aupyeT pocT coBokynHoro BBII o0bennnenus; noppleHnn 3h(GEeKTUBHOCTH U KOH-
KYpPEHTOCIIOCOOHOCTH MPOU3BO/ICTBA; MOBBIIIEHUN WHBECTUIIMOHHON MPUBIEKATENb-
HOCTH 32 C4eT 00BEANHEHUS PHIHKOB, CBOOOHOI0 IEPEMELIEHMSI YEThIPEX (PAKTOPOB,
HOBBIIIEHNUS MPOU3BOJAUTEIBLHOCTH U POCTA JJOXOJ0B B Ka)J/JIOM I'OCYJapCTBE; YCKO-
PEHUM TEMITOB 3KOHOMHUYeckoro pa3Butus. [lomoxurensapiMu dakropamu EADC u
CHI' sBnsieTcsi MHCTUTYLIMOHAJIbHAS MHTErpalus U MaKpO3IKOHOMHYECKash KOHBEP-
TEHLIUS.
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Abstract

A number of important points and indicators that characterize the current state and
potential of the Belarusian agricultural production are considered. The Republic of
Belarus seriously lags behind the countries of Western Europe, North America, Ja-
pan, Israel and other developed countries in the innovative development of agricul-
ture. The lag in innovative development was due to the underestimation over the past
three decades of the progressive possibilities of new technologies and their insignifi-
cant introduction into agricultural production. Over the past decade, in the agricultur-
al organizations of the republic, there has been a decrease in the indicator of energy
capacity per 100 hectares of cultivated land for agricultural enterprises by 15%, and
the indicator of energy capacity per employee of agricultural organizations during
this time has increased by more than 1.4 times. Energy capacity indicators have a
very significant and often decisive impact on the efficiency of agricultural production
and the level of labor productivity in agricultural organizations. The agricultural pro-
duction of Belarus lags behind developed countries in terms of equipping and using
various elements of precision farming systems, satellite navigation and other multi-
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functional modern flexible information systems. The main directions based on the in-
novative development of agriculture in the republic are presented.

Key words: Belarus, crop production, animal husbandry, production intensifica-
tion, agricultural machinery, labor productivity, number of employees, costs, profita-
bility, efficiency, digitalization.

Introduction

To date, the basis of agricultural production in the Republic of Belarus is agricul-
tural organizations of various forms of ownership. According to the National Statisti-
cal Committee of the Republic of Belarus, in the structure of all agricultural produc-
tion in the country at the end of 2020, the share of agricultural organizations was
81.1%, farms — 2.6% and households — 16.3%, respectively (Figure 1).

2,6%

Figure 1 — The structure of agricultural production in Belarus by categories of farms
at the end of 2020 (as a percentage of total agricultural production; in current prices)

Now, in the structure of all marketable agricultural products produced in the re-
public, the share of agricultural organizations can be estimated at up to 94-96%.

The agricultural production of Belarus is clearly dominated by an overwhelming
majority, consisting of fully state-owned enterprises and organizations with a large
share of state participation. According to the National Statistical Committee of the
Republic of Belarus, at the beginning of 2021, the total number of agricultural enter-
prises with an area of agricultural land of 300 hectares or more and (or) the number
of livestock and poultry in terms of a conditional livestock of 100 or more heads (ex-
cept for micro-organizations and farms ) amounted to a total of 1382 enterprises in
the republic, including organizations with state ownership and organizations with a
share of state property — 887 (or 64.2% of the total), in turn, 968 (or 70% of the total
number) enterprises are into the system of the Ministry of Agriculture and Food of
the Republic of Belarus, most of these enterprises are either low-income or even un-
profitable (52%), and without state support measures at the moment they are practi-
cally unviable.

Today, the most pressing problems of Belarusian agriculture still remain: ex-
tremely costly agricultural production and its very low efficiency. And despite the
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constant and serious state support, in general, agricultural organizations of the repub-
lic still have a low level of profitability, which amounted to only 1.7% in 2020
(Figure 2).
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Figure 2 — Levels of profitability, taking into account state support (upper curve) and without
it (lower curve) of all agricultural organizations included in the system of the Ministry of
Agriculture and Food of the Republic of Belarus for 2015-2020 as of the end of each year

The most important direction for the further development of Belarusian agricul-
ture and the speedy achievement of an acceptable efficiency of agricultural produc-
tion should be the intensification of this production based on the modernization of the
production and technical base and the introduction of the latest achievements of sci-
entific and technological progress.

Formulation of the problem

In the Belarusian agriculture over the past 20-25 years, various industrial large
commodity forms of agricultural production have been actively developing. In gen-
eral, during this period, the dominant directions and ways of intensifying domestic
agricultural production were mainly associated with large agricultural production fa-
cilities.

One of the most important indicators that are used in the characterization and
analysis of the processes of intensification of agriculture are indicators of the provi-
sion of agricultural enterprises with energy resources.

A universal indicator characterizing the provision of production with technical re-
sources is the energy capacity in horsepower per 100 hectares of cultivated land. Its
versatility lies in the fact that power capacities are understood as the totality of all
technical resources of an enterprise with power: tractors, combines, other self-
propelled equipment, power plants, milking machines, etc.

Figure 3 shows a diagram of the dynamics of energy capacities in horsepower per
100 hectares of cultivated land by agricultural enterprises in Belarus.

173



G600
506
500 |
424 416 401 304 335 404 34-

400 — 382 ' 372 369 357

351 350 345 341

300

200

100

2000 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Figure 3 — Energy supply of agricultural organizations of the Republic of Belarus
as of the end of each year (compiled according to the data of the National Statistical
Committee of the Republic of Belarus)

According to the data presented in Figure 3, one can see a decrease in the provi-
sion of energy resources for agricultural enterprises in Belarus. Thus, the decrease in
this indicator over the past decade in the period 2010-2020 amounted to 63 horse-
power per 100 hectares of crops, or decreased by more than 15%. That is, for the pe-
riod 2010-2020 the provision of energy resources decreased by 15.6% or an average
of almost 1.6% per year, while the load over this period increased by 30% per 1 trac-
tor per 1 combine harvester by 20%, This fact indicates an increase in the share of
more powerful equipment in the machine and tractor park of the agro-industrial com-
plex of the Republic of Belarus. Soil cultivation is the most energy-intensive and ex-
pensive technological method in domestic agriculture. Currently, it accounts for up to
40% of energy and 25% of labor costs of the total volume of field work on growing
and harvesting crops. More powerful equipment allows not only to perform energy-
intensive operations (plowing, disking, cultivation, etc.), but also to use wide-cut
combined units for other technological operations, which reduces fuel costs and labor
intensity. The observed decrease in the provision of energy resources by an average
of 1.6% per year is not a critical pace, but may be a completely natural reaction to the
growth in the efficiency of using energy capacities and the renewal of the fleet of
equipment. According to our calculations, only a sharp decline by 5% or more per
year can alert and warn of the beginning of some degradation of the existing technical
potential of agricultural production. So, in the period from 2000 to 2005, there was
the largest drop in the provision of agricultural organizations with energy resources
for the entire period of 2000-2020 we are considering by 82 horsepower per 100 hec-
tares of crops, or by 16.2% in 5 years, or an average of 3.2% per year. Such a drop is
explained by the start of deliveries at that time of more powerful and advanced new
generation equipment to the machine and tractor fleet of the republic and the disposal
of a large amount of old equipment that has already exhausted its resource.

This decrease occurred despite the implementation of a number of measures of
state support for agricultural organizations of the republic. Such a decrease may indi-
cate, quite obviously, both an increase in the efficiency of using energy capacities and
the renewal of the fleet with the most modern, very powerful equipment that farmers

are forced to purchase under the pressure of such a factor as a shortage of machine
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operators and other technical workers in agricultural production. It can be reasonably
stated that the current level of provision of the agro-industrial complex of the country
with agricultural machinery makes it possible to produce agricultural products with
acceptable efficiency. High competition in the market of agricultural products, which
IS getting tougher from year to year, requires a serious and qualitatively new technical
and technological modernization and a significant increase in the energy efficiency of
agricultural production [1-6].

It is important to note that the indicator of the provision of energy resources very
poorly takes into account the specifics of livestock production, which to a small ex-
tent depends on the area of agricultural land. In animal husbandry, the main technical
resources are various stationary equipment (refrigeration, milking, transport, etc.) that
operate on electric energy. The share of the capacities of electric motors and various
electrical power equipment in the overall structure of the energy resources of the Bel-
arusian agriculture with its developed livestock complex and especially the dairy sec-
tor today can be estimated at up to 25-30%. It is also advisable to evaluate another
Important indicator that takes into account the availability of labor resources in agri-
culture. There is definitely a constant increase in energy capacities in relation to the
number of workers employed in agricultural production in agricultural organizations,
at the end of 2020 this figure reached the level of 75.2 horsepower per employee and
increased over the decade under review (2010-2020) by 22 horsepower or more than
1.4 times. Figure 4 shows the dynamics of the growth of energy capacities in relation
to the number of employees in agricultural enterprises of the Republic of Belarus for
the period from 1990 to 2020 as of the end of the year.
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Figure 4 — Energy capacity per employee of agricultural organizations of the Republic of Belarus
as of the end of each year (compiled according to the data of the National Statistical
Committee of the Republic of Belarus)

From the analysis of the technical support of agricultural production in Belarus
over the past decade, it can be concluded that the emphasis in re-equipping agricul-
tural enterprises with new equipment has shifted towards agricultural equipment with
increased power. The average power of a tractor engine (including tractors on which
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earth-moving, reclamation and other machines are mounted), taking into account the
entire tractor fleet of agricultural organizations of the republic, over the past 10 years
has grown by almost a quarter (more than 24%) from 117.1 horsepower in 2011 to
145.4 horsepower in 2020 (Figure 5). This trend is also confirmed by changes in the
structure of the tractor fleet of the Republic of Belarus, where the share of tractors
with increased power (power more than 181 horsepower) increased from 13.0% in
2011 to 20.2% in 2020 of the entire tractor fleet (table 1). Thus, in particular, during
the period under review, the number of high-power tractors of the «Belarus-3522»
model increased by almost 4.5 times, and tractors of the «Belarus-3022» model by 63
times, while the total number of tractors decreased by almost 17%. Also, it should be
noted that the segment of tractors with a capacity of 33 to 65 horsepower has grown
by almost 1.7 times — this is primarily due to the corresponding specialization of the
farms that purchase them and the desire to profitably use a small economical tractor
for certain jobs. The number of these tractors in the agriculture of the republic is quite
insignificant (slightly more than 1 thousand tractors in 2020), but the growth over the
period 2011-2020 the share of low-power tractors was noticeable: from 1.4% to 2.7%
(almost 2 times).
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Figure 5 — Dynamics of changes in the average power of the tractor engine in horsepower,
taking into account all agricultural organizations of the Republic of Belarus for 2011-2020
(as of January 1 of each year)

The trend towards an increase in the number of tractors with increased power in
the agricultural production of the republic will continue in the future, and in the next
3-5 years, the average power of a tractor engine, according to forecast estimates, will
reach 160-165 horsepower. For comparison, for example in Germany, where the ba-
sis of agricultural production is small family businesses and farms with a total land
use area of 2.5 to 5000 hectares, the average tractor engine power at the end of 2015
reached 155 horsepower.

In the future, the indicator of the availability of energy capacities per worker in
agricultural organizations of the republic will only grow, it characterizes the relation-
ship between the costs of human labor and the production consumption of mechanical
and electrical energy and is calculated by the ratio of the total power of the engines of
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technical equipment to the average payroll number of employees, i.e. the indicator
characterizes the degree of replacement of the use of human physical force by tech-
nology.

Table 1 — The structure of the tractor fleet of agricultural organizations of the
Republic of Belarus by power groups (as of January 1 of each year)

Power (in horsepower)
Year 1o 65 66-180 ooiee 181
% | ofuadors | ® | oo | % | oftactors
2020 2,7 1069 1 30044 20,2 7856
2017 2,8 1173 79,4 32765 17,8 7329
2014 2,2 956 82,1 35852 15,7 6881
2011 14 640 85,6 40122 13,0 6089

From the analysis of the number of labor resources of agricultural enterprises of
the republic, it is clearly visible that from year to year the number of people em-
ployed in agricultural production is steadily declining. Thus, the average annual pay-
roll number of employees in agricultural organizations of the republic over the past
decade (from 2010 to 2020) decreased by 101.6 thousand people, or more than a
quarter (-27.5%), i.e. on average, the rate of decrease in the number of employed was
more than 10 thousand people per year (Figure 6). At the same time, the capacity of
newly arriving equipment to the country's agricultural enterprises is also steadily
growing, although there is a general quantitative reduction in the machine and tractor
fleet (an excess of the number of decommissioned equipment over newly received
equipment).
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Figure 6 — The average annual payroll number of employees (in thousands) of agricultural
organizations of the Republic of Belarus for 2010-2020 (according to the results of each year)

State and analysis of the problem

From the State Program for the Development of Agricultural Business in the Re-
public of Belarus for 2016-2020, approved by the Decree of the Council of Ministers
of the Republic of Belarus No. 196 of March 11, 2016, the main target indicator of
the subprogram: “Technical re-equipment and informatization of the agro-industrial
complex” is an indicator of the provision of energy capacities for one working in the
agricultural organizations of the republic. The implementation of this subprogram as-
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sumed: the provision of energy capacities per employee in organizations operating in
the field of agriculture at a level of at least 75 horsepower per employee. This task
was eventually completed: this indicator at the end of 2020 amounted to 75.2 horse-
power, or just over 100% of the target.

Labor productivity in agriculture is one of the most key indicators that takes into
account the level of development of productive forces, the efficiency of all agricul-
tural production and the degree of use of the labor potential of farmers [1-3, 5]. Labor
productivity indicators in Belarusian agriculture are presented in Table 2.

Table 2 — Indicators of labor productivity in agriculture in Belarus
Years

Indicators 2020 /
2015 2016 2017 2018 2019 2020 2015, %

Labor productivity
in agriculture per worker:
in Belarusian rubles | 35874 | 43103 | 52013 | 56146 | 64756 | 74688 | 208,2
in US dollars 22612 | 21676 | 26925 | 27568 | 30963 | 30674 | 135,7
The average official ex-
change rate of the Belarusian
ruble against the US dollar, | 1,5865 | 1,9885 | 1,9318 | 2,0366 | 2,0914 | 2,4349 | 153,5
calculated as a geometric
mean*

* according to the National Bank of Belarus

Table 2 shows that labor productivity in agriculture per worker over a five-year
period (2015-2020) in Belarusian rubles increased by more than 2 times, and in US
dollars by 1.36 times. This is explained by the fact that the Belarusian ruble devalued
against the US dollar by more than 1.5 times over the period under review.

According to the Federal State Statistics Service of Russia and the World Bank, at
the end of 2018, labor productivity in agriculture in the Russian Federation amounted
to 17.2 thousand US dollars of agricultural products per employee, and in the United
States — 111.8 thousand dollars. It follows that at the end of 2018, Belarus was
1.6 times ahead of Russia in this indicator, and lagged behind the United States by
4 times.

One of the important directions for further development and improvement of the
material and technical base of agricultural production is the introduction of innova-
tions based on various navigation technologies, as the most important direction for
the implementation of precision farming systems. Navigation technologies, systems
and equipment are infrastructural elements and without them it is impossible to im-
plement any precision farming systems and various types of remote monitoring. To-
day's realities are such that it is no longer possible to increase labor productivity in
agricultural production without introducing high-intensity technologies with a com-
prehensive progressive modernization of all agriculture based on various information
and communication systems. It is obvious that the widespread introduction of the lat-
est information technologies, satellite navigation and monitoring systems into the
machine and tractor fleet of the agro-industrial complex of the republic will effective-
ly carry out operational and technological monitoring of units in the process of their
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operation, positioning of mobile machines, monitoring the state of technical objects,
progress and quality of technological operations, the amount of work performed [7-10].

With a general downward trend in the number of mobile machines in agriculture,
it can be seen from the analysis of Table 3 that for some items (tractors, grain har-
vesters and trucks) over 7 years the number of agricultural machines decreased by
(12.2 +26.6%), and the share of agricultural vehicles equipped with a navigation system
for the period under review for these positions increased significantly (4 + 8.2 times).

Table 3 — Dynamics of availability of certain types of machines in agriculture of
the Republic of Belarus for 2013-2020 as of the beginning of the year

*
# | Groups(types) of machines 2013 2015 2017 2020 |CAGR*[2020/2013

number %
Total tractors** 46131 | 43465 | 42669 | 40500 -1.8 87.8

1 of which equipped with
a navigation system

1325 1927 3275 6942 26.7 523.9

Total combine harvesters 12067 | 11122 | 9987 8856 -4.3 73.4

2 of which equipped with
a navigation system 71 118 179 583 35.1 821.1
Total freight road vehicles 23858 | 22107 | 20509 | 19012 -3.2 79.7

3 of which equipped with
a navigation system

933 1228 2235 3747 22.0 401.6

* CAGR — Compound Annual Growth Rate
**without tractors, on which earth-moving, reclamation and other machines are mounted

In terms of the share of agricultural machines equipped with a navigation system
in the common machine and tractor fleet, Belarusian agricultural production lags be-
hind the most developed in the agricultural sector: the EU countries, the USA, Cana-
da, Israel, Japan, etc. By 2011, the active use of elements of satellite navigation sys-
tems in the USA up to 80% of farms were covered, and in the EU countries up to
60%. The share of agricultural vehicles equipped with a navigation system in these
countries today already reaches 90% and above. Now in the advanced agricultural
engineering of Western countries, only small tractors and cultivators for use in the
household are not serially equipped with various types of navigation systems at man-
ufacturing plants.

As of the beginning of 2020, the share of tractors equipped with satellite naviga-
tion systems is almost 7 thousand units or more than 17% of the total agricultural
tractor fleet, the cumulative average annual growth rate for 7 years was almost 27%,
but according to the calculations, with an annual growth rate of equipping the tractor
fleet with navigation in 40% and with the receipt of new tractors in farms with al-
ready equipped satellite systems, it will take about 5 years.

The share of combine harvesters equipped with a navigation system from the en-
tire fleet of combine harvesters at the beginning of 2020 is almost 6.6% the cumula-
tive average annual growth rate from 2013 to 2020 for equipping with navigation sys-
tems was slightly more than 35%. However, considering that the fleet of grain har-
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vesters of the republic is almost 9 thousand units, then with such an average annual
growth rate in equipping this segment of machines with navigation, it will take about
9 years, which is completely unacceptable to achieve a serious level of modern of
high-tech agricultural production in Belarus over the next five years (2021-2025). In
a slightly different way, the situation with the fleet of trucks in the agro-industrial
complex is developing. The share of cargo vehicles equipped with a navigation sys-
tem from the entire freight transport fleet is almost 20%, with an average annual
growth rate of 22% for equipping vehicles with navigation systems for the period
2013-2020. With this growth rate, the full equipment of the cargo fleet will be 8
years. According to our calculations, with a stable average annual growth rate of at
least 38%, it will take no more than 5 years to fully equip the entire transport freight
fleet of vehicles.

From the analysis of the data, it can be concluded that there is an active independ-
ent equipping of a fleet of tractors, combine harvesters and road freight vehicles with
navigation systems directly by agricultural organizations on their own or at their own
expense with the involvement of specialized third-party organizations. So, for exam-
ple, in 2016, a rather significant year, in the Republic of Belarus, the total number of
tractors equipped with a navigation system increased by almost 17%, and new ones
with an already installed navigation system arrived at only 0.7% of the total number
equipped with navigation at the end of the year. As of the beginning of 2020, the sit-
uation has improved dramatically, so out of all the new tractors received by the re-
public's agriculture, 8% have already been equipped with navigation systems at the
manufacturing plants.

This indicates that the importance and necessity of equipping mobile machines
with navigation equipment for the effective conduct of agricultural production has
long been understood precisely at the level of the farmer, and here the urgent task of
the state represented by the Ministry of Agriculture and Food, regional and district
executive committees and manufacturers of agricultural machinery is, first of all, in
creating favorable conditions, including financial ones, for equipping their machine
and tractor fleet with modern systems and navigation aids, as well as other high-tech
equipment [3, 8].

At the moment, the agricultural production of Belarus lags far behind Western
countries in terms of equipping and using various elements of precision farming sys-
tems, satellite navigation and other multifunctional modern flexible information sys-
tems that are easily integrated into various navigation and monitoring systems, which
significantly complements and expands their functionality. The introduction of satel-
lite equipment monitoring systems at the enterprises of the agro-industrial complex
using data from GPS/GLONASS systems justifies the cost of their installation and
operation quite quickly: from 2 months to 1.5-2 years, depending on the cost and
functionality of the selected system, and also reduces the total cost of maintaining the
machine and tractor fleet is up to 20-25%. For the successful implementation of
measures and the achievement of targets of the main current State programs in the
field of the agro-industrial complex of Belarus, as well as to achieve the modern
world level of high-tech agricultural production in the republic, all new and especial-
ly powerful and high-performance Belarusian equipment that enters the economy of
the republic must be equipped with elements of navigation and on-board diagnostic
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systems are already at the stage of serial assembly production of this agricultural ma-
chinery [3, 5, 8]. This will significantly reduce the cost and maximally unify the line
of navigation equipment, the assembly of which can be organized at the enterprises of
the Belarusian electronics industry, which will partially ensure the import substitution
of these types of equipment. More than 70% of existing large agricultural enterprises
in Belarus belong to the system of the Ministry of Agriculture and Food and are po-
tential users of satellite navigation systems. The creation on the basis of the structures
of the Ministry of Agriculture and Food of the Republic of Belarus of a unified sys-
tem for monitoring and analyzing the fleet of agricultural machinery and controlling
the parameters of its technical condition will seriously limit the possibility of fuel
theft, mileage cheating, control the actual operating time of the equipment and identi-
fy the facts of equipment operation in emergency modes, etc. The creation of a uni-
fied center for monitoring and analysis of the machine and tractor fleet will allow the
Ministry of Agriculture and Food of the Republic of Belarus and other interested or-
ganizations to have objective information on the actual readiness and operating time
of mobile agricultural machinery, which will quickly identify, document, analyze, ar-
chive and store information on all facts inefficient use of equipment, as well as to
conduct a comprehensive monitoring of agricultural work and the state of equipment
during critical peak periods (sowing, harvesting, etc.). This will make it possible to
quickly identify additional reserves for the efficient use of equipment, and use the da-
ta obtained on technical failures to search for the causes of these failures and select
the most rational ways to eliminate them, as well as for strategic goals and objectives
to improve the technical service of agricultural machinery and equipment produced
by machine-building plants republics.

The development and further comprehensive implementation of this system at the
enterprises of the Ministry of Agriculture and Food of the Republic of Belarus will
make it possible to obtain a significant economic effect in the agricultural, machine-
building and other related (electronics industry, etc.) production sectors of the coun-
try, which will eventually lead to a serious synergistic effect [3].

Conclusion

An active role in solving the problems of reducing the cost of agricultural prod-
ucts, significant savings of all types of energy resources, in increasing the overall
economic efficiency of agricultural production at this stage in the development of ad-
vanced world agriculture, now belongs to projects on automation, robotization, in-
formatization, digitalization of agricultural production and processing of received ag-
ricultural products. In the context of a steady decline in the number of people em-
ployed in agriculture, an increase in the volume of cultivated areas and, in general,
with an increase in the physical volumes of production in crop and livestock produc-
tion, the role of modern powerful machines and equipment again entering the agricul-
tural production of the republic and their rational use is greatly increased, the re-
quirements to productivity, functionality, economy, reliability of agricultural machin-
ery, machines and units. Only a reasonable comprehensive and systemic technical
and technological re-equipment of agricultural production, saturation of it with high-
tech, high-performance agricultural machines, complexes and equipment will be able
to ensure a significant increase in labor productivity, minimize the costs of all types
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of material, fuel and energy resources and, as a result, maximize the preservation of
the country's food security [11-12].

Based on the analysis of the latest global market trends in agricultural machinery,
now the special interest of agricultural producers in countries with advanced agricul-
ture is directed specifically to flexible and intelligent solutions for various multifunc-
tional agricultural machines, and not to a banal increase in the range, quantity or size
of new purchased agricultural machinery, that is , the agricultural producer today re-
quires, first of all, high-performance and at the same time economical, reliable, easy-
to-use and equipped with the most modern digital electronic equipment, agricultural
machines that meet the requirements of new advanced resource-saving agricultural
production technologies.
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