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Аннотация.  
В статье рассматривается современное состояние и перспективы цифровой 
трансформации агропромышленного комплекса Оренбургской области. Ис-
следование базируется на статистических данных за 2021-2023 годы, отра-
жающих уровень внедрения цифровых технологий в сельскохозяйственных 
предприятиях региона, показано противоречие между высокими показате-
лями цифровизации и критическим отставанием в направлениях цифровой 
зрелости и рассматриваются финансовые проблемы, характеризующиеся 
низкими инвестициями в программное обеспечение и минимальными затра-
тами на обучение работников, занятых в сельском хозяйстве. Рассматрива-
ется, что точечные решения по внедрению цифровых технологий на отдель-
ных этапах производства не позволяют достичь максимального эффекта. В 
качестве альтернативы предлагается создание единого цифрового управле-
ния всей цепочки создания добавленной стоимости – от производства до 
сбыта. Рассмотрены практические механизмы интеграции данных между раз-
личными звеньями АПК: использование технологий прецизионного земледе-
лия, IoT-мониторинга в переработке, единых логистических платформ и си-
стем прогнозирования спроса. Подчеркиваются важные результаты цифро-
вой трансформации агропромышленного комплекса Оренбургской области, 
которые должны стать синергетическим эффектом, выражающимся в сниже-
нии трансакционных издержек, минимизации потерь на всех этапах и повы-
шении доли доходности.. 
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Abstract.  
The article discusses the current state and future prospects of the digital transfor-
mation of the agricultural industry in the Orenburg region. Based on statistical data 
from 2021 to 2023, the study reveals a contradiction between the high level of adop-
tion of digital technologies in agricultural enterprises and a significant gap in digital 
maturity. The study argues for a shift from isolated automation to a comprehensive 
digital transformation of the region's agricultural industry. Point-based solutions for 
introducing digital technologies at specific stages of production are not sufficient to 
achieve maximum benefits. Instead, it proposes creating a unified digital system for 
managing the entire value chain from production to sales. Practical mechanisms for 
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data integration between different parts of the agro-industrial complex are dis-
cussed, including the use of precision farming technologies, IoT monitoring in pro-
duction, unified logistics platforms, and demand forecasting systems. The signifi-
cant outcomes of the digital transformation of the Orenburg Region's agro-industry 
are highlighted, which should result in a synergistic effect expressed in reduced 
transaction costs, minimized losses at all stages, and increased profitability. 

 

For citation: Guseva E.P., Spechilov E.F. The concept of the digital transformation of agriculture: an 

integrative approach to managing the value chain. Economics and Innovation Management, 2025, no. 4 

(35), pp. 70-77. DOI: 10.26730/2587-5574-2025-4-70-77, EDN: QAJJPS 

 

1 Introduction / Введение 

The agro-industrial complex (AIC) of Russia is at a turning point, determined by the global trend 

towards digital transformation, which has ceased to be an instrument of competitive advantage. In con-

ditions of increasing pressure on agroecosystems, climatic instability and the need to ensure food secu-

rity, the introduction of Industry 4.0 technologies is becoming a key factor in increasing productivity, 

resource efficiency and manageability of the industry, defined by the concept of "Agriculture 4.0" [1, p. 

15]. In the context of increasing challenges related to climate instability, growing demographic pressure 

and the need to ensure food security, digital transformation is no longer an exclusive tool for improving 

efficiency, becoming a strategic requirement for sustainable development, which is mandatory and un-

conditional to fulfill [2]. Russia, with significant agricultural resources, has actively joined this process, 

which is reflected in national projects and government programs such as Digital Agriculture [3]. 

The Orenburg region, being one of the significant agricultural regions of the country with high 

potential in crop production and animal husbandry, demonstrates a contradictory picture of readiness 

for this transition. At the moment, the digitalization of the agro-industrial complex of the region is frag-

mented [4]. Large agricultural holdings are actively implementing elements of precision farming, such 

as GPS navigation and differentiated fertilization, transport monitoring systems and basic accounting 

systems. However, the vast majority of medium and small agricultural enterprises are characterized by 

the use of disparate solutions that are not integrated into a single digital environment. Technologies 

based on complex big data analysis, predictive analytics, and artificial intelligence remain rare. The 

critical constraints are the weak development of digital infrastructure in rural areas, manifested in insuf-

ficient Internet coverage, as well as an acute shortage of personnel with both agricultural and digital 

competencies. Thus, the current situation can be characterized as a stage of initial uneven digitalization 

of individual processes in the absence of a comprehensive digital transformation, implying a profound 

change in the management system [5]. 

The study is conditioned by a systemic challenge related to the need to ensure the food security of 

the Russian Federation in the context of external constraints and global changes. As Academician of the 

Russian Academy of Sciences I.G.Ushachev notes, "the current state of the agricultural sector of the 

economy requires a scientific rethink of the fundamental and practical foundations for the formation of 

sustainable, efficient and competitive production" [6].  

The problems of digitalization of the agro-industrial complex are in the focus of attention of nu-

merous domestic and foreign scientists. The terms "digitalization" and "digital transformation" are often 

used synonymously. In modern scientific and managerial practice, they denote fundamentally different 

stages and depth of changes in the agro-industrial complex [7]. The digitalization of the agro-industrial 

complex is an initial and tactical stage, the essence of which is the introduction of digital technologies 

to automate existing processes and increase their efficiency. This is the process of converting analog 

information into digital form and using digital tools to solve local problems. Digitalization is the "reju-

venation" of traditional approaches through technology, including the replacement of paper magazines 

and reports, the use of GPS navigators on agricultural machinery for parallel driving, which reduces 

production costs, and the installation of sensors (Internet of Things, IoT) in livestock complexes to 

monitor temperature and humidity., using satellite imagery to visually assess the condition of crops. The 

key result of digitalization is an increase in operational efficiency (saving resources, reducing labor costs 

and minimizing human errors in certain areas of work [8].  
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2 Materials and methods / Материалы и методы 

The digital transformation of the agro-industrial complex of the Orenburg Region is a key factor 

for increasing its efficiency and moving towards a sustainable development model. This process in-

cludes the introduction of a range of technologies, from precision farming and satellite monitoring to 

the Internet of Things (IoT) for monitoring machinery and animals, as well as platforms for big data 

analysis. Their use helps farmers optimize the use of resources, reduce costs and increase productivity. 

Despite the potential, the path of digitalization is fraught with a number of challenges. Digitalization of 

the agro-industrial complex of the Orenburg region has gone through several stages, transforming from 

simple automation to the introduction of complex intelligent systems (Fig. 1) [9,10].  

The evolution of digitalization of the agro-industrial complex of the Orenburg region is character-

ized by the sequential passage of several key stages. The initial stage laid the fundamental foundation 

for further development based on the creation of prerequisites for improving and strengthening food 

security in the region. At the second stage, efficiency improvements were demonstrated by individual 

advanced farms, but there was no widespread innovation. The main constraints were high capital ex-

penditures, an unobvious short-term payback for most enterprises, and an acute shortage of qualified 

personnel capable of working with new technologies. The third stage is a transition in which digitaliza-

tion has become a mandatory element for large agricultural holdings. The active implementation of 

digital solutions has allowed us to reach a new level of operational efficiency, optimize the resource 

base and move to data-based management decisions. The current stage is determined by the introduction 

of artificial intelligence and digital form boards, which shows the transition of the region to "smart 

agriculture". The key task at this level is the integration of all market participants into a single digital 

value chain - "from the field to the counter". 

 
Fig. 1. The evolution of digitalization of the agro-industrial complex of the Orenburg region 

 

Without solutions to this problem, innovative solutions remain fragmented, which makes it impos-

sible to realize the synergetic potential and leads to significant losses in economic efficiency. The prom-

ising (future) stage is the stage of complete digital transformation, which will be conditioned by the need 

to ensure two critical factors: cybersecurity of data and energy security of digital infrastructure in remote 

rural areas [7]. The creation of these conditions is essential for the smooth functioning of systems, in-

formation protection and maximizing the impact of implemented technologies for the sustainable devel-

opment of the regional agro-industrial complex (Fig. 2) [11]. 

The analysis of data on the digitalization of agriculture in the Orenburg region for 2022-2023 makes 

it possible to identify a number of key trends. The level of penetration of basic digital technologies into 

the agro-industrial complex of the region is high and continues to grow. Thus, the share of agricultural 

organizations using personal computers increased from 88.7% to 90.6%, which exceeds the average for 
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all types of economic activity (87.5%). A similar positive trend is observed in server usage: an increase 

from 42.5% to 44.8%, with an average of 41.7%. This indicates that agricultural enterprises are actively 

developing their IT infrastructure. Internet connection also shows progress. Fixed–line access usage 

increased from 85.8% to 89.6%, while mobile access remained at a high level, although it decreased 

from 46.2% to 43.8%. At the same time, the presence of a website as a key tool for digital presence has 

become more widespread, with the corresponding indicator rising from 21.7% to 26.0%. Despite this 

growth, it is more than twice as low as the average for all types of industries (51.8%), which indicates a 

significant potential for improving digital marketing and customer interaction in the agricultural sector. 

Broadband Internet access, which is the main one for using modern cloud-based data-intensive solutions, 

was available to 82.3% of rural organizations in 2023, and its prevalence is steadily increasing [12]. 

The use of specialized software for managing business processes demonstrates an ambiguous pic-

ture. The implementation of procurement management systems increased slightly from 304.5% to 34.4% 

and is consistently ahead of the average. The use of programs to manage the overall indicator decreased 

from 19.8% to 16.7%, which is significantly lower than the overall indicator of 22.6%. This indicates a 

shift from digitalization to supply optimization or the presence of barriers in the implementation of 

appropriate solutions [12]. 

 

 
Fig. 2. The use of digital technologies in agriculture Orenburg region in 2023 

 

The financial side of the digital transformation of the industry is characterized by a low volume of 

absolute costs. In 2023, the total expenses of agricultural organizations for the introduction and use of 

digital technologies amounted to only 42.5 million rubles, disproportionately small in the regional econ-

omy. The largest share of funds is allocated to pay for communication services (12.2 million rubles), the 

cost of purchasing computing equipment – 7.7 million rubles, and most importantly, software – 3.1 

million rubles remain very modest. This correlates with data on the cost structure in 2021-2023 as a 

whole, where internal costs dominate – 77.7% in 2023, and they are based on the purchase and mainte-

nance of equipment – 46.1%. At the same time, investments in the development of human capital are 

very small (0.1%) throughout the entire period [12]. 

3 Results and Discussions / Результаты и обсуждение 

Agriculture in the Orenburg region has significant potential in crop and livestock production and 

shows a contradictory picture in terms of readiness for digital transformation. On the one hand, there 

are positive macroeconomic and institutional prerequisites – existing state programs to support "Digital 

agriculture" within the framework of the state program for the development of agriculture, there is an 

understanding of the importance of this area at the regional level, and large agricultural holdings have 

already begun active implementation of elements of precision agriculture (GPS navigation, differenti-

ated fertilizer distribution), a system of monitoring of transport and databases on animal husbandry. The 

real level of digital technology adoption in most agricultural enterprises, especially medium and small 

ones, is affected by a significant digital divide. Separate enterprises that are not integrated into a single 

digital ecosystem are being implemented. Digitalization mainly affects the operational level, and tech-

nologies based on big data analysis, predictive analytics and artificial intelligence to support manage-

ment decisions. A critical limitation is the state of human resources, which has both competencies in the 

field of agriculture and skills of working with digital technologies. The problem of digital infrastructure 

in rural areas, low speed and instability of Internet connection, especially in remote areas of the region, 
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make it impossible to use cloud services and Internet of Things (IoT) technologies in real time. The 

investment attractiveness of digitalization is due to high initial costs, long payback periods and the lack 

of evidence of the direct economic effect of complex digital solutions. The current state can be described 

as the stage of initial digitalization in the absence of an integrated approach to digital transformation, 

which involves improving individual stages of work and management models, a set of interrelated prob-

lems arises (Fig. 3). 

 
Fig. 3. A set of interrelated problems 

The current situation is a natural consequence of the approach to digitalization, when investments 

in technical equipment are not supported by adequate development of software solutions and digital 

competencies, which is manifested in a critical lag in terms of maturity, 26% of agricultural organiza-

tions have websites, and only 16% use systems for sales management. The technical infrastructure does 

not provide a real increase in the efficiency of agricultural production. Low investments in software and 

minimal staff training costs indicate a systemic crisis of the current digitalization model. 

 

Table 1 – The value-added chain of the agro-industrial complex 

  
Problems of the 

region 
Spot automation 

Digital transformation of the entire 

link 

Production 

(link I) 

Droughts, soil ero-

sion, the need to save 

water and fertilizers 

Setting humidity 

sensors on one field 

Implementation of a precision farming 

system based on remote sensing of the 

Earth 

Recycling 

(link II) 

Loss of raw materi-

als, low processing 

depth, quality control 

Automation of ac-

counting at the en-

trance to the enter-

prise 

Implementation of an IoT monitoring 

system for raw material parameters in 

real time, which allows flexible recon-

figuration of production lines to opti-

mize output and minimize waste 

Storage and 

logistics 

(Link III) 

Large distances, 

spoilage of products 

during storage, route 

optimization 

GPS tracker on the 

truck 

Creation of a single logistics platform 

that links data from fields with the 

availability of free elevators and ware-

houses; optimizes routes based on road 

conditions and weather; monitors tem-

perature and humidity in real time, au-

tomatically preventing spoilage 

Sales and 

marketing 

(link IV) 

Search for sales mar-

kets, brand for-

mation, obtaining a 

fair price 

The company's 

business card web-

site 

Using data from all previous stages for 

traceability, demand forecasting, goal 

formation 
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Overcoming such interrelated challenges requires not only the sum of technological solutions, but 

also the restructuring of the entire business model. In this regard, the Orenburg Region, with its specific 

natural and climatic conditions (risk of droughts, wind erosion of soils, uneven precipitation distribu-

tion), is in urgent need of a transition from precise automation to a comprehensive digital transformation 

of all links in the value chain (Table 1). 

The main purpose of the transformation of all links is not just to improve each of them individually, 

but to link them into a single contour, that is, data on the projected harvest (link I) is automatically 

transmitted to the logistics service (link III) and the sales department (link IV), data on the quality of 

raw materials at acceptance (link II) helps Agronomist (link I) to adjust agricultural technologies. To 

overcome the specific risks of the Orenburg Region, it is not enough to purchase smart tractors; it is 

necessary to create a single digital data space where information flows freely along the entire chain, 

allowing for a cumulative economic effect that is many times greater than the sum of the effects of 

disparate solutions. This is exactly the essence of the real digital transformation of the agro-industrial 

complex of the Orenburg region. 

4 Conclusion / Заключение 

Research indicates the need to move from fragmented digitalization to building an integrated eco-

system for managing the agro-industrial complex. The main condition for effective transformation is the 

creation of a single digital platform that ensures end-to-end data integration of the entire value chain.  

Agriculture in the Orenburg region is showing good progress in the field of digitalization (comput-

ers, Internet, servers), but is facing problems at more mature stages of transformation. These include 

weak digital representation in the form of websites, a decrease in the use of sales management software, 

as well as limited investments in software and the development of digital competencies of staff. The 

current cost model is infrastructural and operational in nature, rather than investment in innovative tech-

nologies, which may constrain the transition to precision engineering and these management ap-

proaches. The digital transformation of the agro-industrial complex of the Orenburg region should be 

considered as a systemic investment project aimed at creating an integrated value chain, where the syn-

ergetic effect of the interaction of all links is many times greater than the sum of individual improve-

ments. The key economic advantage of this approach is the transition from an extensive development 

model based on compensation for natural risks to an intensive model based on optimizing resource con-

sumption and creating added value through digital management of the entire production and distribution 

chain. The economic efficiency of digital transformation is achieved by reducing transaction costs be-

tween chain links through the creation of a single information space; minimizing losses at all stages - 

from production to sales (optimizing water and fertilizer costs, reducing logistics costs, reducing product 

spoilage); increasing revenue share through deeper processing and brand formation based on quality 

traceability; reducing the systemic risks of agricultural production through predictive analytics and 

adaptive management. 
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