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Abstract  

This article presents the key characteristics, main advantages, and existing challenges 

of digital agriculture. By analyzing the vulnerabilities of Armenia’s agrarian sector, the study 

explores possible solutions through the transformation of agricultural digitalization. The 

application of advanced and digital technologies in agriculture is a crucial condition for the 

efficient use of limited resources, increased productivity, and enhanced output of farming 

enterprises. This will help minimize risks in the agricultural sector and contribute to the 

development of a more resilient and sustainable agricultural system, ensuring a higher level of 

resource management efficiency. Examining global experiences in agricultural digitalization, 

the study highlights the importance of transitioning from fourth-generation agriculture to 

knowledge-based fifth-generation agriculture. It also substantiates the relatively low efficiency 

of traditional agriculture in Armenia and emphasizes the necessity of transitioning to precision 

agriculture through digitalization. 

 

Keywords: Digital transformation, knowledge-based agriculture, fifth-generation 
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Introduction  

In today’s world, digital transformation has permeated all sectors, bringing both 

additional challenges and tangible opportunities. Digitalization has had a significant impact 

on the sustainable development of the agricultural sector by redefining traditional approaches 

in agribusiness[2]. The opportunities offered by artificial intelligence and high-tech 

applications have enabled a transition from traditional farming to profit-oriented agribusiness 

operations, substantially reducing labor intensity and risks in the sector. 

  From a public policy perspective, ensuring a smooth digital transformation in 

agriculture, as in other economic sectors, requires the development and implementation of a 

digital integration strategy. This strategy must be tailored to the country’s political, legal, 

economic, socio-cultural, ecological, and technological development levels. As in many 

countries worldwide, the successful implementation of agricultural digitalization in Armenia 
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can lead to long-term qualitative improvements in the agrarian sector, enhancing its investment 

attractiveness and overall competitiveness. 

 

Conflict Setting 

  Agricultural digitalization is one of the key challenges facing Armenia’s agrarian 

sector. Ensuring a flexible digital transformation is a prerequisite for transitioning from 

traditional agriculture to precision agriculture. This study examines the tools of agricultural 

digitalization, as well as the roadmaps that characterize countries moving towards sustainable 

agriculture. The research focuses on the vulnerabilities of Armenia’s agrarian sector and 

technological solutions that have demonstrated high efficiency in international digitalization 

practices. 

 

Research Results 

  Agriculture is one of Armenia’s traditional economic sectors. Despite its relatively low 

profitability, it remains a crucial sector for food self-sufficiency, employment, and income 

generation in rural areas. According to data published by the Ministry of Economy of Armenia, 

the agricultural sector contributed 10.4% to the country’s GDP in 2022. Around 94.2% of gross 

agricultural production is provided by approximately 317,000 smallholder farms, each 

managing an average of 1.48 hectares of land. Additionally, 21.8% of Armenia’s employed 

population is engaged in the agricultural sector [1].   

 

 
Fig. 1 Dynamics of Gross Agricultural Production 

in the Republic of Armenia, 2018–2022 

The bottom of the column is crop production; the top is animal husbandry 

 

According to an analysis conducted by Enterprise Armenia, as of 2023, agriculture 

accounted for 8.4% of Armenia’s GDP and provided employment for more than one-third of 

the country’s workforce. The agricultural sector is composed of 47.2% livestock farming and 

52.8% horticulture. Data published by Enterprise Armenia indicates that, as of 2023, there were 

334,000 farming enterprises in Armenia. Based on this study, the total agricultural land area in 

the country amounts to 2,000,000 hectares, including 442,730 hectares of pastures and 1.05 

million hectares of arable land [11]. 

As of 2023, processed food production accounted for 33.5% of total agricultural output, 

while agricultural exports reached a total value of $1.1 billion. 
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Despite its structural role in Armenia’s economy, agriculture has remained one of the 

country's key macroeconomic pillars. However, as in many developing countries, Armenia’s 

agricultural sector also faces a number of vulnerabilities. 

By analyzing the vulnerabilities of Armenia’s agricultural sector, the following key 

challenges in its development have been identified: 

▪ Compared to other sectors of the economy, agriculture has a relatively low profitability rate, 

coupled with high labor intensity and unpredictability. These factors serve as obstacles to 

the sector’s investment attractiveness. 

▪ Despite government-backed support programs, tangible growth has not been observed in 

recent years. Additionally, rural farming enterprises face an increasing burden of credit 

debt, which not only worsens their socioeconomic conditions but also negatively impacts 

their credit histories. 

▪ The fragmentation of agricultural land and inadequate legal documentation pose significant 

challenges to both small- and large-scale investment projects in the agrarian sector, both 

from an economic and legal perspective.  

▪ The continued use of traditional farming techniques leads to low crop yields and 

complicates financial planning due to the frequent fluctuations in market prices for 

agricultural products, both in retail and wholesale markets. 

▪ Agriculture is highly susceptible to disease outbreaks and adverse weather conditions, 

significantly increasing risks for farmers.  

▪ In traditional farming, the expectation of high yields often results in the excessive use of 

pesticides, which not only poses a threat to food safety but also leads to long-term 

environmental issues [3]. 

Unlike traditional agriculture, digitalization introduces technological solutions that can 

significantly reduce risks in the agrarian sector from an investment perspective. It enhances 

predictability within the industry, facilitating greater access to credit resources from lending 

institutions under more favorable conditions. Additionally, it increases the sector’s investment 

attractiveness for potential investors. 

Given the importance of digitalizing the agricultural sector, numerous developed and 

developing countries around the world have already designed and implemented strategic 

programs aimed at promoting the digital transformation of agriculture. Among the public 

policies that have gained the most traction and demonstrated high effectiveness in international 

digitalization practice are the following key frameworks: United States – Digital Agriculture 

Initiative; Canada – Climate-Smart Agriculture and Smart Agriculture and Food Systems; 

China – Rural Revitalization Strategy and National Digital Rural Development Strategy; 

Australia – Digital Foundations for Agriculture; Russian Federation – Digital Agriculture 

Strategy; India – Digital Agriculture Mission; Brazil – Agro 4.0: The Digital Revolution in the 

Field; European Union – Digital Decade for Europe. 

A review of these models reveals that, while tailored to each country’s specific context, 

they share a set of common approaches and principles. These are summarized in the roadmap 

presented below, which outlines the core tools and sequential steps that guide the 

implementation of agricultural digitalization across various national contexts. 

Given the current state of the agricultural sector and the proven high efficiency of the 

aforementioned models in international practice, it is recommended to adapt these tools to the 

specific characteristics of the Republic of Armenia [4]. From a public policy perspective, one 

of the key challenges facing the agricultural sector is the improvement of an accurate 
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agricultural accounting system. The solution to this issue requires the implementation of 

comprehensive agricultural census programs, aimed at obtaining reliable data on agricultural 

structures, including agricultural land use, livestock population, agricultural machinery, 

agricultural buildings, as well as the sector’s human and material resource potential at both 

regional and community levels. In both developing and developed countries, maintaining 

registered agricultural enterprises is a mandatory component, which also includes the 

identification (registration and numbering) of livestock. Accurate accounting enables the 

assessment of the actual state and potential of the economy at a given time [3]. 

 
Fig. 2 A roadmap based on successful models of international  

experience in digitalization of agriculture 

  

In digital agriculture practice, the highest efficiency has been achieved through the use 

of platforms integrated with automated management systems, including CropX, John Deere 

Operations Center, SmartAG Systems, Trimble Agriculture, Agroanalytics, and others. These 

software solutions have proven their effectiveness not only in crop and livestock production but 

also in ensuring the operational monitoring of agro-industrial enterprises. By integrating with 

accounting and sales software, these systems facilitate financial record-keeping, project 

planning and management, as well as real-time monitoring of agricultural machinery and 

transportation [6]. 

 The use of agrodrones is a highly important tool in intensive agriculture, both for 

monitoring land and orchards and for conducting highly precise fertilization and spraying 
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operations from low altitudes. The implementation of these technologies significantly reduces 

risks associated with human error, eliminates improper agricultural practices, and ensures the 

accurate dosage of pesticides. Consequently, this minimizes food safety concerns and mitigates 

environmental damage [5]. 

In the field of crop production, one of the most widely used technologies is soil mapping, 

which enables the analysis of soil composition, crop suitability, fertility levels, and optimal 

growing zones. This is achieved through high-sensitivity sensors mounted on unmanned aerial 

vehicles (UAVs) and satellite imagery. Additionally, soil agrochemical composition can be 

examined using these advanced technologies. Based on the analysis of the collected data, 

farmers can determine the most optimal time for sowing and accurately calculate the required 

dosage of fertilizers. 

In recent years, the use of agrodrones has also expanded into the livestock sector. By 

integrating with IoT (Internet of Things) technologies attached to large and small ruminants, 

remote monitoring enables the early detection of diseased animals, assessment of feed quality, 

and evaluation of temperature conditions in farms to ensure a favorable environment for 

livestock. Providing optimal conditions for animals' well-being and natural growth helps 

minimize disease-related risks and losses due to mechanical injuries. The primary objective of 

smart farms is to ensure automated animal care through knowledge-based approaches. A smart 

farming system enables the automated and regular distribution of water and feed, manure 

removal, hygiene management, milking, and other essential operations required for the stable 

functioning of a livestock farm—minimizing human intervention. IoT chips installed on 

animals allow for comprehensive identification, providing real-time data on each animal’s 

health condition, birth date, milk yield, and other relevant indicators [7].  

Smart Greenhouse Farming։ Smart greenhouse farms are an integral part of digital agriculture. 

In recent years, automated greenhouses have adopted robotic technologies specifically designed 

for agricultural applications. Automated management systems regulate heating, irrigation, and 

lighting to create optimal conditions for plant growth. These systems automatically turn heating 

on and off based on temperature requirements, ensure precise humidity levels through drip 

irrigation, and adjust artificial lighting based on the seedlings’ needs. Additionally, the system 

can open and close greenhouse windows as needed [4]. During excessive heat conditions, 

protective curtains are activated to shield crops from direct sunlight exposure.  

Particularly in 5th-generation greenhouse farms, the management of crop care processes is 

conducted by robots, performing tasks such as weed control, pruning, precision spraying, and 

harvesting. The goal of robotic agriculture is to reduce physical labor while minimizing 

potential losses caused by mechanical intervention [3]. 

Despite the advantages of precision agriculture enabled by digitalization, the digital 

transformation of the agricultural sector also introduces significant risks and challenges that are 

influenced by the following factors: 

▪ The implementation of cutting-edge technologies requires large-scale capital investments, 

which are often financially inaccessible to small-scale farms.  

▪ Due to urbanization, digital infrastructure development is uneven across regions. Moreover, 

regular maintenance of advanced agricultural technologies requires highly qualified 

specialists, who often do not see long-term career prospects in the agricultural sector. 
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▪ The adoption, software integration, and maintenance of advanced technologies require 

specialized expertise, which many current farmers lack. Acquiring these skills is a long-

term process, and outsourcing such services to IT companies comes with high operational 

costs. 

▪ The significant capital expenditures required for digitalization can substantially impact the 

cost structure of agricultural production, potentially leading to increased product prices. 

▪ While internet accessibility in Armenia is relatively well-developed compared to many 

other countries and is not excessively costly, 4G and, in some cases, 5G connectivity is 

essential for precision industrial agriculture.  

▪ The automation of agricultural processes resulting from digitalization will lead to a 

significant reduction in rural employment opportunities, thereby exacerbating internal 

migration, urbanization, and emigration challenges[10]. 

Assessing both the advantages and challenges of digitalization, it is evident that digital 

transformation is most suitable for industrial-scale agricultural enterprises. Due to their large-

scale production, these enterprises can significantly shorten the investment payback period and 

increase profitability. 

Analyzing current digital agriculture trends, we observe a global transition from fourth-

generation to fifth-generation agriculture. This evolution is driven by technological 

advancements, with a key role played by the increasing integration of artificial intelligence (AI) 

in agricultural processes. 

 
Fig. 3 Characteristics of the 5.0 Generation of Digitalized Agriculture. 

 

In the agri-food system, Big Data refers to specialized software solutions that 

comprehensively collect and store data from drones, satellite imagery, sensors, and IoT devices. 

Due to the diversity and accuracy of data, combined with AI-powered analytics, the crop 

production sector can now predict yield levels, monitor crop health, track growth stages, assess 

disease risks, and more. This approach also enables forecast-based planning for weed and 

disease control as well as optimal harvesting schedules. 

Moreover, it provides high-precision insights into the exact amount of irrigation water required 

based on soil moisture levels and the precise dosage of pesticides needed to maximize yield 

potential[9]. 

The integration of blockchain technology into the agri-food system plays a crucial role 

in food safety. By ensuring secure data storage, blockchain technology allows for the 
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transparent tracking of the entire agricultural supply chain, including all involved entities. This, 

in turn, serves as a foundation for agribusinesses to source safe raw materials and select reliable 

suppliers [5]. 

Research findings confirm that agriculture digitalization can have a significant impact 

on increasing the competitiveness of the agrarian sector. On a macroeconomic level, the 

development of agriculture directly influences the agri-food system.  

The agri-processing industry not only ensures the sustainable development of agriculture but 

also serves as a key driver for the food processing sector. 

The significance of the agri-food system is also highlighted in official statistics published by 

the Ministry of Economy of Armenia. As of 2022, the share of processed agricultural products 

in the food industry accounted for 34.1% of total industrial output, while in manufacturing, it 

represented 50.6% [1].  

According to an Enterprise Armenia analysis, in 2023, Armenia’s total exports 

amounted to $8.5 billion, with 12.9% attributed to processed food products. The total value of 

food production in 2023 reached $1.6 billion. 

Among processed food products, the largest share is held by alcoholic and non-alcoholic 

beverages (55.2%), followed by meat and fish products (5.7%), processed vegetables and fruits 

(5.2%), and other food products (32.9%). At the same time, the export growth rate in the food 

industry reached 6.06% in 2023 [11]. 

Comparing the dynamics of processed agricultural products from 2017 to 2023, the 

sector experienced a 20.7% increase. Based on economic analyses, the monetary value of 

production in the agro-processing sector recorded the following figures: 2017 – $970 million; 

2018 – $1.09 billion; 2019 – $1.1 billion; 2020 – $1.04 billion; 2021 – $1.1 billion; 2022 – $1.5 

billion; 2023 – $1.6 billion.  

Considering the trends in agricultural digitalization, the strategic importance of the 

agricultural sector, and the growth dynamics of the agro-processing industry, it is recommended 

that Armenia’s agri-food system gradually transition toward the implementation of specialized 

Smart production facilities. These Smart production units, aligned with international ISO 

standards, can enhance the competitiveness of small and medium-sized enterprises (SMEs) 

while also providing industrial-scale agribusinesses with a more efficient and technologically 

advanced production environment.   

 

Conclusion 

 In the modern world, digitalization plays a key role in ensuring precision agriculture and 

enhancing the competitiveness of the agrarian sector at the international level. In developing 

countries, the flexible integration of digital transformation requires the implementation of mid- 

and long-term strategic plans, the development of roadmaps, and the presence of state support 

programs that promote digitalization. Although precision agriculture is more suitable for agro-

industrial complexes, it is equally important to facilitate the transition from traditional to digital 

agriculture for small and medium-sized farms through targeted policies. A knowledge-based 

agricultural system has a direct impact on both increasing the profitability of agribusinesses and 

transforming traditional farms into profitable agricultural enterprises. In Armenia, the 

qualitative development of the agricultural sector is inconceivable without digitalization and 
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the creation of the necessary infrastructure to support it. At present, the digitalization of 

agriculture in Armenia remains at an early stage. However, to scale the process to a national 

level, it is essential to introduce new state support programs, utilize monetary and credit 

instruments, and implement comprehensive adaptation measures. These steps will contribute to 

the establishment of new digitalized farms and the transformation of existing agricultural 

enterprises. 
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ПЕРСПЕКТИВЫ ЦИФРОВИЗАЦИИ СЕЛЬСКОГО ХОЗЯЙСТВА  

В РЕСПУБЛИКЕ АРМЕНИЯ 

 

З.М. Багирян 

Армянский Государственный Экономический Университет 

 

Представлены ключевые характеристики, основные преимущества и 

существующие проблемы цифрового сельского хозяйства. На основе анализа 

уязвимостей аграрного сектора Армении в исследовании рассматриваются возможные 

решения путем преобразования сельского хозяйства в цифровую форму. Применение 

передовых и цифровых технологий в сельском хозяйстве является важнейшим условием 

эффективного использования ограниченных ресурсов, повышения производительности 

и увеличения объемов производства сельскохозяйственных предприятий. Это поможет 

свести к минимуму риски в сельскохозяйственном секторе и будет способствовать 

развитию более устойчивой сельскохозяйственной системы, обеспечивая более высокий 

уровень эффективности управления ресурсами. 

Анализируя мировой опыт цифровизации сельского хозяйства, авторы 

исследования подчеркивают важность перехода от сельского хозяйства четвертого 

поколения к сельскому хозяйству пятого поколения, основанному на знаниях. В нем 

также обосновывается относительно низкая эффективность традиционного сельского 

хозяйства в Армении и подчеркивается необходимость перехода к точному земледелию 

посредством цифровизации. 

 

Ключевые слова: Цифровая трансформация, сельское хозяйство, основанное на 

знаниях, сельское хозяйство пятого поколения, искусственный интеллект, точное земледелие, 

инвестиционная привлекательность 
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