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The study was conducted to determine population development and infestation
rates of codling moth (Cydia pomonella (L.) (Lep.: Tortricidae) in Selguklu,
Meram and Karatay districts in Konya Province. During 2017-2018, two apple
orchards were selected from each district. Pheromone traps were used to moni-
tor adult population development and infestation rates by counting weekly
infested and not-infested apple fruits after fruit set stage of tree. Study results
revealed that, in all districts, adult population peaks were observed four and
three times in 2017 and 2018 in each year, respectively. It was determined that,
codling moth might produce two-three generation depending on years and
climate conditions, in Konya province.. Flight period of codling moth adults, in
orchards, started in thr second week of May and lasted at the end of October.
Infestation rates were calculated for 2017 and 2018 in Selcuklu district 10.5%
and 16.45%, in Meram district 21.3% and 30.15%; and in Karatay district
20.5% and 33.9%, respectively.
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1. Introduction

Apple is a commonly consumed fruit because of
high antioxidant content and source of important nutri-
ents and vitamins, as well as good taste. For this reason
apple fruit is in demand at much higher than other
temperate climate fruit species. Apple has found a wide
range of ecological suitability of cultivation areas in
Turkey. Most part of these produced apple fruits are
consumed as a fresh in the local markets, and other
parts used for fruit juice, fruit concentrate and so on as
raw a material in industry (Tasci, 2017).

The homeland of the apple extends to the South
Caucasus, including Anatolia, among temperate cli-
mate fruit species and the culture dates back to the
early centuries. Apple, which has the ability to adapt to
different ecologies, showed a wide spread in the world.
Today, apple production accounts for approximately
12% of the total fruit production in the world, and gets
second place after banana (Tasc1, 2017).

* Corresponding author email : ulevent@selcuk.edu.tr

Turkey is one of the most important apple producer
countries in the world. Although the place in the rank-
ing varies from year to year, Turkey finds its place
among the top five countries in the world in terms of
apple production area and amount. Apple production
area in Turkey was 173.393,5 ha in 2018, from which
Nigde Province took first place with its 23.409 ha,
Isparta province took second place with 22.813 ha and
Karaman District took third place with 19.556 ha area
of production (TUIK, 2018).

Controlling diseases and pests is one of the main
important problems during fruit growing. Among apple
pests, codling moth has great importance for apple
trees. Its larvae damage directly occurs on fruits, and
larvae make galleries in the fruit through mesocarp and
seeds. The wounds caused by codling moth lead to fruit
rot. Thus, infested fruits fall to the ground; if the fruits
can remain hung on the trees they lost the quality and
guantity, therefore, the value of fruits in the market
decreases. The damage of this pest may reach up to
60% or even 100% without controlling actions. Cod-
ling moth distributed in all apple growing areas in
Turkey (Anonymous, 1995).
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Codling moth control methods mostly based on
chemical control such as using wide spectrum insecti-
cides, in the world as well as in Turkey. But recent
studies have focused on biological and biotechnical
control methods due to the known negative effects of
chemical insecticides (Bulut and Kilinger 1989). Sexu-
al attraction pheromone traps are one of the methods of
biotechnical control and have used mostly for monitor-
ing specific pest species. These traps are used against
many pest species around the world and in Turkey
(Onder, 1987; Layik and Kismali, 1994; Hepdurgun et
al., 1996; Kilig et al., 1999; Kutinkova et al., 2009;
Knight, 2010; Kakar et al., 2015).

When researches are examined from the open ac-
cess literature on this topic, Cydia pomonella popula-
tion development have been studied in Egirdir district
by Isci (2008), in Sanlwrfa province by Mamay and
Yanik (2013), in Elazig province by Ayaz and Yiicel
(2010) and in Beysehir (Konya) district by Celik ve
Unlii (2017) in apple orchards. Hantas et al. (2014),
also tested pheromone traps against codling moth in
quince orchard in Marmara region.

The aim of this study was to investigate adult popu-

Table 1
Characteristics of the apple orchards of the study site

lation development, infestation rates and some other
biological properties of codling moth in apple orchards
in central districts of Konya province.

2. Materials and Methods

The basic materials of this research were apple or-
chards located in Selguklu, Meram and Karatay dis-
tricts in Konya province and codling moth population
in these orchards. Delta type pheromone traps were
used to determine population development of codling
moth. In all traps, sticky trays were used for catching
and counting and species specific pheromone capsule
(1,5 mg E.E-8.10-dodecadien-1-ol) for attract codling
moth males to the traps. All orchards coordinates were
obtained using a GPS device.

Selecting Trial Orchards

Two apple orchards were selected from Selcuklu,
Meram and Karatay districts representing three central
districts of Konya province. All orchards were at least
0.5 hectare in size and there was a interval of at least
one kilometer between each orchards.

. Variety Tree .

Size (ha) Orchard Age Number Coordinates
Fuji, Gala, Starking, 38°09'51.9"N
Seleuklu Calt 2 12 Golden 1450 32°2621.2"E
¢ Kamniis A 1 Golden, Red Chif 240 38°0320.6"N
P Braeburn 32°50'58.6"E
Hatip 15 7 Starking, Golden 1500 ESoEaio

Meram . . ’
- Arjantin, Altin ¢ekirdek, 37°46'38.7"N
Kozagag 5 8 : Gala ¢ 240 32924'35.1"E
.. . 37°49'19.8"N
Karatay Karaaslanl 5 17 Fuji, Gala, Starking 100 3293235 5"F
Karaaslan2 7 6 Arjantln,G%?L%nStarkmg, 500 g;ég‘;gig

Determination of Codling Moth Population Develop-
ment

Researches on to monitore C. pomonella adult pop-
ulation development and infestation rates carried out in
the same orchards in both 2017 and 2018 years, in
Selguklu, Meram and Karatay districts. Two phero-
mone traps placed in each orchard on 1 May in 2017
and 8 May in 2018 to monitor population development.
The traps were hung at 1.5-2 m high from the ground
in the south direction of the trees and in the direction of
the dominant wind. Trap visits were performed twice a
week until the first adult was captured, and once a
week after the first adult was captured, the number of
captured adults was recorded. The pheromone capsules
of the traps were replaced every six weeks and old
capsules were removed from the orchards. The sticky
trays in the traps were replaced with new ones as need-
ed depending on the loss of the adhesive layer.

Determination of Infestation Rates of Codling Moth

In order to determine the infestation rate of codling
moth, the counting was started from the moment of the
fruits were damaged in the sampling apple orchards. In
all the orchards in which the study was conducted, to
determine the number of infested fruits in 100 fruits
which were randomly selected five trees from different
parts from apple trees to represent the orchard every
week. Infestation rates of codling moth in the apple
orchards has been calculated by using mean of the
infested fruits, which are counted each week on a
regular basis.

3. Results and Discussion

The study conducted to determine the population
development and the level of infestation of the codling
moth revealed that the pest was found intensively and
caused damage on apples in Konya province.

Codling Moth Population Development
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In order to determine the population development
of the codling moth, sexually attraction traps were
hung in six different orchards in the first week of May
when the average temperature reached 13°C. Figure 1

shows the development of adult population of the pest
in Selguklu district (Calti and Campus orchards) in

2017 and 2018.
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Figure 1

Population development of Cydia pomonella in Selcuklu in 2017-2018.

In 2017, the codling moth adults first captured by
pheromone traps on 5 May in Calti. Codling moth
formed four peaks in the season. The peak number of
adults in pheromone traps, per week, was 11 on May
18, 8 on June 8, 20 on July 27 and 18 on August 17.
The last adults captured by traps were observed on
September 28. In 2018, the codling moth adults first
captured by traps on 11 May in Calti. The pest formed
three peaks in the season. The peak number of adults in
pheromone traps per week was 5 on May 25, 12 on
June 22, 33 on August 10 (Figure 1).

Population development of Cydia pomonella in the
campus orchard was shown in Figure 1. In 2017, Cydia
pomonella adults first captured on 8 May and formed
four peaks. The peak number of adults in pheromone
traps per week was 12 on May 11, 10 on June 8, 21 on

July 20 and 8 on August 17. The last capture date of
adults by traps was September 21. In 2018, Cydia po-
monella adults first captured on 12 May and formed
four times the peak. The peak number of adults in
pheromone traps per week was 12 on May 25, 9 on
June 15, 5 on August 3 and 11 on August 24.

The total number of adults caught in pheromone
traps decreased in 2018 compared to 2017. In the two
orchards where the study was carried out in Selguklu
district, the first adult capture of pheromone traps was
recorded in the second week of May. The last adults in
the traps were seen on September 28 in Calt1 and on
September 21 in Campus (Figure 1).Figure 2 shows
population development of Cydia pomonella in Meram
district (Kozaga¢ and Hatip orchards) in 2017 and

2018.
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Population development of Cydia pomonella in Meram in 2017-2018.

Cydia pomonella adults were first captured in the
traps in Hatip orchard on May 9 in 2017. The pest had
four peaks in the season. The peak number of adults in
traps per week was 68 on May 15, 36 on May 29, 68 on
July 24 and 14 on September 11. However, in 2018 the
first captures was detected on May 9, and peak number
of adults in traps per week was 27 on May 29 and 8 on
August 28, with two peak in the season.

In Kozagag orchard, the first adults captured in the
traps on May 9 in 2017. Codling moth had four peaks
in the season. The peak number of adults in traps per
week was 45 on May 15, 15 on July 24, 30 on August
14 and 23 on August 28. But in 2018, first adults cap-

tured on May 16. The peak number of adults in traps
per week was 7 on May 29 and 8 on September 4, with
only two time peak in the season in Kozaga¢ orchard

(Figure 2).

The first adult capture in traps was recorded in the

second week of May in both orchards in Meram district

in 2017 and 2018. The last capture of adults was rec-
orded on October 16 in 2017, but in 2018, the last cap-
ture of adults was in Hatip orchard on October 16 and
in Kozagac orchard on September 18.

Figure 3 shows population development of Cydia
pomonella in Karatay district (Karaaslan 1 and
Karaaslan 2 orchards) in 2017 and 2018.
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Figure 3

Population development of Cydia pomonella in Karatay in 2017-2018

In Karaaslan 1 orchard, the first adults captured in
the traps on May 10 in 2017. Codling moth had four
peaks in the season. The peak number of adults in traps
rep week was 48 on May 16, 40 on July 4, 108 on July
25 and 47 on August 29. The last capture date was
October 13. In 2018, first adults captured on May 12 in
traps. The peak number of adults in traps per week was

7 on May 23, 7 on June 20, 11 on August 1 and 26 on
August 29, with four peaks in the season (Figure 3).

In Karaaslan 2 orchard, adult moths were first cap-
tured in the traps on May 10 in 2017. The pest had four
peaks in the season. The highest number of adults in
traps per week was 16 on May 14, 24 on June 13, 41 on
July 4 and 11 on September 19. The last capture of
adults was detected on October 17. In 2018, first adults
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captured on May 12 in traps. The peak number of
adults in traps per week was 8 on May 23, 13 on June
22, 11 on August 1 and 41 on August 22, with four
time peak in the season (Figure 3).

The first adult capture in traps was recorded in the
second week of May in both orchards in Karatay dis-
trict and the last capture of adults was recorded on
October 17.

In the study, it was determined that codling moth
has two-three generation per year. Also, it has been
detected that population peaks was four times in 2017
and three times in 2018. The first emergence of the
Cydia pomonella adults was seen in mid-May and was
active for five months in nature. Ozbek et al. (1995),
has been reported that codling moth is the most im-
portant apple pests and has two-three generation per
year depending to the region in our country. Aydar et
al. (2007), has been stated that population densities of
codling moth were very high in Egirdir (Isparta) dis-
trict. Ayaz and Yiicel (2010) also noted codling moth
first emergence on May 10 in Elazig province.

Mamay and Yanik (2013) determined adult popula-
tion of codling moth in Sanlwrfa province. According
to their results codling moth has three generation and
four evident peaks (May, June, July and September) in
the season and its active flight period in nature was
determined for at least five months. Celik and Unlii
(2017) also reported two-three generation and two and
three population peaks of codling moth depending on
the climate conditions in Beysehir (Konya) district.
Hantas et al. (2014) stated that codling moth first
emergence was seen on April 21 and produced four
generations in the season in quince orchard.

Infestation Rates of Codling Moth

It is also important to estimate the infestation rate to
determine the damage caused by the codling moth in
the orchards. The infestation ratio of the codling moth
in apples fruits indicates the financial loss of producers.
Infestation rates of Cydia pomonella in 2017-2018
years is given in Table 2.

Table 2
Cydia pomonella infestation rate in Konya in 2017-2018 (%)
Selguklu Meram Karatay
Years Kampiis Calt1 Hatip Kozagac Karaaslan 1 Karaaslan 2
2017 10.50 6.25 36.10 6.50 36.10 4.90
2018 18.90 14.00 35.10 25.20 20.30 13.60

In 2017, in the Campus orchard, the infestation
rates changed between 7% and 16% throughout the
year and the average was 10.5%. While the infestation
rate in Calt1 was low, apples were harvested from Sep-
tember 7 due to the damage of the hail on the apples in
the orchard by 90%. In 2018, in the campus orchard C.
pomonella’s infestation in fruits was 10% in July and
increased gradually to 27% by the end of September.
The average number of infestations in fruits was
18.9%. In Calt1, infestation rate was 14% in 2018.

In 2017, the rate of infestation in fruits was found
to be 36.1% in Hatip orchard and 5% on August and
9% on September in Kozagag orchard. Infestation rate
in Karaaslan 1, which had higher in population density
compared to other orchards, was found as 36.1% in
2017 and in Karaaslan 2, which had low in population
density compared to other orchards, was found as
4.9%.

In 2018, there was no significant change in terms of
infestation level compared to the previous year in Hatip
orchard and the infestation rate was 35.1%. In Kozagag
orchard, whilst low population density infestation rate
was high as 25.2% in 2018. Infestation rate increased
after mid-August in Karaaslan 1 orchard and was
20.3% in 2018. Karaaslan 2 orchard infestation rate
was 13.6% and increased comparing previous year in
2018.

It was determined that the second generation in late
August has more effect on infesting fruits by looking at

the population density and infestation rates determined
in the study.

In 2017, the population of the pest in Campus or-
chard was higher comparing to 2018, however, the rate
of infestation was higher in 2018, the first year of the
study there was spraying at the visit date by the Minis-
try of Agriculture. In the second year, no spraying was
carried out.

Population density of the pest in Calt1 orchard was
higher in 2017 than 2018. However, in 2017 the eco-
nomic value of apple fruits was very low due to the hail
damage and early harvest. In 2018, five days after the
warning dates of the agricultural district directorate
were applied. Despite, five time insecticides has been
applied during the season, but rate of infestation is still
high, this may be due to the use of the same insecti-
cides for six years. It can be guessed that the pest has
developed resistance against this active ingredient.

In Hatip orchard, insecticides applied twice in
2017, but after spraying there was rainfall and the pro-
ducer did not apply any more spraying after rainfall. In
2018 no spraying was carried out. This indicated that
the farmer had experience that a very high financial
loss when the insecticides was not applied against
codling moth. Spraying five times in 2017 has in-
creased considerably the chance of success against the
pest in Kozagag and infestation level was 6.5%. But, in
2018 there was no spraying and because of this infesta-



50

Aydogan and Unlii / Selcuk J Agr Food Sci, (2019) 33 (1), 45-51

tion level was 25.2%. This indicates importance of
spraying on time against codling moth.

In Karaaslan 1, without spraying in 2017 in the or-
chard the infestation rate was 36.1%, but in 2018, the
infestation rate has little decreased due to spraying two
times. But spraying dates was randomly on June 17 and
July 27. In Karaaslan 2, four times spraying carried out
in the orchard and farmer considered to the time of
spraying. Therefore, the least infestation in Karaaslan 2
orchard compared to other orchards, indicating that it is
necessary to apply spraying according to the time of
control.

For the year 2018, three sprayings were carried out
according to the ministry of agriculture stated spraying
times. However, the fourth treatment, which was not
carried out in August, indicated that the infestation rate
of the codling moth increased.

In the study, it was observed that the infestation rate
of codling moth in apple orchards in the Selguklu,
Meram and Karatay districts of Konya province
changed between 5-40% in the first observation and in
September it was seen between 4-43% in 2017. In the
second year of the study, infestation rate was between
5-25% in July and 19-51% in October. Celik and Unlii
(2017) reported infestation rates from orchard in
Beysehir (Konya) district in 2014-2015 year, which
were 4-5% at the beginning of the first year and in-
creased to 26-27% at the end of August, while in the
second year adult numbers were between 4-7%.

During the study it was noticed that the reason for
the increase of infestation rate in late season was
caused by the second generation of codling moth. Isci
(2008), stated that the early apple varieties affected
only by the first generation of pest, remaining 35-50%
infestation, and the mid-late or late apple varieties
affected more by the second generation of pest and
damage increased to 80%, with the advance of the
harvest timefrom the apple orchard in Egirdir Horticul-
tural Research Institute,. Ozbek et al. (1995), reported
that, codling moth damage might reach up to 100% in
some years and codling moth choose as a host not only
apple, but quince, peach, walnut, plum, pear and apri-
cot trees. Aydar et al. (2007) reported that the infesta-
tion rate was reached to 74.15% in the control plot
without chemical application in Egirdir (Isparta) dis-
trict conditions. Kuyulu and Geng (2018), found the
level of codling moth infestation between 5% and 95%,
in their study on the spread of codling moth in apple
orchards in Canakkale province

4, Conclusion

In this study, which aimed to determine codling
moth population development and infestation rates in
apple orchards in Selguklu, Meram and Karatay dis-
tricts of Konya province, it was found that codling
moth emerged in the second week of May. The popula-
tion peaks of codling moth were three-four times in the
season depending on the weather conditions. Based on

the result of this study, we state that codling moth can
produce two-three generation per year depending on
climatic conditions of the season. Codling moth started
to emerge and captured in traps from the second week
of May and this continued until the end of October.
Therefore, codling moth has active flight period for
five months in a year in central districts condition of
Konya province.

With increasing temperatures, the population of
codling moth reaches its peak in July-August. In this
month, due to the rising population, the rate of infesta-
tion was increased towards the end of the season. In the
apple orchards where the study was conducted, the
average infestation was in 2017 and 2018 in Selguklu
10.5% and 16.45%; in Meram 21.3% and 30.15%; and
in Karatay 20.5% and 33.9%, respectively.

In some orchards in which the study was carried
out, no spraying was applied and in others the lack of
spraying at the appropriate time caused the infestation
level to occur high. It was observed that the chemical
application against the codling moth is very important
and the application should be applied on time.

The establishment of pheromone traps for codling
moth at the beginning of May will ensure both the
decreasing of the pest population density and the de-
termination of the spraying times in Konya province
conditions. It is known how important the timing of
spraying is and how important to use pheromone traps
because the pest enters into the fruits in a short time
after the egg hatching.

For a long time, farmers couldn’t obtain effective
results with the chemical control because of random
time of insecticides application. Appropriate time of
spraying economically will remove a significant load
from the farmers if they apply according to the changes
in the population of the codling moth. It also helps to
success spraying against codling moth. For this reason,
it is important for farmers to apply sprayings properly
announcements by official institutions.
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