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Abstract: Purpose: Consideration of the main directions of 

development of information and communication technologies, as 
well as the impact of digital competencies on economic growth in 
the new conditions. Design / Methodology / Approach: This study 
uses statistical and monographic methods, as well as a survey 
method. Findings. The study showed that in agricultural 
production in the current conditions, digital technologies are 
actively used. This is evidenced by the use of unmanned aerial 
vehicles, the use of digital platforms and much more. Along with 
this, the labor market was not ready to offer specialists with 
knowledge and skills in the field of agricultural production and 
digital technologies. Practical implications: The problems 
discussed in the article indicate an urgent need to develop a 
mechanism for training specialists for the agricultural industry 
with digital skills. Originality / value: The authors define the 
concept of the digital economy, and also reveal the essence of the 
factors affecting its development. 
 

Keywords: digital economy, agriculture, human capital, 
competencies, skills, hard skills, soft skills. 
 

I. INTRODUCTION 

The article analyzes the digitalization level of agriculture 
in Russia. The authors identify the main problems impeding 
the development of digital agriculture in our country, one of 
which is human capital. A survey of students from different 
faculties of a sectoral university allowed defining the main 
competencies, which they consider to be in demand in farms 
using digital technologies. The authors suggest a list of skills 
and competencies that will become fundamental for 
production in digital agriculture.  
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II. LITERATURE REVIEW 

The increase in the competitiveness of the agricultural 
industry depends on the employees' degree of professional 
and non-professional competencies. In modern conditions, 
the totality of knowledge, skills, as well as the degree of 
development of professional and non-professional 
competencies is called "human capital" (Olaniyi et al., 2019; 
Mamedova et al., 2019; Táncošová, 2019; ). 

This definition has undergone significant evolution and 
became a scientific concept only in the middle of the 20th 
century. The development of this theory is associated with 
such well-known scientists as G. Becker and T. Schulz. 

According to G. Becker, human capital is understood as a 
set of innate abilities and skills acquired throughout life, the 
effective use of which will lead to an increase in the income 
of the owner of human capital (Becker, 1964). 

Semyon Kuznets, who received the Nobel Prize in 1971, 
made a special contribution to the development of the human 
capital concept. This economist was the first to associate the 
accumulation degree of the national human capital with the 
transition of the economy to a new technological structure 
(Kuznets, 1965). 

III. METHODS 

The object of study is the process of agriculture 
digitalization. The subject of study is the methods and 
directions for increasing the level of agriculture 
digitalization. Data from statistical compilations of the 
Federal State Statistics Service, orders of the Government of 
the Russian Federation, legislative acts and resolutions of the 
federal and municipal levels, as well as the results of empire 
studies and observations served as the information base for 
the research. The study used abstract-logical, 
computational-constructive, empirical, monographic, and 
other methods of economic research. 

IV. RESULTS  

The advent of computers was a significant technological 
breakthrough in the development of mankind. Today, the use 
of the Internet implies not only the possibility of accessing a 
computer to the global network but also the use of digital 
devices that affect all spheres of human life. In the current 
circumstances, the Internet is supplemented by the Internet of 
things. The Internet of things means digital gadgets endowed 
with technologies interacting with each other and the external 
environment, as well as making independent decisions based 
on information received from the external environment. 
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For several years, the Russian Federation at the national level 
has attempted to diversify the economy by moving to an 
innovative development path. This process is facilitated by 
world prerequisites, namely the formation of a new structure 
– the knowledge economy (Korableva et al., 2019a,b). 
Summarizing the foreign experience, it can be confidently 
stated that states that have switched to a knowledge economy  
have a similar labor market, in which the leading role is given 
to human potential, able to work in conditions of uncertainty, 
as well as perform non-trivial tasks and show some kind of 
improvisation. 
In June 2016, at the XXI St. Petersburg International Forum, 
when delivering a keynote speech at a session on innovation 
in agriculture the Minister of Agriculture Alexander Tkachev 
noted: "We face challenges of increasing labor productivity 
and productivity. To solve all these problems, it is necessary 
to use innovative technologies and incorporate robotization" 
(Buraeva, 2014; Yemelyanov et al., 2019; Prodanova et al., 
2019a,b,c). 
According to A.N. Tkachev, agriculture is currently going 
through a transformation phase. First, this happens because 
the world's population is growing every year and the 
agricultural production should increase by 60-70% over the 
next few years (Buraeva, 2014; Dworzecki, and Nowicka, 

2019; Vasilev, 2019; Vasilev and Tung, 2019;Miloradov and 
Eidlina, 2016). 
It is worth noting that the level of intensification of the 
agricultural sector lags far behind the global average. In 5 
years, countries with a more developed agricultural sector 
incorporate on average about 55% of their innovative 
potential, compared to no more than 5% in the Russian. Over 
the past 20 years, more than 1000 varieties and hybrids of 
crops have been created. According to scientists, their 
development would make it possible to increase the 
efficiency of the agricultural industry by more than 3 times. 

One of today's realities is that innovative technologies are 
used in all sectors of the economy, including the 
agro-industrial complex (Kuznetsova et al., 2019a,b,c; 
Bahzar, 2019; Baidi, 2019; Ahtarieva et al., 2018, 2019; 
Bentahar and O’Brien, 2019; Ivygina et al., 2018; Trofimova 
et al., 2019). It is worth noting that the agricultural industry is 
very time-consuming, depending on climatic conditions and 
the "vagaries" of nature. Therefore, humanity has always 
tried to resort to various technologies to increase the yield 
and productivity of farmland. 

However, the above list is not complete, since digital 
technologies in agricultural production are developing with 
considerable speed (table 1). 
 

Table- I: The volume of innovative goods, works, services by type of economic activity 
Indicators 
 

The volume of innovative products, billion 
rubles. 

As a percentage of total goods 

Years Years 
2015 2016 2017 2015 2016 2017 

Mining, manufacturing, 
production, and distribution of 
electricity, gas and water 

3037.4 3258.3 3723.7 8.2 7.9 8.4 

Activities related to the use of 
computer technology and 
information technology 

542.5 584.6 616.1 12.8 13.2 11.9 

Agriculture incl. - - 22.2 - - 1.4 
plant growing - - 6.5 - - 1.1 
animal husbandry - - 14.9 - - 1.6 
mixed farming - - 0.6 - - 1.2 
provision of services in the field 

of crop production, ornamental 
horticulture and animal 
husbandry, except for veterinary 
services 

- - 0.1 - - 0.7 

 
In 2017, as a result of technological innovation, the export of 
innovative goods amounted to 43.7 billion rubles, 87.2% of 
which accounted to industrial enterprises. 
Considering the definition of digital agriculture, it is worth 
clarifying that digital agriculture is based on integrated 
automation and robotization of production, the use of 
automated decision-making systems, modern technologies 
for modeling and designing ecosystems. Digital technologies 
in agriculture are used to collect, store and process data on 
yield, soil condition, feed composition, etc. At the same time, 
it is essential to process the data obtained correctly, to draw 
reliable conclusions for making managerial decisions 
(Paptsov and Nechaev, 2019; Lysytsia et al., 2019; Dhungel 
et al., 2019; Movchan et al., 2019). 

Digitalization allows expanding the capabilities of the 

agricultural sector, including agricultural production, and 
increasing the efficiency of resource use. It helps to increase 
the efficiency of agricultural production due to the optimal 
planning of the crop structure, automation of irrigation and 
extra feeding of plants, digital modeling of crop yields, 
optimization of the feed ration for farm animals. However, 
domestic agriculture, which is in dire need of new sources of 
growth in labor productivity, hardly use these opportunities. 
The main reasons for this are the high cost of incorporating 
digital technologies into production and the lack of skills and 
competencies of employees for working with digital 
technologies. 
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The scope of digital technology in agriculture is unlimited: 
from financial management to monitoring the conditions of 
keeping farm animals. 
Russia ranks 15th in the world for digitalization of 
agriculture, since only 10% of arable land is cultivated using 
digital technology; 3% of farms use precision farming 
technology. According to the Ministry of Agriculture of the 
Russian Federation, the ICT market in agriculture accounts to 
360 billion rubles. 

An examination of the situation in agriculture shows that 
only 1.4% of production results from innovative 
achievements. 

 
Table 2 – Innovation by type of activity, 2017 
Indicator Amount, 

billion 
rubles 

Specific 
weight, % 

Agricultural sector 22.2 1.4 
Mining, manufacturing, 
production, and distribution of 
electricity, gas and water 

3723.7 8.4 

Installation of buildings and 
structures 

from prefabricated structures; 
device 

coatings of buildings and 
structures; 

manufacture of other 
construction 

works 

2.3 1.7 

Communication, activities related 
to the use of computer technology 
and information technology, 
research and development, the 
provision of other types of 
services 
 

616.1 11.9 

 
According to Goldman Sachs Group analysts, digital 

technologies can increase global agricultural productivity by 
70% by 2050. At the same time, costs will be reduced by 
20-25% due to their targeted optimization and increased 
distribution efficiency. Digitalization of the industry will turn 
it into a high-tech business (Kireev et al., 2019; Fedulova et 
al., 2019; Laužikas and Miliūtė, 2019; Banerjee and Mistri, 
2019; Mandal and Sanyal, 2019; Goloshchapova et al., 2018; 
Puryaev et al., 2019). This is one of the driving forces for 
economic growth and competitiveness of enterprises. 

The development of digital agriculture depends on the 
amount of costs allocated from the federal and local budgets. 
Thus, the internal costs of technological research in the field 
of agricultural work in the Novosibirsk region in absolute 
value are distributed as follows: own funds – 151.4 million 
rubles, funds from the budgets of all levels – 334.8 million 
rubles (table 3). 

 
 
 
 
 
 

Table 3 – Internal costs of research and development 
by sources of funding for agricultural sciences 

Indicators 
 

Years 
2015 2016 2017 

Internal costs – total, 
including 

309.8 360.0 548.
3 

own funds 1.0 25.5 151.
4 

budgetary funds of 
all levels 

199.7 260.0 334.
8 

of which the federal 
budget 

191.8 250.0 334.
8 

budgets of 
constituent entities of 
the Russian Federation 
and local budgets 

7.9 - - 

extrabudgetary funds - -  
public sector funds 104.1 - - 
funds of 

organizations of the 
business sector 

- 74.0 - 

funds of private 
non-profit 
organizations 

2.6 - - 

funds from foreign 
sources 

309.8 - - 

 
The introduction of digital technologies in the agricultural 
sector allows significantly increasing agricultural 
productivity and attracting young specialists to the industry. 
At the same time, the Ministry of Agriculture plans to launch 
the Digitalization of Agriculture program by 2019. 

 
Major areas of support for industry digitalization: 

- creation of a unified accounting system for agricultural 
lands (which will allow tracking the number of plots involved 
in agricultural crops) 

- indication of the areas on which crops are grown; 
- tracking all products produced in the agricultural sector 

(the movement of products from the field to the counter); 
- partial reimbursement of the cost of purchasing software 

and hardware; 
- introducing robots that will collect soil samples (to define 

the amount of fertilizer required on particular land plots, to 
reduce the costs of agricultural producers, and to increase 
crop yields). 

Digital technologies will solve the following industry 
challenges: 

1. Increasing the gross harvest of crops and their quality. 
2. Optimizing capital investments. 
3. Decreasing labor input and an increase in labor 

productivity. 
4. Greening production. 
5. Reducing the influence of the human factor on the 

productivity of production. 
However, despite the huge positive impact of digitalization 
on the efficiency of agricultural production, some barriers 
impede its development.  
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The main ones include significant dependence on imported 
machinery and technologies, high cost of acquiring and 
introducing digital technology into production; insufficient 
development of digital infrastructure, including lack of 
mobile communications in some villages; lack of "digital 
competencies" among management and farm employees, and 
lack of highly qualified personnel (Titova et al., 2019; 
Moore, 2018; Raba’ et al., 2018; Havierniková and Kordoš, 
2019; Leonteva et al., 2018; Gradoboev and Tesleva, 2017). 
If the first three problems can be solved through state support 
mechanisms aimed at subsidizing the acquisition of 
technology, import substitution, etc., the last two are 
systemic problems, which solution will lead to a radical 
transformation of the agricultural education system. 
Human capital is one of the main factors affecting the level of 
agriculture digitalization. Its quality determines how quickly 
agriculture can switch to a new technological structure.  

The formation of human capital for the future agricultural 
production occurs mainly in industrial secondary and higher 
educational institutions, where students must already have 
the skills and competencies necessary for working in 
companies using digital technologies (Polyakova,et al., 2019; 
Bozhkova et al., 2019; Sycheva et al., 2019a,b; Kaźmierczyk, 

2019; Jarrah, 2019; Magsumov, 2018, 2019; Sabitova et al., 
2018; Shaitura et al., 2018). 

To assess the level of students' preparedness for digital 
agriculture, the authors surveyed various faculties of the 
Novosibirsk State Agrarian University, which included the 
following questions: 
1. What skills do you think will be in demand in the context 
of digitalization in 5 years? 
2. What "flexible" competencies (soft skills) are required 
when working with digital technologies? 
3. How often do you use information and computer 
technology? 
 
 

 
Figure 1 – Distribution of answers to the question: 

"Which skills, in your opinion, will be in demand in the 
context of digitalization in 5 years?", % 

 
According to students, employees with both professional 

(hard skills) and "flexible" competencies (soft skills) will be 
equally popular in digital agriculture. This convinced 42% of 
respondents (Fig. 1). It should be noted that hard skills 
include a set of professional skills related to the technical side 
of activity, while soft skills include skills that are not 
associated with a specific type of activity, but with 
communications for effective interaction with colleagues, 

clients, and partners. 
 

 
Figure 2 – Distribution of answers to the question: 

"Which "flexible" competencies (soft skills) are required 
when working with digital technologies?", % 

   
The answers to the following question showed that the 

most popular soft skills involve the ability to take initiatives, 
entrepreneurial skills (32%) and the ability to learn and 
self-study (28%) (Fig. 2). These competencies, indeed, are 
essential when working in companies using digital 
technologies, since their constant updating and improvement 
requires regular training from employees. Whereas, the 
initiative allows using new methods to solve complex 
problems. 
When asked about the frequency of using information and 
computer technologies, 59% of respondents answered that it 
was constant, and 33% – around the clock (Fig. 3). 

 

 
Figure 3 – Distribution of answers to the question: 

"How often do you use information and computer 
technologies?", % 

 
Even though most students constantly use ICTs, the level of 
use of various specialized programs and applications to 
ensure agricultural production remains low. This is because 
little time is devoted to studying these programs in higher and 
secondary educational institutions. However, the advantage 
of the constant use of ICT allows graduates coming to work 
on a farm to quickly learn modern technologies. 
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Thus, the results of the survey showed that the skills 
necessary for digital agriculture, the opinion of the students 
surveyed coincided with the opinion of specialists who 
believe that in the near future workers with both professional 
and "flexible" competencies will be most effective. The latter 
include ongoing training and initiative (Dautov et al., 2018; 
Zhundibayeva et al., 2013; Saenko et al., 2019; Sagdieva et 
al., 2019; Voronkova et al., 2019 a,b,c). The good news for 
the development of agriculture digitalization is that most 
students of a sectoral university are well acquainted with 
information and communication technologies and constantly 
use them. This would significantly facilitate the training 
process with specialized software when hiring new personnel 
(Kashirskaya et al., 2019; Plaskova et al., 2019; Akhtarieva et 
al., 2019; Frolova et al., 2019; Shatunova et al., 2019). 

The authors believe that agriculture digitalization requires 
the following skills and competencies from employees: 

1. The ability to manage projects and processes. 
2. Systemic thinking. 
3. The ability to define complex systems and work with 

them, including engineering systems. 
4. Knowledge of the basics of agricultural- and 

biotechnology. 
5. Programming IT solutions. Management of automated 

complexes. 
6. Ecological thinking. 
7. Work with artificial intelligence. 

 
Thus, before concluding, it is worth noting that digitalization 
of world agriculture will lead to an increase in agricultural 
production in 1.5 times by 2025, improve its quality, reduce 
labor intensity and increase productivity, reduce unit costs, 
increase crop yields and farm animal productivity (Yehya et 
al., 2018; Ivanova et al., 2019; Areiqat et al., 2019; Movchan 
et al., 2019; Turen et al., 2019; Ghosh and Ghosal, 2019). 
The key problems of agriculture digitalization include: the 
dependence of production on foreign machinery and 
technologies; high cost of acquiring and introducing digital 
technologies into production; insufficient level of digital 
infrastructure development, including the lack of mobile 
communications in some villages; the lack of "digital 
competencies" among management and farm employees, and 
the lack of highly qualified personnel. 

 
V.  CONCLUSION 

 
In modern conditions, agriculture digitalization becomes one 
of the necessary conditions for solving the problem of food 
security in our country. Russia has a significant reserve of 
agricultural production and the growth potential of the 
industry's turnover through the introduction of digital 
processes and technologies in crop production and animal 
husbandry. However, the use of this reserve based on digital 
technologies requires, first, the acquisition of expensive 
machinery, technologies and equipment, secondly, changes 
in the management system in the economy, and third, the 
training of employees in new knowledge, competencies, and 
skills. 
In our opinion, the agriculture digitalization requires the 
following skills and competencies from employees: the 
ability to manage projects and processes; systemic thinking; 

the ability to define complex systems and work with them, 
including engineering systems; knowledge of the basics of 
agricultural- and biotechnology; programming IT solutions; 
management of automated complexes; environmental 
thinking; work with artificial intelligence. It is worth noting 
that the development of human capital lies at the heart of 
successful digitalization of agricultural production, the 
formation of which occurs mainly in industrial secondary and 
higher educational institutions, where students should 
already have the skills and competencies necessary for 
working in companies using digital technologies.  
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