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The intensification of agricultural production has led to a substantial increase in pesticide use
worldwide, raising growing concerns regarding environmental sustainability, ecosystem integrity,
and potential risks to human health. In this context, evaluating national and regional pesticide
consumption patterns is essential for understanding spatial usage dynamics and supporting
evidence-based agricultural policy. This study investigates pesticide consumption in Tiirkiye at both
national and provincial levels, with a particular focus on Aydin Province, one of the country’s major
agricultural production centers. Official statistical datasets were examined to analyze the
distribution of major pesticide groups, including herbicides, fungicides and bactericides,
insecticides, rodenticides, and other pesticide categories. The findings reveal marked inter-
provincial variability in pesticide consumption across Tiirkiye. Provinces characterized by intensive
agricultural production and high crop diversity tend to exhibit elevated consumption levels in
multiple pesticide classes. Within this framework, Aydm stands out as one of the leading provinces
in overall pesticide usage. The province ranks prominently in herbicide and insecticide consumption
and is positioned among the top provinces in several additional pesticide categories, reflecting the
diversity and intensity of agricultural activities in the region. Although the data analyzed in this
study represent absolute consumption quantities rather than area-normalized application rates, the
results provide valuable insight into regional distribution patterns and relative usage magnitudes.
The absence of normalization by cultivated land area or production intensity is acknowledged as a
limitation; however, the descriptive evaluation contributes to identifying provinces where pesticide
use is comparatively concentrated. Overall, this study enhances understanding of the spatial
distribution of pesticide consumption in Tiirkiye and provides a foundational framework for future
research integrating land-use intensity, environmental exposure indicators, and risk-based
assessment models to support sustainable agricultural management strategies.
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Introduction

Tiirkiye possesses substantial potential in the
production of cotton, cereals, maize, fruits, and vegetables
owing to its climatic diversity and extensive fertile
agricultural lands. The Aegean Region, in particular,
occupies a strategic position within national agriculture
due to its high production capacity and wide range of
cultivated crops. Within this regional context, Aydin
province stands out as one of the leading agricultural
centers. Agricultural activities in the province are
predominantly focused on cotton production, along with
cereals, industrial crops, viticulture, and open-field
vegetable cultivation (Bakirc et al., 2014; Burdur & Atay,
2018; Soydan et al., 2021; Karakas & Kaya, 2025).

The increasing population, evolving consumption
patterns, and growing pressure to enhance agricultural
productivity have made the control of harmful organisms

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0).

in crop production unavoidable. Although integrated pest
management and sustainable agricultural practices have
become more widespread in recent years, chemical
pesticides continue to be one of the main components of
plant protection strategies both globally and in Tiirkiye.
Consequently, the amount and diversity of pesticide use
have increased, bringing along potential risks to
environmental integrity and human health (Katip, 2019;
Dogan & Karpuzcu, 2019; Topal & Onac, 2020).

Recent studies indicate that pesticide application varies
considerably among different crop groups. Insecticides are
reported to be used intensively in cotton, vegetable, and
fruit production; fungicides are particularly prominent in
vineyards as well as in vegetable and fruit cultivation;
while herbicides are widely preferred in large-scale
agricultural systems, especially cereal farming. This

2727


https://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

Soysal / Turkish Journal of Agriculture - Food Science and Technology, 14(9): 2727-2737, 2026

distribution pattern is closely associated not only with
crop-specific pest and disease pressures but also with
regional production structures and agricultural practices
(Mitran et al., 2018; Tudi et al., 2021; Hedlund et al., 2020;
Nitzko, 2024; Ahmadi et al., 2024).

An examination of the regional distribution of pesticide
consumption in Tiirkiye reveals that Southwestern and
Western Anatolia are among the most prominent areas.
Provinces located in these regions exhibit higher pesticide
usage due to intensive agricultural activities and export-
oriented production systems. Aydin province represents a
notable example in this regard, given its significant
contribution to the production of cotton, figs, olives, and
vegetables. However, the increasing reliance on pesticides
raises concerns related to residue accumulation in soil and
water resources, pressures on biodiversity, and potential
risks to food safety (Magiko¢ & Censur, 2022; Kula &
Goktas, 2024).

Although numerous studies have addressed pesticide
use at global and national scales, the limited number of
detailed comparative analyses conducted at the regional
level constitutes the main originality of the present study.
The aim of this research is to provide a scientific basis for
sustainable pesticide management by conducting a
quantitative and qualitative comparison of pesticide use at
the global level, across Tiirkiye, and specifically within
Aydin province.

Methodology for Literature Selection

In this study, major academic databases including
Google Scholar, Web of Science, and Scopus were utilized
to conduct a systematic examination of the existing
literature. The wuse of these databases enabled a
comprehensive quantitative and descriptive assessment.
The literature review focused on a five-year period
covering 2020 to 2025, during which advancements and
application areas related to the relevant practices were
thoroughly analyzed. To address the predefined research
questions, the literature search was carried out using a set
of specific keywords and their various combinations. In
this context, search strings such as “pesticide
consumption” AND “agricultural production” AND “FAO
data” AND “global trends” OR “pesticide use” AND
“Turkey” AND “Aydm” AND “Biiyiikk Menderes Basin”
AND “agricultural pesticides” AND “environmental
impact” were employed. The Google Scholar database
identified more than 2000 academic publications related to
the subject, from which 250 studies meeting the established
inclusion criteria were selected for detailed analysis.

A hybrid methodological framework combining
systematic review and bibliometric analysis was employed
to enhance the transparency and analytical depth of the
selection process. Inclusion criteria were restricted to peer-
reviewed articles published between 2020 and 2025 that
provided quantitative insights into pesticide usage and
environmental impacts. Bibliometric filters such as citation
relevance, keyword co-occurrence, and subject area
classification were additionally applied. Studies were
excluded if they lacked empirical data, were not indexed in
major databases, or relevance thresholds.

The selection process was iteratively refined to ensure
both thematic relevance and analytical robustness.

Only primary literature sources were considered within
the scope of this research.

Crop-Specific Pesticide Use Patterns and Analytical
Approaches in Aydin Province

Plant protection products, which are extensively
employed to maximize agricultural productivity and ensure
the continuity of food supply security, constitute
indispensable inputs of modern agricultural systems.
Pesticides, encompassing  herbicides, insecticides,
fungicides, rodenticides, and other plant protection agents,
provide high efficiency in suppressing harmful organisms.
However, these compounds exhibit considerable
variability in terms of their environmental fate, persistence
characteristics, and ecotoxicological profiles. In particular,
the long-term persistence of pesticides in environmental
compartments, their potential for transport among biotic
and abiotic components, and their acute and chronic toxic
effects on non-target organisms render these substances
critical pollutants from both environmental and public
health perspectives on a global scale. Excessive,
inappropriate, or uncontrolled application of pesticides in
agricultural practices may lead to residue accumulation in
soil and aquatic ecosystems, reductions in biodiversity, and
increased health risks associated with human exposure. In
this context, the comprehensive qualitative and
quantitative evaluation of pesticide usage patterns based on
crop groups, regional production structures, and chemical
properties is considered scientifically essential for the
development of sustainable agricultural strategies and the
effective management of environmental risks (Tudi et al.,
2021; Hedlund et al., 2020; Wendt & Weinrich, 2024; Kim
et al., 2025).

Globally, agrochemicals, particularly pesticides, are
used at the scale of millions of tons as an integral
component of contemporary agricultural production.
According to statistics reported by the Food and
Agriculture Organization of the United Nations (FAO), the
total amount of pesticides applied worldwide in
agricultural production reached approximately 3.74
million tons of active ingredients in 2023. Although this
figure indicates a slight decline compared with the previous
year, the long-term trend demonstrates a general increase
in pesticide usage. Furthermore, FAO data indicate that the
global average pesticide application rate per unit
agricultural land was approximately 2.40 kg/ha in the same
year. These findings highlight that, despite regional
variations in application intensity, pesticide use has
become widespread across agricultural systems worldwide
(FAO, 2026).

Pesticide consumption in Tiirkiye has also reached
considerable levels as of 2023, and national statistical
records clearly reflect this trend. According to official data,
the total amount of plant protection products used in
agricultural production in Tirkiye reached approximately
57.8 thousand tons 57.8 tons in 2023, representing an
increase compared to previous years. The pesticide
application rate per hectare in Tiirkiye (ranked 88th
globally) is generally comparable to the global average;
however, regional differences may result in higher usage
intensities in certain areas. Moreover, the distribution of
pesticide consumption varies substantially among different
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classes of active ingredients, with fungicides, herbicides,
and insecticides constituting major proportions of overall
use (Food and Agriculture Organization of the United
Nations, 2026) (FAO, 2026).

According to the Provincial Plant Protection Products
Usage Report published by the Ministry of Agriculture and
Forestry for the year 2023, the total quantity of pesticides
applied in agricultural production across Tiirkiye was
recorded as approximately 57.8 thousand tons 57.8 tons.
This amount includes insecticides, fungicides, herbicides,
acaricides, and other plant protection agents. Provincial-
level official statistics indicate that the highest pesticide
consumption was observed in major agricultural
production centers such as Antalya (4.4 thousand tons) (4.4
tons), Manisa (4.2 thousand tons) (4.2 tons), and Mersin
(4.1 thousand tons) (4.1 tons). Based on the same report,
the total pesticide usage in Aydin Province was estimated
at approximately 2.0 thousand tons 2.0 tons. Although this
figure is lower than that reported for provinces such as
Izmir and Konya, it indicates that Aydin is among the
moderately high pesticide-consuming provinces in
Tiirkiye. These numerical data from ministerial statistics
further demonstrate that Aydin occupies a relatively
prominent position in national pesticide usage and that
pesticide applications constitute a significant component of
agricultural practices across its extensive cultivated lands
(Tarim ve Orman Bakanligt, 2023).

Pesticides used in agricultural production are generally
classified according to their target organisms and intended
applications, including insecticides, herbicides, fungicides
and bactericides, rodenticides, and other pesticide
categories. Variations in modes of action and application
purposes among these groups contribute to differences in
pesticide consumption patterns across countries.
Therefore, evaluating global pesticide usage data on the
basis of pesticide classifications enables more consistent
and transparent cross-country comparisons (Tudi et al.,
2021; Swathy et al., 2024; Wendt & Weinrich, 2024;
Lishchuk et al., 2024).

Within the scope of this study, country-specific data
related to agricultural pesticide consumption were obtained
from the Food and Agriculture Organization of the United
Nations (FAO) database using the most recently available
dataset, namely the 2023 records (Food and Agriculture
Organization of the United Nations, 2026) (FAO, 2026).
The dataset includes reported usage quantities for
insecticides, herbicides, fungicides and bactericides,
rodenticides, and other pesticide categories, together with
their proportional contributions to total global pesticide
consumption.

The table prepared accordingly presents country-level
agricultural pesticide usage data according to pesticide
classes using a descriptive analytical framework. Reported
values are presented without applying normalization
procedures based on cultivated area, crop patterns, or
population size. The relevant data are summarized.

The FAO dataset summarized in Table 1 presents the
global distribution of pesticide consumption across major
pesticide categories and enables a comparative assessment
of Tiirkiye’s position within this context.

The data show that Tiirkiye is ranked among the leading
countries particularly in herbicides, fungicides and

bactericides, and insecticides when evaluated in terms of
total consumption volume. Although the reported
quantities for rodenticides and other pesticide groups are
comparatively lower, Tiirkiye’s presence across multiple
categories reflects the diversified structure of pesticide use
in its agricultural production system. It should be
emphasized that the rankings are based solely on absolute
consumption amounts. Therefore, they indicate overall
volume rather than application intensity, area-adjusted
usage, or potential environmental and public health
impacts. A comparison with official statistics published by
the Ministry of Agriculture and Forestry of the Republic of
Tiirkiye for 2023 reveals general consistency with FAO-
reported data. Furthermore, the national dataset provides
information on the provincial distribution of pesticide use,
forming the analytical basis for the subsequent evaluation
of Aydim Province (Ozercan & Tasc1, 2022).

An examination of the data presented in Table 2
demonstrates that pesticide consumption in Tiirkiye varies
considerably across provinces, reflecting regional
differences in agricultural structure and production
intensity. Higher usage levels of herbicides, fungicides,
insecticides, rodenticides, and other pesticide groups are
generally observed in provinces characterized by
diversified and large-scale agricultural activities. This
spatial distribution underscores the close interaction
between pesticide consumption patterns, crop composition,
and agricultural production systems.

At the provincial level, Aydin emerges as one of the
leading provinces in terms of total pesticide consumption
across multiple categories. The province shows
particularly high rankings in herbicide and insecticide
usage and is also positioned among the top ten provinces
in rodenticides and other pesticide groups. The presence of
Aydm across several pesticide categories indicates the
widespread and diversified application of chemical inputs
within its agricultural landscape.

Nevertheless, it should be emphasized that the values
reported in the table represent absolute consumption
quantities. These figures are not normalized according to
cultivated land area, crop-specific application rates, or
usage intensity. Therefore, while the rankings illustrate the
magnitude of pesticide use, they do not provide a direct
measure of environmental pressure or comparative impact.
Such interpretations require further analysis incorporating
area-based or intensity-adjusted indicators.

To accurately interpret provincial pesticide usage data
within a spatial framework, it is necessary to evaluate the
historical background and agricultural production structure
of the Biiylik Menderes Basin, which encompasses Aydin
Province. The Biiyiik Menderes Basin represents one of the
most significant river systems in Western Anatolia that
discharges into the Aegean Sea and has served as a
continuous center of agricultural activity for thousands of
years. Archaeological evidence indicating early settlement
traces, including rock engravings located around the
Besparmak Mountains, together with the emergence of
permanent settlements during the Late Neolithic period,
highlights the basin’s long-standing agricultural
productivity supported by favorable soil and climatic
conditions.
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Table 1. Distribution of global pesticide consumption by category and Tiirkiye’s relative position according to FAOSTAT

data (2026).
Pesticide Category Country Value (ton) %
Brazil 492445 24.51
USA 371161 18.47
Argentina 249796 12.43
Australia 158617 7.89
China 94876 4.72
.. Canada 75165 3.74
Herbicides Indonesia 65377 3.25
Russia 43158 2.15
Viet Nam 33660 1.68
France 29906 1.49
Ecuador 15579 0.78
Tiirkiye 15509 0.77
Brazil 159744 20.52
China 59953 7.70
Viet Nam 45570 5.85
Indonesia 41368 5.31
.. .. Russia 35552 4.57
Fungicicdes and Bactericides France 26115 336
Italy 24342 3.13
Mexico 23812 3.06
Spain 23562 3.03
Tiirkiye 19551 2.51
Indonesia 171568 22.59
Brazil 127282 16.79
Viet Nam 81664 10.75
China 81664 10.75
Insecticides Pakis.tan 26702 3.52
India 20619 2.72
Tiirkiye 18619 2.45
Germany 16113 2.12
Russia 14272 1.88
Japan 13382 1.76
Indonesia 9788 55.92
Malaysia 3075 17.57
Nigeria 574 3.28
Kuwait 443 2.53
.. Libya 373 2.13
Rodenticides Russia 326 1.86
Zambia 310 1.77
Morocco 295 1.69
Tiirkiye 283 1.62
Cambodia 260 1.49
USA 36413 30.09
Brazil 12944 10.70
China 9821 8.12
Canada 9821 8.12
Philippines 4994 4.13
. Argentina 4854 4.01
Other pesticides nes Ecuador 4560 377
Spain 4053 3.35
Chile 3355 2.77
Russia 3283 2.71
Iran 2057 1.70
Tiirkiye 1914 1.58
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Table 2. Provincial distribution of pesticide consumption in Tiirkiye and the relative position of Aydin based on national
statistics.

Pesticide Category Country Value (ton) %

Adana 1291001 8.32

Konya 1024766 6.61

Edirne 840323 5.42

Izmir 794089 491

.. Tekirdag 762141 491
Herbicides Mersin 630030 4.06
Aydin 608534 3.92

Samsun 588672 3.80

Sanliurfa 534015 3.44

Antalya 533985 3.44
Manisa 3269328 16.67

Bursa 1532835 7.82

Adana 1150848 5.87

Antalya 1090712 5.56

Malatya 949152 4.84

Denizli 870627 4.44

Fungicicdes and Bactericides Edirne 686028 3.50
Konya 647986 3.30

[zmir 622151 3.17

Mersin 537540 2.74

Tekirdag 524050 2.67

Sanliurfa 516770 2.63

Aydm 503266 2.57
Mersin 1417232 11.50
Antalya 1388521 11.26
Adana 1273915 10.34

Sanliurfa 698267 5.66

Insecticides Diyarbakir 559263 4.54
Aydm 541798 4.40

Konya 531436 4.31

Izmir 517140 4.20

Manisa 396958 322

Edirne 369751 3.00
Ankara 92601 31.18

Antalya 15824 5.33

Samsun 15650 5.27

Konya 13388 4.51

.. Manisa 12998 4.38
Rodenticides Mersin 12325 415
Izmir 12235 4.12

Adana 10489 3.53

Aydin 9181 3.09

Isparta 8525 2.87
Mersin 1186853 17.16
Canakkale 986926 14.27
Antalya 984338 14.23
Adana 857793 12.40
Other pesticides nes iszla;z ;;g;zg 151.;‘213
Diyarbakir 313975 4.54

Nevsehir 261255 3.78

Hatay 224350 3.24

Aydm 168337 2.43
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The presence of cultural influences associated with
Hittite and Mycenaean civilizations during various
historical periods further supports the interpretation of the
region as a long-term agricultural supply center. This role
persists in the present day through the intensive cultivation
of economically valuable crops such as cotton, figs, and
olives. However, the increasing reliance on chemical
inputs in modern agricultural systems constitutes a
significant  pressure  factor affecting ecosystem
sustainability and water quality within the basin (Caner &
Engindeniz, 2021; Aslan & Armagan, 2024; Ersoy
Tonyaloglu & Kesgin Atak, 2024; Kir & Ozden, 2024;
Yilmaz & Cobanoglu, 2024).

The agricultural production profile of Aydin Province
is characterized by the predominance of high-value crops,
particularly cotton, olive, chestnut, artichoke, strawberry
and figs. The pesticide application regimes associated with
the phenological development stages of these crop groups
impose varying ecological pressures in terms of both
application volume and diversity of active ingredients.

Cotton is a strategic agricultural commodity cultivated
on approximately 32 million hectares worldwide and
requires high inputs of water, fertilizers, and plant
protection products. More than 70% of global production
is carried out by India, China, the United States, Pakistan,
and Brazil. According to projections for the 2024/25
season, global cotton production is expected to increase by
5-6.5% compared to the previous season, reaching a level
0f 25.3-25.9 million tonnes. Supply and price dynamics in
the global cotton market are directly influenced by climate
change, geopolitical developments (such as the Russia—
Ukraine war), and fluctuations in energy costs. In recent
years, droughts and flood events in countries such as the
United States and Pakistan have led to significant declines
in production. Tirkiye ranks sixth in global cotton
production and fourth in terms of lint yield per unit area. In
the 2022/23 season, driven by high price expectations,
cotton cultivation areas increased by 33%, reaching 573
thousand hectares; however, in the 2023/24 season, these
areas contracted by approximately 16—17% due to rising
input costs. Production is mainly concentrated in the
Southeastern Anatolia Project (GAP) Region (Sanlurfa
and Diyarbakir, 60-63%), the Aegean Region (Aydin and
Izmir), and the Cukurova Region (Hatay and Adana).
Aydin Province ranks third in cotton production at the
provincial level, with approximately 55% of its cultivation
areas located in the Soke Plain. “Soke Cotton” was
registered by the European Union on 11 September 2024,
becoming Tirkiye’s first cotton product to receive
geographical indication status. Although cotton farming in
the region relies on the irrigation opportunities provided by
the Biiyiilk Menderes River, water scarcity associated with
climate change and the risk of agricultural frost pose
significant threats; therefore, crop insurance and crop
diversification practices have become increasingly
widespread.

Aydin Province ranks third in cotton production at the
provincial level, with approximately 55% of its cultivation
areas located in the S6ke Plain, which represents one of the
most intensive agricultural zones within the Biiyiik
Menderes Basin. From the perspective of this study, the
high agricultural productivity and input dependency of this
region are directly associated with increased pesticide

application intensity and potential environmental loading.
Although cotton farming in the region relies on irrigation
provided by the Biiyiikk Menderes River, water scarcity
driven by climate change and the risk of agricultural frost
not only affect crop yield but also influence pest dynamics
and pesticide use patterns. Consequently, adaptive
strategies such as crop insurance, crop diversification, and
integrated pest management practices have become
increasingly important in mitigating both economic risks
and pesticide-related environmental impacts. Throughout
its growth cycle, the cotton plant is susceptible to attacks
by more than 1,300 pest species, and yield losses may reach
up to 80% if adequate control measures are not
implemented. Pesticides used in cotton cultivation in
Tiirkiye are based on products licensed by the Ministry of
Agriculture and Forestry. In chemical control practices,
various insecticide groups—primarily neonicotinoid and
pyrethroid classes—are used against sucking and chewing
pests. For the management of lepidopteran pests, synthetic
pyrethroids and other broad-spectrum insecticides are
commonly employed, while avermectin derivatives and
acaricides targeting mitochondrial respiration are preferred
against mite pests such as red spider mites. Weed control
is mainly achieved through the use of dinitroaniline and
chloroacetamide group herbicides applied during pre-
planting and post-emergence periods (Erincik, 2020; Lu et
al., 2021; Toscana-Miranda et al., 2022; Zhang et al., 2023;
Duran et al., 2024; Yerlikaya et al., 2024; Yiiksel et al.,
2024; Manju et al., 2025).

Olive (Olea europaea L.) is one of the most emblematic
agricultural crops of the Mediterranean climatic zone and
a long-lived cultivated species belonging to the Oleaceae
family. Both olive fruit and olive oil are rich in
monounsaturated fatty acids, phenolic compounds, and
antioxidant constituents, which confer well-documented
benefits for cardiovascular health and balanced nutrition
(Reyes et al., 2007; Almenar & Mesa, 2015; Gila et al.,
2024; Anagnostopoulos et al., 2025; Malhat et al., 2025;).
Turkey ranks among the leading olive-producing countries
worldwide, while Aydin province occupies a prominent
position in national production of both table olives and
olive oil (Sar1 & Kiilekei, 2024,). Favorable agro-climatic
conditions, extensive olive groves, and long-standing
cultivation practices have collectively established Aydin as
a major olive-growing region in Tiirkiye. In addition to its
domestic importance, olive and olive oil production
significantly contribute to regional export revenues.
Among the biotic stressors adversely affecting olive yield
and product quality, the olive fruit fly (Bactrocera oleae)
represents the most economically significant pest, causing
direct fruit damage and deterioration of oil quality. Olive
cultivation is also challenged by a range of additional
insect pests and fungal diseases, which may lead to
substantial yield losses if not effectively managed. To
mitigate these impacts, olive orchards are commonly
treated with plant protection products belonging to
insecticide, herbicide, and fungicide classes. According to
the literature, frequently applied herbicides in olive groves
include diuron, terbuthylazine, oxyfluorfen, and
diflufenican, whereas insecticides such as dimethoate,
phosmet, chlorpyrifos, deltamethrin, and lambda-
cyhalothrin are widely reported. Multiresidue analyses of
olive samples have demonstrated that these compounds are
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often detected as complex mixtures rather than as
individual residues. Binary combinations, particularly
lambda-cyhalothrin with cypermethrin, are among the
most commonly observed patterns, while ternary mixtures
involving  lambda-cyhalothrin,  cypermethrin, and
chlorpyrifos, as well as quaternary combinations including
profenofos, have also been documented. The extent to
which these residues transfer into olive oil varies
considerably and is largely governed by the
physicochemical properties of the active substances,
especially their lipophilicity, commonly expressed as the
logarithm of the octanol-water partition coefficient (log
Kow) (Tarim ve Orman Bakanhgi Aydm il Midiirliigii,
2019).

Chestnut (Castanea spp.) is a plant genus belonging to
the family Fagaceae and has gained economic and cultural
importance throughout history due to both its fruit and
timber. Its durable and long-lasting wood is widely used in
furniture and boat construction, while the fruit,
characterized by a high carbohydrate content, is regarded
as an important energy source in human nutrition.
Botanically, chestnut trees are long-lived species capable
of surviving for 500-1000 years and, under suitable
ecological conditions, can reach heights of up to 30 m with
large trunk diameters. Global chestnut production has
shown an increasing trend in recent years, with
approximately 2.5 million tons reported as of 2019. A
substantial proportion of global production is supplied by
China (73-77%), followed by Spain, Bolivia, and Tiirkiye
(Cheng et al., 2013; Zhou et al., 2018; Kim et al., 2022;
Arakawa & Kamio, 2023; Duangchinda et al., 2023;
Keszthelyi et al., 2023; Walczak et al., 2024;). Tiirkiye
ranks fourth worldwide, with an annual production of
approximately 70,000-80,000 tons, and production is
mainly concentrated in the Aegean, Marmara, and Black
Sea regions. Aydin province constitutes one of the
principal centers of chestnut production in Tirkiye,
accounting for approximately 30% of fruit-bearing
chestnut trees and 32-34% of total national output.
Production is primarily carried out in the districts of
Nazilli, Sultanhisar, and Kosk, particularly in mountainous
areas at altitudes of 700-1300 m and on north-facing
slopes. Chestnuts produced in this region, known as Aydin
Chestnut, received national geographical indication
registration in 2011 and European Union registration in
2020. In chestnut cultivation, biotic stress factors represent
the main constraints affecting yield and quality. Chestnut
blight caused by Cryphonectria parasitica and ink disease
caused by Phytophthora cambivora severely disrupt tree
physiology and lead to substantial yield losses. In addition,
the invasive chestnut gall wasp (Dryocosmus kuriphilus)
induces gall formation on shoots, significantly reducing
flowering and fruit set. Fruit-damaging species include
primarily Curculio elephas (Coleoptera: Curculionidae)
and specific Lepidoptera such as Cydia splendana and
Cydia fagiglandana, which are confirmed pests in Tiirkiye.
such as Curculio sikkimensis and Conogethes punctiferalis
directly impair product quality. To mitigate these biotic
threats, various chemical and biological control strategies
are applied in chestnut production. Commonly used
insecticides include diamide compounds (flubendiamide,
cyantraniliprole), spinosyns (spinetoram), neonicotinoids
(thiacloprid, imidacloprid), pyrethroids (cypermethrin,

deltamethrin), and insect growth regulators (diflubenzuron,
triflumuron). For the management of fungal diseases,
copper-based formulations as well as systemic fungicides
such as benomyl, captan, and carboxin are widely
employed. In addition, Bacillus thuringiensis var. kurstaki
and plant-derived extracts are considered environmentally
benign biopesticide alternatives.

Artichoke (Cynara scolymus L.) is an important
perennial vegetable species belonging to the family
Asteraceae and native to the Mediterranean Basin. Owing
to its high antioxidant capacity and hepatoprotective
properties, it has historically been used for both nutritional
and medicinal purposes and is currently regarded as a high
value-added agricultural product. Due to its specific
climatic requirements, artichoke cultivation is limited to a
relatively small number of regions worldwide. As of 2022,
global artichoke production reached approximately 1.59
million metric tons, with commercial cultivation carried
out in only 31 countries. Egypt leads global production
with 459,962 tons, followed by Italy (378,110 tons) and
Spain (200,070 tons), together accounting for more than
half of total world output. Peru and Algeria also represent
significant contributors to global supply (Machado et al.,
2017; Bahrouni er al., 2021; Mello & Caldas, 2024; Pandey
et al., 2024; Rubino et al., 2025). Tiirkiye ranked eighth
worldwide in 2022 with an annual production of 40,815
tons, with cultivation primarily concentrated in the coastal
zones of the Aegean and Marmara regions. Aydin province
is one of the most important centers of artichoke
production in Tiirkiye in terms of both quantity and quality.
Through initiatives led by the Aydin Commodity
Exchange, “Aydin Artichoke” received geographical
indication protection as a designation of origin on 10
January 2025 under registration number 1688. The region
is particularly known for the Sakiz cultivar; climatic
conditions characterized by cloudy and rainy winter and
spring periods delay fiber development, resulting in tender-
textured and aromatic products. In 2022, artichoke
cultivation in Aydin covered approximately 51,670
decares, yielding a total production of 7,911 tons. Yield
losses in artichoke cultivation are mainly attributed to
entomological pests and fungal diseases. Common pests
include aphids (A4phis fabae), the artichoke plume moth
(Platyptilia carduidactyla), and fruit flies (Acanthiophilus
helianthi, Terellia fuscicornis), while major diseases
comprise Verticillium wilt, powdery mildew (Leveillula
taurica), and root rot. When economic thresholds are
exceeded, chemical control becomes necessary, with
azoxystrobin, fluazinam, mandipropamid, and sulfur used
as fungicides; pendimethalin as a herbicide; and spinosad
and deltamethrin as insecticides. The literature indicates
that pesticide residues predominantly accumulate in the
outer bracts, whereas the edible heart generally poses a low
risk to consumers.

Strawberry (Fragaria % ananassa) is a berry fruit of
global strategic importance due to its high nutritional
value, richness in bioactive compounds, and broad
ecological adaptability. Over the past 15 years, global
strawberry production has increased by approximately
60%, surpassing 10 million tons. China has long
maintained its leading position in global production, while
the United States, Tiirkiye, Mexico, Egypt, and Spain rank
among the world’s major producing countries.
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In international fresh strawberry trade, Mexico and Spain
stand out as the dominant exporting nations (Chu et al.,
2020; Yazici et al., 2020; Fraga et al., 2023; De Rosa et al.,
2025; El-Dawlatly et al., 2025; Mao et al., 2025; Naili &
Mayache, 2025;). Strawberry production in Tiirkiye has
expanded rapidly with the widespread adoption of modern
cultivation techniques and breeding programs, reaching a
historic peak of over 728 thousand tons in 2022. Owing to
its diverse climatic zones, Tiirkiye is among the few
countries capable of supplying fresh strawberries for most
of the year. The Mediterranean and Aegean regions
together account for nearly two-thirds of total production,
with Mersin ranking first and Aydmn province maintaining
second place. The Aydin—Sultanhisar basin has emerged as
a center of export-oriented production due to its favorable
soil characteristics and unique microclimatic conditions,
and the product has been registered with a geographical
indication under the name “Sultanhisar Strawberry.” Due
to its high water and sugar content, strawberry is highly
susceptible to fungal diseases and pest infestations. Plant
protection practices are implemented in accordance with
the integrated pest management guidelines issued by the
Ministry of Agriculture and Forestry. In the control of gray
mold, which represents the most economically significant
disease, applications are concentrated during the flowering
period and predominantly involve fungicides from the
hydroxyanilide and anilinopyrimidine groups, as well as
combinations containing phenylpyrrole-class active
ingredients. For the management of powdery mildew and
anthracnose, systemic fungicides belonging to the
strobilurin and triazole groups are widely employed. In
pest management, spider mites and thrips species are
among the primary factors causing yield losses. Control
strategies against these pests are based on economic
threshold levels and commonly rely on avermectin
derivatives, carbamate-class acaricides, and spinosyn-class
insecticides. As strawberries are consumed without
peeling, they are considered a high-risk commodity in
terms of pesticide residues. Within the framework of the
European Green Deal and national regulatory
harmonization, the use of several pesticide classes—
particularly organophosphates and certain benzimidazole-
derived fungicides—has been prohibited. Field studies
conducted in the Aydin—Sultanhisar region have detected
pesticide residues in a substantial proportion of samples;
however, the majority were found to remain below levels
posing a significant risk to human health (Keklik et al.,
2025).

Fig (Ficus carica L.) (Ficus carica L.), a member of the
Moraceae family, is an economically and nutritionally
valuable fruit species predominantly cultivated in
subtropical climatic regions. In addition to fresh
consumption, figs are widely processed into dried
products, pastes, jams, and canned foods. From a
nutritional perspective, figs are rich in carbohydrates,
dietary fiber, potassium, copper, and vitamin B6, as well as
bioactive phytochemicals such as flavonoids and phenolic
acids. According to global production statistics,
approximately 1.3 million tons of figs were produced on
nearly 296 thousand hectares worldwide in 2021.

Tiirkiye is the leading producer, contributing more than
one quarter of global production with an annual output of
approximately 320 thousand tons, followed by Egypt,
Morocco, Algeria, and Iran. Fig exports represent a high
value-added agricultural commodity for Tirkiye, with
major export destinations including European countries
and the United States (Alper et al., 2014; Gormez et al.,
2021; Rosas-Sanchez et al., 2023, Taghizadeh et al., 2024;
Yeladi et al., 2024).

Within Tiirkiye, fig production is concentrated mainly
in Aydin and Izmir provinces. A significant proportion of
national production originates from Aydmn, while the
Biiyiik and Kii¢iik Menderes basins are considered among
the most suitable ecological regions worldwide for dried
fig production. Aydin figs, which have geographical
indication certification, possess high international market
value, particularly due to the dominance of the Sarilop
cultivar. Additionally, a considerable portion of fig
production in Tirkiye is carried out using organic
agricultural  practices, contributing positively to
sustainability and food safety. However, fig cultivation is
vulnerable to several plant diseases, including root rot,
trunk-related diseases, and viral infections. Moreover,
aflatoxin contamination caused by Aspergillus species
represents a major quality and safety concern, especially
during pre- and post-harvest periods. Economically
important pests include scale insects, spider mites, Sap (or
Picnic) beetle (Carpophilus spp., Col., Nitidulidae),
souring beetles, and fruit flies, Lonchaea aristella Beck
(Silba adipata Mcalpine, Diptera: Lonchaeidae) all of
which may cause significant yield and quality losses.
Although chemical plant protection products are
commonly used for pest management, improper or
excessive application may result in pesticide residue
problems (Aksit et al., 2003; Kula & Goktas, 2024).

Plant protection products used in fig production
generally belong to insecticide, acaricide, fungicide, and
plant growth regulator groups. Regional monitoring studies
have reported the presence of certain residues associated
with acaricide groups and synthetic insecticide classes such
as pyrethroids. In addition, some plant growth regulators
used to accelerate fruit ripening have been reported to carry
a risk of off-label use in fig cultivation. Since figs are
commonly consumed without peeling, pesticide residues
may directly contribute to consumer exposure. Regional
surveillance studies have occasionally detected residue
levels exceeding maximum residue limits; however, risk
assessment evaluations generally indicate that both acute
and chronic dietary exposure indices remain within
acceptable safety thresholds under current consumption
patterns. The absence of detectable pesticide residues in
organically cultivated fig orchards further highlights the
importance of alternative production models in terms of
food safety. In recent years, biological control strategies,
including the use of microbial-based bioinsecticides, have
gained increasing importance. In this context, expanding
integrated pest management (IPM) practices, maintaining
continuous residue monitoring programs, and increasing
producer awareness regarding the use of registered
pesticides are critical for sustaining the global
competitiveness and reliability of fig production in
Tiirkiye, particularly in the Aydin region (Ersoy, 2019).
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Conclusion and Future Perspectives

Pesticide use remains a critical component of
sustaining agricultural productivity; however, its long-term
implications for environmental integrity, food safety, and
public health necessitate a transition toward more
controlled and science-driven management strategies. The
evaluated evidence highlights the need for integrated
monitoring systems, advanced analytical surveillance, and
risk-based regulatory frameworks tailored to region-
specific agricultural practices.

From a policy perspective, strengthening residue
monitoring programs, promoting precision agriculture
technologies, and incentivizing the adoption of low-risk or
biopesticide alternatives are essential steps toward
sustainable crop protection. Coordinated collaboration
between regulatory authorities, research institutions, and
agricultural stakeholders will be decisive in balancing
production demands with ecosystem and human health
protection. Future strategies should prioritize data-driven
decision-making and harmonized regulatory enforcement
to ensure long-term agricultural resilience.
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