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Ceratitis capitata (Wiedemann,1824) (Diptera: Tephritidae) is a species which is
known as one of the most important quarantine pests with a zero-tolerance. Due
to its high capacity of reproduction and direct damages on fruits, it is not possible
to reach higher yield rates without management of this pest. Mass trapping,
which is a biotechnical control method, is an alternative control method that is
considered to be successful in low populations of this pest. This study carried out
in peach orchards simultaneously and the effectiveness of traps were determined
according to population differences between Aegean and Mediterranean regions.
Experiments were conducted in 2018 in Kusadasi (Aydin), Selcuk (izmir)
and Erdemli (Mersin) in peach orchards. The population dynamics and the
effectiveness of mass-trapping were detected during this study. Pheromone traps,
Decis Trap (Bayer), were used to monitor the population change of the pest. The
daily number of adult individuals was 4.8, 149.1 and 166.9 in Kusadasi, Selguk
and Erdemli, respectively, in July. Accordingly, effectiveness of traps was 94.19%
in Kusadasi, 95.6% in Selgcuk and 56.35% in Erdemli. Due to the higher population
in the Mediterranean region than the Aegean region and longer duration of the
peach vegetation in the Mediterranean Region, required control level of success
was not provided.

INTRODUCTION

The  Mediterranean  fruit fly

Ceratitis  capitata

causes economically important damages on hundreds of

(Wiedemann,1824) (Diptera: Tephritidae), has been causing
economic losses by spreading to all tropical and subtropical
regions since 1829 it was first noticed as a pest (Headrick
1996) until nowadays. Several researchers have reported

that the Mediterranean fruit fly is a polyphagous species and
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agricultural products (Elekgioglu 2009, 2013, Orono 2006,
Satar and Tiring 2016, Satar et al. 2016). Ziimreoglu (1986)
reported that this species was found in 21 host plant species
and varieties in Turkey, and it causes significant damages

in 17 products. Among these 17 plant species and varieties,
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it is the main pest of citrus fruits. Peaches, apples, quinces,
apricots, persimmons, plums, pomegranates and avocados
are among its hosts (Demirdere 1961, Demirel 2016, {leri
1961, Karsavuran et al. 1988, Kaya and ipekdal 2018, Tiring
and Satar 2017, Tungytirek 1972, Ziimreoglu 1986, 1990),
while it leads to significant economic losses in these products.
Today, this pest may cause widespread epidemics especially in
Mediterranean and Aegean regions in Turkey, and it may cause
significant economic losses in almost unexpected locations
(Satar et al. 2016). According to Tleri (1961), C. capitata has
entered Turkey in the 1890s, according to CABI (2019) citing
Fimiani (1989) and 1915 according to Demirdere (1961) citing
Bodenheimer (1951). Ceratitis capitata is a quarantine pest,
and its tolerance is assumed to be zero. Due to the suspicions
that there was the Mediterranean fruit fly on mandarin fruits
exported to the Russian Federation, the products were sent
back to Turkey (Ozbay 2011). It is not possible to achieve

production without the control of this pest.

There are four different approaches to control the
Mediterranean fruit fly. These are sterile insect technique,
mass trapping, protein bait spraying and foliar pesticide
applications (Yayla and Satar 2017). The control methods
that are prevalently used in Turkey are chemical pesticide
application and mass trapping. In chemical control, in the
case that insecticides are not applied at the suitable dose
and on time, issues of residues in fruits are encountered.
In residue screenings of insecticides that were used to
control Mediterranean fruit fly in Satsuma mandarin and
pomegranate, the residue value of Malathion was found
to be higher than the MRL levels of the European Union
(Dingay et al. 2017). High MRL values of insecticides firstly
pose a risk for human health, and they lead to problems in
international trade. In addition to these control methods, for
the first time in Turkey, the infestation of the pest could be
prevented by perimetric trapping around the transportation
and attachment source of the pest outside agricultural areas
in the district of Civril in Denizli (Tolga et al. 2018).

Instead of traditional chemical control, biotechnical
methods integrated with alternative control programs have
been studied and utilized all over the world for years. The
biotechnical methods that are the most frequently used
against this pest and provide successful results from the
mass trapping, and attract and kill methods. The objective of
mass trapping and ‘Attract and Kill is to eliminate the usage
of insecticides or minimizing the number of insecticide
applications by combining the method with other control
methods within the framework of an integrated control

program (Layik and Kismal1 1994).

To increase the usage of alternative control methods, starting
with 2010, the Turkish Ministry of Agriculture and Forestry
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has been providing producers with incentives in different
products under the declaration of "Payment for Supporting
Biological and/or Biotechnical Control in Plant Production”
(Declaration no.: 2018/22)". However, utilization of the
assistance by producers and usage of traps are not on the
desired level. There are several studies conducted in Turkey
on trapping against Mediterranean fruit fly (Akman and
Ziamreoglu 1973, Akyol 2014, Bagpinar et al. 2009, Delrio
and Ziimreoglu 1983, Elek¢ioglu et al. 2011, Kahyaoglu and
Giirkan 2010, Satar and Tiring 2016, Sierras et al. 2012, Yayla
and Satar 2017). However, these studies were carried out at
different times, in different regions and separately. There are
no data on which results were shared in the same year that
were studied simultaneously in two different regions. This
study aimed to determine the usability of traps employed in
the same numbers per hectare at peach orchards in {zmir,
Aydin and Mersin in Turkey. Additionally, trials of biological
effectiveness were conducted to contribute the increase in

usage of traps and minimization of costs.
MATERIALS AND METHODS
Determination of the population of the Mediterranean fruit fly

The trials were carried out on the peach variety of extreme
Great in 1 ha of area in Kusadas1 (Aydin) and 2 ha of area
in Selguk (izmir) and on the Hale variety of peach in
1 ha of area in Erdemli (Mersin) in 2018. The trials were
conducted according to ‘Large Parcel’ experimental design.
The characters of experiments were Mass Trapping and
Control parcels. Experiments were 10 da and the numbers
of traps were determined as 5 traps per da. Control parcel
was determined as 1 da and there was at least 100 m distance

between control and trial parcels (Anonymous 2020).

The land was divided into 10 plots of 0.1 ha each, and trial
traps were placed in Kusadasi-Aydin. A total of 50 Decis
traps were installed and there would be 50 traps per ha. The
counting was done on a total of 25 trial traps, including at
least 2 in each plot. A control plot of 0.1 ha was left at a 100
m of distance from the Decis trap plots, and one delta-type
pheromone (Trimedlure) trap was hanged for observation
purposes. All traps were hanged on 11 June 2018 when the
fruits were in their green period, and with the harvest on 19
July 2018, the trial was ended.

The land was divided into 20 plots of 0.1 ha each, and trial
traps were placed in Selguk-izmir. A total of 100 Decis
traps were hanged therefore there would be 50 traps per ha.
Counting was made on a total of 40 trial traps. A control
plot of 0.1 ha was left at a 100 m of distance from the Decis
trap plots, and one delta-type pheromone (Trimedlure)
trap was hanged for observation purposes. All traps were

hanged on 13 June 2018 when the fruits were in their green
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period, and with the harvest on 25 July 2018, the trial was
ended.

The land was divided into 10 plots of 0.1 ha each, and trial
traps were placed in Erdemli-Mersin. A total of 50 Decis
traps were installed so that there would be 50 traps per ha.
Counts were made on a total of 10 trial traps, including 1
in each plot. A control plot of 0.1 ha was left at a 100 m
of distance from the Decis trap plots, and one delta-type
pheromone (Trimedlure) trap was hanged for observation
purposes. All traps were hanged on 6 June 2018 when the
fruits were in their green period, and with the harvest on 13
August 2018, the trial was ended.

For biological activity, counting were made and recorded
weekly in the trial traps, and the individuals of C. capitata
in the trap were removed after counting. In the pheromone
traps, the capsules were replaced once every 4-5 weeks, and
the trays were replaced every two weeks. All traps were
installed at a height of 1.5-1.8 meters from the ground and
on the southern side of the trees. Counting was done at the
pheromone traps weekly, and it was aimed to determine the
population change of the pest. The results of the pheromone
traps and Decis traps were presented in figures.

Determination of the effectiveness of the mass trapping product

One or two trees in the middle of each plot were marked,
and dents were checked on an average of 50 fruits on the
tree and all fruits that fell off the tree in trial areas (Kusadasi/
Aydin, Selguk/izmir, Erdemli/Mersin). The counts were
carried out by checking the fruits of 12 trees in Kusadast,
40 trees in Selguk and 10 trees in Erdemli. In the control
plots, the fruits on and those that fell off one or two trees
were checked each week, and the dented and intact ones
were recorded. The effectiveness in percent was determined
with Abbott’s formula [(Percentage effect = (% intact in
control - % intact in trap plot)/(% intact in control) x 100)]
(Abbott 1925, Karman 1971), while the statistical difference
was determined with the Chi-Squared analysis method. The
SPSS 23.0 package software was utilized for the statistical

analyses.
Comparison of populations among the districts

The daily numbers of flies (DNF) per pheromone and Decis
trap in the trial orchards of each district were calculated with
the formula given below. The calculations that were made
to determine the population differences among the districts
were statistically analysed. The results that were obtained
based on the DNF values were subjected to ANOVA in the
SPSS 20.0 package software. The statistical differences were
determined by using Tukey's HSD test (P=0.05) (Radonjic
etal. 2013).
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DNF=TNF/NTxNDT

DNF: the daily number of flies caught per each trap
TNF: total number of flies caught in all traps

NT: total number of traps

NDT: number of days traps stay in the orchard
RESULTS AND DISCUSSION
Population change of the Mediterranean fruit fly

The population changes were shown based on the mean
numbers of adult individuals per trap in the Decis traps in
all studied districts and the Mediterranean fruit fly numbers
in all pheromone traps hanged at the control plots. The
population changes in Kusadasi, Selguk, and Erdemli were

given in Figure 1, 2, and 3, respectively.
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Figure 1. Population changes based on the mean number of
adults in Decis traps and the number of adults in pheromone

traps in the control plot in the district of Kusadasi

The mean of adults was 10.4 in Decis traps and 12.0
adults in the pheromone trap in the control plot were
counted on 18 June 2018 in Kusadasi. The population
raised to the highest level on 2 July 2018 in Decis traps
and control plot pheromone trap respectively as 179.2
individuals/trap and 232.0 individuals/trap during this
study (Figure 1).

The mean number of adults was 0.7 individuals/trap
counted in Decis traps on 20 June 2018 in Selguk, while
there was no adult in the pheromone trap on the same
date. The population raised to the highest level on 25 July
2018 in Decis traps (the number of the adult was 78.2 per
trap). The control plot reached the highest level with 49
individuals/trap on 1 August 2018 in the pheromone trap
(Figure 2).
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Figure 2. Population change based on the mean number of
adults in Decis traps and the number of traps in pheromone

traps in the control plot in the district of Selguk

The mean of adults was 57.5 individuals/trap on 11 June
2018 in the Decis traps and 250 individuals/trap in the
pheromone trap in the control plot in Erdemli. The highest
population was observed in the pheromone trap on 09
July 2018 by 1025 individuals/trap. The highest level of
population in Decis traps was found as 132.5 individuals/
trap on 30 July 2018 (Figure 3).

To reveal the differences among the populations, the
daily numbers of flies caught in the Decis and pheromone
traps were calculated. The calculations were made based
on the counts made during the trial months of June and
July in Kusadas: and Sel¢uk and June, July and August in
Erdemli.
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Figure 3. Population change based on the mean number of
adults in Decis traps and the number of traps in pheromone
traps in the control plot in the district of Erdemli
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Figure 4. Daily numbers of flies caught in the Decis and
pheromone traps

The daily numbers of flies in the pheromone traps for
Kusadasi and Selcuk were 2.9 and 0.1 in June and 16.4 and
4.8 in July, respectively. These numbers for June, July and
August were 54.8, 149.1 and 166.9, respectively, in Erdemli.
In July, where the population increased, the number of flies
caught per day in Selguk was lower than that in Kusadasi.
The numbers of flies in the traps in Erdemli were much
higher than those in the other districts, and 9-18 times more

flies were caught per day within the season (Figure 4).
Fruit infestation rates and effects of traps

The results of fruit counting in Kusadasi, Sel¢uk and Erdemli
were given respectively in Tables 1, 2 and 3.

As a result of the counting in Kusadasi, the infestation rate
in the Decis trap plots was (N:3328) 0.9%, while that in the
control plot was (N:756) 15.5% (Table 1). Accordingly, the

Table 1. Crosstabs on fruit counts, infestation rates in treatments
in Kusadasi (fruit*treatment Crosstabulation)

treatment Total
trap control
Count 3298 639 3937
% within fruit 83.8% 16.2% 100.0%
non- %within
damaged 99.1% 84.5% 96.4%
treatment
% of Total 80.8% 15.6% 96.4%
fruit Count 30 117 147
% within
. 20.4% 79.6% 100.0%
fruit
damaged Sowithin
ow 00.9% 15.5%  3.6%
treatment
% of Total 0.7% 29% 3.6%
Count 3328 756 4084
% within fruit 81.5% 18.5% 100.0%
Total  %withi
otal - Y%within 00% 100.0% 100.0%
treatment
% of Total 81.5% 18.5% 100.0%
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effectiveness of the trap was calculated as 94.19%. It was
determined that there was a significant difference between
the treatment plots and the control plot in the trial area (x2:
377.14; P < 0.05; df:1).

As a result of the counting in Selguk, the infestation rate in
the Decis trap plots was (N:6740) 0.9%, while that in the
control plot was (N:622) 18.6% (Table 2). Accordingly, the
effectiveness of the trap was calculated as 95.16%. It was
determined that there was a significant difference between
the treatment plots and the control plot in the trial area (x2:
747.95; P < 0.05; df:1).

Table 2. Crosstabs on fruit counts, infestation rates in treatments
in Selguk (fruit*treatment Crosstabulation)

treatment Total
trap  control
Count 6676 639 7182
9% within fruit  93.0%  7.0% 100.0%
non- %within
damaged " 99.1% 81.4% 97.6%
treatment
% of Total 90.7% 6.9%  97.6%
fruit Count 64 116 180
Y
% within 35.6% 64.4% 100.0%
fruit
damaged %within
° 00.9% 1.6%  2.4%
treatment
% of Total 0.7% 2.9% 3.6%
Count 6740 622 7362
9% within fruit 91.6%  8.4% 100.0%
Total  %withi
otal - %within 100.0% 100.0% 100.0%
treatment
9% of Total 91.6% 8.4% 100.0%

As a result of the counting in Erdemli, the infestation rate
in the Decis trap plots was (N:6392) 15.89%, while that in
the control plot was (N:4195) 36.2% (Table 3). Accordingly,
the effectiveness of the trap was calculated as 56.35%. The
effectiveness of the control trap in the counts made in
Erdemli was lower than those of the other districts. The
main reason for this situation was the population densities
and numbers of offspring were different among the regions.
The population density in Erdemli was higher than Kugadasi
and Selguk. It was determined that there was a significant
difference between the treatment plots and the control plot
in the trial area (x2: 582.47; P < 0.05; df:1).

The mean numbers of flies caught in Erdemli in terms of
both the Decis traps and the pheromone trap were higher
than Kusadasi and SelguK’s results. As it can be seen in
the data that were obtained here, it was also reported by
El-Gendy (2014) that population could increase in peach

orchards between regions and years based on the presence
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Table 3. Crosstabs on fruit counts, infestation rates in treatments
in Erdemli (fruit*treatment Crosstabulation)

treatment Total
trap  control
Count 5383 2675 8058
% within fruit 66.8% 33.2% 100.0%
non- %within
damaged 84.2% 63.8% 76.1%
treatment
% of Total 50.8% 25.3% 76.1%
fruit Count 1009 1520 2529
o
% within 39.9% 60.1% 100.0%
fruit
damaged %within
’ 15.8% 362% 23.9%
treatment
% of Total 9.5% 14.4% 23.9%
Count 6392 4195 10587
% within fruit 60.4% 39.6% 100.0%
Total  %withi
otal - Yowithin 100.0% 100.0% 100.0%
treatment
% of Total 60.4% 39.6% 100.0%

of hosts and prevalence of offspring. The population of the
pest in Erdemli showed an increase in July and August in
this study. Different researchers have reported in Adana,
which has similar climate characteristics to those in the
studied regions, that populations of the pest increased
in peach orchards between the last week of May and the
first week of July, in grapefruit orchards between May and
September, in persimmon orchards in July, September and
November and in pomegranates in September, October and
November (Kasap and Aslan 2016, Satar et al. 2016, Tiring
and Satar 2017). In a different study that we carried out in
Karaburun and Menderes districts of {zmir, it was observed
that the pest was seen between April and November, and its
population increased especially in August and September
(Tolga et al. 2019).

The control process with traps provided success rates of
94.19% in Kugadast and 95.15% in Selguk, while it provided
a success rate of only 56.35% in Erdemli. As a result of
examining these data, it was determined that the success
of control decreases in areas where populations are high
levels. Likewise, Hafsi et al. (2016) examined the activities
of two different bait stations in early and mid-late peach
varieties and reported that the number of adult flies on the
late varieties was two times higher than those caught in the
early varieties, and therefore, the effectiveness dropped in
late varieties. Additionally, they recommended increasing
the number of traps per hectare for the control process to
be successful due to the high populations observed in the
late varieties. Tiring and Satar (2017) determined that the
population of the pest was not dense in the varieties that

were harvested in June-July, and there was no problem, but
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populations increased in the varieties that were harvested
later, and this constituted a thread for peaches. Penarrubia
(2010) reported that control processes carried out in peach
orchards in Spain by mass trapping were successfully
effective on low populations, but these should be supported
with chemical control in the case of high populations.
They also recommended increasing the number of traps
to be used in the control process so that there would be
no damage in years where the population increases by two
times. Elek¢ioglu et al. (2011) found that the population
of the pest was high in Adana in August and September,
and in the study, they carried out with traps containing
Trimedlure and DDVP capsules, they managed to decrease
the number of control processes with insecticides from
nine to five. Papadopoulos et al. (2001) investigated the
effects of low-density (1.5 traps/ha) and high-density
(15 traps/ha) by using traps containing attractants with
the same properties as Decis traps. They reported that
traps hanged in peach orchards with high intensity
attracted more individuals, traps that were hanged with
high density at fruit areas caught Mediterranean fruit fly
earlier, and the type of trap and the host were key factors
in early monitoring of the pest. In parallel to the results
and recommendations proposed by different researchers,
in areas like Erdemli where the population is constantly
high or in years where the population is determined
to increase, the number of traps per hectare should be
increased to prevent damage in the fruits. In cases where it
is not possible to increase the number of traps, the control
process should be supported by at least one application of
insecticides. Yayla and Satar (2017) emphasized that there
is a need to apply integrated fruit fly control techniques
in cases of high population levels. The traps were kept in
the land for 5 weeks in Kugadasi, 6 weeks in Sel¢uk and
10 weeks in Erdemli, and during these times, these traps
were observed to catch the adults of C. capitata. As in the
case that was observed during our study, dry traps such
as Decis trap and similar ones that are used against the
Mediterranean fruit fly are effective for 6-10 weeks (Jang
et al. 2007).

Biotechnical methods are some of the most significant
practices that are among the integrated control methods.
However, it was presented with this study that biotechnical
control alone would not be sufficient in cases where pest
populations are higher levels. However, the number of
traps may be increased to reduce damage levels of this pest.
Similarly, in this study, it was determined that the density
of the pest was high during this study especially in the
Erdemli district of the province of Mersin in Turkey, and
trap control was not sufficient by itself. It is considered

that usage of different numbers of traps (traps/ha) in areas
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where the population of the pest is high and those where
it is low may be effective in suppressing this population.
In cases where it is not possible to increase the numbers of
traps, it is recommended to carry out the control process
by combining biotechnical control with methods such as
chemical control, early harvest, and especially cultural
control. The rates of damages, especially on the economic
concerns of the producers, may increase in products that
are harvested late. For this reason, the harvesting process
should be completed without delay, and the pest should be

controlled with an integrated approach.
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OZET

Ceratitis capitata karantina zararlist ve toleransi sifir
olarak kabul edilen bir tiirdiir. Ureme kapasitesinin
yitksek olmasi ve dogrudan meyvede zarar yapmasi
nedeniyle zararli ile miicadele yiritilmeden iretim
yapmak miimkiin olamamaktadir. Kimyasal miicadeleye
alternatif olarak biyoteknik miicadele yéntemi olan
kitle halinde tuzakla yakalama, zararlinin ¢ok yiiksek
olmayan popiilasyonlarinda basarili sayilan bir miicadele
seklidir. Tuzaklar ile miicadelede farkli besin cezbedici
materyaller kullanilarak bireylerin tuzaga ¢ekilmesi
sonucu oldirilmesi saglanmaktadir. Bu ¢aliyma, Ege ve
Akdeniz Bolgelerinde seftali bahgelerinde es zamanl
yuritillmis ve bolgeler arasindaki popiilasyon farkliligina
gore tuzaklarin etkinliginin belirlenmesi amaglanmigtir.
Denemeler 2018 yilinda Kugadast (Aydin), Selcuk (Izmir)
ve Erdemli (Mersin) ilgelerinde yuriitilmistir. Zararlinin
feromon tuzaklar ile popiilasyon degisimi ve kitle halinde
yakalama tuzaklarinin etkinligi saptanmigstir. Miicadele
tuzag: olarak Decis Trap (Bayer) isimli tirtin kullanilarak
tuzagin etkinlikleri saptanmistir. Temmuz ayinda Kugadast,
Selguk ve Erdemli ilgelerinde sirasiyla 4.8, 149.1 ve 166.9
adet/tuzak ergin birey yakalamistir. Buna gore Kusadasi
ilcesinde %94.19, Sel¢uk ilgesinde %95.6 oranlarinda etkili
bir bagari saglarken Erdemli ilgesinde %56.34 oraninda
etkili olmustur. Akdeniz Bolgesi popiilasyonunun Ege
Bolgesine gore daha yiiksek seyretmesi ve seftali iiretim
sezonun daha uzun siirmesinden dolayi istenilen diizeyde

basari saglanamadig1 belirlenmistir.

Anahtar kelimeler: biyoteknik miicadele, Ceratitis capitata,

{zmir, Mersin, seftali
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