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Comparative Analysis of the Effects of Mineral and Organic
Fertilizer Application on Resource Efficiency and Ecological
Sustainability in Irrigated Wheat Cultivation
During 2015-2024
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Abstract. Increasing agricultural productivity while protecting soil and water resources is a major
goal of modern agrarian science. The efficient use of mineral and organic fertilizers in irrigated
wheat cultivation is crucial for improving yield and maintaining ecological sustainability. Therefore,
assessing fertilizer resource-use efficiency is an important scientific problem. The aim of the study is
to comparatively assess the impact of the application of mineral and organic fertilizers on resource
efficiency and ecological sustainability in wheat cultivation under irrigated conditions based on
statistical data for 2015—-2024. The study analyzed the amount of mineral and organic fertilizers per
hectare of cultivated area, the volume of water consumption for irrigation needs, and the dynamics
of water losses. Comparative analysis, descriptive statistics, dynamic series and trend analysis
methods were used during data processing. The assessment shows that changes were observed in the
level of fertilizer application and water resource use indicators during the studied period. In addition
to the important role of mineral fertilizers in increasing productivity, their optimal application from
an ecological point of view is necessary. The use of organic fertilizers has a positive effect on the
preservation of soil fertility, the improvement of the physical and biological properties of the soil,
and the more efficient use of resources. In conditions of high water losses, balanced application of
fertilizers and improvement of irrigation systems are of great importance for the formation of
sustainable agriculture. The results of the study show that the integrated and scientifically based
application of mineral and organic fertilizers, together with the efficient management of water
resources, can serve to increase productivity in wheat production, improve resource efficiency, and
ensure environmental sustainability. The results obtained are of practical importance for the
formation of agrarian policy and the development of sustainable fertilization strategies.
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Introduction

Sustainable development of agriculture and ensuring global food security are considered oane of the
most urgent problems of the 21st century.
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The growth of the world population, climate change, limited water resources and degradation of land
resources make it difficult to meet the demand for agricultural products. In these conditions,
increasing the productivity of wheat, which is one of the plants of strategic importance, and
organizing its production in an environmentally sustainable manner are of particular importance.

Wheat is one of the most widely cultivated cereals in the world, providing a significant part of people's
daily energy and protein needs. In many countries, wheat production is considered one of the main
indicators of food security. Therefore, the application of new agrotechnical approaches to increasing
productivity, protecting soil fertility and efficient use of resources are among the priority directions
of modern agricultural science (Azarbaycan Respublikasinin Kond Tesorriifatt Nazirliyi, 2024;
Mueller et al., 2012).

Mineral fertilizers play an important role in meeting the demand for nutrients of plants. Nitrogen,
phosphorus and potassium-based fertilizers accelerate vegetative development, increase productivity
and improve grain quality (Chang et al., 2024; United Nations, 2023). However, their excessive or
unbalanced application can disrupt the balance of nutrients in the soil, lead to leaching of nitrates and
phosphates, pollution of water bodies and degradation of soil ecosystems. In this regard, it is
necessary to evaluate mineral fertilizers not only in terms of productivity, but also in terms of
environmental sustainability. In recent years, organic fertilizers have been the focus of more attention
in terms of long-term preservation of soil fertility and increasing soil biological activity. The
introduction of organic matter into the soil supports the formation of humus, improves the physical
properties of the soil and increases its water retention capacity.

Therefore, in modern agroecological approaches, the integrated application of mineral and organic
fertilizers is considered one of the important elements of sustainable agriculture. The irrigation system
is one of the main factors determining productivity in wheat production. Especially in arid and semi-
arid climates, proper management of irrigation water has a direct impact on the efficient absorption
of fertilizers and plant development. At the same time, high water losses lead to both a decrease in
economic efficiency and irrational use of water resources. Therefore, the evaluation of irrigation
indicators together with the fertilization system is of great scientific importance in determining
resource efficiency. Existing scientific studies have mainly evaluated the effects of mineral or organic
fertilizers on productivity separately. However, studies that have comparatively analyzed the
application of mineral and organic fertilizers under irrigation conditions together with resource
indicators such as water consumption and water losses are limited. A comprehensive evaluation of
these indicators, especially based on long-term statistical data, is of great scientific importance for
the formulation of sustainable agricultural policies (Foley et al., 2011).

The aim of this study is to comparatively assess the impact of mineral and organic fertilizer
application on resource efficiency and environmental sustainability in irrigated wheat cultivation
based on statistical data for 2015—-2024. For this purpose, the amount of mineral and organic fertilizers
per hectare of cultivated area, the volume of water consumption for irrigation needs, and the dynamics
of water losses will be analyzed, and the results obtained will be interpreted in terms of sustainable
agriculture and environmental management (UNESCO & UN-Water, 2024; Food and Agriculture
Organization of the United Nations, 2021).

Materials and Methods
The object of the study is to assess the impact of the application of mineral and organic fertilizers on
resource efficiency and environmental sustainability in wheat cultivation under irrigated conditions

in 2015-2024. The study is based on a comparative analysis of the long-term dynamics of the
fertilization system and water resource use in agriculture.
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During the study, official statistical data covering the years 2015-2024 were used. The following
indicators were selected for the analysis:

* Amount of mineral fertilizers per 1 hectare of arable land (kg/ha);

* Amount of organic fertilizers per 1 hectare of arable land (kg/ha);

* Volume of water consumption for irrigation needs (million cubic meters);

* Volume of water losses (million cubic meters).

These indicators were accepted as the main variables characterizing the efficiency of resource use
and environmental sustainability.

The following methods were used during data processing and analysis:

1. Descriptive Statistics;

2. Comparative Analysis;

3. Time Series and Trend Analysis;

4. Calculation of percentage change indicators;

5. Visualization using tables and graphs.

Based on the results obtained, the dynamics of mineral and organic fertilizer application, as well as
trends in water resource use, were evaluated. Resource efficiency was evaluated based on the
dynamics of fertilizer and water resource use. For this, the trends of change over the years were
compared, and the relationship between fertilizer application levels and water consumption and water
losses was explained from an ecological perspective.

The comparison of mineral and organic fertilizers was carried out based on the following criteria:

1. Annual trend;

2. Maximum and minimum indicators;

3. Average level and variability;

4. Assessment in terms of resource use efficiency.
The main objective of the study is to comparatively assess the impact of mineral and organic fertilizer
application on resource efficiency and environmental sustainability in irrigated wheat cultivation
based on statistical data for 2015-2024.

To achieve this goal, the following tasks were set:

To analyze the dynamics of mineral fertilizer application;

To evaluate the dynamics of organic fertilizer application;

To study the changes in water consumption and water losses for irrigation needs;
To conduct a comparative analysis between indicators;

To put forward scientifically based recommendations for sustainable agriculture.

kWb =

In this study, the assessment was carried out according to the following conceptual scheme:
Mineral fertilizers (kg/ha);

Organic fertilizers (kg/ha);

Water consumption for irrigation needs (million m?);

Volume of water losses (million m?);

Assessment of resource efficiency and environmental sustainability.

Nnhwb =
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Results and Discussion

Table 1

Main indicators for the period 2015—-2024
Year Water ansumption Wa?er. Losses Mineral Fertilizer =~ Organic Fertilizer

(million m?) (million m?) (kg/ha) (kg/ha)

2015 6050.9 3718.3 23 738
2016 6336.5 3680.0 44 722
2017 6561.5 3627.6 63 703
2018 6712.5 3643.0 72 666
2019 7018.7 37553 82 669
2020 7229.8 3267.8 81 700
2021 7574.6 3216.5 47 694
2022 7664.4 3313.5 65 700
2023 7206.7 3034.4 65 731
2024 6933.3 3615.6 55 653

During 2015-2024, a general upward trend was observed in the volume of water used for irrigation
needs (Tab. 1). While water consumption at the beginning of the period was 6,050.9 million cubic
meters, it reached a maximum level of 7,664.4 million cubic meters in 2022. A certain decrease was
observed in the next two years, and in 2024 this indicator was 6,933.3 million cubic meters. This
dynamics not only indicates an increase in water demand in irrigated agriculture, but also reveals the
importance of more efficient management of water resources (Azarbaycan Respublikasinin Dovlat
Statistika Komitosi, 2025). The analysis shows that the volume of water losses in 2015-2024 varied
in the range of 3,034.4-3,755.3 million cubic meters. The highest indicator was recorded in 2019
(3,755.3 million cubic meters), and the lowest indicator was recorded in 2023 (3,034.4 million cubic
meters). Although a certain downward trend in water losses was observed during the period, the
increase in the indicator again to 3,615.6 million cubic meters in 2024 indicates the importance of
modernizing irrigation systems and improving water management. The amount of mineral fertilizers
per hectare of cultivated area showed significant changes during the studied period. While this
indicator was 23 kg/ha in 2015, it increased to 82 kg/ha in 2019. In 2020, the indicator remained at a
high level (81 kg/ha), but decreased to 47 kg/ha in 2021.

Although an increase was observed again in subsequent years, 55 kg/ha was recorded in 2024. These
results reflect the impact of changing policies and production conditions on the application of mineral
fertilizers over the years. The amount of organic fertilizers per hectare of cultivated area was 738
kg/ha in 2015. A gradual decrease was observed in subsequent years, reaching 666 kg/ha in 2018. In
2020-2023, the indicator stabilized in the range of 694—731 kg/ha, and in 2024 it was 653 kg/ha. The
changes observed in the application of organic fertilizers are of particular importance in terms of
long-term protection of soil fertility. The study shows that a rapid increase in the application of
mineral fertilizers was observed during 2015-2019, while variable dynamics were recorded in
subsequent years. In contrast, the application of organic fertilizers was more stable and accompanied
by relatively small changes. The increase in the application level of mineral fertilizers in years when
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water consumption increased indicates that they are more widely used in intensive agricultural
systems (Shehzadi et al., 2017). On the other hand, the application of high volumes of organic
fertilizers has significant advantages in terms of improving the physical and biological properties of
the soil (Shi et al., 2024). Overall, the results show that the application of not only mineral or only
organic fertilizers, but their scientifically justified and balanced combination is a more appropriate
approach to increasing resource efficiency and ensuring ecological sustainability.

Water consumption (2015-2024)

al water consumption trend.

Figure 1
Water consumption (2015-2024)

Water losses (2015-2024)

Figure 2
Water losses (2015-2024)

Mineral fertilizer application

Figure 3
Mineral fertilizer application
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Organic fertilizer application

Figure 4
Organic fertilizer application

Dynamics of Water Consumption

Diagram 1 presents the dynamics of water consumption for 2015-2024. The analysis shows that water
consumption showed an overall upward trend during the study period, but a relative decrease was
observed in recent years. While water consumption in 2015 was 6050.9 million m?, this indicator
reached 7664.4 million m® in 2022, reaching the maximum level for the study period. Thus, water
consumption increased by approximately 26.7% over seven years. This increase can be explained by
the expansion of arable land, the introduction of intensive farming systems, and the increase in water
demand during the vegetation period. However, the decrease in the indicator to 7206.7 million m? in
2023 and to 6933.3 million m® in 2024 indicates a weakening of the previous upward trend. This
dynamics can be attributed to more efficient management of water resources, improved irrigation
technologies, or changes in climate conditions. Overall, Figure 1 shows that water demand in
agriculture remains high in the long term, but optimization trends have been emerging in recent years
(Food and Agriculture Organization of the United Nations, 2022; Azorbaycan Respublikasmin
Ekologiya va Tabii Sarvatlor Nazirliyi, 2024).

Dynamics of Water Losses

Figure 2 reflects the change in water losses over the years. The data show that although there are
certain fluctuations in the indicator, the general trend is characterized by a decreasing trend. In 2015,
water losses amounted to 3718.3 million m?, and in 2019 they increased to 3755.3 million m?,
reaching the highest indicator for the period. However, a significant decrease occurred in subsequent
years, and in 2023, water losses amounted to 3034.4 million m?, which is the minimum indicator for
the study period. The increase in water losses to 3615.6 million m? in 2024 indicates that the previous
downward trend is not completely stable. This change can be explained by the technical condition of
irrigation networks, hydrometeorological conditions and differences in water management systems
(Farouk et al., 2024).

The results show that although some progress has been made in reducing water losses over the past
decade, additional measures are needed to ensure sustainable and sustainable results (DSK, 2025;
Intergovernmental Panel on Climate Change, 2023).

Dynamics of Mineral Fertilizer Application

Analysis of Diagram 3 shows that there have been sharp changes in the level of mineral fertilizer
application. In 2015, the amount of mineral fertilizer per hectare of cultivated area was 23 kg/ha. In
subsequent years, this indicator has consistently increased and reached 82 kg/ha in 2019. Although
the indicator remained at a high level (81 kg/ha) in 2020, a significant decrease was observed in 2021
to 47 kg/ha. Then, stabilization at 65 kg/ha was recorded in 2022—-2023, and a decrease to 55 kg/ha
in 2024. This dynamics shows that the application of mineral fertilizers can be affected not only by
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agrotechnical factors, but also by economic conditions, price changes in the fertilizer market, and
state support mechanisms. At the same time, in the long term, a general upward trend in the
application of mineral fertilizers is observed, which is consistent with the development of intensive
agricultural production (DSK, 2025).

Dynamics of the Application of Organic Fertilizers

Diagram 4 shows that there is a relatively stable dynamics in the application of organic fertilizers. In
2015, the indicator was 738 kg/ha, some decreases were observed in subsequent years, and in 2018 it
decreased to 666 kg/ha. In 2020-2022, the indicator remained stable in the range of approximately
694-700 kg/ha, and increased to 731 kg/ha in 2023. However, in 2024, the application of organic
fertilizers decreased to the lowest level in the studied period, at 653 kg/ha. Compared to mineral
fertilizers, the amplitude of change of organic fertilizers was lower, which indicates that their
application depends more on the resource supply of farms, livestock products, and long-term soil
fertility strategies. In general, although the stability of the application of organic fertilizers is assessed
positively in terms of preserving the soil organic matter reserve, the decrease observed in the last year
can be considered a trend that requires attention in terms of ecological sustainability (Lal, 2020).

Conclusion

Overall conclusion for the section: A comprehensive analysis of Diagrams 1—4 shows that:

1. Water consumption has shown a long-term increase and a relative decrease in recent years;

2. Although water losses have generally shown a decreasing trend, fluctuations have continued over
the years;

3. The application of mineral fertilizers has shown intense variability and the maximum level was
recorded in 2019;

4. The application of organic fertilizers has been more stable, but a minimum indicator was observed
in 2024.

The conducted analyses have shown that significant dynamic changes were observed in water
consumption, water losses and fertilizer application levels during 2015-2024. The research results
indicate that there is an interaction between the efficient use of water resources and the optimization
of the fertilization system, and these factors play an important role in the sustainability of agricultural
production. Therefore, the improvement of irrigation technologies and the application of scientifically
based fertilization strategies should be considered priority areas in terms of increasing the
productivity of the agricultural sector and ensuring environmental sustainability. In future studies, the
integration of productivity, soil properties and climatic factors will allow for more complete scientific
results.
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