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ABSTRACT

The codling moth, Cydia pomonella (L.) (Lepidoptera: Tortricidae), is a major,
economically important pest of apple orchards in Tiirkiye. This study was conducted
with the objective of evaluating the efficacy of the mating disruption technique in
controlling C. pomonella in commercial apple orchards in the Beysehir district (Konya)
during the years 2023 and 2024. The experiments were conducted in six commercial
apple orchards. Three of these orchards were treated with pheromones, while the
remaining three served as control orchards. The efficacy of mating disruption was
evaluated by comparing the number of C. pomonella males caught in Delta traps in
pheromone-treated and control orchards and the infestation rates in these orchards.
Delta traps baited with synthetic sex pheromone were hung in each pheromone-treated
and control apple orchard to monitor the adult codling moths, and the number of males
was recorded weekly. Once the first adult was caught in Delta traps, ISOCOD-C (380
mg (E,E)-8,10-Dodecadienol, dodecanol, tetradecanol) pheromone dispensers were
hung at a dose of 500 pieces/ha, 1.5-1.8 m above the soil surface in four directions of
the trees in the apple orchards where the mating disruption technique was applied. To
determine the infestation rate of C. pomonella, 10 fruits from 10 trees (a total of 100
fruits) were randomly selected and the infested fruits were recorded weekly. ISOCOD-C
pheromone dispensers suppressed capture of male moths in Delta traps and infestation
rate in fruits in the treated orchards in both years, and the differences were found
to be statistically significant in comparison to the control. In the pheromone-treated
orchards, the mean number of males (trap/week) was 0.91 £ 0.18 and 0.81 & 0.19
in 2023 and 2024, respectively, while this was 11.38 & 1.64 in 2023 and 19.60 + 2.65
in 2024 in the control orchards. The mean infestation rate (%) in the pheromone-
treated orchards was 1.18 & 0.21% and 2.50 % 0.43%, in 2023 and 2024, respectively.
In contrast, this rate was 13.26 &= 1.08% and 15.33 = 1.02% in the control orchards. In
addition, it was determined that the total number of sprays for codling moth in orchards
using mating disruption decreased by 44.4% and 45.4% in 2023 and 2024, respectively,
in comparison with the control. As a result, this study revealed that the ISOCOD-C
pheromone disperser can be successfully used against C. pomonella in apple orchards.
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INTRODUCTION

The apple, Malus domestica Borkh. (Rosaceae), is one of the most common and preferred
fruits worldwide. It has great importance in terms of both its nutritional properties
and its economic contributions. Apples are a rich source of health-benefiting nutrients,
including fiber, vitamins A and C, potassium, flavonoids, antioxidant phenolic compounds,
and minerals. These nutrients are known to reduce the risk of several forms of cancer,
cardiovascular diseases, diabetes and asthma (Hyson, 2011; Skinner et al., 2018; Koutsos
et al., 20205 Zhu et al., 2021; Asma et al., 2023). Global apple production has increased
substantially over the past three decades, with a more than twofold rise from 56.8 million
tons (t) in 1993 to 146.9 million t in 2023. China is the leading producer, with a yield of
49.6 million t, followed by the USA with 5.1 million t and Tiirkiye with 4.6 million t (FAO,
2025).

The codling moth, Cydia pomonella (L.) (Lepidoptera: Tortricidae), is one of the most
devastating pests of apple orchards on a global scale, causing serious yield losses (Jaffe,
Guédot & Landolt, 2018; Perrin et al., 2024; Wang et al., 2025). After hatching, the larvae of
the pest penetrate the fruit in a short time, feed on the fleshy parts of the fruit and the fruit
core for several weeks, and cause damage to the fruit by leaving droppings (Akroute et al.,
2023; Erler & Tosun, 2023). The damage can cause up to 60% or even 100% crop loss in the
absence of control measures (Wan et al., 2019; Ulaslie> Can, 2024). In addition to apples,
more than 30 fruit varieties such as walnut, pear, hawthorn, and pomegranate are among
the hosts of the pest (Cheng et al., 2017; Celik ¢» Unlii, 2017).

The most common control method used by producers in both Tiirkiye and other apple
producing countries of the world to control C. pomonella is chemical control (Soleno et al.,
20125 Fuentes-Contreras et al., 20145 Ju et al., 20215 Yesilirmak ¢ Ay, 2023). However, there
are studies reporting that the codling moth has developed resistance to several classes of
insecticides that are overused in its control (Reyes et al., 2007; loriatti et al., 2007; i§ci &
Ay, 2017; Bosch, Rodriguez ¢ Avilla, 2018; Ju et al., 2021; Yesilirmak, Cevik & Ay, 2025). In
addition to resistance development, this method is also recognized to cause residue issues
and have adverse effects on non-target organisms, beneficial insects, human health, and the
environment (Geiger et al., 2010; Nicolopoulou-Stamati et al., 2016; Rani et al., 2021; Serrdo
et al., 2022; Khan et al., 2023). Therefore, research in recent years has focused on control
methods that can be used as an alternative to chemical control. Among these, ‘biotechnical
control’ is one of the most studied methods and appears as a viable alternative.

The mating disruption technique, which uses synthetically produced sex attractant
pheromones to reduce insects’ ability to find mates, has proven to be an effective method
for suppressing populations of many moth pests (Larce et al., 2016). The use of a synthetic
codling moth sex pheromone (codlemone) for mating disruption has become a widely
adopted, environmentally friendly component of integrated pest management against
C. pomonella. Currently, it is used to suppress codling moth populations in over 160,000 ha
of apple and pear orchards worldwide (Witzgall et al., 2008; Kadoic Balasko et al., 2020).
Large-scale “area-wide” studies have shown significant reductions in fruit damage and
conventional insecticide use (Bangels ¢ Belién, 2012; Kadoic Balasko et al., 2020). Despite
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higher upfront costs and variable efficacy under challenging environmental conditions
(e.g., high pest densities, uneven pheromone distribution), mating disruption continues to
expand globally due to its sustainability, precision, and ability to reduce insecticide inputs.

The mating disruption method offers advantages such as being species-specific and
having no negative effects on non-target organisms, beneficial insects, human health, and
the environment. Furthermore, it does not cause residue issues on fruits or lead to resistance
development in insects, and is non-hazardous to farm workers. In addition, this method
can be used in integrated pest management (IPM) and organic farming (Welter et al.,
2005; Ahmed ¢ Pfeiffer, 2010; Kamali, Koliaei ¢ Taghadosi, 2017). However, this method
also has some disadvantages. Its effectiveness depends on initial pest density, orchard
size, distance from untreated orchards, and a uniform pheromone dispersion. High initial
pest density, irregular canopy structures, steep terrain, and frequent wind exposure may
compromise the success of the method. Furthermore, mating disruption demands strict and
constant monitoring of the pest. Moreover, it is relatively expensive, especially compared to
conventional insecticides, both in terms of pheromone dispenser costs and labor required
(Ahmed & Pfeiffer, 2010; Kadoic Balasko et al., 2020). Mating disruption alone may not be
a sufficient control method, especially when pest populations are very high. Therefore, an
initial pesticide application may be required to reduce the pest population to a manageable
level by mating disruption (Ahmed & Pfeiffer, 2010).

Various types of dispensers are used for mating disruption of C. pomonella. The
components, contents, and application rates per hectare vary depending on the product. For
example, Isomate-C Plus (190 mg (E,E)-8, 10-Dodecadienol) was applied at 1,000 pieces/ha
(Seving et al., 2023), while Ecodian (18.75 g/ha of codlemone acetate and 6.25 g/ha of
codlemone) was used at 900 m of wire per ha (Ferracini et al., 2021). Another dispenser,
CheckMate® CM-F ((E,E)-8,10-dodecadien-1-0l, 14.3%), a sprayable microencapsulated
sex pheromone formulation, was applied at 183 ml/ha, six times per season (Kutinkova et al.,
2010), while Cidetrak, containing a unique combination of codling moth pheromone and
kairomones that modify male and female behavior, was used at 20 pieces/ha (Palagacheva,
Kutinkova & Dzhuvinov, 2021).

The aim of this study, conducted in the Beysehir (Konya) district in 2023 and 2024,
is to assess the efficacy of the mating disruption technique in controlling C. pomonella in
commercial apple orchards. Additionally, this study will determine the adult population
development of C. pomonella, the timing of the first adult emergence, the duration of
adults’ active presence in nature, the number of generations, and the infestation rates in
fruits.

MATERIALS & METHODS

Experimental orchards

The study was conducted in commercial apple orchards located in Beysehir district (Konya,
Tirkiye) during the 2023 and 2024 apple growing seasons. Trials were conducted in a total
of six apple orchards. Three of the six apple orchards were designated as pheromone-
treated (PT) orchards, while the remaining three served as control (C) orchards. General
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Table 1 General features of apple orchards used in mating disruption against Cydia pomonella in Konya (Tiirkiye).

Location Area Orchard Number Apple variety Pheromone Altitude Coordinates
(ha) age of trees dispensers
(years) (quantity) (quantity)
Pheromone-treated 1 1.6 13 800 800 1,156 37°42/29"N 31°43'35"E
Pheromone-treated 2 1.8 13 1,000 . 900 1157 37°43'05"N 31°43'17"E
Pheromone-treated 3 1.3 14 750 SGtglriEg 650 1,154 37°42/48"N 31°42/58"E
Control 1 1.8 11 1,000 Delicious 1,163 37°44'06'N 31°42'16"E
Control 2 2.5 30 1,000 1,156 37°42/58"N 31°43'15"E
Control 3 2.5 30 1,000 1,157 37°42/52""N 31°43'24"E

characteristics of the orchards are shown in Table 1. The distances between orchards were
3.5 km for PT 1-C 1, 2.3 km for PT 2-C 2, and 3.6 km for PT 3-C 3. The trials were
conducted in the same orchards in both years.

Obtaining climatic data

A HOBO data logger was installed in each apple orchard to obtain temperature and relative
humidity values. Additionally, the obtained climate data were cross-checked with the data
of meteorological stations of the Beysehir District Directorate of Agriculture and Forestry.

Application of the mating disruption technique

Once the first adult was caught in Delta traps, ISOCOD-C (380 mg (E,E)-8,10-
Dodecadienol, dodecanol, tetradecanol) pheromone dispensers (Shin-Etsu Chemical
Co., Ltd., Tokyo, Japan) were hung at a dose of 500 pieces/ha, 1.5-1.8 m above the soil
surface in four directions of the trees in the apple orchards where the mating disruption
technique was applied. To reduce edge effect, twice as many pheromone dispensers were
hung on each tree at the edge of the orchards. The efficacy of the treatment was determined

by evaluating the number of males of C. pomonella captured in Delta traps.

Assessment of the mating disruption technique
Monitoring of Cydia pomonella

In each PT and C apple orchard, two Delta traps baited with synthetic sex pheromone
(Russell IPM Ltd., Deeside, UK) were hung at 1.5-1.8 m above the soil surface, facing
the southern direction of the trees, when the daily temperature reached 100 degree-days
starting from January 1. The pheromone capsules in the Delta traps were replaced at
regular intervals of 4—6 weeks, depending on the temperature, and the sticky cards were
replaced when necessary. Delta traps were checked daily until the first males were captured.
Afterwards, weekly checks were carried out to monitor male populations, and the number
of males was recorded.

Sampling of infestation rate

When the fruits reached the walnut size in all the orchards, 10 fruits from 10 trees (a total of
100 fruits) randomly selected to represent each orchard were visually inspected weekly and
the infested fruits were recorded. The number of infested fruits detected as a result of the
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controls was divided by the total number of fruits and the infestation rate was calculated.

The infestation rate caused by C. pomonella was calculated using the following equation:
Infested fruit number

Infestation rate (%) = - x 100.
(%) Inspected total fruit number

Pesticide application

No insecticide application was made by us against C. pomonella in apple orchards.
However, when necessary, the application of pesticides against C. pomonella and some
other pests/diseases by the farmers was entirely at the initiative of the farmers. The study
was carried out in commercial apple orchards completely under farmer conditions.

Data analysis

In both PT and C orchards, repeated measures ANOVA was used to analyze the mean
number of C. pomonella males captured in Delta traps and the percentage of fruits infested
by C. pomonella. These data were subjected to separate analysis on the basis of years.
Tukey’s honestly significant difference (HSD) test was employed to evaluate the differences
between means, using 0.01 error limits on the data. The mean percentage of fruit damage
was transformed to arcsine before analysis. The statistical analyses were conducted utilizing
SPSS 29.0 (IBM, 2023) software.

RESULTS

Climatic data

HOBO devices were installed in each apple orchard to obtain climatic data. Additionally,
data from the meteorological stations of the Beysehir District Directorate of Agriculture
and Forestry were gathered for comparison. The climatic data for the apple growing seasons
of 2023 and 2024 in Beysehir, Konya, are presented in Fig. 1.

Population development of Cydia pomonella

The efficacy of the mating disruption technique against codling moth was assessed during
the 2023 and 2024 apple-growing seasons in a total of six apple orchards: in three of these,
ISOCOD-C pheromone dispensers were applied, and three were control orchards. In both
apple-growing seasons, the number of male moths captured in Delta traps was significantly
lower in the PT orchards compared to the C orchards. The population development and
the number of male C. pomonella captured in both PT and C orchards are illustrated in
Figs. 2 and 3.

In the first year of the study, Delta traps and ISOCOD-C pheromone dispensers were
hung on trees on April 18, 2023. Due to heavy rains and low temperatures (Fig. 1), codling
moths were not detected in the first four to five weeks after the traps were hung (Fig. 2).
Considering all the apple orchards in the study, both PT and untreated, the first adults
were caught in the traps on May 16, and the last ones on September 12. Therefore, it was
determined that codling moth adults were active in nature for approximately four months.
The pest population peaked twice during the 2023 production season. Hence, it was also
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Figure 1 The weekly average temperature (°C) and relative humidity (%) for the apple growing sea-
sons of 2023 and 2024 in Beysehir, Konya.

Full-size tal DOTI: 10.7717/peer;j.20226/fig-1

found that the pest completed two generations in the Beysehir district in 2023. The number
of male moths in Delta traps in orchards where ISOCOD-C pheromone dispensers were
applied was consistently lower than in C orchards during the 2023 production season.
The capture of the first males in PT 1 orchard occurred on May 23 (5 adults/trap). In C
1, the first adults were caught on May 16, with the pest reaching its first peak on May 23
(42 adults/trap) and its second peak on August 8 (45 adults/trap). The first adults in Delta
traps in PT 2 and C 2 were recorded on May 23 with 6 adults/trap and 63 adults/trap,
respectively. The second peak in C 2 was reached on August 8 (48 adults/trap). The codling
moth population showed similar development in PT 3 and C 3. In C 3, it formed two peaks
on May 23 (57 adults/trap) and August 8 (44 adults/trap) (Fig. 2).

In the second year of the study, Delta traps and ISOCOD-C pheromone dispensers
were placed on trees on April 21, 2024. Adult codling moths began to be caught in traps
earlier due to reduced rainfall in April compared to the first year. Similar to the first-year
trials, the pest population in PT orchards during the second year was consistently and
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Table 2 Mean Cydia pomonella male captures in Delta traps in ISOCOD-C pheromone-treated and
control orchards in 2023 and 2024 (Mean = SE).

2023 2024
Pheromone-treated Control Pheromone-treated Control
1 1.04 +0.34%a 11.81 £ 2.78b 0.84 +0.33""a’ 18.92 £ 4.39b
2 0.92 +0.32a 11.31 4 3.08b 0.96 + 0.40a 25.60 £ 4.87b
3 0.77 £ 0.28a 11.04 £+ 2.78b 0.64 &+ 0.27a 14.28 £+ 4.39b
Total""" 0.91 +0.18A 11.38 £ 1.64B 0.81 + 0.19A 19.60 £ 2.65B

Nmf;l the same year, means followed by different letters in the same row are significantly different (P < 0.01).
*F:7.815 and df: 5 for the number of adults in 2023,
F: 11.384 and df: 5 for the number of adults in 2024.
Foorsiis0 =3.14.
+*+P: 84.505 and df: 1 for treatment.
Foon1300 = 6.71.
significantly lower compared to the C orchards throughout the production season. In C 1,
the first adults were caught on May 5 (9 adults/trap), with peaks observed twice on June
9 and July 14 at 62 adults/trap and 76 adults/trap, respectively. In C 2, the traps began to
catch males from the second week following deployment, peaking three times on June 9,
July 21, and August 18 with 64 adults/trap, 89 adults/trap, and 50 adults/trap, respectively.
However, in the PT 2 orchard, the first adults were caught on May 19, five weeks after the
traps were hung, and the total number of males captured in the whole production season
was significantly lower than in C 2. In PT 3, the first adults were observed in traps seven
weeks after the ISOCOD-C pheromone dispensers were hung, on June 2. In contrast, in C
3, the first adults were caught in traps on May 12, peaking twice on June 16 (72 adults/trap)
and July 28 (69 adults/trap) (Fig. 3). Population observations were continued for two
consecutive weeks after the harvest date (September 26 for 2023 and September 22 for
2024) in both PT and C orchards, until no adults were caught in the traps.

In the first year of the study, the mean number of males captured in traps in PT apple
orchards was lower than the number of males captured in the C orchards, and a statistically
significant difference was identified between them (F:7.815 and df:5, P < 0.01). The
aforementioned observation was replicated in the second year of the study (F:11.384 and
df: 5, P < 0.01). In 2023, the mean number of males caught in the traps in the PT orchards
was 0.91 £ 0.18, while this was 11.38 & 1.65 in the C orchards. Similarly, in 2024, the mean
number of males caught in traps in PT and C orchards was 0.81 £ 0.19 and 19.60 =+ 2.65,
respectively (Table 2).

Infestation rate of Cydia pomonella

In all orchards, fruit controls to determine the infestation rate were started when the fruit
reached walnut size and continued weekly until harvest. In the first year of the study,
the fruits reached walnut size on July 4. From this date onwards, 100 fruits randomly
selected to represent each orchard were visually checked weekly and the number of infested
fruits was recorded until September 26. During the whole production season, it was noted
that the infestation rate in all three of the PT orchards was significantly lower than that
observed in the C orchards. In addition, it was found that the infestation rate increased
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Table 3 Mean percentage of fruit infested by Cydia pomonella in ISOCOD-C pheromone-treated and
control orchards (Mean = SE).

Fruit infestation (%)

2023 2024
Pheromone-treated Control Pheromone-treated Control
1 1.154+0.31"a 14.54 + 2.00b 342+1.01""a 16.33 + 1.83b
2 1.15 £+ 0.35a 12.69 + 1.65b 2.42 +0.62a 15.08 + 2.08b
3 1.23 £ 0.44a 12.54 + 2.05b 1.67 4+ 0.48a 14.58 + 1.45b
Total™™* 1.18 £ 0.21A 13.26 + 1.08B 2.50 £ 0.43A 15.33 + 1.02B

NOtf; the same year, means followed by different letters in the same row are significantly different (P < 0.01).

*F: 23.310 and df: 5 for parasitization rate (%) in 2023.

*++F:26.264 and df: 5 for parasitization rate (%) in 2024.
Foorsizs =3.28.
+*+F: 247.547 and df: 1 for treatment.

Foor:1:148 = 6.80.
towards the harvest date. The infestation rate in PT 1 was between 0—3%, while this rate
was determined as 4-25% in C 1. In PT 2, no infestation was detected in the first three
weeks and the highest infestation rate recorded in 2023 was 3%, whereas it was recorded as
22% in C 2. The maximum infestation rates in PT 3 and C 3 were 4% and 23%, respectively
(Fig. 4).

In the second year of the study, the fruits reached walnut size on July 7, and fruit controls
were carried out weekly until the harvest date, on September 22, 2024. The maximum
infestation rate was 10% in PT 1, compared to 27% in C 1. The rate of infestation in PT 2
varied between 0 and 7%, whereas in C 2 it was between 8 and 30%. Similarly, it was noted
that the infestation rate in PT 3 was lower compared to C 3. As in the first year, infestation
rates were found to increase towards the harvest date.

The infestation rate of C. pomonella was consistently lower in PT orchards than in control
ones for all orchards and both years. A statistically significant difference in infestation rates
was identified between PT and C orchards (P < 0.01) in both years of the study (Table 3).
In 2023, the mean infestation rate in the three PT orchards was 1.18 £0.21, while this
rate was 13.26 £ 1.08 in the C orchards. The mean infestation rate in the PT orchards
(2.50 £ 0.43) increased in the second year compared to the first year of the study. However,
the difference with the mean of the C orchards (15.33 &£ 1.02) was found to be statistically
significant.

Insecticide application

Insecticides were applied by farmers when required both in the PT and C orchards. In the
initial year, insecticide application was carried out five times in the PT and nine times in
the C orchards to control C. pomonella (Table 4). In the second year, the insecticide was
applied six times in the PT and 11 times in the C orchards (Table 5). Therefore, it was
determined that the total number of sprays for codling moth in PT orchards decreased by
44.4% and 45.4% in 2023 and 2024, respectively, compared to C.
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Figure 4 The infestation rates of Cydia pomonella in pheromone-treated and control apple orchards
2023 and 2024.
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Table4 The number of sprayings, dates and active ingredients for Cydia pomonella in each

pheromone-treated and control orchard in 2023.

Number of Spraying date Active ingredients Pheromone-treated Control
sprayings orchards orchards
1 23.05.2023 240 g/L Tau-fluvalinate + +

2 30.05.2023 25 g/L Deltamethrin + +

3 13.06.2023 100 g/L Alpha-cypermethrin - +

4 27.06.2023 25 g/L Deltamethrin - +

5 11.07.2023 50 g/L Lambda-cyhalothrin + +

6 1.08.2023 25 g/L Deltamethrin - +

7 8.08.2023 200 g/L Chlorantraniliprole + +

8 22.08.2023 250 g/L Cypermethrin + +

9 29.08.2023 50 g/L Lambda-cyhalothrin — +

Total 5 9
Table 5 The number of sprayings, dates and active ingredients for Cydia pomonella in each
pheromone-treated and control orchard in 2024.

Number of Spraying date Active ingredients Pheromone-treated Control
sprayings orchards orchards
1 21.04.2024 240 g/L Tau-fluvalinate + +

2 12.05.2024 25 g/L Deltamethrin - +

3 21.05.2024 25 g/L Deltamethrin - +

4 09.06.2024 100 g/L Alpha-cypermethrin + +

5 16.06.2024 200 g/L Chlorantraniliprole + +

6 30.06.2024 250 g/L Cypermethrin - +

7 10.07.2024 50 g/L Lambda-cyhalothrin - +

8 21.07.2024 200 g/L Chlorantraniliprole + +

9 28.07.2024 25 g/L Deltamethrin + +

10 11.08.2024 25 g/L Deltamethrin - +

11 25.08.2024 250 g/L Cypermethrin + +

Total 6 11

DISCUSSION

In the present study, it was determined that C. pormonella adults began flying at the end of

April and the beginning of May. They remained active for 4-4.5 months and completed two

generations per year in the Beysehir district in 2023-2024. These results corroborate with
the findings of previous studies. Celik ¢ Unlii (2017) reported that C. pomonella produced

2-3 generations, and that the adult moths began to fly in the first week of May and remained
active for 5 months in nature in Beysehir district in 2014-2015. Aydogan ¢ Unlii (2019)
indicated that the first adult codling moth emergence was observed in the second week

of May, remained active in nature for 5 months and completed 2-3 generations per year
in Konya province in 2017 and 2018. Similarly, Icsik ¢ Unlii (2019) declared that the first
adult emergence was observed in the first week of May. They were active in nature for
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4-5 months, producing 2-3 generations per year in walnut orchards in Meram district
(Konya).

ISOCOD-C pheromone dispensers were used for mating disruption against C. pomonella
in this study. However, various pheromone dispensers such as Isomate-C Plus (Hepdurgun
et al., 2001; Kutinkova et al., 2009; Madanat & Al-Antary, 2012; Walker et al., 2013; Demir
& Kovanci, 2015; Sumedrea et al., 2015; f§ci, Atasay & Kaymak, 2016; Horner et al., 2020;
Oztiirk & Hazir, 2020; Candan & Aslan, 2022; Seving et al., 2023), Ecodian (Angeli et
al., 2007; Pluciennik, 2013; Ferracini et al., 2021), CheckMate (Kutinkova et al., 2010),
Ginko (Kutinkova et al., 2020), CIDETRAK (Palagacheva, Kutinkova ¢ Dzhuvinov, 2021),
NoMate and Isomate 4Play (Walker et al., 2013) have been used against the pest in previous
studies. Therefore, this is the first study to evaluate the efficacy of ISOCOD-C in the control
of C. pomonella.

One of the values used to evaluate the efficacy of the mating disruption technique is
the number of males captured in Delta traps in both PT and C orchards. There was a
statistically significant difference (P < 0.01) in the number of C. pomonella adults caught
in traps in the PT and C orchards in both years of the study. The mean number of adults
caught in traps in PT orchards was 0.91 &£ 0.18 and 0.81 £ 0.19, while it was 11.38 £ 1.64
and 19.60 £ 2.65 in C orchards. Therefore, it was concluded that mating disruption was
effective in controlling C. pomonella in Beysehir district apple orchards. Similar results were
obtained in other studies carried out in Tiirkiye against the pest and Isomate-C Plus was
used as a dispenser in all of these studies. Candan ¢ Aslan (2022) reported that the total
number of males caught in traps in the PT orchards (37 in the first year, 18 in the second
year) was lower than in the C orchards (1,136 in the first year, 1,256 in the second year) in
both years of the study in apple orchards in Kahramanmaras province. Seving et al. (2023)
conducted a study in the Isparta province and indicated that the number of males caught
in traps in PT orchards never reached the economic threshold (six adults/trap) during the
season. However, in C orchards, the population exceeded the economic threshold by 26
April 2021 and continued to increase weekly until the end of the season. Another study
conducted in Isparta province reported that one adult was caught in the PT plot in the first
year of the study, and none in the second year. Meanwhile, 117 and 85 adults were caught
in the control plot in the first and second years, respectively (Isci, Atasay & Kaymak, 2016).
A study conducted in walnut orchards found that the number of adults captured in PT
orchards was lower than in C orchards for two consecutive years (Oztiirk ¢ Hazir, 2020).

The results of our study are also supported by studies conducted in other countries.
Kutinkova et al. (2009); Kutinkova et al. (2010); Kutinkova et al. (2020) studied the effect of
the mating disruption technique on C. pomonella in apple orchards by using different types
of dispensers such as Isomate-C Plus, CheckMate and Ginko in Bulgaria. They indicated that
pheromone dispensers totally inhibited the C. pomonella captures in pheromone traps hung
in the trial plots in all studies. Ferracini et al. (2021) used the Ecodian pheromone dispenser
in the mating disruption of Cydia spp. in northern Italy and found that the total number
of males captured was significantly lower in PT plots compared to C plots. In Romania,
Sumedrea et al. (2015) studied the mating disruption of Cydia spp. by using the pheromone
dispenser Isomate-C. In the PT plot, the traps captured totally three adult moths, two of
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which were caught in May and one in June, and no moths were caught afterwards, while
in the conventionally treated plot the number of captured moths was significantly higher.
Walker et al. (2013) stated that the pheromone trap catches were reduced by 70%, from
40.1 adults/trap in the season before mating disruption was introduced to 11.7 adults/trap
in 14 apple orchards in New Zealand.

Another value used to assess the efficacy of the mating disruption technique was the
rate of infested fruits in both the PT and the C orchards. In this study, the codling
moth infestation rate was consistently lower in PT orchards than in C orchards, and a
statistically significant difference (P < 0.01) was detected for all orchards and both years.
The mean infestation rates were determined as 1.18 £ 0.21-13.26 4+ 1.08% and 2.50
=+ 0.43-15.33 £ 1.02% in PT and C orchards, respectively. Previous studies support these
results (Kutinkova et al., 2009; Kutinkova et al., 2010; I§ci, Atasay & Kaymak, 2016; Oztiirk
& Hazir, 2020; Palagacheva, Kutinkova & Dzhuvinov, 2021). Conversely, Ferracini et al.
(2021) were unable to obtain satisfactory data regarding fruit infestation, despite catching
fewer adults in mating disruption plots. They reported that the larval infestation rate in
fruits did not differ between mating disruption and control plots, except for one site.

The mean infestation rate in PT orchards never exceeded the economic threshold of 5%
(Republic of Turkey Ministry of Agriculture and Forestry, 2019) during the two years of the
study. Similarly, Oztiirk ¢ Hazir (2020) recorded the fruit infestation rate in the PT plot as
below the economic threshold (5% and 4.8%) in both years of their study. Furthermore,
Seving et al. (2023) found no evidence of infestation in the fruit trees in the trial orchard
where pheromones were applied and the trees were sprayed three times against the first
generation of the pest. However, Isci, Atasay ¢ Kaymak (2016) found that the infestation
rate in fruits was below the economic threshold in the initial year (2.38%) and above it
in the subsequent year (13.50%). Moreover, Candan ¢ Aslan (2022) determined the fruit
infestation rate as above the economic threshold (9.07% and 8.38%) in both years of their
study in the PT orchard.

A significant feature of the mating disruption technique is its capacity to reduce or even
eliminate the negative effects of chemical control methods. There are studies in which
no insecticide was used in orchards where the mating disruption technique was applied
(f,cci, Atasay & Kaymak, 2016; Oztiirk ¢& Hazir, 2020; Ferracini et al., 2021). However, the
combination of mating disruption and a series of insecticide applications led to an increase
in the effectiveness of C. pomonella control (Walker et al., 2013; Sumedrea et al., 2015). The
use of the mating disruption technique alone has been found to be less effective in the
control of C. pomonella. Madanat ¢ Al-Antary (2012) found an infestation rate of 11.1%
in the fruits in the area where only mating disruption was applied, compared to 4.2%
in the area where mating disruption and four insecticide applications were used in the
first year of their study against C. pomonella. In the second year, the rates were 8% and
5.8%, respectively. This study was carried out in commercial apple orchards completely
under farmers’ conditions and insecticides were also applied when required in the PT
orchards. However, interviews with the farmers showed that chemical control of codling
moth was performed simultaneously in the apple orchards used in the study. Farmers in
the same production area stayed in constant communication to coordinate codling moth
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control. Therefore, the fact that the study took place under farmers’ conditions did not
introduce any variability and had no limiting effect on the results obtained. In the first
year, five and nine sprayings were made against the pest in PT and C orchards, respectively,
while in the second year, six and 11 sprayings were made, respectively. Although almost
50% less insecticide was applied in the mating disruption orchards, the infestation rate
was found to be lower than in the C orchards in both years. These results congruently
support the previous studies. Implementation of mating disruption in the control of the
codling moth decreased the number of sprayings required to control this pest (Walker et
al., 2013; Sumedrea et al., 2015; Kovanci, 2017). Sumedrea et al. (2015) applied insecticides
9 times to control the pest in mating disruption plots and 13 times in control plots for
codling moth control. The respective numbers were 7 and 14 insecticide treatments in the
subsequent year. In another study, the number of insecticide applications decreased from
5.9 to 3.7 after mating disruption was used (Walker et al., 2013). In the present study, the
total number of sprays for codling moth in orchards using mating disruption decreased
by 44.4% and 45.4% in 2023 and 2024, respectively, compared to the control. Similarly,
Kovanci (2017) stated that the mating disruption technique used against codling moths in
apple orchards reduced the total number of sprays for the apple pest complex by 40.7%
and 56.6% in 2013 and 2014, respectively.

The comparatively elevated expense of mating disruption in comparison to conventional
chemical control may act as a deterrent to its adoption by growers on a global scale (Kovarnci,
2017). As in many other countries, the adoption of innovations by farmers in Ttrkiye is
a lengthy process. Unfortunately, this also applies to the use of pheromone dispensers
for both monitoring and control purposes in pest control. In both years of the study,
mating disruption treatments resulted in a reduction in insecticide and machinery costs,
whilst labor costs increased in comparison to conventional control. However, when all
inputs, including insecticide application, labor, fuel, machinery, pheromone dispensers,
and monitoring costs are considered, the cost of the mating disruption was found to be
$376/ha and $304/ha more than the conventional control in 2023 in 2024, respectively.
These results are supported by previous studies. Williamson et al. (1996) stated that the
cost of codling moth mating disruption was $ 188.22/ha higher than that of conventional
control methods. Similarly, Kovanci (2017) declared that the cost of mating disruption $
193.70/ha higher than the conventional control in apple orchards. However, he stated that
this situation may vary from year to year.

CONCLUSIONS

The results of the present study indicated that ISOCOD-C pheromone dispensers could
successfully control the codling moth in apple orchards in Tirkiye. Insecticide treatment
was reduced by around 50% in PT orchards compared to C orchards. Furthermore, it was
found that, despite the reduced use of insecticides, the infestation rate was significantly
lower than in the control. Therefore, taking into account pesticide residue, resistance
development, and the effects on natural enemies as well as on human and environmental
health, it was concluded that the mating disruption technique has the potential to function
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effectively as an alternative to chemical control in the management of C. pomonella.
However, in order for the technique to be successful, the ISOCOD-C pheromone dispensers
should be hung in sufficient numbers as soon as the first adult flights are detected in the
orchard. In addition, it is reccommended to use more pheromone dispensers at the edges
of the orchard to prevent the infiltration of gravid females from untreated neighboring
orchards. In order to increase the success rate, the technique should be combined with
appropriate insecticides when the population is high. When spraying, messages from
the early warning system of official institutions should be taken into consideration, and
unnecessary spraying should be avoided.

ACKNOWLEDGEMENTS

This study was summarized from Alperen Kutalmig’s master thesis entitled “Evaluation
of the Efficacy of Mating Disruption Technique in the Control of Codling Moth (Cydia
pomonella (L.) (Lepidoptera: Tortricidae)) in Apple Orchards of Beysehir (Konya) District”.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

The authors received no funding for this work.

Competing Interests
The authors declare there are no competing interests.

Author Contributions

e Alperen Kutalmis performed the experiments, analyzed the data, prepared figures and/or
tables, and approved the final draft.

e Ekrem Ogiir conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
article, and approved the final draft.

Data Availability
The following information was supplied regarding data availability:
The raw measurements are available in the Supplementary Files.

Supplemental Information
Supplemental information for this article can be found online at http:/dx.doi.org/10.7717/
peerj.20226#supplemental-information.

REFERENCES

Ahmed SB, Pfeiffer DG. 2010. Establishing a mating disruption block in an orchard
or vineyard. Working paper Virginia Tech. Blackburg, USA. Available at hitps:
//www.virginiafruit.ento.vt.edu/MDBull.html (accessed on 21 May 2025).

Kutalmis and Ogiir (2025), PeerJ, DOI 10.7717/peer|.20226 16/22


https://peerj.com
http://dx.doi.org/10.7717/peerj.20226#supplemental-information
http://dx.doi.org/10.7717/peerj.20226#supplemental-information
http://dx.doi.org/10.7717/peerj.20226#supplemental-information
https://www.virginiafruit.ento.vt.edu/MDBull.html
https://www.virginiafruit.ento.vt.edu/MDBull.html
http://dx.doi.org/10.7717/peerj.20226

Peer

Akroute D, Douaik A, Habbadi K, El Bakkali A, BenBouazza A, Benkirane R, Fl
Iraqui El Houssaini S. 2023. Influence of some fruit traits on codling moth (Cydia
pomonella L.) preference among apple varieties in two contrasted climatic condi-
tions. Horticulturae 9(7):788 DOI 10.3390/horticulturae9070788.

Angeli G, Anfora G, Baldessari M, Germinara GS, Rama F, De Cristofaro A, Ioriatti
C. 2007. Mating disruption of codling moth Cydia pomonella with high densities of
Ecodian sex pheromone dispensers. Journal of Applied Entomology 131(5):311-318
DOI'10.1111/j.1439-0418.2007.01172.x.

Asma U, Morozova K, Ferrentino G, Scampicchio M. 2023. Apples and apple by-
products: antioxidant properties and food applications. Antioxidants 12(7):1456
DOI 10.3390/antiox12071456.

Aydogan D, Unlii L. 2019. Determination of population development and infestation
rates of codling moth [Cydia pomonella (L.)(Lep.: Tortricidae)] in apple orchards
in Konya province. Selcuk Journal of Agriculture and Food Sciences 33(1):45-51
DOI 10.15316/SJAFS.2019.155.

Bangels E, Belién T. 2012. Consistent codling moth population decline by two years of
mating disruption in apple: a Flemish case study. Communications in Agricultural
and Applied Biological Sciences 77:653—655.

Bosch D, Rodriguez MA, Avilla J. 2018. Monitoring resistance of Cydia pomonella (L.)
Spanish field populations to new chemical insecticides and the mechanisms involved.
Pest Management Science 74(4):933-943 DOT 10.1002/ps.4791.

Candan G, Aslan MM. 2022. Application of a mating interference technique against the
codling worm, Cydia pomonella (L.) (Lepidoptera: Tortricidae) in Kahramanmaras
Province. Anatolian Journal of Agricultural Sciences 37(3):557-570 (in Turkish)
DOI 10.7161/omuanajas.1066972.

Celik H, Unlii L. 2017. Determination of adult population development and infestation
rates of codling worm [Cydia pomonella (L.) (Lep.: Tortricidae)] in apple orchards
of Beysehir (Konya) District. Harran Journal of Agriculture and Food Sciences
21(3):266—-278 (in Turkish) DOI 10.29050/harranziraat.339332.

Cheng T, Wu J, Wu Y, Chilukuri RV, Huang L, Yamamoto K, Feng L, Li W, Chen Z,
Guo H, LiuJ, Li S, Wang X, Peng L, Liu D, Guo Y, Fu B, Li Z, Liu C, Chen Y, Tomar
A, Hilliou F, Montagné N, Jacquin-Joly E, d’Alencon E, Seth RK, Bhatnagar RK,
Jouraku A, Shiotsuki T, Kadono-Okuda K, Promboon A, Smagghe G, Arunkumar
KP, Kishino H, Goldsmith MR, Feng Q, Xia Q, Mita K. 2017. Genomic adaptation
to polyphagy and insecticides in a major East Asian noctuid pest. Nature Ecology &
Evolution 1(11):1747-1756 DOI 10.1038/s41559-017-0314-4.

Demir P, Kovanci OB. 2015. Evaluation of the effectiveness of alternative methods in
controlling the codling moth [(Cydia pomonella L.)(Lep.: Tortricidae)] in walnut
orchards. Plant Protection Bulletin 55(4):277-304 (in Turkish).

Erler F, Tosun HS. 2023. Mass-trapping the codling moth, Cydia pomonella
(L.)(Lepidoptera: Tortricidae), using newly designed light trap reduces fruit

Kutalmis and Ogiir (2025), PeerJ, DOI 10.7717/peerj.20226 17/22


https://peerj.com
http://dx.doi.org/10.3390/horticulturae9070788
http://dx.doi.org/10.1111/j.1439-0418.2007.01172.x
http://dx.doi.org/10.3390/antiox12071456
http://dx.doi.org/10.15316/SJAFS.2019.155
http://dx.doi.org/10.1002/ps.4791
http://dx.doi.org/10.7161/omuanajas.1066972
http://dx.doi.org/10.29050/harranziraat.339332
http://dx.doi.org/10.1038/s41559-017-0314-4
http://dx.doi.org/10.7717/peerj.20226

Peer

damage in apple orchards. Journal of Plant Diseases and Protection 130(4):795-807
DOI 10.1007/s41348-023-00735-7.

FAO. 2025. Crops and livestock products, production quantity, apple. Available at
https://www.fao.org/faostat/en/#data/QCL (accessed on 21 March 2025).

Ferracini C, Pogolotti C, Rama F, Lentini G, Saitta V, Mereghetti P, Mancardi P, Alma
A. 2021. Pheromone-mediated mating disruption as management option for Cydia
spp. in chestnut orchard. Insects 12(10):905 DOI 10.3390/insects12100905.

Fuentes-Contreras E, Reyes M, Barros W, Sauphanor B. 2014. Evaluation of azinphos-
methyl resistance and activity of detoxifying enzymes in codling moth (Lepidoptera:
Tortricidae) from central Chile. Journal of Economic Entomology 100(2):551-556
DOI 10.1093/jee/100.2.551.

Geiger F, Bengtsson J, Berendse F, Weisser WW, Emmerson M, Morales MB, Ceryn-
gierg P, Liirah J, Tscharntkei T, Winqvistb C, Eggersb S, Bommarcob R, Pirtb
T, Bretagnollej V, Plantegenestk M, Clementc LW, Dennisd EC, Palmerd EC,
Onatef JJ, Guerrerof I, Hawrog V, Aavikh T, Thiesi C, Flohrei A, Hénkei S, Fischeri
C, Goedhartl PW, Inchausti P. 2010. Persistent negative effects of pesticides on
biodiversity and biological control potential on European farmland. Basic and
Applied Ecology 11(2):97-105 DOI 10.1016/j.baae.2009.12.001.

Hepdurgun B, Zumreoglu A, Demir ST, Ibis MA. 2001. Early studies on mating
disruption technique of codling moth, Cydia pomonella, in the Aegean Region,
Turkey. IOBC WPRS Bulletin 24(2):43—46.

Horner RM, Lo PL, Rogers DJ, Walker JT, Suckling DM. 2020. Combined effects of
mating disruption, insecticides, and the sterile insect technique on Cydia pomonella
in New Zealand. Insects 11(12):837 DOI 10.3390/insects11120837.

Hyson DA. 2011. A comprehensive review of apples and apple components and
their relationship to human health. Advances in Nutrition 2(5):408—420
DOI 10.3945/an.111.000513.

IBM. 2023. IBM SPSS statistics for windows. Version 29.0.2.0. Armonk: IBM Corp.

Isci M, Atasay A, Kaymak S. 2016. The efficacy of mating disruption against codling
moth [Cydia pomonella (L.) Lep.: Tortricidae] under Isparta conditions. Meyve
Bilimi 3(1):17-21.

Isci M, Ay R. 2017. Determination of resistance and resistance mechanisms to thia-
cloprid in Cydia pomonella L. (Lepidoptera: Tortricidae) populations collected
from apple orchards in Isparta Province, Turkey. Crop Protection 91:82—88
DOI10.1016/j.cropro.2016.09.015.

Isik F, Unlii L. 2019. Determination of adult population development and infestation
rate of codling worm [Cydia pomonella (L.) (Lepidoptera: Tortricidae)] in Walnut
Orchards of Meram (Konya) District [Oral presentation]. In: Second International
Congress of Applied Sciences, October 28-30, 2019, Ankara, Turkey. (in Turkish).

Ioriatti C, Tasin MARCO, Charmillot PJ, Reyes M, Sauphanor B. 2007. Early de-
tection of resistance to tebufenozide in field populations of Cydia pomonella

Kutalmis and Ogiir (2025), PeerJ, DOI 10.7717/peerj.20226 18/22


https://peerj.com
http://dx.doi.org/10.1007/s41348-023-00735-7
https://www.fao.org/faostat/en/#data/QCL
http://dx.doi.org/10.3390/insects12100905
http://dx.doi.org/10.1093/jee/100.2.551
http://dx.doi.org/10.1016/j.baae.2009.12.001
http://dx.doi.org/10.3390/insects11120837
http://dx.doi.org/10.3945/an.111.000513
http://dx.doi.org/10.1016/j.cropro.2016.09.015
http://dx.doi.org/10.7717/peerj.20226

Peer

L.: methods and mechanisms. Journal of Applied Entomology 131(7):453—459
DOI10.1111/7.1439-0418.2007.01203.x.

Jaffe BD, Guédot C, Landolt PJ. 2018. Mass-trapping codling moth, Cydia pomonella
(Lepidopteran: Torticidae), using a kairomone lure reduces fruit damage in
commercial apple orchards. Journal of Economic Entomology 111(4):1983-1986
DOI 10.1093/jee/toy111.

Ju D, Mota-Sanchez D, Fuentes-Contreras E, Zhang YL, Wang XQ, Yang XQ. 2021.
Insecticide resistance in the Cydia pomonella (L): Global status, mechanisms,
and research directions. Pesticide Biochemistry and Physiology 178:104925
DOI 10.1016/j.pestbp.2021.104925.

Kadoié Balasko M, Bazok R, Mikac KM, Lemic D, Pajac Zivkovi¢ 1. 2020. Pest manage-
ment challenges and control practices in codling moth: a review. Insects 11(1):38
DOI 10.3390/insects11010038.

Kamali H, Koliaei R, Taghadosi M. 2017. Codling moth, Cydia pomonella (L.) (Lep.:
Tortricidae) control by mating disruption method by synthetic pheromones
in Khorasan Razavi Province. Majallah-i Hifazat-i Giyahan 30(4):646—653
DOI 10.22067/jpp.v30i4.50725.

Khan BA, Nadeem MA, Nawaz H, Amin MM, Abbasi GH, Nadeem M, Ali M, Ameen
M, Javaid MM, Maqbool R, Ikram M, Ayub MA. 2023. Pesticides: impacts on
agriculture productivity, environment, and management strategies. In: Emerging con-
taminants and plants: interactions, adaptations and remediation technologies. Cham:
Springer International Publishing, 109-134 DOI 10.1007/978-3-031-22269-6_5.

Koutsos A, Riccadonna S, Ulaszewska MM, Franceschi P, Trost K, Galvin A, Braune
T, Fava F, Perenzoni D, Mattivi F, Tuohy KM, Lovegrove JA. 2020. Two apples
a day lower serum cholesterol and improve cardiometabolic biomarkers in mildly
hypercholesterolemic adults: a randomized, controlled, crossover trial. The American
Journal of Clinical Nutrition 111(2):307-318 DOI 10.1093/ajcn/nqz282.

Kovanci OB. 2017. Comparison of the costs of mating disruption with traditional
insecticide applications for control of codling moth in apple orchards in Turkey.
Scientific Papers. Series B. Horticulture 61:455—460.

Kutinkova H, Dzhuvinov V, Samietz ], Casagrande E. 2010. Mating disruption of
codling moth, Cydia pomonella L. by applications of the microencapsulated
formulation Checkmate® Cm-F in Bulgaria. In: XXVIII international horticultural
congress on science and horticulture for people (IHC2010): international symposium on
933, 485—-490 DOI 10.17660/ActaHortic.2012.933.63.

Kutinkova H, Dzhuvinov V, Stefanova D, Gandev S, Staneva I, Kornov G, Palagacheva
N, Tityanov M. 2020. A mating disruption strategy for the control of codling moth,
cydia pomonella (L.) in apple orchards of Bulgaria Using Ginko® Dispensers.
Biopesticides International 16(1):57—62.

Kutinkova H, Samietz J, Dzhuvinov V, Charmillot PJ, Veronelli V. 2009. Mating
disruption of codling moth, Cydia pomonella L. using Isomate C plus dispensers in
apple orchards of Bulgaria. IOBC/WPRS Bulletins 41:27-32.

Kutalmis and Ogiir (2025), PeerJ, DOI 10.7717/peerj.20226 19/22


https://peerj.com
http://dx.doi.org/10.1111/j.1439-0418.2007.01203.x
http://dx.doi.org/10.1093/jee/toy111
http://dx.doi.org/10.1016/j.pestbp.2021.104925
http://dx.doi.org/10.3390/insects11010038
http://dx.doi.org/10.22067/jpp.v30i4.50725
http://dx.doi.org/10.1007/978-3-031-22269-6_5
http://dx.doi.org/10.1093/ajcn/nqz282
http://dx.doi.org/10.17660/ActaHortic.2012.933.63
http://dx.doi.org/10.7717/peerj.20226

Peer

Lance DR, Leonard DS, Mastro VC, Walters ML. 2016. Mating disruption as a sup-
pression tactic in programs targeting regulated lepidopteran pests in US. Journal of
Chemical Ecology 42:590—-605 DOI 10.1007/510886-016-0732-9.

Madanat H, Al-Antary T. 2012. Role of mating disruption pheromones and lure traps
supplemented with spraying some insecticides in management of the codling moth
Cydia pomonella (Lepidoptera: Tortricidae) in Jordan. Jordan Journal of Agricultural
Sciences 8(4):583-595.

Nicolopoulou-Stamati P, Maipas S, Kotampasi C, Stamatis P, Hens L. 2016. Chemical
pesticides and human health: the urgent need for a new concept in agriculture.
Frontiers in Public Health 4:148 DOI 10.3389/fpubh.2016.00148.

Oztiirk N, Hazir A. 2020. Efficacy of mating disruption technique against Codling moth
[Cydia pomonella L.(Lepidoptera: Tortricidae)] in walnut orchards in Kahraman-
maras. Derim 37(1):76-85 DOT 10.16882/derim.2020.622159.

Palagacheva N, Kutinkova H, Dzhuvinov V. 2021. Effect of mating disruption on the
pheromone trap catches of codling moth (Cydia pomonella L.) and fruit damage in
walnut (Juglans regia L.) orchards under organic farming. Journal of Biopesticides
14(1):79-82 DOI 10.57182/jbiopestic.14.1.79-82.

Perrin M, Borowiec N, Thaon M, Siegwart M, Delattre T, Moiroux J. 2024. Differential
influence of temperature on the toxicity of three insecticides against the codling
moth Cydia pomonella (L.) and two natural enemies. Journal of Pest Science
97(1):229-241 DOI 10.1007/s10340-023-01618-4.

Pluciennik Z. 2013. The control of codling moth (Cydia pomonella L.) population
using mating disruption method. Journal of Horticultural Research 21(1):65-70
DOI 10.2478/johr-2013-0009.

Rani L, Thapa K, Kanojia N, Sharma N, Singh S, Grewal AS, Srivastav AL, Kaushal
J. 2021. An extensive review on the consequences of chemical pesticides on
human health and environment. Journal of Cleaner Production 283:124657
DOI 10.1016/j.jclepro.2020.124657.

Republic of Turkey Ministry of Agriculture and Forestry. 2019. Standard Drug Test
Methods for Fruit Pests. Department of Plant Health Research. Available at https://
www.tarimorman.gov.tr/TAGEM/Belgeler/yayin/Meyve%20Zararl%C4%B1lar%C4%
B19%20Standart%20%C4%B0la%C3%A7%20Deneme%20Metotlar%C4%B1.pdf (in
Turkish) (accessed on 08 May 2025).

Reyes M, Franck P, Charmillot PJ, Ioriatti C, Olivares J, Pasqualini E, Sauphanor B.
2007. Diversity of insecticide resistance mechanisms and spectrum in European
populations of the codling moth, Cydia pomonella. Pest Management Science:
Formerly Pesticide Science 63(9):890-902 DOI 10.1002/ps.1421.

Serrao JE, Plata-Rueda A, Martinez LC, Zanuncio JC. 2022. Side-effects of pesticides
on non-target insects in agriculture: a mini-review. The Science of Nature 109(2):17
DOI 10.1007/s00114-022-01788-8.

Kutalmis and Ogiir (2025), PeerJ, DOI 10.7717/peerj.20226 20/22


https://peerj.com
http://dx.doi.org/10.1007/s10886-016-0732-9
http://dx.doi.org/10.3389/fpubh.2016.00148
http://dx.doi.org/10.16882/derim.2020.622159
http://dx.doi.org/10.57182/jbiopestic.14.1.79-82
http://dx.doi.org/10.1007/s10340-023-01618-4
http://dx.doi.org/10.2478/johr-2013-0009
http://dx.doi.org/10.1016/j.jclepro.2020.124657
https://www.tarimorman.gov.tr/TAGEM/Belgeler/yayin/Meyve%20Zararl%C4%B1lar%C4%B1%20Standart%20%C4%B0la%C3%A7%20Deneme%20Metotlar%C4%B1.pdf
https://www.tarimorman.gov.tr/TAGEM/Belgeler/yayin/Meyve%20Zararl%C4%B1lar%C4%B1%20Standart%20%C4%B0la%C3%A7%20Deneme%20Metotlar%C4%B1.pdf
https://www.tarimorman.gov.tr/TAGEM/Belgeler/yayin/Meyve%20Zararl%C4%B1lar%C4%B1%20Standart%20%C4%B0la%C3%A7%20Deneme%20Metotlar%C4%B1.pdf
http://dx.doi.org/10.1002/ps.1421
http://dx.doi.org/10.1007/s00114-022-01788-8
http://dx.doi.org/10.7717/peerj.20226

Peer

Sevin¢ MS, Yaman B, Ozongun S, Altinsoy U, Yal¢in B, Yesilirmak M, Karatag N,
Ndayiragije JC, Ozek T, Cevik H, Mor B, Karaca 1. 2023. The effects of mating-
inhibiting pheromone diffusers on control of codling moth [Cydia pomonella L.]
(Lep.: Tortricidae) in apple orchards in the lakes region. Fruit Science 10(2):209-215
(in Turkish) DOI 10.51532/meyve.1367991.

Skinner RC, Gigliotti JC, Ku KM, Tou JC. 2018. A comprehensive analysis of the
composition, health benefits, and safety of apple pomace. Nutrition Reviews
76(12):893-909 DOI 10.1093/nutrit/nuy033.

Soleno J, Anguiano OL, Cichon LB, Garrido SA, Montagna CM. 2012. Geographic
variability in response to azinphos-methyl in field-collected populations of Cydia
pomonella (Lepidoptera: Tortricidae) from Argentina. Pest Management Science
68(11):1451-1457 DOT 10.1002/ps.3327.

Sumedrea M, Marin FC, Calinescu M, Sumedrea D, Iorgu A. 2015. Researches re-
garding the use of mating disruption pheromones in control of apple codling
moth-Cydia pomonella L. Agriculture and Agricultural Science Procedia 6:171-178
DOI 10.1016/j.aaspro.2015.08.055.

Ulash B, Can F. 2024. Determination of the population density of Cydia pomonella
(L.) (Lepidoptera: Tortricidae) in apple orchards in Hatay province. Mustafa
Kemal University Journal of Agricultural Sciences 29(2):334-342 (in Turkish)

DOI 10.37908/mkutbd.1391324.

Walker JTS, Lo PL, Horner RM, Park NM, Hughes JG, Fraser TM. 2013. Codling moth
(Cydia pomonella) mating disruption outcomes in apple orchards. New Zealand
Plant Protection 66:259-263 DOI 10.30843/nzpp.2013.66.5642.

Wan F, Yin C, Tang R, Chen M, Wu Q, Huang C, Qian W, Rota-Stabelli O, Yang N,
Wang S, Wang G, Zhang G, Guo J, GuL, Chen L, Xing L, Xi Y, Liu F, Lin K, Guo M,
Liu W, He K, Tian R, Jacquin-Joly E, Franck P, Siegwart M, Ometto L, Anfora G,
Blaxter M, Meslin C, Nguyen P, Dalikova M, Marec F, Olivares J, Maugin S, Shen
J, LiuJ, Guo J, Luo J, Liu B, Fan W, Feng L, Zhao X, Peng X, Wang K, Liu L, Zhan
H, Liu W, Shi G, Jiang C, Jin J, Xian X, Lu S, Ye M, Li M, Yang M, Xiong R, Walters
JR, Li F. 2019. A chromosome-level genome assembly of Cydia pomonella provides
insights into chemical ecology and insecticide resistance. Nature Communications
10(1):4237 DOI 10.1038/s41467-019-12175-9.

Wang Y, Wei ZH, Gao P, Li YT, Lv YT, Yang XQ. 2025. Reconstruction and prediction
of invasive cydia pomonella population dynamics: a laboratory study. Journal of
Applied Entomology 149(2):157-164 DOI 10.1111/jen.13368.

Welter SC, Pickel C, Millar J, Cave F, Van Steenwyk RA, Dunley J. 2005. Pheromone
mating disruption offers selective management options for key pests. California
Agriculture 59(1):16-22 DOI 10.3733/ca.v059n01p16.

Williamson ER, Folwell RJ, Knight A, Howell JE. 1996. Economics of employing
pheromones for mating disruption of the codling moth, Carpocapsa pomonella. Crop
Protection 15(5):473-477 DOI 10.1016/0261-2194(96)00013-0.

Kutalmis and Ogiir (2025), PeerJ, DOI 10.7717/peerj.20226 21/22


https://peerj.com
http://dx.doi.org/10.51532/meyve.1367991
http://dx.doi.org/10.1093/nutrit/nuy033
http://dx.doi.org/10.1002/ps.3327
http://dx.doi.org/10.1016/j.aaspro.2015.08.055
http://dx.doi.org/10.37908/mkutbd.1391324
http://dx.doi.org/10.30843/nzpp.2013.66.5642
http://dx.doi.org/10.1038/s41467-019-12175-9
http://dx.doi.org/10.1111/jen.13368
http://dx.doi.org/10.3733/ca.v059n01p16
http://dx.doi.org/10.1016/0261-2194(96)00013-0
http://dx.doi.org/10.7717/peerj.20226

Peer

Witzgall P, Stelinski L, Gut L, Thomson D. 2008. Codling moth management and
chemical ecology. Annual Review of Entomology 53(1):503—522
DOI 10.1146/annurev.ento.53.103106.093323.

Yesilirmak M, Ay R. 2023. Insecticide resistance and mechanisms in Cydia pomonella (L):
global status. Turkish Journal of Science and Engineering 5(1):54—61 (in Turkish)
DOI 10.55979/tjse.1252173.

Yesilirmak MM, Cevik B, Ay R. 2025. Investigation of resistance ratios and resistance
mechanisms of Cydia pomonella (L.)(lepidoptera: Tortricidae) populations collected
from apple orchards in Isparta (Tiirkiye) against some insecticides. Crop Protection
187:106986 DOI 10.1016/j.cropro.2024.106986.

ZhuX, Xu G, Jin W, GuY, Huang X, Ge L. 2021. Apple or apple polyphenol
consumption improves cardiovascular disease risk factors: a systematic review
and meta-analysis. Reviews in Cardiovascular Medicine 22(3):835-843
DOI10.31083/j.rcm2203089.

Kutalmis and Ogiir (2025), PeerJ, DOI 10.7717/peerj.20226 22/22


https://peerj.com
http://dx.doi.org/10.1146/annurev.ento.53.103106.093323
http://dx.doi.org/10.55979/tjse.1252173
http://dx.doi.org/10.1016/j.cropro.2024.106986
http://dx.doi.org/10.31083/j.rcm2203089
http://dx.doi.org/10.7717/peerj.20226

