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Abstract. The intensification of agricultural production is leading to an increase in 
pesticide loads and land-use transformation.  The relevance of this work is due to the need 
for integrated risk-reduction measures for insect pollinators such as honeybees. The study 
is aimed at a comprehensive assessment of the relationship between land use structure, 
pesticide load dynamics, and the spatial distribution of beekeeping on the case study of the 
Republic of Tatarstan from 2020 to 2024. To achieve this, official statistical data and spatial 
geoinformation analysis were used to evaluate the specific consumption of plant protection 
products and the distribution of bee colonies across municipal districts. Territorial 
heterogeneity of beekeeping and shifts in the use of pesticides with increasing herbicidal 
load and fluctuations in the use of insecticides were identified. Areas of high bee density 
and intensive pesticide use (30–54% of total farmland area) are identified in municipal 
areas, posing a risk of pesticide loading.
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Аннотация. Интенсификация аграрного производства ведет к росту пестицид-
ной нагрузки и трансформации землепользования. Актуальность работы обусловлена 
необходимостью интегрированных мер по снижению рисков для насекомых-опылите-
лей, таких как медоносные пчелы. Исследование направлено на комплексную оценку 
взаимосвязи структуры землепользования, динамики пестицидной нагрузки и про-
странственного распределения пчеловодства на примере Республики Татарстан за 
2020–2024 гг. Использованы официальные статистические данные и результаты про-
странственного геоинформационного анализа с оценкой удельного расхода средств за-
щиты растений и распределения пчелосемей по муниципальным районам. Выявлена 
территориальная неоднородность пчеловодства и сдвиги в применении пестицидов 
с ростом гербицидной нагрузки и колебаниями применения инсектицидов. В муници-
пальных районах выявлены зоны совпадения высокой плотности пчелосемей и интен-
сивной пестицидной обработки (30–54 % от общей площади сельхозугодий), что соз-
дает угрозу пестицидной нагрузки.

Ключевые слова: пестицидная нагрузка, пчеловодство, агроландшафты, сред-
ства защиты растений, QGIS, Республика Татарстан
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Introduction

Intensification of agricultural production significantly increases risks for 
pollinating insects, including bees. This is mainly due to changing land-use 
patterns and increasing pesticide loads [1]. Intensive farming practices may 
cause pollution of a technogenic nature [2]. But, more importantly, they 
involve widespread and often uncontrolled use of pesticides, which can lead 
to reduced bee colonies, affecting biodiversity, and the prevalence of their 
endovacarion and exotropics [3-8]. This in turn threatens the productivity 
and quality of agricultural crops, as well as ecosystem resilience.

In the context of global efforts to ensure food security and increase 
agricultural productivity, the Republic of Tatarstan, as one of the leading 
agro-industrial regions of the Russian Federation, is demonstrating a sustained 
trend towards technological integration of agriculture.1 However, the 
increasing use of plant protection products, the transformation of crop rotation 
patterns and the dominance of large agro-species pose new environmental 
challenges [9], particularly in maintaining biodiversity and functional 
integrity of agroecosystems. Particularly vulnerable in this context are 
populations of honey bees — key agents of the ecosystem service of 
pollination, which provides up to 75% of agricultural crops with crop health 

1 State program of the Republic of Tatarstan “Development of agriculture and regulation of 
markets for agricultural products, raw materials and food in the Republic of Tatarstan”. Available 
from: https://agro.tatarstan.ru/ (accessed: 31.10.2025).
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[10]. Despite compliance with hygiene standards, there is a critical problem 
in the region of lack of sanitary protection zones between cultivated fields 
and populated areas, where traditional pastoral care is carried out.

The aim of this study is to provide a comprehensive assessment between 
land use structure, pesticide load dynamics and spatial distribution of 
beekeeping in the Republic of Tatarstan for 2020–2024. Based on official 
statistics and geo-informational analysis. Special attention is devoted to 
identifying areas of ecological conflict where the high density of bee larvae 
coincides with the extreme intensity of chemical protection.

Materials and methods

Official statistical data from the Ministry of Agriculture and Food of the 
Republic of Tatarstan and the Ministry of Ecology and Natural Resources of 
the Republic of Tatarstan were used in the study. The material includes 
information on agricultural land area, land use structure, quantities and types 
of plant protection used, as well as statistics from the beekeeping industry.

The quantitative assessment of chemical load intensity on the agro-system 
was calculated using the unit rate of plant protection application for 
comparative analysis of phytosanitary load by years and classes of drugs. 
This ratio is calculated as the mass of active substances relative to area 
treated, expressed in tons/thousand ha [11]. 

For spatial analysis and visualization of regional differences in beekeeping 
development, a thematic map was constructed using QGIS 3.44.3 software. 
The administrative and territorial boundaries of municipal districts of the 
Republic of Tatarstan served as a basis. The map shows the distribution of 
bees by areas, which allowed to identify areas of concentration of beekeeping 
activity, as well as areas with a low level of development in the industry. 
Methodologically, the study is based on principles of systemic analysis, 
comparative statistics and environmental risk assessment. These data are 
interpreted in the context of sustainable land management and integrated 
plant protection principles.

Results

The number of bee colonies in the Republic of Tatarstan has a pronounced 
territorial unevenness of placement, which reflects both the natural and 
climatic features of the region, as well as the level of development of 
beekeeping as an agricultural industry (Figure 1).
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Figure 1.  Distribution of the population of bee colonies by municipal districts of the Republic 
of Tatarstan 

Source: compiled by A.B. Tretiakova based on data from the Beekeeping Register 
of the Ministry of Agriculture and Food of the Republic of Tatarstan.

The largest number of bee colonies is concentrated in Mamadyshsky, 
Aznakaevsky and Arsky districts.2 These areas are characterized by extensive 
grasslands, woodlands and a diverse honey base which creates favorable 
conditions for intensive beekeeping. Significant amounts of bee colonies are 
also noted in the Laishev, Muslyumov, Nizhnekamsk, Almetyev and 
Leninogorsk districts — areas with developed agricultural infrastructure and 
active support of the industry at the municipal level. Average values are 
characteristic of most central and northern districts of the republic, which 
indicate a moderate but stable level of development of beekeeping.

Parallel to this in 2020–2024 in the Republic of Tatarstan, high stability 
of total agricultural land area — 4,825.5 thousand hectares were maintained, 
with the dominant role of large agro-enterprises controlling more than 60% 
of the land fund.3 The maintenance of this ratio throughout the period under 

2 Register of Beekeeping of the Republic of Tatarstan. Available from: https://agro.tatarstan.ru/
reestr-po-pchelovodstvu-4701889.htm (accessed: 31.10.2025).

3 See: State report on the state of natural resources and environmental protection of the 
Republic of Tatarstan in 2020. Kazan; 2021. 400 p.; State report on the state of natural resources 
and environmental protection of the Republic of Tatarstan in 2021. Kazan; 2022. 412 p.; State repor

Третьякова А.Б. и др. Вестник РУДН. Серия: Экология и безопасность жизнедеятельности. 2026. Т. 34. № 2. С. 245–256



Ecology250

analysis confirms the dominant role of large agribusinesses in the region’s 
land administration. Although the majority of land is agricultural, significant 
areas are exploited within the boundaries of settlements. This multifunctionality 
of land use attests to the high anthropogenic load on the land fund of the 
Republic of Tatarstan, which complicates implementation of environmental 
regulation measures and increases the risks of pollution.

A key aspect of the transformation of agro-technologies has been the 
redesign of plant protection applications. The total volume of pesticides 
increased by 58.2% — from 1,946.5 tons in 2021 to 3,077.6 tons in 2024, 
with a radical reorganization of their species structure (Figure 2).

Figure 2.  Dynamics of the volume of application of chemical plant protection products 
in agricultural production in the Republic of Tatarstan

Source: compiled by A.B. Tretiakova based on an analysis of data presented in the State Reports 
on the State of Natural Resources and Environmental Protection of the Republic of Tatarstan 

2021–2024.

The key trend is increased use of herbicides, which rose from 1,034.23 
tons in 2021 to 2,984.31 tons in 2024, indicating a strategic shift in 
phytosanitary practices toward intensive chemical suppression of weed 
vegetation. This growth is correlated with the expansion of crops lost and 
changes in crop rotation that require stronger control over weeds. There has 

Tretiakova A.B. et al. RUDN Journal of Ecology and Life Safety. 2026;34(2):245–256

on the state of natural resources and environmental protection of the Republic of Tatarstan in 2022. 
Kazan; 2023. 396 p.; State report on the state of natural resources and environmental protection of 
the Republic of Tatarstan in 2023. Kazan; 2024. 400 p.; State report on the state of natural resources 
and environmental protection of the Republic of Tatarstan in 2024. Kazan; 2025. 386 p.
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also been a sharp reduction in the use of fungicides, from 903.4 tons in 2021 
to 93.29 tons in 2024, indicating a decrease in phytogenic load, probably due 
to the introduction of sustainable varieties, effective seed promoters and 
improvement of meteorological conditions of the vegetative period. A similar 
trend can be seen in the use of insecticides. After a decrease from 633.2 tons 
in 2021 to 75.52 tons in 2023, there was a partial recovery to 211.34 tons in 
2024, which may be due to local outbreaks of pests or the switch to preventive 
systems regimens. Structural reformulation of plant protection reflects the 
evolution of agro-technologies towards more effective chemical protection, 
but requires further assessment of environmental impacts, particularly in the 
context of continuing lack of sanitation protected areas and high anthropogenic 
stress on the region’s agroecosystem.4

The total area of pesticide treatment peaked in 2022 — 4085.75 thousand 
hectares, after which it dropped sharply in 2023 to 2034.05 thousand hect-
ares, indicating a concentration of treatments in smaller areas, probably using 
repeated or increased doses of drugs (Figure 3).

Figure 3.  Dynamics of areas treated with chemical plant protection products in agricultural 
production in the Republic of Tatarstan

Source: compiled by A.B. Tretiakova based on an analysis of data presented in the State Reports 
on the State of Natural Resources and Environmental Protection of the Republic of Tatarstan 

2021–2024.

4 State report on the state of natural resources and environmental protection of the Republic of 
Tatarstan in 2024. Kazan; 2025. 386 p.
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Herbicide treatment area increased from 626.09 thousand hectares in 
2021 to 2053.95 thousand hectares in 2022.5 In 2023 there was a significant 
decrease, but by 2024 the area increased again to 1794 thousand hectares. 
The fungicide load is characterized by a steady decline. The area of processing 
has decreased from 762.5 thousand hectares in 2021 to 564.14 thousand 
hectares in 2024, which indicates a decrease in epiphytic activity, perhaps. 
The lack of growth in area, despite the continuing volume of drugs used, 
indicates an increase in precision and focus of treatments [12; 13]. There is 
a  high volatility of insecticides. After an increase from 352.2 thousand 
hectares in 2021 to 1,139.3 thousand hectares in 2022, there was a sharp drop 
in 2023 to 130.3 thousand hectares, with a subsequent partial recovery to 
751.94 thousand hectares in 2024. This may indicate a reduction of 
entomological threats, Application of targeted biological control methods or 
a shift to long-lasting systemic drugs that limit the area to be treated [14; 15].  
The pesticide unit rate overall shows a non-linear dynamics (Table 1).

Table 1

Specific consumption of plant protection products in the Republic of Tatarstan for 2021–2024 
(t/thousand ha)

Chemical protection agent 2021 2022 2023 2024

Pesticides 0.50 0.61 1.54 0.99

Herbicides 1.65 0.65 1.70 1.66

Fungicides 1.18 0.96 0.46 0.17

Insecticides 1.80 0.28 0.58 0.28

Source: compiled by A.B. Tretiakova.

After a moderate increase in pesticides in 2022, there was a sharp jump in 
2023 to 1.54 t/thousand ha, which is related to the concentration of treatments 
on a significantly reduced area, and a subsequent decrease to 0.99 t/thousand 
ha in 2024. The unit consumption of herbicides remained stable high — from 
1.65 to 1.70 t/thousand ha, reaching a peak in 2023 and maintaining a high 
level in 2024. At the same time, a sharp and sustained reduction in the specific 
use of fungicides has been recorded — from 1.18  t/thousand ha in 2021 

5 See: State report on the state of natural resources and environmental protection of the Re-
public of Tatarstan in 2020. Kazan; 2021. 400 p.; State report on the state of natural resources and 
environmental protection of the Republic of Tatarstan in 2021. Kazan; 2022. 412 p.; State report on 
the state of natural resources and environmental protection of the Republic of Tatarstan in 2022. 
Kazan; 2023. 396 p.; State report on the state of natural resources and environmental protection of 
the Republic of Tatarstan in 2023. Kazan; 2024. 400 p.; State report on the state of natural resources 
and environmental protection of the Republic of Tatarstan in 2024. Kazan; 2025. 386 p.
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to  only 0.17 t/ thousand ha in 2024, which indicates a decrease in the 
phytogenetic load or the effectiveness of preventive measures. The same 
trend is observed for insecticides, whose unit consumption fell from 
1.80 t/thousand ha in 2021 to 0.28 t/thousand ha in 2022 and 2024, despite 
the short-term increase in 2023. The spatial distribution of insecticidal load 
in the Republic of Tatarstan is heterogeneous. Percentage of insecticide-
treated pipettes relative to total agricultural area in the district ranges from 
0 to 53.82% (Figure 4).

Figure 4. Spatial distribution of the share of area treated with insecticides in the structure 
of agricultural land in municipal districts of the Republic of Tatarstan (%):

a — from Agryz to Kaibitsky districts; b — from Kamsko-Ustinsky to Yutazinsky districts

Source: compiled by A.B. Tretiakova based on the analysis of data presented in the State 
Report on the State of Natural Resources and Environmental Protection of the Republic 

of Tatarstan for 2024.
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This broad range indicates a high degree of localization of entomological 
risks and significant differences in phytosanitary conditions between 
municipalities.6 The most intensive insecticide treatment is typical for certain 
south-eastern and central regions of the republic, where the proportion of 
treated areas exceeds 30–50%. These territories are generally specialized in 
cultivating lost and oilseed crops, which are sensitive to insect pests, and are 
characterized by a high level of agro-technological intensification. At the same 
time, in several areas — mainly northern and northwestern zones — the use of 
insecticides is either absent or limited to less than 1% of the crops being treated. 
Such practices may be due to both low phytosanitary load and the shift to 
prophylactic or biological defense, including the use of systemic promoters and 
release of entomophags [16; 17]. Mean values of 5 to 15% are observed in most 
districts and reflect a moderate level of entomological detection with balanced 
application of chemical and non-chemical protective measures. At the same 
time, spatial analysis reveals an alarming trend. Areas with maximum insecticide 
load spatially coincide with the areas where the largest number of bee hives are 
concentrated. This creates conditions for direct exposure of toxic drugs to 
honey-bearing bees and other pollinators, especially in the absence of sanitary 
protection zones between farmland and populated areas.

Сonclusion

Analysis of the state of land resources and agrotechnical practices in 
the Republic of Tatarstan for 2020–2024 revealed a steady trend towards 
intensification of agricultural production, accompanied by a deep 
restructuring of the structure of plant protection. Spatial analysis is of 
particular scientific and practical significance. It demonstrates a critical 
convergence between high-density areas in beekeeping and intensive use of 
insecticides. The largest number of bees colonies is concentrated in areas 
characterized not only by developed agricultural infrastructure, but also by 
maximum rates of insecticide load — such as Mamadyshsky, Aznakaevsky, 
Arsky, Sarmanovsky and Tyulyachinsky districts. In these areas, the 
percentage of areas treated with insecticides reaches 30–54% of total 
farmland, creating potentially dangerous conditions for honeybees and 
other pollinators. Given that most areas lack sanitary and protective zones 
between agricultural fields and populated places where apiaries are often 

6 The farming system of the Republic of Tatarstan. Available from: https://agro.tatarstan.ru/
sistema-zemledeliya-rt.htm (accessed: 31.10.2025).
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located, the risk of toxic exposure to non-target agrochemicals remains 
high. Despite the decrease in insecticide levels in recent years, their specific 
load remains significant in several periods.
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