone.0142785
https://doi.org/10.1002/(ISSN)1097-0010
https://doi.org/10.1080/10942912.2011.558231
https://doi.org/10.1098/rsos.170117
https://doi.org/10.1016/j.biocontrol.2015.02.003
https://doi.org/10.1016/j.biocontrol.2015.02.003
https://doi.org/10.1007/s10340-016-0753-8
https://doi.org/10.1016/j.biocontrol.2017.06.003
https://doi.org/10.1016/j.biocontrol.2017.06.003
https://doi.org/10.17660/ActaHortic.2016.1136.8
https://doi.org/10.1603/EN13200
https://doi.org/10.1603/EN13200
https://doi.org/10.1111/jen.12113
https://doi.org/10.1111/jen.12113
https://doi.org/10.1016/j.cropro.2013.08.003
https://doi.org/10.1016/j.cropro.2013.08.003


8  |     BASER et al.

Walsh, D. B., Bolda, M. P., Goodhue, R. E., Dreves, A. J., Lee, J., Bruck, D. 
J., … Zalom, F. G. (2011). Drosophila suzukii (Diptera: Drosophilidae): 
Invasive pest of ripening soft fruit expanding its geographic range 
and damage potential. International Journal of Pest Management, 2, 
1–7.

Wiman, N. G., Walton, V. M., Dalton, D. T., Anfora, G., Burrack, H. J., Chiu, 
J. C., … Ioriatti, C. (2014). Integrating temperature-dependent life table 
data into a matrix projection model for Drosophila suzukii population 
estimation. PLoS ONE, 9(9), e106909. https://doi.org/10.1371/journal.
pone.0106909

Woese, K., Lange, D., Boess, C., & Bögl, K . W. (1997). A comparison of 
organically and conventionally grown foods—results of a review of the 
relevant literature. Journal of the Science of Food and Agriculture, 74, 
281–293. https://doi.org/10.1002/(ISSN)1097-0010

Yang, C. H., Belawat, P., Hafen, E., Jan, L. Y., & Jan, Y. N. (2008). Drosophila 
egg-laying site selection as a system to study simple decision-making 
processes. Science, 319(5870), 1679–1683. https://doi.org/10.1126/
science.1151842

Zadoks, J. C. (1989). Development of farming systems. Evaluation of five year 
period 1980–1984, Wageningen, NL: Pudoc.

How to cite this article: Baser N, Broutou O, Verrastro V, 
et al. Susceptibility of table grape varieties grown in south-
eastern Italy to Drosophila suzukii. J Appl Entomol. 2018;00: 
1–8. https://doi.org/10.1111/jen.12490

https://doi.org/10.1371/journal.pone.0106909
https://doi.org/10.1371/journal.pone.0106909
https://doi.org/10.1002/(ISSN)1097-0010
https://doi.org/10.1126/science.1151842
https://doi.org/10.1126/science.1151842
https://doi.org/10.1111/jen.12490

