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Development of spotted wing drosophila
in fruits of two raspberry cultivars

Razvoj octene musice ploda u plodovima dvije sorte maline

Ivana Paja¢ Zivkovic’, Dana Cirjak, A. Mesié, B. Duralija, Darija Lemi¢

ABSTRACT

Spotted wing drosophila (Drosophila suzukii (Matsumura, 1931)) a polyphagous
alien invasive species causes economic damages in cultivation of soft fruits all over the
word. It is widespread in Croatia and considering that the economic damage occurred in
greenhouse cultivation of soft fruit several years ago, new damage in this production
can be expected. The pest development was monitored on 50 overripe fruits of cultivars
'Amira’ and 'Sugana' cultivated in greenhouses in Zagreb in 2018 to investigate pest
preference for these cultivars and to make a risk assessment in raspberry cultivation.
Pest presence was recorded on both cultivars at the same time, and D. suzukii was
dominant drosophilid species in development. Significantly more drosophilids as well
as individuals of D. suzukii were developed on cultivar 'Amira’. On 'Amira’' 373 female
and 211 male of D. suzukii developed, while on 'Sugana' 253 female and 142 males
developed. Average number of pests per fruit on 'Amira’ counted 11.68 and on 'Sugana'
7.9. Drosophila suzukii develops in high populations in the greenhouse production of
raspberry cultivars, which poses a serious risk for their cultivation in the study site.

Key words: Drosophila suzukii, Drosophilidae, economic damages, Rubus idaeus,
cultivar preference

SAZETAK

Octena musSica ploda (Drosophila suzukii (Matsumura, 1931)) polifagna je strana
invazivna vrsta koja uzrokuje ekonomske $tete u uzgoju jagodastog vocéa diljem svijeta.
Stetnik je rasprostranjen u Hrvatskoj i s obzirom da su ekonomske $tete u plasteni¢koj
proizvodnji jagodastog voca zabiljezene prije nekoliko godina, mogu se ocekivati nove
Stete u uzgoju bobicastog voca. Razvoj stetnika pracen je na 50 prezrelih plodova sorata
‘Amira’ i ‘Sugana’ uzgajanih u plastenicima tijekom 2018. godine u Zagrebu. Cilj
istrazivanja bio je utvrditi sortnu preferenciju Stetnika kako bi se procijenio rizik od
njegove pojave u uzgoju maline. Prisutnost Stetnika zabiljeZena je na obje sorte u isto
vrijeme, a vrsta D. suzukii bila je dominantna octena muha u uzorkovanim plodovima.
Znacajno viSe octenih muha i vrste D. suzukii razvilo se na sorti ‘Amira’. Na sorti
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'Amira’ ukupno se razvilo 373 primjeraka Zenki i 211 primjeraka muzjaka vrste D.
suzukii, dok se na sorti 'Sugana' razvilo 253 primjeraka Zenki 1 142 primjerka muzjaka.
Prosjecan broj Stetnika po plodu maline na sorti 'Amira’ iznosio je 11.68, a na sorti
'Sugana' 7.9. Vrsta D. suzukii razvija se u visokim populacijama u plasteni¢kom uzgoju
maline te predstavlja ozbiljnu opasnost za uzgoj maline na podrucju istrazivanja.

Kljuéne rijeci: Drosophila suzukii, Drosophilidae, ekonomske Stete, Rubus idaeus,
sortna preferencija

INTRODUCTION

Spotted wing drosophila (Drosophila suzukii Matsumura) appeared in late
2000s in the European and American agroecological systems and became the
major invasive pest (Asplen et al., 2015). It is native to Asia and its earliest
records originate from 1916 in Japan (Kanzawa 1936. cit. Hauser et al., 2009).
The species was first identified in Europe in 2008 in Spain (Calabria et al.,
2010) and Italy (Cini et al., 2014), while it appeared in Croatia in 2010 (Masten
Milek et al., 2011). Since then the pest spread rapidly throughout the whole
country (Masten Milek et al., 2015) and became the dominant species in some
agroecological systems (Paja¢ Zivkovi¢ et al., 2017).

Today, D. suzukii is found in all European countries (Cini et al., 2012, Dos
Santos et al., 2017) and its rapid spread poses a challenge for scientists
worldwide and requires constant studies of its biology, ecology and host
preferences in order to develop and implement a long-term protection program
based on environmentally friendly and sustainable protection (Bjeli§ et al.,
2015).

The nutrition of this pest is based mainly on fruits (Mitsui et al., 2010).
Unlike other species of drosophilids, D. suzukii can damage fruits in the
ripening stage or just before the harvesting (Lee et al., 2012). Especially, this
pest prefers ripening fruit, more than overripe ones (Mitsui et al., 2006). It has
been found on the fruits most during the color change phase (Lee et al., 2011).
Females prefer to lay eggs inside the fresh and soft fruit, which represents direct
damage and makes the fruit unmarketable (Bolda et al., 2010). The affected
fruits can be identified by a small scar on the epidermis, which represents a stab
wound, and by recessed soft dots that change color (Pajac¢ and Bari¢ 2010).
Damage is also caused by one or more larvae feeding inside the fruit. Very
rapidly, infested fruit begin to deteriorate around the feeding area (OEPP/EPPO
2010). The affected fruits are susceptible to attack by other drosophilids and
secondary pathogens which represents indirect damage (Walsh et al., 2011,
Paja¢ Zivkovi¢ et al., 2019). All these characteristics make this fly a serious
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threat for agriculture on global level (Hauser et al., 2009, Goodhue et al., 2011,
De Ros et al., 2015). It attacks a wide host range, with preference for thin soft
skinned fruits (Lee et al 2016). A study (Olazcuaga et al., 2019) showed that
oviposition preference under choice conditions is strongly influenced by fruit
phosphorus content and in general, raspberry, blackberry, and strawberry are
among the best hosts while blackcurrant, grape and rose hips are poor hosts.
Except for cultivated plants, it also develops on non-cultivated plants which
serve them as alternative hosts on which pest feeds to survive adverse
conditions (Klick et al., 2016). Due to its polyphagy, this species finds
alternative hosts throughout the year, in natural and urbanized systems (Poyet et
al., 2015).

Economic damages caused by this pest include yield losses, increased costs
of labor and chemical suppression. There are problems with storage, but also
with a shorter shelf life of fruits contaminated with pest eggs (Lee et al., 2012).
Zero tolerance to this pest has led to the use of large amounts of insecticides,
which caused high costs, but also problems in the sustainability and control of
other pests (Leach et al., 2018). Current management relies on chemical control,
which has raised concerns over the sustainability of this method (Jaffe and
Guedot 2019).

To reduce economic damages and to sustain integrated pest management, it
is very important to understand the population dynamics of D. suzukii (Burrack
et al., 2015). The information on the time of the highest appearance of this pest
in different hosts is the basis for making decisions on its management (Wollman
et al., 2019). Effective control of this pest during vegetation is an extremely
difficult task, due to its wide host range and high reproductive potential (Zerulla
et al., 2015), so it is highly advisable to monitor the invasiveness of this species.

The first economic damages made by spotted wing drosophila in Croatia
were detected in commercial production of fresh strawberries in 2016 (Pajac
Zivkovié¢ et al., 2019). Except on strawberries, this species is a potentially
important pest on other berries like raspberries. To date, the presence of this
pest in Croatia has been reported in the cultivation of raspberries in the Istrian
region (Masten Milek et al., 2015), but no economic damage to production was
observed. The aim of this study was to determine the development of spotted
wing drosophila on two varieties of raspberry ('Amira' and 'Sugana') in order to
assess the risk of its occurrence and to take adequate protection measures in
raspberry cultivation.
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MATERIALS AND METHODS

Experiment location

Research was conducted during 2018 in raspberry plantations located at
Kupinecki Kraljevec (45°40'58.8"N, 15°51'0"E) situated near the capital of
Croatia Zagreb. The greenhouse plantations, where research was conducted,
were raised in 2017 and raspberries are grown in the soilless system. Seedlings
are planted in suitable pots, two plants per pot. The length of the row in the
greenhouses was 40 m, the distance between the rows was 1 m and in the row
0.5 m.

Setting up the experiment

Research on development of D. suzukii was done on fruit samples of two
primocane raspberry cultivars, 'Amira’ and 'Sugana'. Each cultivar was grown in
a separate greenhouse adjacent to each other. From each cultivar, 50 overripe
raspberry fruits were collected on October 22, 2018. Sampled fruits were
delivered the same day in portable refrigerator to entomological laboratory of
the Department of Agricultural Zoology at the Faculty of Agriculture in Zagreb.
The experiment was set in ten repetitions per cultivar, and each repetition
contained five raspberry fruits. Raspberry fruits were placed in a 200 ml plastic
cup containing 2 cm of coarse vermiculite mineral, which was used to absorb
moisture during the decomposition of the fruits. Each repetition with raspberry
samples was then enclosed in a transparent plastic bag of 11 capacity, with 50
tiny holes drilled for ventilation. The prepared samples were placed in an air-
conditioning insect development chamber at an air temperature regime of 24 °C
and a relative humidity of 60% according to a standardized procedure (Dean et
al., 2013). Samples were examined on a weekly basis to determine the pest
abundance and the experiment lasted until November 6, 2018. All fruit flies
(fam. Drosophilidae) that developed from the fruits at each examination were
narcotized with ether and stored in 70% alcohol until determination.

Determination of samples and data analyses

Diagnostic protocol OEPP/EPPO PM 7/115 for species (1) D. suzukii
(OEPP/EPPO 2013) was used for species identification. The population
abundance of developed drosophilids and species D. suzukii on both raspberry
cultivars were subjected to analysis of variance (ANOVA) to determine the
difference in the abundance number related to raspberry cultivars. A post-hoc
means test was used when significant differences were found (Tukey’s HSD).
Statistical data processing (ANOVA, Tukey’s HSD test) was performed using
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ARM 2019® GDM software (Gylling Data Management, Inc., Brookings, SD,
USA) (Gylling Data Management Inc. 2019).

RESULTS AND DISCUSSION

The first specimens of vinegar flies (fam. Drosophilidae) were recorded on
both raspberry cultivars the week after setting up the experiment (on October
29, 2018), and their development lasted until November 6, 2018, when the last
specimens of this family were recorded. The presence of vinegar flies has been
recorded in all repetitions. Table 1 shows total abundance of vinegar flies in
both raspberry cultivars on each repetition of the experiment. Significantly
higher number of vinegar flies was recorded on cultivar 'Amira' except in
repetitions seven, eight and ten where significantly more vinegar flies
developed on cultivar 'Sugana'. A total of 711 vinegar flies (fam. Drosophilidae)
developed on the 'Amira’ cultivar, and after determination 584 specimens (82%)
were found to belong to the species D. suzukii (Table 2). Their abundance
ranged from 45 to 120 individuals per repetition (Table 2), which averages nine
to 24 individuals per raspberry fruit. Development of spotted wing drosophila
was also recorded in all repetitions (Table 2). Their numbers ranged from 32 to
112 individuals per repetition which averages 6.4 to 22.4 individuals per
raspberry fruit.

Table 1 Abundance of vinegar flies (fam. Drosophilidae) on two different
raspberry cultivars

Tablica 1. Brojnost octenih muha (por. Drosophilidae) na dvije sorte maline
Repetitions I Iom (Il |(Iv | v | VI VIl | Vlll| IX | X >
'Amira’ 89a* | 120a | 77a | 96a | 72a | 46a | 45b | 50b | 66a | 50b | 711a
'Sugana' 41b | 35b | 29b | 34b | 36b | 56b | 70a | 7la | 65b | 74a | 511b

* Values of the same column followed by the same letter are not significantly different (p > 0.05; HSD test).

Table 2 Abundance of vinegar flies (fam. Drosophilidae) and species D. suzukii on
cultivar 'Amira’

Tablica 2. Brojnost octenih muha (por. Drosophilidae) i vrste D. suzukii na sorti

‘Amira’
Repetitions I Im | I | Iv | v | vl |vll VI |IX | X | X
Total Drosophilidae | 89 | 120 | 77 | 96 | 72 | 46 | 45 50 | 66 | 50 | 711
D. suzukii 79 | 112 | 66 | 76 | 54 | 32 | 37 | 34 | 51 | 43 | 584
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A total of 511 individuals of drosophilids developed on cultivar 'Sugana’,
and 395 individuals (77%) belonged to the D. suzukii species (Table 3). Vinegar
flies also developed in all repetitions (Table 3), but their total abundance per
repetition was slightly smaller than that of 'Amira' and ranged from 29 to 74
specimens per repetition which averages 6.8 to 14.8 individuals per raspberry
fruit. The development of spotted wing drosophila was also recorded in all
repetitions, ranging from 21 to 57 flies per repetition (Table 3), which averages
4.2 to 11.4 individuals per raspberry fruit. After statistical analyses it is obvious
that significantly more D. suzukii developed on cultivar 'Amira’, although the
same number of significant repetitions was recorded on both cultivars in the
experiment (Table 4).

Table 3 Abundance of vinegar flies (fam. Drosophilidae) and species D. suzukii on
cultivar 'Sugana'.

Tablica. 3. Brojnost octenih muha (por. Drosophilidae) i vrste D. suzukii na sorti

‘Sugana’
Repetitions I |II |0 |IV |V |VI |Vl |VII | IX| X | X
Total Drosophilidae | 41 | 35| 29 | 34 | 36 | 56 | 70 71 65 | 74 | 511
D. suzukii 21 13227 | 26 | 25| 47 | 51 54 | 55 | 57 | 395

Table 4 Abundance of species D. suzukii on two different raspberry cultivars
Tablica 4. Brojnost vrste D. suzukii na dvije razlicite sorte maline

Repetitions I Im |m|Iv | v | VI |VvII|VIl| IX | X >
'Amira’ 79a* | 112a | 66a | 76a | 54a | 32b | 37b | 34b | 51b | 43b | 584a
'Sugana' 21b | 32b | 27b | 26b | 25b | 47a | 51la | 54a | 55a | 57a | 395b

* Values of the same column followed by the same letter are not significantly different (p > 0.05; HSD test).

The development of drosophilid flies on raspberry has never been explored
in Croatia so far, but the dominance of D. suzukii on some grapevine cultivars
has been noted (Pajaé Zivkovi¢ et al., 2017). The study was conducted in
northern Croatia in Medimurje and showed that the invasive species D. suzukii
became dominant in the study area. Similarly, this research of the development
of spotted wing drosophila on different raspberry cultivars confirmed its
dominance in another crop in Croatia. In Croatia the development of drosophilid
species in the greenhouse production of strawberries was studied and although
the presence of D. suzukii was confirmed, its dominance has not been
established since the native drosophilid species D. simmulans develops mostly
in strawberry (Paja¢ Zivkovié et al., 2019).

82



Ivana Paja¢ Zivkovié i sur.: Development of spotted wing drosophila
in fruits of two raspberry cultivars

On the other hand, this research confirmed that D. suzukii, as an invasive
species, opened the way to other drosophilid flies to became pests in raspberry
cultivation area of Kupinecki Kraljevec. Furthermore, the presence of D. suzukii
in raspberries grown outdoors has been established in Croatia (Masten Milek et
al., 2015), but this study confirmed its dominance and development in a
population that can cause economic damage in production. The development of
spotted wing drosophila on the two cultivars was different. On cultivar 'Amira’
189 individuals of spotted wing drosophila developed more than on cultivar
'Sugana'. The average number of D. suzukii individuals per one raspberry fruit
on the 'Amira’ variety was 11.68, and on the 'Sugana' variety 7.9. Although
grown in the same position and under the same conditions, different number of
adult drosophilid flies and D. suzukii species has been reported in the cultivars.
Both varieties have excellent characteristics (high quality fruits of excellent
shelf life) and have one parent ('Tulameen') in common (Kobelt 2009, Grisenti
2012). Despite all the good characteristics and similarities between these two,
this study has confirmed that D. suzukii still prefers cultivar 'Amira’ suggesting
that the chemical composition of the fruit influences the pest oviposition
preference (Olazcuaga et al., 2019).

A total of 373 females (64.5%) and 211 males (35.5%) of D. suzukii
developed on the 'Amira’ cultivar (Table 5). During the examination on October
30, a total of 242 females and 132 males were recorded. A smaller number of
individuals developed from the samples examined on November 6, but the
female population was still dominant. The number of females on the mentioned
date of examination amounted to 131 and males 79, and the overall dominance
of females indicates a further increase in the pest population. The highest
number of spotted wing drosophila was recorded in II repetition of 'Amira’'
cultivar, containing 112 individuals of this species (Table 2). At the same time,
this repetition contained the highest number of females (63) but also the highest
number of males (49) of D. suzukii species (Table 5).

Table 5 Number of males and females of species D. suzukii on cultivar 'Amira’

Tablica 5. Brojnost muZjaka i Zenki vrste D. suzukii na sorti 'Amira’

Repetitions I IIn (| oxr | Irv (| v | vi|vll |VvIll | IX | X >
Female (F) 53 | 63 | 43 | 49 | 38 | 21 | 19 24 | 31 | 32 | 373
Male (M) 26 | 49 | 23 | 27 | 16 | 11 | 18 10 | 20 | 11 | 211
F share (%) 67 | 56 | 65| 64 | 70 | 66 | 51 71 61 | 74 | 64.5
M share (%) 33 | 44 | 35 | 36 | 30 | 34 | 49 29 | 39 | 26 | 355
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A total of 253 females (65%) and 142 males (34%) of the D. suzukii species
developed on the 'Sugana' cultivar (Table 6). On October 30, 191 specimens of
females and 101 specimens of males were determined, and on November 6, 62
specimens of females and 41 specimens of males, and these results indicate a
similar population growth trend, which was also observed on cultivar 'Amira’.

Table 6 Number of males and females of species D. suzukii on cultivar 'Sugana'
Tablica 6. Brojnost muZjaka i Zenki vrste D. suzukii na sorti 'Sugana’

Repetitions I Im | mor | 1v | v | VI ([ vll |VIIl | IX | X >
Female (F) 16 | 22 | 19 | 17 | 15| 32 | 36 29 | 38 | 29 | 253
Male (M) 5 10 | 8 9 10 | 15 | 15 25 17 | 28 | 142
F share (%) 76 | 69 | 70 | 65 | 60 | 68 | 71 54 | 69 | 51 | 65.3
M share (%) 24 | 31 | 30 | 35| 40 | 32 | 29 46 | 31 | 49 | 34.7

In both raspberry cultivars, female dominance was recorded, which implies
that further population increase can be expected. From a biological point of
view, female-dominated insect populations have better biological potential
(Paja¢ Zivkovié et al., 2019), which means that such populations will continue
to grow and expand in the future. The results of of research confirmed the
dominance of D. suzukii species in agroecological systems of fruit growing in
greenhouses in Croatia, and its preference for raspberry cultivar 'Amira'. The
conducted research is a contribution to the knowledge of the invasive character
of the species, the great potential for the spread and development of this pest,
and at the same time the harmfulness of the D. suzukii in greenhouse raspberry
cultivation has been confirmed.

CONCLUSIONS

With this study the economic damages of D. suzukii to raspberry fruits of
cultivars 'Amira' and 'Sugana' grown under greenhouse conditions have been
determined. Spotted wing drosophila was the dominant species of drosophilid
flies on both cultivars which opened the way to other drosophilid to become
pests in greenhouse raspberry cultivation. Although the 'Amira' and 'Sugana'
cultivars were grown in the same position and under the same conditions, the
D. suzukii species was more represented in the 'Amira’ cultivar. The average
number of D. suzukii individuals per raspberry fruit on the 'Amira' cultivar was
11.68, and on the 'Sugana' cultivar 7.9. Despite many similarities between the
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compared cultivars, the pest still showed a preference for the 'Amira’ cultivar
suggesting that the chemical composition of the fruit influences the oviposition
preference of the pest. Finally, a higher number of females (>60%) than males
(<40%) was found in both cultivars, which is a good prerequisite for further
expansion of the spotted wing drosophila population. Considering the
dominance of the species in open-air agroecological systems and in
greenhouses, in the future, economic losses in growing raspberries and other
fruit species can be expected in Croatia.
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