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1 Introduction
Agricultural organizations are facing a shortage of labor. Primarily, the industry needs

workers in mass professions, which include workers for harvesting, animals care. One of the
reasons for the current situation in the agricultural sector of the economy is the unfavorable
demographic situation in some regions and the growing urbanization of the population [1]. There is
an increase in the cost of labor, which forces agricultural producers to introduce labor-saving
technologies [2]. Digitalization of agriculture can solve the problem and make it possible to
increase the efficiency of the industry in a particular subject of the Russian Federation. Recently,
there has been a high rate of introduction of digital technologies into production, including the
robotization of agriculture [3].

In recent years, personnel problems in agriculture have become more urgent due to the
COVID-19 epidemic. The coronavirus pandemic and the associated restrictions on the movements
of labor forces have clearly shown the high dependence of agriculture on labor supply and has
become a real challenge for the sustainability of agricultural production [4,5,6]. Restrictions on the
movements of workers have led to the shutdown of some industries and the disruption of supply
chains in the industry. At the same time, the coronavirus epidemic has encouraged farmers to do
online sales and replacement of human labor with various machines and automated means [7],
robotics in particular.

2 Materials and Methods

The main hypothesis is that the robotization of agriculture is carried out with regional
characteristics and specifics of sectors of agricultural production. So, these issues have not been
properly studied, which slows the process of robotization of agriculture in the Russian Federation
and is an important national economic problem.

The study aims to identify the correspondence between the use of robotics in agriculture in
the federal districts of Russia and their socio-economic characteristics.

A set of methods was used to study the territorial aspects of robotization of agriculture.
When solving each problem, appropriate research methods and information bases were used at
each stage of the study. To analyze the activities on the introduction of robotics in agriculture,
Rosstat data were used, relevant data requests were made to the Ministry of Agriculture of the
Russian Federation on the number of robotics units introduced in agricultural organizations (in
dynamics), etc. The data for individual regions was clarified in the regional ministries of agriculture
and agro-industrial complex. We used the results of our own research, including Internet screening.

The specialization of agricultural organizations has an important role in robotization. The
fact is that currently, the most commercially widespread robotics is for animal husbandry. This is
due to the fact that relatively stable environmental parameters are created in livestock buildings,
including temperature, humidity, illumination, etc., which makes conditions for the use of robots.
The use of robotics in crop production is difficult due to the need for robots to move over rough

terrain, orient themselves, to work with a large number of uncalibrated objects (fruits, trees, etc.).
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In this regard, we assume that with an increase in the share of livestock products in the total
volume of agricultural production, the density of robotization should increase, which requires
further research.

3 Results and Discussion.

Currently, the most widespread robots in agriculture are ones for cattle milking. According
to some data, their number in the world is more than 50 thousand units [8]. According to the
International organization of robotics, this is approximately 1.5% of the total number of robots in
use [9]. The cattle milking robot is a box in which the animals are milked directly and a central
module with key components that ensure the operation of the device. The main component is a
manipulator arm that performs three-dimensional movements. The robot includes a teat and udder
cleaning system with cleaning solution and brushes. The automatic milking device also includes
fittings for putting on and taking off teat cups, sensor and control devices, and special scales to
weigh the cow concentrates and milk. Modern models of milking robots have the ability to control
the quality of milk, that is, to determine its color, acidity, temperature, milk flow rate, electrical
conductivity, and volume of each udder quarter, this feature allows separating high-quality milk
from unsuitable for consumption. This equipment has an animal identification system. Optical,
laser, combined, ultrasonic systems (sensors) are used to detect teats, treat the udder, put on and
then remove teat cups. Some brands of milking robots have a milk quality system that determines

the number of somatic cells.

Table 1: Development indicators of federal districts for 2014-2021 and correlation with the level of
robotization in agriculture.

Share of
The emp!oyees Growth The share Share of
density of in the
J . . rates of of .
- robotizati Animal agricultur - . livestock
Federal districts of the Robots, - . agricultur | agricultur | .
. on, robots | productivi e in the . industry
RF units al e inthe -
per 10 ty, kg total . . in
productio regional .
thousand number of agricultur
n, % GDP, %
employees employed, e%
%

Russian Federation 495,0 0,75 4944 8,3 104,1 4.8 47,8
Central federal district 184,0 0,32 7031 54 104,5 3,3 48,2
North-western federal 66,0 0,61 7122 48 101,8 2.4 65,0

Southern federal district 1,0 0,01 4487 13,5 105,4 11,8 32,0
North C%ﬂg?ﬁ'&” federal | 0,00 2895 19,8 105,2 14,9 44,9
Volga federal district 95,0 0,69 5626 9,7 104,2 7,2 50,3
Ural federal district 68,0 2,16 5916 5,0 102,5 11,8 57,7
Siberian Federal District 4,0 0,05 4944 8,9 102,2 6,1 55,0
Far Bastern federa! 17,0 067 2395 78 108,1 34 418
istrict
Correlation coefficient
with the number of - - 0,73 -0,58 -0,19 -0,46 0,29
robots
Co_rrelatlon_coefflu_ent i ) 0,27 0,56 025 0,06 0,45
with robotics density
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Based on the results of inquiries to regional offices and the Ministry of Agriculture of the
Russian Federation, it was possible to get data on the introduction of 435 units of robotics into
agriculture, while the density of robotization in Russia as a whole is 0.75 robots per 10 thousand
employed in the industry. It should be noted that the average productivity of cows was 4944 kg per
head, and a share of livestock production was 47.8% of the total structure of agricultural
production. The Russian Federation is a country of an industrial type of development, as the share
of agriculture in GDP is only 4.8%, while the share of industry workers is 8.3% of the total number
of employees. Recently, the agriculture of the Russian Federation has been developing very
dynamically, the average annual growth rate of agricultural production was 4.1% (Table 1).

As Table 1 shows, the largest number of robots is used in agriculture in the Central Federal
District - 184 units. The Volga Federal District takes second place - 95 units and the Urals Federal
District - 68 robots. However, in terms of robotization density, the Ural Federal District is
confidently leading - 2.16 robots per 10,000 people employed in agriculture. At the same time, the
two districts have practically zero density of robotization in agriculture, the Far Eastern Federal
District is characterized by an average level of robotization density.

The correlation coefficient between the number of robots and the share of workers employed
in agriculture is negative and is 0.58. The correlation coefficient with robotics density is 0.56. Thus,
the higher the proportion of people employed in agriculture in the federal district of their total
number, the fewer robots are used there. A rather similar situation is observed when the number of
robots is correlated with the share of agriculture in the region's GDP. As can be seen from the table,
it is 0.46 and 0.06, respectively. In other words, the federal districts with traditionally developed
agriculture, where the share of agriculture is over 10% in the structure of GDP, have a technological
lag.

The growth rate of agricultural production can influence the motivation of farmers to
introduce new equipment, including robotics. This allows making a conclusion about a relationship
between the growth rates and the introduction of robots in the federal districts. In practice, one can
see a negative correlation between the number of robots (-0.19) and the density of robotization (-
0.25). The analysis of the robotization rate and the increase in agricultural production shows an
inverse relationship between them. On the one hand, the group of regions with a high density of
robotization has average growth rates of agricultural production. On the other hand, the regions
with no robotics used have the most significant growth rates of agricultural production. The
explanation for this may lie in the fact that currently only a small proportion of agricultural
products are produced using robotics. Thus, the most common type of robotics used is milking
robots. With an average service rate of about 60 heads by one robot, the total number of cows
served by milking robots is 26,100 heads or 0.3% of the total number. Thus, currently, the
robotization of agriculture does not impact significantly the pace of agricultural production, mainly
due to the low rate of robotization in the agricultural sector of the economy. The largest share of

livestock products in the volume of production is observed in the Northwestern Federal District,
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while the density of robotization there is 0.61 robots per 10 thousand employees. The correlation
coefficient of the share of livestock in agriculture with the number of robots was 0.29, and the
density of robotization was 0.45. It can be noted that almost all used robotics is applied in animal
husbandry, which determines the average level of correlation of this indicator with the results of
the development of federal districts.

The highest correlation coefficient of development indicators of the federal districts with the
number of robots is observed in terms of animal productivity (0.73), while the dependence on the
density of robotics is average (0.27). This allows making the conclusion that the greatest
motivation of the regional economic entities to introduce robotics is to reduce the payback of farm
robotization projects. This allows reducing significantly the risks of investment projects, especially
such capital-intensive ones as the introduction of robotics. As the results of our previous studies

show [10,11], the payback period for robotization projects depends on the productivity of cows

(Figure 1).

6034

Productivity of cows, kg

5 years 6 years 7 years
Payback of the project, years

Figure 1: Payback period of milking robots from cattle productivity, years.

Figure 1 shows the payback of robotics is 7 years with the cattle productivity of 5172 kg of
milk per year, which makes robotization projects quite long. Under these conditions, not every
business entity will make investments with such long payback periods. However, with an increase
in cattle productivity up to 7240 kg, the payback of robotization projects is reduced to 5 years,
which allows farmers to invest in these projects. In this case, the risks for farmers are much lower.
4 Discussion

It is possible to group regions in terms of animal productivity and the density of agricultural
robotization (Figure 2).

From Figure 2, there are 18 regions, while the average annual productivity of cows was
7384.4 kg of milk per head. These regions are characterized by a high density of agricultural
robotization - 2.67 robots per 10 thousand employees in the industry. The average number of

robots in one region (among this group) was 12.8 units.
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Figure 2: Data on the productivity of cows and the density of robotization of agriculture in the regions of the
Russian Federation.

5 Conclusion
The existing world experience in solving the problems of territorial development, including

the increasing technological backwardness, allows offering a set of different tools. In particular,
agricultural growth corridors (agricultural corridors) are aimed at making conditions for the
development of agriculture on the territory connected by transport lines, such as highways,
railways, ports or canals [12]. Agro-clusters are a geographic concentration of interconnected
producers, agricultural organizations and institutions engaged in one and same agro-industrial
subsector, interacting with each other to solve common problems and search for common
development opportunities. The development of these structures can contribute to the priority
robotization of remote rural areas.
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Data can be made available by contacting the corresponding author.

7 Conflict of Interests
The authors confirm that the presented information does not contain a conflict of interest.

8 Acknowledgements
The study was carried out with the financial support of the Russian Foundation for Basic

Research within the framework of scientific project No. 20-010-00636 A
http://TuEngr.com Page | 6



9 References

[1] Agrarian education in the context of the transition to AIC 4.0. Analysis of international experience.
Recommendations for Russia. XXII Apr. int. scientific conf. on problems of development of the economy
and society, Moscow, 13-30 April. 2021 / N. V. Orlova (ed.), N. V. Nikolaev, E. V. Serova; National
research University "Higher School of Economics™. 2021.78 p.

[2] Surovtsev VN, Bilkov VA, Nikulina YN. Innovation development of dairy cattle breeding in the North-
West of the Russian Federation as the basis for enhancing the competitiveness of milk production.
Ekonomicheskie i Sotsialnye Peremeny. 2013 Jul 1(28):128.

[3] De Koning CJ. Automatic milking—common practice on dairy farms.

[4] Hobbs JE. Food supply chains during the COVID-19 pandemic. Canadian Journal of Agricultural
Economics/Revue canadienne d'agroeconomie. 2020 Jun;68(2):171-6.

[5] Barichello R. The COVID-19 pandemic: Anticipating its effects on Canada's agricultural trade. Canadian
Journal of Agricultural Economics/Revue canadienne d'agroeconomie. 2020 Jun;68(2):219-24.

[6] Meuwissen MP, Feindt PH, Midmore P, Wauters E, Finger R, Appel F, Spiegel A, Mathijs E, Termeer KJ,
Balmann A, de Mey Y. The struggle of farming systems in Europe: looking for explanations through the
lens of resilience. EuroChoices. 2020 Aug;19(2):4-11.

[7] Meuwissen MP, Feindt PH, Slijper T, Spiegel A, Finger R, de Mey Y, Paas W, Termeer KJ, Poortvliet
PM, Peneva M, Urquhart J. Impact of Covid-19 on farming systems in Europe through the lens of
resilience thinking. Agricultural Systems. 2021 Jun 1;191:103152.

[8] Jiang H, Wang W, Li C, Wang W. Innovation, practical benefits and prospects for the future development
of automatic milking systems. Frontiers of Agricultural Science and Engineering. 2017 Mar 6;4(1):37-47.

[9] International Organization for Robotics. Access mode:
https://ifr.org/downloads/press2018/2021 10 28 WR_PK_Presentation_long_version.pdf

[10] Skvortsov EA, Skvortsova EG, Sandu IS, lovlev GA. Transition of agriculture to digital, intellectual
and robotics technologies. Ekonomika Regiona= Economy of Regions. 2018(3):1014.

[11] Skvortcov EA, Skvortcova EG, Nabokov VI, Krivonogov PS. Robotic Milking Implementation in the
Sverdlovsk Region. Ekonomika Regiona= Economy of Regions. 2017(1):249-60.

[12] Bowland C, Otto L. Implementing development corridors: Lessons from the Maputo corridor.

Professor Dr.V.l. Nabokov is a Doctor of Economics, professor. His research interests are economics and the management of
organizations, and industries. complexes; consumer market; innovation activity; agricultural problems

Professor Dr.E.N. Yalunina is a Doctor of Economics, professor. Her research interests are
logistics, management, resources, competitiveness, efficiency, market

Professor Dr.N. V. Ziablitckaia is a Doctor of Economics, professor. Her scientific interests are Business planning, competitive
advantages of the organization, lean manufacturing, development of petrochemical clusters, and the petrochemical industry.

K.V. Nekrasov is a Candidate for Economic Sciences. He is an associate professor, His research Interests are Innovation,
Transport Logistics, Labor Efficiency, Corporate Culture

http://TuEngr.com Page | 7



	Measures for Priority Robotization of Agriculture in Remote Regions
	1 Introduction
	2 Materials and Methods
	3 Results and Discussion.
	4 Discussion
	5 Conclusion
	6 Availability of Data and Material
	7 Conflict of Interests
	8 Acknowledgements
	9 References

