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Abstract. The global agricultural sector is currently confronted with a complex set of challenges that 

extend far beyond traditional farming concerns. Climate change, rapid population growth, declining 

natural resources and the pressing issue of global food security have created a multidimensional crisis 

that requires innovative solutions. Merely increasing production volumes is no longer sufficient; instead, 

agricultural systems must evolve to ensure that production processes are sustainable, resource-efficient 

and resilient to external shocks. Within this context, the integration of innovation-driven digital 

technologies has emerged as a transformative force shaping the future of agriculture. Recent advances 

in rapid technological development, comprehensive data analysis, automation and biotechnology are 

revolutionizing traditional farming practices. Agriculture is no longer defined solely by land and manual 

labor; it is increasingly characterized by the use of big data, artificial intelligence and systematic 

knowledge frameworks. These tools enable precision agriculture, predictive modeling and real-time 

monitoring, which collectively enhance productivity while reducing environmental impact. The 

transformation is not limited to economic and ecological dimensions; it also carries significant 

geopolitical and security implications. NATO’s 2024 report underscores the strategic importance of 

agriculture in global stability, noting that climate change and resource scarcity pose direct threats to 

security. Technological solutions such as AI-supported irrigation systems, smart water management and 

precision agriculture are identified as critical instruments to mitigate these risks. By ensuring efficient 

resource use and stabilizing food supplies, agriculture becomes a cornerstone of both regional resilience 

and international security. This evolving paradigm demonstrates that agriculture must be understood as 

a strategic sector, central to addressing global challenges. Beyond its role in food production, agriculture 

contributes to economic growth, ecological sustainability and geopolitical stability. The adoption of 

innovative technologies ensures that farming systems are not only productive but also adaptive, 

positioning agriculture as a key driver of sustainable development and global security in the twenty-first 

century. 
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1. Introduction 
 

Fruit growing is one of the most dynamically developing sectors of agriculture in 

the Republic of Azerbaijan. This trend encourages producers to increase investments in 

high-yielding cultivars that meet market demands, as well as to adopt modern 

technologies in orchard management. High quality and ease of cultivation are among the 

key factors ensuring sustainability in fruit production. Therefore, in order to remain 

competitive and increase profitability, new technologies are being implemented for 

orchard management and post-harvest handling of produce (Gaworski et al., 2017). 
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Today, successful production and high profitability in orchards require the establishment 

of plantations in accordance with modern technological standards. The main objective of 

contemporary fruit growing is to obtain higher-quality yields per unit area while using 

inputs more efficiently. In other words, lower production costs and higher economic 

returns are essential. Indeed, in most countries, increases in agricultural output have 

primarily been achieved through the adoption of more intensive production methods 

rather than through marginal expansion of cultivated areas. 

In particular, large data sources such as satellite imagery, climate data, soil analyses 

and historical production statistics enable more accurate decision-making in agriculture. 

Artificial intelligence algorithms process these data to help farmers determine optimal 

planting and harvesting times. Through predictive agriculture practices, production 

processes can be managed with a level of precision close to laboratory-based results, 

providing competitive advantages such as improved resource-use efficiency and timely 

market access (Çelik & Urhan, 2020; Javaid et al., 2017; Saridas & Ağcam, 2021). 

As a country with rich agricultural potential, Azerbaijan is taking significant steps 

toward digital transformation. In recent years, the growing number of startups focused on 

agricultural technologies has stimulated the development of innovative solutions in the 

sector. Local agrotechnology startups are attracting attention both in domestic and global 

markets with precision agriculture applications, smart irrigation systems, early warning 

systems for the detection of pests and diseases and mobile-based agricultural management 

software. Digital agriculture practices lie at the core of a multifaceted transformation that 

directly affects global food security as well as economic, environmental and geopolitical 

balances. However, for the widespread adoption of these technologies in rural areas, it is 

essential to implement awareness-raising and capacity-building activities to improve 

farmers’ knowledge and skills. It should be noted that cooperation among the public and 

private sectors, universities and farmers will contribute to the development of digital 

agriculture and its transformation into a strategic sector shaped by technology and 

sustainability. 

 

2. Materials and methods 

 

2.1. Study area and scope 

The study focuses on fruit and berry production systems in the Republic of 

Azerbaijan, analyzing cultivated areas, crop structure and yield performance across major 

economic regions. The analysis covers the period from 2020 to 2024 and includes key 

horticultural crops such as apple (Malus domestica), cherry (Prunus avium), pomegranate 

(Punica granatum), persimmon (Diospyros kaki), hazelnut (Corylus avellana) and 

almond (Prunus dulcis). These crops represent the most economically important fruit 

species in the country and play a strategic role in food security and export-oriented 

agriculture (FAO, 2020; SSC AR, 2021-2024). 

Regional assessments were conducted for the Quba-Khachmaz, Shaki-Zagatala, 

Nakhchivan Autonomous Republic, Lankaran-Astara, Ganja-Dashkasan, Central Aran, 

Mil-Mugan and other economic regions of the country, which differ significantly in agro-

climatic conditions, production intensity and technological adoption levels (SSC AR, 

2021-2024). 
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2.2. Data sources 

The study is based on officially published statistical data obtained from the State 

Statistical Committee of the Republic of Azerbaijan for the years 2020-2024 (SSC AR, 

2021-2024). Additional information was collected from annual agricultural reports, 

national development programs and policy documents, including the State Program for 

the Development of Fruit Growing and Vegetable Production in the Nakhchivan 

Autonomous Republic (2021-2025) (NAMR, 2021). 

Climate-related background information was derived from national climate 

assessments, COP26-related documents and strategic policy frameworks such as 

Azerbaijan 2030: National Priorities for Socio-Economic Development, which 

emphasize sustainable agriculture, climate resilience and green growth pathways 

(UNFCCC, 2021; Government of Azerbaijan, 2021). 

 

2.3. Methodological approach 

A statistical and comparative analytical approach was applied to evaluate changes 

in cultivated areas (ha) and crop yields (t ha-1) over time. Temporal dynamics were 

assessed by comparing baseline (2020) and recent (2024) indicators, while spatial 

differences among economic regions were examined using comparative regional analysis 

(FAO, 2017). 

Crop productivity was calculated as the ratio of total production to cultivated area 

for each crop and region, following standard methodological approaches used in 

agricultural statistics and productivity assessments (OECD, 2019). 

To assess production efficiency, observed yield levels were compared with reported 

biological and technological yield potentials, particularly for apple, hazelnut and almond 

crops. This comparison allowed the identification of yield gaps associated with 

management practices, technological adoption and regional agro-climatic conditions 

(Lobell et al., 2009; Van Ittersum et al., 2013). 

 

2.4. Climate and policy context analysis 

To contextualize production trends, long-term climate data and national climate 

commitments were reviewed, with particular attention to projected temperature increases 

and drought risks in the South Caucasus region. Previous studies indicate that Azerbaijan 

is among the countries vulnerable to climate-induced water stress and temperature rise 

(IPCC, 2021). 

The role of fruit production within national strategies promoting climate-resilient 

agriculture, smart farming systems and green growth was evaluated using a qualitative 

policy analysis framework. Special emphasis was placed on policy coherence between 

agricultural development strategies and climate mitigation and adaptation commitments 

(FAO, 2020; European Commission, 2023). 

 

2.5. Data processing and presentation 

All collected data were systematized, cross-checked and presented in tabular form 

to ensure consistency and transparency. Descriptive statistics, including mean values and 

percentage changes, were used to summarize regional and national trends, while 

comparative indicators facilitated interpretation of spatial variability. 
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The results were analyzed in the context of food security, export potential and 

sustainable agricultural development, aligning with internationally recognized 

frameworks for agricultural sustainability assessment (FAO, 2018; OECD, 2021). 

 

3. Results and discussion 

 

Azerbaijan possesses favorable natural and climatic conditions that enable the 

formation of a diversified and productive agricultural sector. With rich genetic resources, 

the country’s main priority is to cultivate fruit varieties that meet market demands and to 

strengthen export potential through the application of modern cultivation technologies. 

Achieving high productivity requires the dissemination of accurate information to 

producers on seedling cultivation, variety selection, modern breeding programs, soil 

management, irrigation, fertilization and integrated pest management. 

Ensuring food demand through domestic production is a crucial measure to prevent 

currency outflow abroad. At the same time, increasing agricultural production expands 

Azerbaijan’s export opportunities. One of the largest economic regions for fruit 

production is the Nakhchivan Autonomous Republic, where the State Program on the 

Development of Fruit-Growing and Vegetable-Growing (2021-2025) has supported local 

production, export-oriented strategies and infrastructure modernization. 

According to the State Statistical Committee, fruit and berry cultivation areas 

increased by 16.1% over the last five years. The leading regions are Guba-Khachmaz, 

Shaki-Zagatala and Nakhchivan, which together account for the majority of orchards. 

Productivity levels, however, remain below potential: apple yields averaged 11.88 t/ha in 

2024 compared to a potential of 150-200 t/ha; cherry yields were 7.23 t/ha, almonds 2.32 

t/ha and hazelnuts 1.27 t/ha. Regional differences are notable, with Gazakh-Tovuz and 

Lankaran-Astara showing higher yields, while Shaki-Zagatala recorded the lowest 

(Tables 1, 2, 3 and 4). 

Climate change poses significant risks. Over the past century, average annual 

temperatures in Azerbaijan have increased by 0.4-1.3°C and projections suggest further 

drought and heat stress. Azerbaijan has committed at COP26 (UNFCCC, 2021) to 

reducing climate change impacts by 40% by 2050. National strategies such as “Azerbaijan 

2030: National Priorities for Socio-Economic Development” emphasize smart 

infrastructure, green energy zones and sustainable agricultural practices in liberated 

territories. 

 

3.1. Comparative analysis with recent literature (2021-2025) 

 Global context: 

o Bujdoso (2024) highlights that modern fruit-growing systems increasingly rely on 

digitalization and sustainability frameworks, showing parallels with Azerbaijan’s 

adoption of smart irrigation and orchard management. 

o Buragohain (2023) demonstrates that production technology innovations have 

accelerated tropical fruit yields, underscoring the importance of biotechnology and 

precision farming. 

o Iqbal and Naqvi (2025) confirm that climate change accelerates pathogen 

virulence in fruit crops, stressing the need for resilient breeding programs. 

 Regional and national context: 
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o Baghirova et al. (2024) report that Azerbaijan’s integration of IoT, AI and 

blockchain in agriculture aligns with global digitalization trends, though implementation 

remains uneven. 

o Mammadova et al. (2025) show that digital transformation improved productivity 

in 14 economic regions, confirming the role of ICT in agricultural progress. 

o Akhundov (2025) emphasizes reforms in Azerbaijan’s agro-industrial sector, 

focusing on green technologies and AI integration for export growth. 

 Azerbaijan’s expansion of cultivation areas mirrors global intensification trends, 

but productivity gaps highlight the need for improved practices. 

 Adoption of digital technologies is promising but requires stronger farmer training 

and infrastructure. 

 Climate change impacts necessitate resilient varieties and integrated pest 

management. 

 Export-oriented strategies must align with international certification and 

sustainability standards. 
 

Table 1. Cultivation area of fruit and berry crops (ha) 
 

Economic regions 
 

Fruit & Berry Apple Cherry 

2020 2024 2020 2024 2020 2024 

Total (Republic) 159903,5 185640,5 29333,7 24581 5204,3 8681,2 

Nakhchivan AR 4904,2 5313 936,8 1010,3 231,3 259,3 

Absheron-Khizi 2836,8 5789 68,6 68,4 49,3 52,8 

Daglig Shirvan 4614 4958,1 605,5 577,5 77,9 91,5 

Ganja-Dashkasan 5496,6 6384,9 357,8 363,5 219,7 282,3 

Karabakh 5392,3 6487,1 322,4 337,3 181,7 232,9 

Gazakh-Tovuz 
 

10063,8 11902,5 1867 1972,1 475,4 670,4 

Guba-Khachmaz  42190,1 48532,6 21500,3 16702,3 2860,4 5798,4 

Lankaran-Astara 6585,9 8102,4 459,6 420,3 77,9 79,3 

Central Aran 17852,1 18949,6 247,9 251,3 349,4 424,9 

Mil-Mugan 5970,1 6510 188,7 192,7 153,7 187,3 

Shaki-Zagatala 45605,9 54403 2559,6 2457,3 392 460 

Eastern Zangazur 236,1 294 24 24,8 11,1 13,3 

Shirvan-Salyan 4272,3 4415,4 109,4 111,7 74,8 77,4 
 

Table 2. Cultivation area of fruit and berry crops (ha) 
 

Economic 

regions 
 

 

Pomegranate Persimmon Hazelnut Almond 

2020 2024 2020 2024 2020 2024 2020 2024 

Total (Republic) 22738,6 23306,3 12698,2 13828,7 79618,2 80600,9 943,8 2809,8 

Nakhchivan AR 56,2 56,2 4 4 71,8 72,3 237,6 254,7 

Absheron-Khizi 144,8 117,2 33,9 33,9 4,1 4,1 307,2 835 

Daglig Shirvan 2761,3 2567,6 131 227 2165,5 2168,4 34,9 165 

Ganja-Dashkasan 934,9 1105,2 1363,4 1525,3 64,4 64,8 2,3 19,3 

Karabakh 1045,9 1320,1 1431,1 1730,4 253,3 260,2 1,1 75,2 

Gazakh-Tovuz  
 

803,8 723,9 2410,1 2507,6 700,9 765,3 3,4 29,7 

Guba-Khachmaz  266 273,3 1353,3 936 19704,2 20171,1 82,1 398,3 

Lankaran-Astara 208,8 142,5 84,3 80,2 223,1 161,4 4 4 

Central Aran 9962,6 9850,3 4055,2 4833,6 63,2 61,8 32,1 152,1 

Mil-Mugan 3283,9 3961,5 276,5 276,4 15 16,1 1,3 248 

Shaki-Zagatala 182,7 186,1 1346,5 1431,9 56246,8 56784,8 222 611,2 

Eastern Zangazur 18,9 23,8 1,7 31,7 5,2 5,4 - - 

Shirvan-Salyan 2785,5 2692,5 107,9 108,8 66 64,3 - 1 
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Table 3. Productivity of fruit and berry crops (t/ha) 

 

Economic regions  
 

Fruit & Berry Apple Cherry 

2020 2024 2020 2024 2020 2024 

Total (Republic) 7,03 7,07 10,16 11,88 8,53 7,23 

Nakhchivan AR 10,71 5,96 15,59 9,31 9,63 6,25 

Absheron-Khizi 0,85 1,99 1,54 1,62 0,93 1,23 

Daglig Shirvan 5,4 5,46 11,16 11,99 5,22 4,92 

Ganja-Dashkasan 8,18 8,42 7,38 8,97 4,5 4,92 

Karabakh 9,47 9,07 8,22 8,52 6,69 5,67 

Gazakh-Tovuz  
 

15,87 16,15 14,48 13,88 13,49 11,68 

Guba-Khachmaz  7,04 7,33 9,86 12,39 9,27 7,31 

Lankaran-Astara 13,6 14,69 3,57 3,42 6,01 8,51 

Central Aran 10,44 11,09 7,98 8,88 8,14 8,07 

Mil-Mugan 8,89 9,04 10,01 10,05 6,7 6,12 

Shaki-Zagatala 2,69 2,79 10,0 11,5 4,66 4,48 

Eastern Zangazur 4,91 4,51 5,37 6,29 2,88 2,68 

Shirvan-Salyan 7,67 7,12 6,1 6,07 3,97 3,95 

 

Tale 4. Productivity of fruit and berry crops (t/ha) 

 

Economic regions 
 

Pomegranate Persimmon Hazelnut Almond 

2020 2024 2020 2024 2020 2024 2020 2024 

Total (Republic) 8,58 8,86 16,1 16,55 1,1 1,27 1,56 2,32 

Nakhchivan AR 2,14 0,58 7,05 2,12 1,58 0,73 3,22 0,73 

Absheron-Khizi 2,16 2,62 4,89 8,39 1,55 2,28 1,01 3,08 

Daglig Shirvan 4,09 4,45 9,55 10,09 2,73 2,56 1,35 1,99 

Ganja-Dashkasan 8,97 8,46 14,42 15,22 6,35 2,58 2,31 0,73 

Karabakh 9,07 6,75 13,49 13,16 4,39 6,08 1,09 1,87 

Gazakh-Tovuz  
 

22,53 26,28 25,82 25,2 3,22 3,36 1,28 2,73 

Guba-Khachmaz  3,38 3,49 6,97 8,59 1,23 1,23 1,14 1,27 

Lankaran-Astara 5,41 6,04 11,17 8,93 3,73 4,88 - 1,8 

Central Aran 9,13 9,67 14,79 15,52 3,77 3,9 - 2,21 

Mil-Mugan 9,3 9,62 12,71 12,95 1,21 1,34 1,77 0,15 

Shaki-Zagatala 6,72 7,03 19,13 19,04 0,99 1,21 0,91 3,73 

Eastern Zangazur 7,2 6,32 5,44 0,29 0,59 0,51 - - 

Shirvan-Salyan 8,0 7,47 9,05 9,87 1,79 1,98 - 0,16 

 

4. Conclusion 

 

Fruit-growing in Azerbaijan is evolving through innovation, digitalization and 

government support. Comparative analysis shows that Azerbaijan is on par with global 

trends in adopting digital agriculture but must accelerate efforts in biotechnology, farmer 

education and climate resilience. Future priorities include: 

 Expanding precision agriculture tools across all regions. 

 Strengthening international collaborations for resilient breeding. 

 Establishing stable market institutions to regulate production and ensure quality. 

This structured discussion demonstrates that fruit-growing is not only an 

agricultural activity but also a strategic sector contributing to food security, economic 

growth and geopolitical stability. 
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