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Scientific technologies and their technical support - main factors of efficiency of plant
products production
Adamchuk V., Hrytsyshyn M.,. Perepylytsia N.
National Scientific Centre “Institute for Agricultural Engineering and Electrification”
11, Vokzalna Str., Glevaкha-1, Vasylkiv District, Kiev Region, 08631, Ukraine;
E-mail: prezid@naas.gov.ua
Abstract: The modern trends of development of agricultural technologies and their technical support and methodical approach to the
formation of an effective technical and technological base of agrarian enterprises. It is established that the main factors influencing the
efficiency and environmental friendliness of agricultural production are technologies and technical means for their implementation. In
economically developed countries, technological innovations provide 70-90% growth in gross domestic product. The methodical approach to
formation of effective technical and technological base of the agricultural enterprises on the basis of innovative technologies and the newest
technical means with the technical and operational parameters coordinated with volumes of mechanized works and rational terms of their
performance is offered. The main paradigm of the latest technologies for crop production is greening, which is based on the harmonization
of the relationship between technology and soils, which will reduce the physical degradation of soils and preserve their fertility. To ensure
efficient production of crop products in the agricultural enterprise should be formed technical and technological base on the basis of
science-intensive technologies and the latest technical means with technical and operational parameters consistent with the scope of work
and rational agro-technical terms of their implementation.
KEY WORDS: TECHNOLOGIES, TECHNICAL AND TECHNOLOGICAL BASE, VOLUMES OF MECHANIZED WORKS, TECHNICAL
MEANS, TECHNICAL AND OPERATIONAL PARAMETERS.
The complex of production technologies and material and
technical base for their implementation form the technical and
technological base of agricultural enterprises.
Taking into account the impact of technical and technological
base of agricultural enterprises on the efficiency of agricultural
production and participation in production activities of a wide range
of technical means of various functional purposes and terms of their
use, the authors found the need for a systematic approach to the
formation of technical and technological base of agricultural
enterprises and its use in production processes.
The purpose of the research. To identify promising areas for
improving the efficiency and environmental friendliness of crop
production in agricultural enterprises.
Methods of the research. Monographic, economicmathematical, analytical, systems analysis, systems engineering.
Research by agricultural scientists in Western Europe is
focused on developing a new generation of machine technologies
that will preserve the biological and ecological balance in nature.
Ecologization and resource saving in the production of agricultural
products with the minimum contamination of anthropogenic means
of intensive impact on agrocenosis provide for the reasonable use
and regulation of the systems of cultivation and fertilization of soil,
plant protection and other agrotechnical methods that ensure the
minimum cost of material and technical resources and
environmental safety.

1. Introduction
Ukraine's natural resources are favorable for the production of
all types of agricultural products. They are characterized by a
variety of soils and climatic conditions, which led to a large number
of technologies for growing crops and requirements for technical
support for their implementation.
Concentrating in their development the achievements of
scientific and technological progress, machinery and technology
have become the most important factors in the efficiency of
agricultural production. They determine the level of land
productivity, efficiency and comfort of work, cost and quality of
products, form the social and economic factors of development of
the agricultural sector of Ukraine's economy.
The main paradigm of new technologies is their greening,
which is achieved through strict compliance with the requirements
of agricultural technology to the timing and quality of technological
operations, the use of new working bodies and structural and
functional schemes of technical means created taking into account
soil and climatic conditions and plant requirements.
Greening of technical and technological policy in agriculture is
a search for new ways to harmonize the relationship between
technology and soil, which will reduce the physical degradation of
soils, preserving their natural fertility.
The set of technologies and machines for their implementation
form the technical and technological base of the agricultural
enterprise, which is the determining system that affects the volume,
quality and economic efficiency of agricultural production.
Therefore, the problem of forming the technical and
technological base of agricultural enterprises is relevant, taking into
account the structure of sown areas, innovative technologies and
production volumes of agricultural products and the latest technical
means, the use of which will minimize production costs and
anthropogenic soil load.

3. Results and discussion
Among the numerous factors that affect the efficiency of
production and resource intensity of agricultural products, the
determinants are the technologies of its production and technical
means used for their implementation. Therefore, the main task of
agricultural science at the present stage is to develop the latest
machine technologies for agricultural production, which will
preserve biological and ecological balance in nature, reduce costs of
all types of resources per unit of output, improve its quality and
safety.
Crop technologies have come a long way in evolution. Along
the way of their development, man was faced with the problem of
reducing production costs, increasing the profitability of production.
In the conditions of aggravation of ecological, economic,
energy, social, demographic and other factors the question of search
of rational, effective, ecologically safe ways of agricultural
production becomes more and more urgent. Prospective options
should embody the foundations of the strategic development of the
agro-industrial complex of the country, ensuring food
independence, to comprehensively address other equally pressing

2. Preconditions and means for resolving the
problem
Analysis of recent research and publications. The results of
research on the development of technologies for growing crops and
trends in their development are covered in the works [1 - 5] and
other authors.
Technical and economic bases of formation and effective use
of material and technical base of agro-industrial production are
considered in works [6-12].
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issues for society - the preservation of the village as the primary
source of the nation. There is no simple solution to these issues.
That is why today it is important not just to optimize the process of
production, which in many cases is artificially simplified, limited by
a small number of factors, but to maximize the use of all
components of the impact on the efficiency of production and
environmental friendliness, which as a result can significantly
minimize the negative consequences of the development of agroindustrial complex.
Energy-efficient food production is one of the most pressing
issues today and agricultural production, as one of the largest
consumers of fuel in the country, cannot and should not stand aside
from modern scientific advances in the development of
technologies and equipment for energy-efficient agricultural
production.
Crop growing technologies are characterized by a significant
duration of harvesting processes and depend on a number of
controlled and uncontrolled factors.
In implicit form, this can be written as:
Т  f ( A, S , G, K , O, L, D,U , Z , C , M ) ,
(1)
where A – agricultural techniques for growing crops; S – variety
potential; G – soil fertility potential; K – climate conditions; O –
soil treatment system; L – seeding method; D – crop care system; U
– fertilizer system; Z – plant protection system; C – level of
staffing; M – logistics level.
One of the main basic elements of various technologies, which
further defines its type, is the soil tillage system. It is the system of
soil tillage and the complex of technical means for its
implementation that largely determine the level of energy saving of
a particular technology, its ecological and economic orientation.
The value of mechanical tillage is due to the action of the
working bodies of machines on all soil properties, because it is
tillage that creates the appropriate conditions for plant growth and
development.
The results of research in agricultural science found that
depending on the mechanical composition of the soil, its density
should be in the range of 1.1-1.3 g/cm3 for medium and 1.3-1.4
g/cm3 for light soils, and the content of agronomically valuable
structural units (size 0.25-10 mm) not less than 70%, air capacity not less than 15% of soil volume, total density - 50-55%, water
permeability - not less than 30 mm/h .
Tillage helps to create a favorable agrochemical environment
in the root layer: for plants whose root system is located in the
upper soil layers (cereals, ears, legumes, flax) the best condition of
this environment will be one in which the main mineral fertilizers
will be in the upper soil layer at depth 5-15 cm below the depth of
sowing seeds.
The economic efficiency of tillage is also relevant for
agriculture, as tillage is one of the most energy- and labor-intensive
technological operations. Depending on the technology and
technical support in the structure of direct operating costs in crop
production for tillage operations account for up to 40%. Of these,
up to 41% - energy consumption and up to 25% - labor costs.
Different methods of tillage differ significantly in energy
consumption, so their choice should be aimed at achieving their
goals and payback for their implementation.
Equally important is the environmental efficiency of tillage
systems, as among them there are those that have a mobilizing
effect on soil fertility (shelf), and others more economically affect
the use of energy resources and labor costs (shelfless and surface).
Systematic intensive use of soil plowing in the conditions of
Ukraine in the 60-80s of the XX century led to soil degradation,
reduction of their fertility, significant reduction of the amount of
humus in them. The average humus content in soils over these 20
years decreased from 3.5% to 3.2%, which is 1-2% less than the
optimum [2,14].
About 50% of arable land is affected by water and wind
erosion. The intensity of erosion processes now exceeds the natural
soil formation by 2-10 times. Soils are also negatively affected by
physical erosion, which is manifested in their compaction under the

action of the running systems of tractors and agricultural
machinery. With intensive technologies, the number of passes of
single-operation units on one track reached 8-16, and soil
compaction was extended to a depth of 1000 mm [14].
A large number of different technical means can be used for
technical support of tillage systems, which differ both in the
method of impact on the soil and in technical and operational
parameters, but all of them must, with appropriate preparation for
work, ensure the implementation of technological techniques
according to agronomic requirements. both in quality and in terms
of their implementation.
The main task of agrarian production at the present stage is the
application of new generation machine technologies, which allow
to preserve biological and ecological balance in nature, provide
reduction of expenses of all kinds of resources per unit of
production, increase of its quality and safety. Production of
competitive ecologically safe agricultural products does not require
simplification of technologies, but a reasonable effective use of
natural conditions, rational application of systems of cultivation
and fertilization of soil, protection of plants and other measures
ensuring production of products with minimum costs of material
and technical resources and labor. The basis of such technologies is
optimization of placement of crops in the crop rotation and
performance of the whole complex of works in optimal terms with
observance of requirements of agrotechnics concerning their
quality. Therefore, machinery for such technologies should be
equipped with means of automation of control and management of
technological processes.
Currently, the following basic technologies are practiced in
Ukraine for soil preparation for agricultural crops: technology of
differentiated cultivation in the crop rotation system; surface tillage
technology; canning treatment technology; zero tillage technology
and strip tillage technology. Each technology has its advantages and
disadvantages, which are manifested in different ways in different
soil and climatic conditions of Ukraine.
Differentiated tillage system is based on the use of plows, disc
implements and cultivators to prepare the soil for sowing in the crop
rotation system. This technology is economically feasible with
sufficient rainfall, time, technical and operational resources for its
implementation, as well as the need to earn into the soil a large
number of plant residues, organic fertilizers and green manures,
reducing the pesticide load on the soil.
The technology of surface tillage is common in preparing the
soil for winter sowing. It is based on the use of wide-reaching tools
with paddle or disc working bodies and rollers of various
constructions that loosen the soil to a depth of 16 cm. It is moisturesaving, highly productive, energy-saving per unit area. This
technology provides loosening of the surface layer of the soil with
the preservation of 60-80% of plant residues on the surface, as
mulch.
Preservation technology of tillage to a depth of 25-40 cm is
performed by heavy cultivators, deep cultivators, chisels or
combined tools. Moisture-accumulating, energy-saving technology
per unit of output can be used mainly in the treatment of soils for
chills in all soil-climatic zones of Ukraine.
This technology provides loosening of the compacted core
(plow sole) and intensive loosening of the surface layer with
preservation on the surface of up to 40% of plant remains.
The technology of sowing into untreated preliminary soil (Notill) is based on the application of special units for direct sowing of
crops and chemical means of weed and pest control. It is highly
productive, minimizes direct energy costs for soil tillage and
sowing, is damp-saving, all plant residues remain in the field, which
protects the soil from deflation.
According to strip treatment technology (Strip -til) the soil is
loosened to a depth of 30-35 cm only in the area of seeds sowing
with simultaneous layer-by-layer introduction of nutrients into the
loosened zone. In this case, plant residues available on the surface
from the strip zone are moved into the row spacing and act as mulch
and partially inhibit the growth of weeds.
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The experience gained by the world's leading firms in creating
the structures of agricultural machinery deserves attention and use
in agricultural engineering of Ukraine.
In order to ensure the effective conduct of agrarian business in
each agrarian enterprise should be formed technical and
technological base, which includes a system of innovative
production technologies and machinery and tractor park for
technical support of their implementation.
The system of technologies is formed under the appropriate
farm structure of cultivated areas and production volumes ... For
this purpose the specialists of the farm should develop technological
regulations of cultivation of each crop by innovative technologies
taking into account the place of the crop in the crop rotation and
planned yield, calculate the norms of fertilization under the planned
yield, indicate the expected calendar terms of execution of all
technological operations and their duration recommended by
agrotechnics, requirements to quality parameters of execution of
technological operations.
Then on the basis of technological regulations the plan of
mechanized works is developed. In accordance with the
requirements of agricultural machinery in terms of quality of work
are formed machine and tractor units. All factors affecting the
conditions of production and operation of machine and tractor units
are random. Therefore, the machine and tractor fleet of an agrarian
enterprise should provide the possibility of completing the machine
and tractor aggregates, adaptive to the changing conditions of
production and counteract their negative influence on the results of
work. Its functional description for crop production can be
conventionally represented by an expression:
MTP = { K, N, U, t, F},
(2)
where K – many crops grown on the farm; N – many technological
operations that must be performed in the production of all types of
agricultural products on the farm; U – a set of calendar periods in
which it is necessary to perform appropriate technological
operations in the production of a particular type of product; t – is
the set of rational agrotechnical terms of performance of each
technological operation; F – the amount of work that must be
performed for each technological operation in the time
recommended by agricultural technology in the cultivation of crops
on the farm. This description of the MTP is quite general, and its
practical application is complex.
Since the MTP of an agricultural enterprise is an important
component of its production potential and significantly affects the
results of economic activity, one of the main tasks of enterprise
management is the formation of MTP, which will ensure the
production of competitive products using innovative technologies
and rational use of production and financial resources. and its
solution is complex.
During the planned economy, the problem of developing a
mathematical model and software to justify the optimal structure of
the MTP was given considerable attention by scientists. Since in the
process of agricultural production interacts a large number of
factors that are probabilistic in nature, and their interaction is
unknown, the results of the calculations did not give a global
optimum, but also had a probabilistic nature. However, they
provided a guide for the formation of plans for the production of
agricultural machinery.
With the transition to a market economy and market saturation
with a wide variety of technical and operational indicators created
conditions for the MTP of agricultural enterprises with technical
means with technical and operational parameters that best meet the
technology, structure and volume of agricultural production in the
enterprise.
In these conditions, it is expedient to solve the problem of
acquisition of rational composition of machine and tractor park by
means of decomposition for a number of tasks on selection of
technical means for performance of concrete technological
operations with set quality indicators in recommended agrotechnical
terms, using for this purpose known dependences of technical-

According to foreign economists in economically developed
countries technological innovations provide an increase of 70-80%
of gross domestic product. In the USA, the growth of national gross
income per capita due to technological innovations reaches 90%
[13]. The underestimation of the leading role of technology
significantly reduces the competitiveness of production.
But no matter how perfect the technology in the farming
system is, it will remain a pipe dream unless it is provided with the
same perfect technology. Therefore, the search for ways to improve
the economy of agrarian enterprises should be focused on creating
conditions for optimal provision of them with modern equipment,
as the main prerequisite for the innovative development of the
industry.
In today's conditions the agriculture needs not just new
equipment, but such material and technical basis, which will allow
increasing labor productivity several times. Its formation is
possible only on the basis of technical means of new generation,
parameters of which should be indicative on achievement of high
levels of productivity with minimum expenses of live and
vegetable labor per unit of production.
The analysis of domestic and world experience in the
development of agrarian technologies shows that climatic anomalies
negatively affect the efficiency of agricultural production. However,
agricultural enterprises, which produce products using knowledgeintensive technologies, suffer less from them. In farms with a high
level of technical and technological base development the negative
influence of natural and climatic factors is significantly reduced.
Modern trends in the development of technical and technological
base of Western European countries consist in the renewal of its
machines of high technical level, ensuring the performance of
technological operations in accordance with the requirements of
agricultural machinery with the minimum cost of energy resources.
Researches of scientists of agrarians in the countries of
Western Europe are focused on development of machine
technologies of new generation which will allow to keep biological
and ecological balance in the nature. Biologization and resource
saving in agricultural production with minimum application of
anthropogenic means of intensive influence on agrocenoses provide
reasonable use and regulation of systems of soil tillage and
fertilization, plant protection and other agrotechnical methods
ensuring minimum expenses of material and technical resources and
ecological safety.
Modern intensive technologies require the involvement of large
doses of mineral fertilizers and plant protection products in the
process of crop production, which leads to an increase in production
costs. That is why the technology of targeted fertilizer application to
the zone of root system development of agricultural crops under the
programmed yields, and the need for them is determined by the
results of diagnostics and satellite mapping of fields.
Important factors of modern agro-technologies are protection
of plants from harmful organisms, carrying out technological
operations in clearly defined terms. When using pesticides, the
advantages are provided by selective agents and ultra low volume
spraying, which allows reducing the rates of consumption of
working solutions by 80-90% and reducing environmental
pollution.
The development of agricultural production technologies in
Ukraine and their technical support is under constant influence of
achievements of scientific and technical progress in leading
countries of the world, where industrial methods in agricultural
production are combined with highly effective agrotechnologies, the
introduction of which accelerates the technical progress in
agricultural engineering.
In modern conditions all firms-manufacturers of agricultural
machinery conduct rigid competitive struggle for the right to
provide agricultural production with machinery. For this purpose,
they are trying to best meet the needs of consumers, constantly
improving the consumer properties of machines in accordance with
the requirements of the latest production technology and service
support.
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operational indicators of MTA on parameters of technical means
and their influence on economy of production.
To ensure efficient and effective product production, technical
parameters for completing machine and tractor units need to be
selected according to performance criteria and technical indicators.
According to the criterion of quality the machines are selected
on the basis of indicators of their purpose for the compliance of
indicators of quality of their work with the requirements of
agricultural machinery to perform a certain technological operation:
Necessary technical-operational indicators of technical means
are determined by the corresponding algorithm from the condition
of performing technological operations in terms recommended by
agrotechnics with the given quality. These requirements are best
met by universal multi-operational automated technical means,
provides a high coefficient of their employment in the production
cycle and a corresponding reduction in operating costs for
production.
According to the requirements of agricultural machinery, the
working time fund for certain technological operations is limited to
the number of days, along which it is advisable to perform this or
that technological operation. Deviation from the optimal terms of
technological operations leads to shortage / loss of yield. The
greatest losses occur when sowing, plant protection and harvesting
are not met. Therefore, the daily output of the machine-tractor unit
(Wq) should ensure the implementation of the entire volume of the
same type of work, coinciding in calendar periods, in the optimal
agro-technical terms and can be defined as a fraction of the division
of the total volume of work recommended by the agricultural
machinery duration of these works (working time fund):
 Fpi ,
(3)
Wq 
Ta

where Bp – the required estimated width of the MTA for timely
execution of works, m; Bf – the actual width of the capture
available in the farm technical means to perform a certain type of
work, m.
Required tractor power (Ne) for each type of work is
determined by indicators of resistivity of tools or specific energy
consumption of technological operations by expression:
(7)
N e  B f  q,

– the sum of the same types of work, the timing of

where tf – actually worked hours on this type of work, or when
growing a particular crop;
tq – duration of the cycle of field work
on the farm, hours (permitted annual fund of relevant field work).
The coefficient of use of the technological complex of
machines (hik) for growing a certain crop is defined as the average
value of employment rates in the production process of technical
means or all machine-tractor units used in the technological cycle of
growing crops:
1 n t
(10)
ik   f ,
N i 1 tqi

where

F

pi

where q – engine power required per 1 m of working machine
width, kW (hp).
In the absence of tractors with engines of the required power,
determine the appropriate width of the machine for aggregation
with tractors available on the farm, or decide on the feasibility of
purchasing a tractor of the required power:
N
(8)
Bq  k ,
q
where Bq – reasonable working width of the implement for the
attachment to the tractor on the farm.
For the production of various types of products, the parameters
of technical means in the technological complexes of machines are
coordinated in terms of working width (in-line), productivity and
load factor, allows to increase the efficiency of their use. Parameters
of auxiliary machines are coordinated with the productivity of
machines that perform the main technological operation.
An indicator of the efficiency of the use of each technical
means in the farm to perform technological operations is the
coefficient of its employment in the production process. It is
determined by the dependence:
t
(9)
i  f ,
tq

which for different crops in different fields coincide, in a certain
calendar period, ha; Ta – the fund of working hours recommended
by agrotechnics for performance of certain technological operations
coinciding in calendar periods, calendar days.
To establish the daily output of the machine-tractor unit on a
certain type of work determine the width of the relevant technical
means (Вр, m), which will ensure high-quality and timely execution
of technological operations:
Wq
Bp 
,
(4)
0.1  t  V      k z  kv
where t – normative duration of change, 7 hours; V – working speed
of MTA during performance of a certain type of works, km / h;  –
utilization rate of working time of change during the day; kz –
coefficient of variability; kv – the utilization factor of the working
width of the working machine;  – the coefficient of weather
conditions of the relevant period and region.
Tf
(5)
kz  ,
t
where T f – the actual duration of the unit during the day, h.

where N= n1+ n2+ …+ nі – the number of MTAs used in the
technological cycle during the cultivation and harvesting of crops;i
= 1, 2, 3 ,…, n – number of MTA technical means of the same type
of units used to perform technological operations during the
cultivation of crops.
Technical means with a low employment rate in the production
process must be checked for the feasibility of having their own
technical means or perform this amount of work under the lease
(services).
The minimum amount of work for which it is advisable to have
their own technical means is determined by the expression:
Cn
Qmin 
,
(11)
Co  Cv
where Qmin – the minimum amount of work for which it is advisable
to have your own equipment; Cn – the value of fixed costs of
ownership of equipment, which includes the annual amount of
accrued depreciation, the cost of storage of a particular technical
device, interest payments on credit, if the equipment was purchased
on credit, USD.; Cv – the value of variable costs for the
performance of certain types of work with their own equipment,
which includes the cost of labor, fuel and lubricants and
maintenance and repair, USD / ha; Co – the amount of costs for a
certain type of work under the lease agreement, USD / ha.
The amount of fixed and variable costs is determined in
accordance with applicable regulations [16]

The values of the relevant coefficients are taken as normative
or those that have developed in the economy in recent years.
The duration of the unit during the day depends on a number of
factors, the main of which are the type of work, the duration of the
light time, the technical level of the machine-tractor unit, the level
of work organization. When choosing technical means for
innovative technologies, preference should be given to universal
multi-operating machines equipped with means of automation of
control and management of the operating mode.
In farms with a large amount of work for their timely
implementation may require several units. The required number of
units (na) determined by the dependence:
Bp
(6)
,
na 
Bf
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The machine-tractor park formed on such methodical bases
will provide ecologically safe effective production of crop
production.
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Abstract. The equation of shock interaction of the vibrating digging working body with the body of the sugar beet root, fixed in the soil,
which occurs in the process of vibratory digging of the roots, is made. Based on the shock interaction equation, the shock pulse and the
maximum shock force that occur during this interaction were determined, which allowed to further assess the degree of damage and
knocking out of root heads in the process of vibration digging of sugar beet. From the conditions of non-damage of root crops the expression
for definition of admissible frequency of fluctuations of the vibrating digging working body taking into account its design parameters and
translational speed of movement of the beet harvester is received. Based on the obtained equations describing this process, the optimal
values of the kinematic and structural parameters of the working plow for vibration digging of sugar beets are found.
KEY WORDS: SUGAR BEETS, ROOT CROP, ROOT CROP HEAD, VIBRATION EXCAVATION, MATHEMATICAL MODEL,
CONSTRUCTION PARAMETERS.
due to the fact that the axis of symmetry of the root (axis Oz) may
be slightly offset relative to the axis of the line. We believe that
before direct contact of the root with the working body axis Oz is
parallel to the axis O1z1.

1. Introduction
To perform the technological process of harvesting sugar beets,
the necessary conditions are to ensure productivity, reduce energy
consumption and improve the quality of harvested products. With
regard to beet harvesters, a necessary condition for ensuring the
quality of the technological process is, first of all, non-damage of
roots during their digging. Therefore, there is a need to investigate
the process of vibration excavation and on the basis of the results to
determine the kinematic and structural parameters of the excavating
working bodies under the conditions of non-damage of roots.
The technological process of vibratory digging of sugar beet
roots has become widespread in many beet-growing countries of the
world. Many years of experience using this process has shown that
it has a number of advantages over other methods of excavation.
Therefore, this technological process requires further detailed
analytical and experimental research, which will give grounds for
the development of more advanced vibrating excavating working
bodies.
Thorough theoretical studies of the process of vibratory
digging of root crops were carried out in [1 – 4], but only in [5] and
[6] some experimental results of the shock interaction of the
pendulum copier with the root head are given. Analysis of literature
sources [7–10] showed that in Europe, high-quality indicators of
digging sugar beet roots from the soil are given considerable
attention..

2. Preconditions and means for resolving the
problem
Fig. 1. Equivalent scheme of interaction of the root body located in
the soil with the plowshares of the vibrating digging body during
its translational oscillations together with the conditional point of
fixation in the soil.

To build a new calculated mathematical model of the
vibrational process of digging the body of the root from the soil, we
made an equivalent scheme of interaction of the root with the
working surfaces of the vibrating digging working body at the first
stage of extraction (Fig. 1).
To do this, we present a vibrating excavation working body in
the form of two wedges A1B1C1 and A2 B2C2 , each of which is tilted

Assume further that the working surface of the wedge A1B1C1
makes direct contact with the root at the point K1 , and the surface

A2 B2C2 – through some layer of soil at a point K2 . Of course,at the

in space at angles  ,  ,  and which are so placed against each
other that a work channel is formed, the back of which is narrowed.
These wedges make oscillating movements in the longitudinalvertical plane (the mechanism of driving the ploughshares in the
oscillating motion is not shown), the direction of the progressive
movement of the vibrating digging working device is shown by an
arrow. Projections of points B1 and B2 on the axis O1y1 denote by

point K2 contact occurs in some plane of the soil surrounding the
point K2 , but K2 we will consider the point of application of
forces acting on the side of the plowshares through the soil layer on
the root. Straight lines drawn through points B1 and B2
perpendicular to the sides of the wedges AC
and A2C2
1 1
accordingly, form at the intersection with these sides of the wedges
corresponding points M 1 and M 2 . So,  – it is a dihedral angle

dots D1 and D2 in accordance.
We believe that with the surfaces of wedges A1B1C1 and

(  B1 M1 D1 ) between the lower base A1 D1 C1 and the working

A2 B2C2 at the appropriate points interacts with the root, which is
approximated by a cone-shaped body, and in the general case, the
capture of the root by the working body may be asymmetric. This is

surface of the wedge A1B1C1 or dihedral angle (  B2 M 2 D2 )
between the lower base A2 D2 C2 and the working surface of the
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middle and back parts of the working channel of the digger. Thus,
with asymmetric capture of the root at the point of contact K1 the

wedge A2 B2C2 .
We will show the forces that arise due to the interaction of the
root with the vibrating working body.
Let the vibrating working device act as a vertical disturbance
force Qzb. , which varies according to the harmonic law of this view:

root is directly affected by disturbing force Qzb.1 , and at the point of
contact K2 disturbing force Qzb.2 acts only on the layer of loosened
soil and therefore we believe that this force is hardly transmitted to
the root crop, as the force can only be transmitted through a
sufficiently elastic environment. Therefore, at the first capture in
this case by force Qzb.2 on the root vegetable can be neglected and

(1)
Qzb.  H sin  t ,
where H – the amplitude of the disturbance force, Н;  –
frequency f the disturbance force, s–1.

3. Results and discussion

considered to have only a stubborn force Qzb.1 on the root from the

This force plays a major role in the process of loosening the
soil in the area of the working channel of the digger and root
extraction. The specified disturbing force Qzb. attached to the root
on both sides, and therefore in the diagram it is represented by two
components Qzb.1 and Qzb.2 , which will obviously be equal to:

surface A1B1C1 . Obviously, in this case, the direct removal of root
vegetables from the soil is unlikely, more likely is its loosening, i.e.,
the weakening of root and soil ties. However, it must be stressed
that when the root is first delighted by the working body, its contact
with both ploughshares can also be made at once, so that direct
removal of the root from the soil can also occur in one delight.
Of course, at the second or third catching by the working body,
as a result of the sound of the working channel and the progressive
movement of the digger, the direct contact of the root with the
working body will be carried out on both eagles in extreme cases
through a thin layer of soil. It is possible to consider that through a
thin layer of soil the disturbing force is transmitted to the root crop
completely, the difference (probable) can only be in the friction
forces arising on the working surfaces of the ploughshares due to
different coefficients of friction. However, the asymmetrical delight
of the root crop is interesting because it is possible to rotate the root
crop around its axis, contributes to the intensive destruction of ties
with the soil (the effect of rotation of the root crop in the soil at its
removal). Therefore, at asymmetric capture of a root crop by a
working body in differential equations of movement of a root crop
it is necessary to consider only force action from the side of a
working surface A1B1C1 of the wedge.
Since, as noted above, the direct removal of the root from the
soil is possible only with its symmetrical capture by the working
body, we will consider in the future it is the symmetrical capture, ie
both plowshares at once. It should be emphasized that the
corresponding forces formed on both plowshares of the working
body during symmetrical grip are equal to each other, and therefore
in the future we will operate only with forces acting on the root of
the wedge 1. Thus, all the following expressions will be valid if
index 1 is replaced by index 2
So, we decompose the force Qzb.1 on two components: normal

1
Н sin ωt .
(2)
2
These forces are applied at a distance from the origin (anchor
point O) and they cause oscillations of the root crop in the
longitudinal-vertical plane, which destroy the connections of the
root crop with the soil and create conditions for the latter to be
removed from the soil. For further research it is necessary to
analyze the relationship between the oscillating motion of the
vibrating working body and the action of the disturbing force Qzb.
on the root. This analysis is sufficient for one period of fluctuations,
from t  0 to t  2 . For all other periods, the process will be
Qzb.1  Qzb.2 

repeated. Moreover, the disturbing force Qzb. acts on the root only
when the working body moves up from its lowest position to its
highest position. So, let the section [ 0,  ] move the working
device upwards from its low position a to the highest position a ,
where a – the amplitude of oscillations of the working body, and
on the segment [ , 2 ] the working body moves down from the
position a to the position ... Thus, the oscillations of the working
body must be carried out according to the following harmonic law:
(3)
z  a cost ,
where z – deviation of the working body from the horizontal axis
around which the oscillation occurs, m;  – oscillation frequency
of the working body, s–1.
Thus, when moving the working body up (from a to a ) on
the segment [ 0,  ] disturbing force Qzb. acts on the root according

N1 to the surface A1B1C1 and tangent T1 to this surface, as shown
in Fig. 1, ie this force will be equal to:
Qzb.1  N1  T1 .
(4)

to the sinusoidal law (1). Thus on a segment  0,  2 it increases
from zero Qzb.  0 in the point t  0 , to the maximum value

Qzb.  H in the point . .
.
On a segment  0,  2 it falls from the maximum value

Obviously, the force vector T1 directed parallel to the line

B1 M1 .
Because the digger moves translationally in the direction of the
axis O1x1 relative to the root, which is fixed in the soil, in the
direction of translational movement (axis O1x1) at the time of
capture of the root by the working body is the driving force P1 . We

Qzb.  H to the minimum Qzb.  0 . On a segment [ , 2 ] the
working body moves down from a to a , and therefore on this
segment the disturbing force Qzb. does not affect the root, and
therefore is zero. On the segment

 2 , 4 

will also decompose the force P1 on two components: normal L1 to

everything repeats.

the surface of the wedge A1B1C1 and tangent S1 to this surface, ie:

Thus in the general case, on the segments 2k ,  2k  1  ,
k  0,1,2,... , the disturbing force Qzb. acts on the root according to

P1  L1  S1 .

(5)

Force vector S1 lies on a line formed by the intersection of the

the
sinusoidal
law
(1),
and
on
the
segments
 2k  1 ,2k  , k  1,2,... , it does not affect the root, ie equal to

plane passing through the vectors P1 and L1 , and surface A1B1C1 .
Thus, at the point of contact K1 on the root from the wedge .

zero.
Because the cutting edges A1 C1 and A2 C2 plowshares are

there is a force equal to
N 1  N1  L1 ,

below the points of contact K1 and K2 , then in the zone where the
root crop is taken over by the working device the soil will be
loosened up already enough, because loosening of the soil first of
all takes place in the front part of the working channel of the digger,
and direct contact of the root crop with the working device - in the

(6)

which is directed normally to the surface of the wedge A1B1C1 .
Obviously, the value of this force is equal to:
N1  N1  L1 .
(7)
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expression (15), and on the segment  0,  2 it increases from the

Also at the point of contact K1 the force of friction FK1 acts,
which counteracts the slippage of the root on the working surface of
the wedge A1B1C1 during its capture by the vibrating working body.
The vector of this force is directed opposite to the vector of the
relative speed of sliding of the root on the surface of the wedge. In
the center of gravity of the root (point C) is the force of gravity of
the root Gk . In addition, at the time of capture of the root by a
vibrating digging working body, when moving its plowshares up,
the root is affected by the force of elastic deformation of the soil
along the axis Oz, which in fig. 1 is denoted by R z .

minimum value

Determine the values of all the above forces acting on the root
during its contact with the vibrating digging working body. The
tangent component T1 of the disturbing forces Qzb.1 and a tangent

force vector for a conventional ploughshare digger (in the absence
 1 1  .

of disturbing force), ie parallel to the line AO
1 1 , and O1 AM
Vector FK1 max deviates from the vector FK1 min at some angle

component S1 of the driving force P1 do not act directly on the

K

1
f H cos   f P1 sin  ,
(18)
2
and on the segment  2,   it falls from FK1 max to FK1 min .
FK1 max 

Moreover, the direction of the vector on the segment  0,  2 also
changes. Vector FK1 min directed in the same way as the friction

the vector FK1 from vector FK1 min on the segment  0,   changes

(8)

according to the following law:
 K 1   K 1 max sin  t .

(19)

Obviously the value  K 1 max depends primarily on the attitude

H
, and will be greater the greater the specified ratio. So, on the
P1

segment  0,   friction force vector value FK1 changes according

(10)
(11)

to the law (15), and the direction – according to the law (19).
So on the segment  0,   we have the following values of the

The value of the force N K1 , taking into account expressions

Then the value of the friction force
will be equal:
FK1  f N K1  f  Qzb.1 cos   P1 sin   ,

.

vector FK1 max tо vector FK1 min . Thus, the angle of deviation  k 1 of

force P1 , namely:

or taking into account expression (2) we will have:
1
N K1  H cos  sin  t  P1 sin  .
2

max

FK1 min to the vector FK1 max , and on the segment  2,   – from

(9)
T1  Qzb.1 sin  .
From the same scheme we also receive expressions for
definition of normal L 1 and tangent S1 components of the driving

(7), (8) and (10), will be equal to:
N K1  Qzb.1 cos   P1 sin  ,

1

So, on the segment  0,  2 vector FK1 moves from the vector

component of the disturbing force Qzb.1 of this kind:

L1  P1 sin  ,
S1  P1 cos  .

(17)

to the maximum value:

root crop, they only cause loosening of the soil around the root crop,
and therefore will not be included in the differential equations of
motion of the root crop as a solid. From the scheme of fig. 1 we
obtain expressions to determine the normal N1 and tangent T1

N1  Qzb.1 cos ,

FK1 min  f P1 sin  ,

components F1 and E1 :

(12)

(13)


cos 


  ,

F1  FK1 sin  K1   ,

(20)

E1  FK1

(21)

K1

or, on the basis of expressions (15) and (19), we will obtain:
F1   0.5 f H cos  sin  t  f P1 sin   sin  K1 max sin  t   , (22)
(14)

E1


  0.5 f H cos  sin  t  f P sin   cos 
1

K1 max


sin  t    . (23)

or, taking into account expression (2), we will have::
1
FK1  f H cos  sin  t  f P1 sin  .
(15)
2
Obviously, during direct contact of the wedge A1B1C1 with root

Expressions (22) and (23) occur on any segment
2k ,  2k  1  , k  0,1, 2, ...
Obviously, on the segments  2k  1 , 2k   , k  1, 2, ... , the

surface friction force vector FK1 will always lie in the plane of the

friction force FK1 equal:

FK1  FK1 min  f P1 sin  .

wedge A1B1C1 . Since at the beginning of the capture the root is still
firmly attached to the soil, it is possible to slip the root on the
surface of the wedge in the direction opposite to the force T1

So, on these segments we will have:
F1  FK1 min sin   fP1 sin  sin   fP1 sin 2  ,

(parallel to the line B1M1 ) and in the opposite direction of force S1 .

also can be divided into two parts F1 and E1 in the directions of

the soil when moving the root by a value z k along the axis Oz.
Let c1 – be the coefficient of elastic deformation of the soil,
which shows how much more the force on the contact surface
increases when the contact surface shifts by the unit of contact area,
Н∙m–2.
Consider the elementary plane dF of contact of the root crop
with the soil in its loose zone, which is at a distance z from the
point of attachment O, 0  z  h1 , where h1 – the depth of the root
crop in the loose soil area. The radius of the cross section of the
root, located at the specified distance z from the point O, will be

the vectors T1 and S1 respectively, i.e.:
(16)

Determine the values of the components F1 and E1 . From the
above considerations, we can conclude that on the segments
2k ,  2k  1  , k  0,1, 2, ... ,in particular on the segment

0,   , the value of friction force

(25)

1
E1  FK1 min cos   f P1 sin  cos   fP1 sin 2 .
(26)
2
We will further define the forces that arise due to the
deformation of the soil as an elastic environment, when moving the
root crop.
First, we will calculate the value of the force Rz of elasticity of

These slips can occur due to the action of forces Qzb.1 and P1
in accordance. Therefore, the vector of the relative speed of sliding
of the wedge on the surface of the root can be decomposed into
components in the above directions. Hence the force of friction FK1

FK1  F1  E1 .

(24)

FK1 is determined according to
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equal z tan  k , where 2 k – the angle at the top of the cone (the
root is modeled as a cone-shaped body).
Let d  be the central angle on which the elementary plane
rests dF in the plane of the specified cross section.
Obviously, the height of the elementary plane will be equal to
dz
.
cos  k
Then the area of the elementary plane dF will be equal to:
dz
(27)
d S  z tan  k d 
cos  k

vector equation (33) is reduced to a system of two equations of the
following form:
 mk  mгр.  x1  N1x1  L1x1  N2 x1  L2 x1  F1x1  E1x1  F2 x1  E2 x1  Rx1 , 
 mk  mгр.  z1  N1z1  L1z1  N2 z1  L2 z1  F1z1  F2 z1  E1z1  E2 z1  Gk  (34)

Gгр.  Rz1 .

Let us determine the values of the projections of the forces
included in the system of equations (34).
Projections of normal components N1 and N 2 on the axis
О1х1 are defined as follows:
N1 tan 
(35)
N1x1  N2 x1 
,
tan 2   1  tan 2 
or:
Q  cos   tan 
(36)
N1x1  N2 x1  zb.1
.
tan 2   1  tan 2 β

The force Rz is equivalent to the load distributed on the
surface of the contact of the root with the loose layer of soil, and the
intensity vectors of this load are directed parallel to the axis Oz
down. So, the force Rz lies on the axis Oz and directed downwards.
Obviously, per unit depth of attachment h1 accounts d S / h1
part of the area of the elementary plane dF. Then, when moving the
elementary plane dF on the value z k along the axis Oz, undergoes
shear deformation of the soil with an area equal to:
dS
(28)
d S zk 
zk .
h1

Projections of normal components L1 and L2 on the axis О1х1 are
equal:
L1 tan 
(37)
L1x1  L2 x1 
.
2
tan   1  tan 2 
or
P1 sin   tan 
(38)
L1x1  L2 x1 
.
tan 2   1  tan 2 

Thus, an elementary effort d Rz elasticity of the soil when
moving the elementary plane dF on the value z k will be equal:

dS
(29)
zk ,
h1
or, after substituting expression (27) into expression (29), we will
have:
c z tan  k d  d z
(30)
d Rz  1
zk .
h1 cos  k
d Rz  c1 d S zk  c1

For projections components F1 and F2 friction forces have the
following expressions:
(39)
F1x1  F2 x1  F1 cos  sin  ,
or, taking into account expressions (22) and (25), we will have:
1

F1x1  F2 x1   f H cos   sin  t  f P1  sin   
2



Then equivalent Rz of the specified distributed load will be
equal to::



(40)

t   2k ,  2k  1   , k  0,1, 2,...

c1 z tan  k d  d z
(31)
zk .
h1cos  k
0 0
After integration we will get:
c  h sin  z
Rz  1 1 2 k k .
(32)
cos  k
We consider analytically vibrations of the root in the soil
together with the fixation point О in the longitudinal-vertical plane
at the first stage of its vibratory removal. These vibrations are
progressive, so it is enough to study the vibrations of a single point
of the root crop, for example, the fixation point. Since the root
vegetable is still firmly connected with the soil, which has the
appropriate elastic damping properties, it will vibrate together with
the surrounding soil, which is below the cutting edges of the
ploughshare is impermeable. Denote the mass of this soil by ms.,
then its weight G s . will be equal Gs. = ms.g, where g – the
acceleration of gravity. Since we consider this process at a
symmetrical delight of the root of the working body, then for the
assembly of the system of differential equations describing this
oscillatory process, we use our developed equivalent scheme of
interaction of the root with the working body, shown in Fig. 1.
In vector form, this differential equation will look like
this:
 mk  ms.  a  N1  N2  L1  L2  F1  F2 
(33)
 E1  E2  Gk  Gs.  Rz1  Rx1 ,
Rz  



 sin  K1 max  sin  t   cos   sin  ,

h1 2



and

F1x1  F2 x1  f P1 sin 3   cos  ,

t   2k  1  , 2k  ,

k  1,2,...

(41)

Projections of components E1 and E2 of the friction forces on the
axis О1х1 are equal:
(42)
E1x1  E2 x1  E1 cos  ,
or, taking into account expressions (23) and (26) we will have:
1

E1x1  E2 x1   f H cos   sin  t  f P1  sin   
2






 cos  K1 max sin  t   cos  ,

t   2k ,  2k  1   ,

(43)

k  0,1, 2,...

and

1
f P1 sin 2  cos  ,
2
t   2k  1  , 2k  , k  1,2,...
E1x1  E2 x1 

(44)

The force R x1 projected on the axis Ох1 in full size. It is
defined according to the following expression:
c h12 sin  k
Rx1 
x1.
(45)
2cos 2  k
where c – coefficient of elastic deformation of the soil (the
ratio of the first Winkler coefficient to the contact area), N∙m–3.
Projections of normal components N1 and N 2 on the axis
О1z1 are equal:
N1  tan 
(46)
N1z1  N2 z1 
,
2
tan   1  tan 2 

where a – acceleration of the root (point О).
To conduct a detailed analysis of this oscillatory process, we
write the vector equation (33) in the projections on the axis of the
Cartesian coordinate system О1x1y1z1. It should be noted that since
the projections of normal reactions Nі, Li (i = 1, 2) of the work
surfaces А1В1С1 and А2В2С2 on the axis О1у1 equal in values and
oppositely directed, the specified oscillatory process actually occurs
in the plane x1О1z1 (with symmetric capture), and therefore the
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or:

N1z1  N2 z1 

Qzb.1 cos   tan 
tan 2   1  tan 2 

.

Projections of normal components L1 and L2 on the axis О1z1 are
equal:
L1 tan 
(48)
L1z1  L2 z1 
,
tan 2   1  tan 2 
or:
P1 sin   tan 
(49)
L1z1  L2 z1 
.
tan 2   1  tan 2 





(51)

t   2k ,  2k  1  , k  0,1,2,...
Expression (51) can be represented as follows:
F1z1  F2 z1  fP1 sin 2  sin  ,

t   2k  1  , 2k  ,

(52)

k  1,2,...

x1  0,
z1  0,
However, if we make some assumptions, the system of
differential equations (53) can be reduced to a system of linear
differential equations, which greatly simplifies the solution of this
system of differential equations.
In the first approximation, we assume that for a short period of
time the vectors of friction forces FK1 and FK2 maintain a constant

Projections of components E1 and E2 friction forces on the
axis О1z1 are equal to zero on any segment, i.e. E1z1  E2 z1  0.
The force projected on the axis О1z1 in full size. It is the main
regenerative force in this oscillating process.
Substituting the above expressions into a system of
differential equations (34), we obtain the following system of
differential equations:
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(54)

It is obvious that the system of differential equations (54)
describes the process of extracting the root crop from the soil by an
ordinary ploughshare digger due to the translational motion of the
digger under the action of driving forces P1 and P2 at direct contact
of a root crop with working surfaces of plowshares.
Since the system of differential equations (53) is nonlinear, it
can be solved only by approximate numerical methods using a PC
under given initial conditions.
The initial conditions for the systems of differential equations
(53) and (54) are written as follows.
At t = 0:
(55)
x1  0,
z1  0,

F1z1  F2 z1   0,5 f H cos  sin  t  f P1 sin   
 sin  K1 max sin  t   sin  ,

tan 2   1  tan 2 

t   2k  1  , 2k  , k  1, 2,...

Projections of components F1 and F2 friction forces on the axis
О1z1 are equal:
(50)
F1z1  F2 z1  F1 sin  ,
or:
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direction, i.e. the angle between the vector FK1 min and FK1 constant
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After the transformation of the system of equations (53) and
taking into account the above assumptions, after some
transformations we obtain the following systems of differential
equations:
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 t   2k ,  2k  1   , k  0,1,2,...,

t   2k ,  2k  1   , k  0,1, 2,...
Because on the segment t   2k  1  , 2k  , k  1,2,...,
the forces Qzb.1 and Qzb.2 do not act on the root (the working body
moves down), they are not included in the system of equations (54).
Thus, the obtained systems of differential equations describe
the process of extracting root crops from the soil in the first stage in
two cases: when the working body moves upwards, carrying out
direct symmetrical capture of a root crop and when the working
body moves downwards and on a root crop the disturbing force
does not operate (system (54)).

or:
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c h12 sin  k
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2cos 2  k
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c1 h1 sin  k
2 P1 sin  tan 
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 mk  ms  z1 
2
2
2
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 t    2k  1  , 2k  , k  1, 2,...


Systems of equations (56), (57) are systems of linear
differential equations of the second order with constant coefficients
with the right part. The system of differential equations (56)
describes the free and forced oscillations of the root crop (its
attachment point O) along the axes О1x1 and О1z1 together with the
surrounding soil of the root at the first stage of extraction. The
system of differential equations (57) describes the movement of the
root crop in the direction of the axes О1x1 and О1z1 in the absence of
an outrageous force, that is, when the working body moves down.
Thus, we have replaced the systems of nonlinear differential
equations (53), (54), which can be solved only by approximation of
numerical methods, with systems of linear differential equations
(56), (57), which are somewhat approximate, but they can be solved
in quadrature, getting the analytical dependencies describing the
oscillatory process of the root at the first stage of extraction.

 mk  ms.  х1 

2
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4. Conclusions
The equation of shock interaction of the vibrating digging
working body with the body of the sugar beet root crop fixed in the
soil is made. Based on the equation of shock interaction, the shock
pulse and the maximum shock force that occur during this
interaction are determined.
From the conditions of non-damage of root crops the
expression for determination of admissible frequency of
fluctuations of the vibrating digging working body taking into
account its design parameters and translational speed of movement
of the beet harvester is received. Using different values of the
translational speed, it is possible to plot the frequency of
oscillations of the vibrating digging working body from the
translational speed of the beet harvester based on the conditions of
non-damage to the bodies of roots.
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Abstract: In this paper we will analyze what type of data we need in order to perform the research. Hence, we needed to gather a
satisfying set of data that we will use for testing the initial model. In order to get to the right set of data, first it was crucial to identify the
most common vineyard diseases in the Republic of North Macedonia. Furthermore, we needed to gather the data set from sensors from all
available measuring stations in different vineyard locations. Finally, the aim is to develop an original model for vineyard disease prediction
using the most appropriate machine learning algorithms. We present the latest results we have achieved as well.
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1. Introduction

3. Presentation of Data Gathered from Vineyard
Plantations

In this paper we will analyze the type of data we need to
acquire so we can perform the research. Hence, we needed to gather
a satisfying set of data that will be used to test the initial model. In
order to get to the right set of data, first it is crucial to identify the
most common vineyard diseases in the Republic of North
Macedonia. Furthermore, we need to gather the set of sensor data
from all available measuring stations in different vineyard locations.
They will be stored in a relational database using specific services.
The services used for data collection, analysis and disease
prediction of vineyards are also presented. We show some of the
classical models for vineyard diseases forecast. The final aim is to
develop an original model for prediction of vineyard diseases using
the most appropriate machine learning algorithms. We will present
the latest results we have achieved.

The data set collected from measuring stations (MeteobotFigure 1) already positioned in the wineries is obtained from the
following sensors:
Temperature, humidity and air pressure sensor;
Rainfall sensor;
Speed and wind direction sensor;
Soil temperature sensor;
Soil humidity sensor;
Leaf moisture sensor;
Global radiation sensor.

2. Problem Discussion
The agro-cultural sector is one of the most important sectors in
the entire history of mankind and has a great impact on the quality
of life. Agricultural crops need to be resistant from many external
factors, and it is the Information and Communication Technologies
(ICT) that can solve many problems farmers are facing nowadays.
The Internet of Things (IoT), as a newer concept, encompasses a
wireless sensor network of devices that are interconnected and can
communicate without the need for constant human interaction. IoT
is evolving with the development of wireless technologies, microservices and the Internet. An IoT system consists of several smart
devices with built-in processors, sensors, and hardware components
that can be networked and connected. The IoT provides real-time
status surveillance of a system, enabling owners to respond
appropriately.
Agronomy is a science that deals with solving problems in
agriculture. Nowadays, it uses IoT solutions that are already being
used intensively for "smart cities" [1]. Some of the IoT applications
in agriculture are: soil monitoring, plants, animals and "smart
vineyards". Wireless sensor networks (WSN), as an additional tool
for collecting data from the field, are of great importance for both
increasing production and reducing production costs. Early
detection, or prevention of plant diseases and infections, can
prevent them from spreading and thus destroying most of the
plantations.

Fig1: Meteobot stations for data measurement on the field
The data obtained from the measuring station (Pinova) in
Kamnik Winery are presented on Figure 2 in the following manner:

Fig.2 Type of data gathered from Kamnik Winery measuring station
The data obtained from the measuring station (Meteobot) in
Bela Voda Winery are given on Figure 3 in the following manner:

2.1 Vineyard Diseases
The most common vineyard diseases in our region are the
following:
a) Downy Mildew - (Plasmopara viticola)
b) Powdery Mildew (powdery mildew) - (Uncinula necator,
Erisyphe necator)
c) Gray Rot (Botryotinia fuckeliana)
d) Black Spot on the Vine - EXCORIOSIS (Phomopsis
viticola)
e) Grape Moths - Gray (Lobesia botrana) and Yellow Grape
Moth (Eupoecilia / Clysia ambiguella)
f) Calepitrimerus Vitis and Eriophyes Vitis
g) Cicadas (Scaphoideus titanus, Empoasca vitis) and Grape
Phytoplasmas
h) Weeds in Vineyards

Fig.3 The type of data obtained from the measuring station in Bela
Voda winery

4. Services for collection, analysis and prediction of
vineyard diseases
The system is called the Smart Eco Cloud Service (SECS), which
will be an interactive decision support system (DSS) for disease and
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pest management during the production of grapes from the
vineyards.
On-line data from Meteobot meteorological stations will be
used to operate this system. They are installed in a number of
wineries where we can obtain historical data from previous years
(for model testing), and the on-line data will be used for on-line
possible disease prediction. It is also possible to obtain data from
weather forecast models, and thus predict possible problems that
could arise. The ECS system and the simulation models will be
carefully developed in collaboration with specialists (agronomists)
and with worldwide confirmed information.
The system needs to be constantly evolving, based on user
feedback and new knowledge in disease and pest biology.

5. Models used for vineyard disease forecast
he disease prevention service will implement models for
diseases that are most prevalent in our country. The disease
prevention model [5] uses soil temperature data at different depths
and locations, soil moisture content at the same locations, and the
date of bud burst. It uses linear regression, source and recurrent
neural networks as prediction algorithms. The study was conducted
with a relatively small data set, but still indicates the potential of
machine learning for disease prevention. The paper [6] predicts
diseases of vineyards using the CNN (Convolutional Neural
Network) approach and collected real-time data (humidity,
temperature and soil moisture). The CNN approach is used to
predict the likelihood of a disease, and sensor values are used in a
trained linear regression model to predict the disease appearance
percentage.
The study [7] performed a quantitative analysis of the
relationship between weather conditions and the risk of seasonal
vineyard diseases. Epidemiology, management and modeling of the
most common diseases of the vineyards are given. The limitation
factors in the prediction modeling of this study is the limited
projection data (daily maximum temperature, daily minimum
temperature and daily rainfall). The data we will use in our research
on prediction disease modeling in vineyards are gathered on a daily
basis with a resolution of 10 minutes. Having that, the dataset will
be quite large and the possibility of predictive modeling of all
diseases will be increased.

4.1 Data Collection Service (DCS)
The data collection and storage service uses an API to access
data from the Meteobot stations. The platform from all available
stations sends data to the access point of our server, which then
sends it to the service bus. The DCS service operates as a consumer
of this data from the highway, formatting and storing it in the
database for further processing.

4.2 Analysis Service (AS)
The task of this service is to present, visualize or serve the
stored data of the DCS service to the user in a form understandable
and important to him. This service has an API through which we
can extract statistical data and perform certain calculations. The
analysis of this data is performed on-line.

6. Conclusion
In this paper is devoted to the part of the research where the initial
data identification is performed. In that context, a comprehensive
analysis of the dataset used to test the model was performed.
However, in order to identify the necessary dataset, in conversation
with agronomists from the Institute of Viticulture at UKIM and
using the available literature, an analysis of existing diseases that
attack the vineyards in our country has been made. After
differentiating the important dataset, it was agreed with a larger
number of wineries to collect their datasets measured by the sensors
of the measuring stations from different vineyard plantations.
In addition, the services needed for the collection, analysis and
prevention of diseases in the vineyard will be used. The disease
prevention service will be upgraded daily. The service will use the
well-known classic models for disease prognosis (prediction) of
vineyards, but also original models for disease prediction using
machine learning algorithms. It is planned to use the data collected
from drones and satellite imagery in order to obtain NDVI indices,
which would give us an additional picture of the condition of the
vineyard.

4.3 Disease Prevention Service (DPS)
The job of this service is to calculate the risk index of
occurrence of certain implemented diseases, using the stored data
from the DCS service, and to provide the user with an alert in order
to respond accordingly. This service has an API through which we
can extract these indexes. Moreover, there is a notification service if
there
is
a
high
risk
index
for
any
disease.

4.4 Pest Identification Service (PIS)
A pheromone trap is an insect trap that uses pheromones to
attract certain insects. Pheromones are chemical substances needed
for living beings to communicate with each other. Insects send these
breeding signals to warn others of their kind about a predator in the
area, or to find food. Using specific pheromones, traps can be
placed to monitor pests in the vineyards. By constantly monitoring
the number of specific insects, a pest infestation can be detected
before it can occur. Early detection of insects using pheromone
traps can reduce the damage in agriculture. The Eco-Informatics
Lab has set up pheromone traps in Kamnik Winery that looks as
shown on Figure 4.
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Fig4: Camera mounted over the pheromone trap
This type of trap is used when the aim is to detect the
emergence of pests as early as possible. When a greater number of
pests that attacked the vineyard are detected, the vineyards should
be sprayed with insecticides. Using this approach, the yearly
number of sprays are potentially reduced, which reduces the costs
of the farmer, and at the same time protects the environment. The
detection of trapped insects is done using a real-time camera images
and by executing a code script. That service was developed at the
Eco-Informatics Laboratory. The ultimate goal is to eliminate the
need to physically walk and manually count all the insects caught
on each trap. This should be replaced by automatic recognition of
the number of insects in the image.
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Abstract : The main task of this paper is to show the goals and possible practices in the management of key elements of the environment:
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2. Reducing the use of pesticides: The Commission plans to
reduce the use of chemical pesticides by 50%. It plans to reduce the
Introduction
use of more dangerous pesticides by 50% by 2030.
What the European Commission's plan contains
3. Biologically active substances: The Commission also
A climate-neutral Europe
plans
to
facilitate the marketing of pesticides containing
By 2050, Europe must reach zero levels of greenhouse gas
biologically active substances and to review the environmental risk
emissions. The goals are set in the Climate Act, as well as in a
assessment of pesticide use.
package of change laws, such as the directives on renewable energy,
4. Loss of nutrients: The strategy states that it is planned to
energy efficiency, land use change and emissions trading.
reduce nutrient losses by at least 50%, ensuring that there is no
Circular economy
deterioration in soil fertility. Fertilizer use will be reduced by at
A new EU action plan on the circular economy was
least 20% by 2030.
presented again in March (1). It aims to use fewer materials for the
Transport
industry and to ensure that products can be reused and recycled.
The EU's current target for carmakers is 95g CO2 / km by
Renovation of buildings
the end of next year. New cars in Europe are expected to become
This is one of the leading programs in the Green Deal.
zero polluted, probably by 2030. Electric cars will be stimulated by
Renovation means increasing energy efficiency to help people
a network of charging stations.
reduce their heating and electricity bills. 40% of energy is
Money for those affected by the transition
consumed by homes.
The Fair Transition Fund project should enable the affected regions
Zero pollution
to overcome the crisis situation and get out of it with significant
Whether we are talking about soil, air or water pollution new investments in promising areas of energy and industry. The
the goal is zero pollution by 2050.
support can be only on the basis of territorial plans, which should
pledge concrete investments in modernization of productions, in
Ecosystems and biodiversity
switching from coal to other types of fuel or other energy models, in
This initiative aims to implement a new forest strategy,
development of human capital.
which should increase trees in both urban and rural areas and
In order to achieve a climate-neutral, ecological, just and
promote non-deforested agricultural products.
socially oriented Europe, the need to strengthen climate action
worldwide, to achieve a climate-neutral EU by 2050, in line with
From the farm to the table
the objectives of The 2015 Paris Agreement, including to keep
global temperature rises well below 2 ° C above pre-industrial
The strategy aims at "green and healthy agriculture". How
levels, and to work to keep it below 1.5 ° C.
will the new tillage strategy affect? Sustainable food production
must be ensured through the optimal use of natural and
Discussion results
technological solutions in order to achieve better results in the field
of climate and environment. Farmers must reduce and optimize the
What problems arise from the current policies and
use of pesticides, fertilizers by 20% and 50% respectively.
challenges facing Bulgarian agriculture?
Innovative and fundamental solutions for the implementation of the
In line with the objectives of the CAP for rural development
strategy "From farm to fork" to achieve results with guaranteed
in the current programming period, two strategic groups of
economic efficiency, environmental efficiency and social
objectives have been set:
acceptability are possible with the introduction of integrated
1. For the CAP and Bulgaria in the current programming
practices for:
period:
1. Carbon capture and retention (CCS) and in particular
1.1. Increasing the competitiveness and balanced
biological forms (BIOCCS).
development of agriculture and the food industry;
1.2. Ecosystem protection and sustainable management, use
The strategy also demonstrates the introduction of a "new
and restoration of natural resources in agriculture and forestry and
green business model" for the application of CCS practices by
the food industry;
farmers and foresters. These certified agricultural practices, which
1.3. Prevention, adaptation and mitigation of the effects of
remove carbon dioxide from the atmosphere, retain it permanently
climate change;
and contribute to climate neutrality, and must be financially
1.4. Socio-economic development of rural areas, social
stimulated either through the Common Agricultural Policy (CAP) or
inclusion and better quality of life;
other public or private initiatives. A similar demonstration business
2. Problems related to the development of agriculture and
model, which provides farmers with a new source of income and
climate change in our country:
helps other sectors to reduce carbon emissions in the food chain, is
2.1. Restoration of basic elements of the environment to
already being implemented in EU countries.
ensure sustainable regional development of agriculture: soils (soil
The Commission will develop a regulatory framework for
fertility), water resources (soil moisture, moisture retention and
carbon reduction certification based on sound and transparent
protection of groundwater), micro and macro flora, air.
reporting to monitor and verify the accuracy of the declining
2.2. Climate, climate change, adaptation and mitigation of
indicators achieved.
climate change.
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priority for climate action: climate change mitigation, adaptation to
climate change, governance and climate-related information

According to the representative data published in the Third
National Climate Change Action Plan for the period 2013 - 2020 (2)
the share of emissions generated by the agricultural sector is 10.4%
of the volume of total greenhouse gases (GHG) in Bulgaria.
According to the National GHG Inventory (2011), methane (CH4)
emissions are 36% of the sector's emissions (CO2eq. / 2009) and
nitrous oxide (N2O) emissions are 64%, respectively. The main
sources of emissions from the agricultural sector are:
• Agricultural soils - 56.08% ammonium gases from the use
of mineral fertilizers;

The main problem arises (4), (5) (6) from the lack of
innovative approaches for recovery of generated waste in
agricultural holdings, processing plants and wood production and
wood processing by carbon negative practices, their use of
decentralized and decarbonized alternative energy generation
practices. and retention and storage of organic carbon in soils
(BIOCCS practices), analysis and evaluation of low-carbon
innovative global practices for their feasibility in Bulgaria,
construction and operation of horizontal management systems for
regional adaptation to climate change for sustainable development
of the regions in Bulgaria. Introducing such an approach in the
management of climate change mitigation and response through
feasible low-carbon practices would prevent and significantly
reduce the economic damage caused by recent natural
manifestations such as:

• Biological fermentation in animal husbandry - 21.78%;
• Manure management - 19.34%;
The remaining 2.8% are due to burning stubble (1.68%), and
rice production - 1.13%;
These main GHG pollutants in the agriculture sector are
identified as a major problem for the protection of groundwater
from nitrate pollution due to excessive and disproportionate use of
mineral nitrate fertilizers, the formation of both nitrate vulnerable
zones and ammonia emissions in the atmosphere.

• large-scale forest fires caused mainly by burning stubble
(applying negative carbon practices to restore and maintain soil
fertility);
• losses - quantitative and qualitative in the production of basic
cereals and especially spring crops due to permanent droughts (lowcarbon practices to ensure soil moisture retention and soil fertility);
• the permanent reduction of the organic carbon content in the
soils (1.29% at a critical minimum of 2% to guarantee soil fertility)
in our main agricultural regions;

For the overcoming of the above-mentioned problems
related to the generated GHGs in agriculture and the protection and
restoration of the main elements of the environment used in it soils, water and atmosphere, it is necessary to implement priority
measures for the sectors agriculture, land use and forestry and
industry. They are grouped in two directions:

Particularly impressive is the inaction and unwillingness of
the Ministry of Agriculture and Food to introduce a fair European
principle "polluter pays" and the legal mechanisms for
reimbursement of resource costs for management of a key element
of the environment - water services. According to the adopted
amendments to the Water Act submitted by the Council of Ministers
on April 7, 2015 for consideration in the National Assembly
requiring:

Direct measures to reduce generated ammonium emissions
from the application of nitrate fertilizers and with the expected
effect of preserving and restoring organic carbon in soils, improving
the balance between emissions and GHG uptake by using the
potential of soils, forests, pastures and meadows to play a role. of
"Carbon sink" to ensure soil moisture retention, fertility and soil
quality.

- In the first place in the financial organization and
economic regulation in the field of water, incl. effective
implementation of the "polluter pays" principle.

Indirect measures in terms of soils, capacity and ability to
apply integrated practices to improve soil quality, energy saving and
water saving technologies to improve sector productivity and
resource efficiency.

- Eliminate gaps in the transposition of Directive 2006/118 /
EC on the protection of groundwater against pollution and
deterioration, also to avoid infringement proceedings.

In order to implement the measures mentioned in the second
objective of the CAP, a Priority Area (PA) 5 was proposed and
adopted in the Rural Development Program of the Republic of
Bulgaria for the period 2014-2020 (3).

The above-mentioned amendments to the Water Act make
payments from farmers for the use of mineral nitrogen fertilizers
mandatory. This practice in European countries is defined in the
measure called "nitrate footprint", which is defined and paid by the
farmer on the basis of a kilogram of nitrate fertilizer per decare. The
lack of an effective mechanism in place in our agricultural policies
leads to both a significant increase in both nitrate pollution of
groundwater and ammonium emissions polluting the air.

In it, the measures were aimed at promoting the efficient use
of natural resources and creating conditions for the transition to a
low-carbon and climate-resilient circular economy. Their
implementation would lead to modern innovative approaches and
cross-sectoral integrated policies in environmental management,
agriculture and climate change action through a system of lowcarbon practices for climate change adaptation management actions.

The lack of research and innovation, incl. and in the
direction of analysis and evaluation of existing European practices,
the lack of effective systems for recovery of waste from agriculture
and forestry and processing industry through socially acceptable
regenerative practices for protection and restoration of key elements
of the environment - soil and water, erosion of The envisaged
measures under Priority Area 5 of the current OPRD led to the lack
of funding for training projects and introduction of low-carbon
practices to mitigate the causes and consequences of climate
change, introduction of control systems and monitoring of the
results of low-carbon practices, preparation and development of
projects. for improvement of existing normative documents and
methodologies, methodical and information materials on the
separate feasible low-carbon regional practices for:
- soils and soil fertility, reduction of direct pollution by
partial replacement of mineral fertilizers with microbiological,

Unfortunately, our current national documents lack a
realistic assessment and adequate measures to overcome the
increasingly obvious consequences of climate change threatening
the implementation of strategic tasks in the management of the
national economy - ensuring the nutrition of the population,
ensuring public health through management for the main
components of the environment - soils, water and atmospheric air,
ensuring the sustainability of ecosystems and territories.
Moreover, none of the problematic directions of the current
agricultural policy mentioned in (4), (5), (6) take the necessary
measures to achieve real results for the adaptation and overcoming
the consequences of climate change envisaged in the above three
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compost and biological carbon in land use, improvement of
moisture-retaining characteristics of the soil for adaptation to
droughts;

by introducing low-carbon technologies for soil recarbonization,
development of decentralized and decarbonized energy production
systems. the basics for introducing an economically viable circular,
low-carbon economy.

- utilization of biodegradable agricultural waste for
restoration and maintenance of soil fertility, for restoration and
increase of soil carbon content;

Utilization of green waste through production of biological coal and
compost and their application for biological in sito reclamation of
disturbed terrains by the mining industry
The road to a circular economy

- efficient technologies and systems for carbonization of
waste biomass for decentralized energy production and soil
improvers to overcome the effects of climate change;
- cessation of stubble burning and prevention of large-scale
forest fires and atmospheric pollution, creation of economically
justified incentives for utilization of waste biomass, improvement of
soil quality and introduction of highly efficient production of
organic products;
Action needed to introduce Low Carbon practices for
climate change adaptation management actions.
To this end, it is necessary to develop, demonstrate and
evaluate for subsequent introduction through specific regional
systems for analysis, assessment and monitoring of waste generated
in these sectors in order to utilize them as resources in introducing
integrated decentralized low-carbon practices for sustainable
adaptation to climate change. introduction of the principles of the
circular economy and regenerative agriculture, creation of
conditions for realization of the goals of the European Commission
for realization of the European green deal.

Literature:
1. A new action plan on the circular economy, For a cleaner
and more competitive Europe, EC COM (2020) 98 final, Brussels,
11.3.2020.

The specific objectives set for implementation are grouped
in the development and implementation of integrated approaches to
climate change mitigation at local, regional or national level, with
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are feasible through low-carbon regional practices in the areas :

2. The Third National Climate Change Action Plan for the
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Ministers № 459 of 01.06.2012) Ministry of Environment and
Water, May 2012;

• Agriculture - soils and soil fertility, reduction of direct
pollution by replacing mineral fertilizers with microbiological,
compost and biological carbon in land use, improving the moistureretaining characteristics of the soil to adapt to droughts;

3. PROGRAM and measures from the Rural Development
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Agriculture and Food, 2014;
4. Yordanov, J.et, Integrated and decentralized projects for
introduction of "Circular economies", resource recovery of waste
generated in the production and processing of products is
agriculture and forestry through regenerative practices, Proceedings
of the Third National Scientific Conference "Soil Protection" and
waters "29.08-01.09.2018, Burgas, p.96.

• Waste management - utilization of biodegradable waste
for restoration and maintenance of soil fertility, for restoration and
increase of soil carbon content;
• Renewable energy sources - efficient technologies and
systems for carbonization of waste biomass for decentralized energy
production and soil improvers to overcome the effects of climate
change;

5. Kostov, O. et., Resource utilization with integrated
practices in creating landscape urban infrastructures to mitigate the
causes of climate change, Bulgarian Journal of Soil Science Agro
chemistry and Ecology, Volume 53, No 3-4, 2019, p 72 .

• Forests and forestry - assessment of basic eco-services
guaranteed by forests and creation of objective and assessable
mechanisms for their compensation in infrastructure projects
violating forest areas and use of basic eco-resources - soils and
waters. Introduction of effective practices for reforestation with
utilization of waste generated during their management;

6. Kostov,O.et.,
Some Aspects of Bio Environmental
Problems and Further Development of Science and Scientific Policy
in European Countries, Bulgarian Journal of Soil Science, Bulgarian
Journal of Soil Science® 2019 Volume 4. Issue 2. www.bsss.bg99.

• Sustainable development of the regions - Introduction of
justified systems for sustainable development of the region and
mitigation of the consequences of climate change through low
carbon practices such as: stopping stubble burning and prevention
of large-scale forest fires and air pollution, creating economically
justified incentives for use. waste biomass for regeneration and
improvement of the qualities of basic elements of the environment
related to one of the main sectors for the region - agriculture, incl.
soils, groundwater, guaranteeing soil fertility for the introduction of
highly efficient productions in agricultural practice, animal
husbandry and processing industry;
With the implementation of such systems of feasible lowcarbon decentralized practices, it is possible to quickly and
effectively multiply the effects in purely economic and social terms
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Physico-chemical properties of lignite mine reclaimed soil formed under 19 different tree
species in Sokolov, Czech Republic
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Abstract: Coal mining was, and still is, a very important part of Czech national economy. Since 1957, it has been compulsory for
organizations which have been granted mining permissions to carry out restoration procedures after the mining is finished. The aim of this
research was to compare the physico-chemical properties of reclaimed mine soil of Antonin locality in the Sokolov mining basin, Czech
Republic, which was experimentally afforested between 1968 and 1972. 5 undisturbed soil samples were taken from each of the 20
homogeneous stands (100 samples in total) composed of 19 various tree species (10 broadleaved and 9 coniferous) and bulk and specific
density, porosity, water retention capacities, pH, soil oxidizable carbon (SOC) and total levels of N, C and S were determined and compared.
In most cases, forming of soils with better overall physical and chemical properties was noticed under the broadleaved species.
Keywords: RECLAMATION; SOIL; LIGNITE; MINING; PHYSICAL PROPERTIES; CHEMICAL PROPERTIES; CARBON;
DUMPSITES;
(Tyurin) method, and total contents of carbon, nitrogen and sulphur
were determined using Thermo Scientific Flash 2000 NCS
Analyzer.

1. Introduction
Coal mining has been extensively used in the Czech Republic
ever since the beginning of 19th century, and was and still is a very
important part of the Czech national economy [1]. Due to vast areas
being affected by open-cast mining, a Mining Act was imposed in
1957, stating that it’s obligatory for the organization with the
granted mining permission to carry out rehabilitation and restoration
after the mining is finished [2]. Although many research results and
expert recommendations in recent years concluded that technical
reclamation is an expensive approach which diminishes
biodiversity, and it should be avoided if possible, over the years,
many coal mining sites have been subjected to this process, and
subsequently revegetated. After the excavation process had ended,
Antonin, a locality near the city of Sokolov, in the northwestern part
of the Czech Republic, was experimentally afforested between 1968
and 1972 with different tree species, 19 of which were processed in
this research. After more than 50 years have passed since the
reclamation was performed, these stands have shown an observable
process of soil formation underneath them, where, in most cases,
there is a visible soil profile with distinguished A, B and C soil
horizons. The main goal of this research was to determine the basic
physical and chemical properties of the uppermost soil layer, and
compare the results between the tree species encompassed within it.

The results were statistically processed using Statistica, with
repeated measures ANOVA and Tukey’s HSD test used on all
sample groups.

3. Results and discussion
After analysing the bulk densities, it was noticed that the
samples from lime, beech and pear stands have shown the smallest
values (the average values varied between 0.7-0.8 g/cm3). 10 other
species have not shown significant statistical differences, with the
average values varying from 0.840-0.950 g/cm3, whereas hornbeam,
birch, Norway spruce, larch, black pine and Scots pine have shown
the greatest bulk density values (0.969-1.092 g/cm3). Particle
densities have shown a similar trend, where lime and pear had the
smallest values (2.17 and 2.22 g/cm3, respectively), and Scots pine
had the greatest (2.489 g/cm3), with other species being in between
and showing no significant statistical differences among each other.
Soil samples taken from beech, lime and pear stands have also
shown the greatest porosity, both non-capillary and capillary,
whereas spruce, birch and larch have had the smallest values.
Water retention results have shown that elm, spruce, alder, both
maple stands and oak stand samples have shown higher water
retention levels all the way from fully saturated, to 24 hours later.
The average values of these samples varied from 61.59% for fully
saturated to 46.11% after 24 hours from saturation, whereas the
values of the Weymouth pine, Lodgepole pine, hornbeam and one
of the lime stand samples varied between 43.67 (fully saturated) and
28.28% (after 24h), making these samples the least capable in terms
of water holding ability. These results are graphically depicted in
Fig. 1.

2. Materials and methods
Soil samples used in this research were taken from 20
homogenous stands comprised of 19 different tree species, 10 of
which are broadleaved (Quercus sp., Fagus sylvatica, Carpinus
betulus, Pyrus communis, Acer pseudoplatanus, Acer platanoides,
Tilia cordata, Betula pendula, Alnus glutinosa and Ulmus glabra),
and 9 are coniferous (Pinus nigra, Pinus sylvestris, Pinus uncinata
subsp. uliginosa, Pinus strobus, Pinus contorta, Picea abies, Picea
omorika, Pseudotsuga mensiesii and Larix decidua). Two different
Tilia cordata stands on different exposures and slope angles were
examined in order to see the differences these changes might make.
Undisturbed soil samples were taken from the organomineral A
horizon using 100 cm3 Kopecky steel cylinders. For statistical
purposes, 5 scattered samples were taken from each stand, the total
number of samples being 100. The sampling was done between 10th
August and 9th November 2018.
The samples were gravimetrically measured for determination
of moisture content and water capacities (fully saturated, 30 minutes
from saturation, maximum capillary water capacity after 2 hours
from saturation, and water retention capacity after 24 hours), as well
as bulk density, using the methodology described by Valla et al. in
2008 [3]. The same methodology was used for determination of
particle density and capillary and non-capillary porosity. Soil pH
was measured in CaCl2 solution according to SFU Soil Science Lab
manual from 2011 [4] using “WTW pH7110” pH meter. Soil
oxidizable carbon content was determined using the oxidimetric

Fig. 1 – Water retention properties of the samples from the 20
studied stands
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elm, and Douglas fir. Weymouth pine, hornbeam, alder and spruce
have shown the smallest values (less than 0.22%).

Average pH values of the studied soil samples varied between
5.33 and 7.07. As expected, the lowest values belong to Weymouth
pine and Norway spruce (5.33 and 5.43, respectively), followed by
hornbeam (5.84). The highest value belongs to black pine (7.07),
followed by Scots pine, Norway maple, Scots elm and larch (6.946.72). Omorika and alder stands samples have had yet somewhat
smaller values (6.49 and 6.48), while the samples from the other 10
stands, ranging in pH values from 5.95 to 6.43, have shown no
significant statistical differences among each other. These results
are graphically presented in Fig. 2.

By comparing the results of all the analyses performed in this
research, and taking the stands that have shown significant
statistical differences in consideration, it can be noticed that both
maple stands, elm, pear and lime have shown the best overall
physical and chemical properties that are generally considered
favourable (low average bulk and particle density, higher porosity
and water retention values, higher pH, and higher carbon, nitrogen
and sulphur values). Some of these species (maples, lime and elm)
have also previously been described as favourable because of their
ability to produce the highest quality humus [5], along with alder
and hornbeam. Broadleaved species such as these have also been
noticed to support better conditions for edaphon development than
conifers [5], which further reinforces their applicability on
reclamation sites. The depth of the formed A horizon was also
usually several times greater in broadleaved stands, compared to
coniferous ones. The most noticeable differences between
coniferous and broadleaved species were observed when total
nitrogen levels were analysed and compared. When comparing the
two lime stands, in most cases it was noticed that the results from
the one on greater slope (9.4°) are more favourable than the one on
minor slope (2.7°). On the other hand, out of the broadleaved
stands, hornbeam (Carpinus betulus) has not shown very favourable
results in several of the aforementioned categories. Although
sometimes showing satisfying results in some of the categories,
most of the samples from coniferous stands have shown drastically
less favourable soil properties. Coniferous species that have proven
to have the least favourable properties were Weymouth pine (Pinus
strobus) and Scots pine (Pinus sylvestris).
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Fig. 2 – Average pH of the studied samples
Analysis of oxidizable carbon (SOC) content has shown no
significant statistical differences between the samples, although the
mean values vary from 4.62% for Scots pine, to 9.94% for
Weymouth pine. One of the lime samples, pear and Sycamore
maple have also shown somewhat higher values. The total carbon
levels have shown a similar trend to the oxidizable carbon, with, as
expected, few per cents more, and the total C values varied from
5.52% for Scots pine to 13.84% for Weymouth pine. In the latter
(total C) case, these two species have shown statistical differences
among each other, while the others have shown no statistical
differences.

Planned further research related to soil texture, structure,
stability of structural aggregates, available nutrients and potentially
toxic elements should provide us with more information on the
influence of these species on the quality of the soil formed
underneath the stands and the overall soil properties. Besides that,
litter bag decomposition experiments are also planned, as well as
some more complex chemical and biological analyses.

3. Conclusions
Having in mind all of the mentioned analyses performed on
these samples, it can be stated that the species which are the most
suitable for soil development of lignite reclaimed mine sites in
Central European region, in terms of physical and chemical
properties, are maples (both Acer pseudoplatanus and Acer
platanoides), Scots elm (Ulmus glabra), pear (Pyrus communis) and
lime (Tilia cordata). On the contrary, species such as hornbeam
(Carpinus betulus), Weymouth pine (Pinus strobus) and Scots pine
(Pinus sylvestris) have shown the least favourable physico-chemical
soil properties.

Total nitrogen mean values varied between 0.24% for Scots
pine and 0.67% for pear samples, and the difference between
coniferous and deciduous species was much more noticeable. Soil
samples from all coniferous stands have shown an average total
nitrogen value of less than 0.35%, while samples from broadleaved
stands ranged from 0.36 to 0.67%. The samples with the highest N
content are pear, lime and Sycamore maple, followed by Scots elm,
another lime and oak. Total average N levels of the studied samples
are shown in Fig. 3.
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Approaches for reclamation of embankments from the extraction of polymetallic ores with
soil improvers from waste and R. acetosella, and R. patientia
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Abstract: The present study examines the possibilities for reclamation of soils contaminated with heavy metals from the extraction of
polymetallic ores with soil improvers mixture of waste - sludge from WWTP and ash from thermal power plants, through a vegetation
experiment. Two herbaceous species of the genus Rumex were selected for the experiment - R. acetossela and R. patienta known for their
ability to accumulate heavy metals and in particular copper. The results of the study prove the ability to use the improvers in biological
reclamation of old embankments.
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of the structure and the supply of the soil with nutrients were also
studied.

1. Introduction
Contamination of soils with heavy metals and metalloids
(TMM) as a result of mining and mining waste management poses a
serious risk to human health and the environment. Contamination of
soils with heavy metals and metalloids leads to changes in the
cycling of substances, biomass production and decomposition
processes. It activates processes of accumulation of the elements in
the components of the ecosystems and of the migration from one
component to another, thus the movement along the food chain is
also realized [1-4]. Heavy metals are toxic under certain conditions,
inhibit the growth of biomass, reduce production, impair the ability
of microorganisms to mineralize and reproduce organic matter. This
provoked significant interest in the development of technologies for
remediation of soils contaminated with heavy metals and restoration
of the ecosystem [5,6]. In recent years, alternatives to expensive
conventional methods for removing heavy metals from soils have
been sought. A successful technique for reducing their availability is
by applying soil improvers that lead to a change in the form in
which metals exist. On the other hand, the growing trend towards a
negative balance of humus is reflected in thousands of hectares of
degraded land, deprived of conventional restoration processes,
which require the use of a humus layer [7]. This fact leads to the
need to explore the possibilities in the field of humus-free
reclamation as a technological approach to environmental
restoration management. To solve the problem, a number of studies
are being conducted on the use of various soil improvers to intensify
the formation of soil organic matter and soil humus. Successful
reclamation agents for these purposes are compost, peat, zeolites,
organic and inorganic fertilizers. In recent years, there has been a
trend for the use of a number of wastes such as activated sludge
from wastewater treatment plants (WWTPs), fly ash from the
incineration of biowaste, lignite ash and others as successful
reclamation agents for humus reclamation [8-13].

2. Study area, methods and materials
Study area
To achieve the objectives of the present study, soil samples were
taken from embankments resulting from old mining activities in the
Zlatitsa-Pirdop valley, located in forest areas, under the following
climatic conditions (average daily temperature 8 ⁰ C).

Fig. 1. Embankment, object of work

Materials
To achieve the objectives of the present study, a mixed soil
sample of 12 points from an embankment for sterile rock masses as
a result of mining in the area of the Zlatitsa-Pirdop valley in the 70s
of the last century was taken. For the remediation of the soils taken,
soil improvers have been created from waste: sludge from WWTPs
and fly ash from the burning of wood materials in TPPs.
Methods

A number of studies prove the ability of activated sludge as a
suitable ameliorant in the reclamation of disturbed terrains. The
sludge is characterized by a high content of organic matter, which
helps to immobilize heavy metals by forming insoluble complexes
with them. To improve the properties of activated sludge and their
effect on contaminated soils, a number of scientists are exploring the
possibility of mixing them with other soil improvers. sewage sludge
mixed with coal ash to reduce the presence of Cu, Zn, Ni and Cd
[14]. The mix of fly ash and activated sludge stabilizes Ni, Zn, Mn,
Cu and Sb, and reduces the bioavailability and phytotoxicity of Ti,
V, Mn, Co, Cr and Cd. Additives such as straw, vegetable husks,
sawdust and others increase the stability of the sludge, increase its
pH and eliminate toxicity conditions [15, 16].

Ecological assessment of the area. In order to determine the
ecological conditions in the area, with which the reclamation of the
disturbed terrains must be complied with, an ecological
characteristic of the following components: location, relief, climate,
waters, soils, flora and fauna has been performed.
Analysis of soil condition. To determine the condition of the
studied soils, the following tests were performed: soil reaction potentiometrically with "LP-17" pH meter; the content of nutrients,
alkali and alkaline earth elements, heavy metals and metalloids by
decomposition with aqua regia and subsequent analysis with Optical
emission spectrometry with inductively coupled plasma High
Dispersion ICP-OES Prodigy.

The present study aims to determine the possibilities for
reclamation of embankments as a result of old mining activities in
the Zlatitsa-Pirdop valley with the use of soil improvers mixture of
sludge from WWTP and ash from the TPP by conducting vegetation
experiment after determining appropriate indicator species. During
the setting of the vascular vegetation experiments, the improvement

Development of soil improvers To achieve the objectives of this
study, three mixtures of 450 g with different content of sludge from
WWTP and wood ash were prepared:
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Mixture 1 (M1) - 50:50;
Mixture 2 (M2) - 60:40 in favor of sewage sludge;
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Mixture 3 (M3) - 70:30 in favor of sludge.
An attempt to create a mixture with a ratio of 40:60 in favor of
wood ash was made, but this proved impossible. The reason is
insufficient amount of moisture in the components for adhesion of
the constituent particles
After complete homogenization of the mixtures, they are
granulated by an extruder. The developed soil enhancers are
characterized by Optical emission spectrometry with inductively
coupled plasma High Dispersion ICP-OES Prodigy.
Vegetation experiment (VE). To evaluate the effectiveness of the
application of the created soil improvers, a vegetation experiment
was conducted. For this purpose, a literature study was made to
select a species according to the specific ecological conditions.

Table 2: Content of heavy metals and metalloids
Indicator
Fe
Mn
Cu
Cd
mg.kg-1
10790
30.4
72.3
0.35
Value
50
0.6
PC
80
2
MPC
500
12
IC

Ecological characteristics of the area
The study area is located at an altitude of 734 m. The relief of
the municipality is flat and medium mountainous and its territory is
located within the Western Stara Planina. The region is in the
transitional-continental climate area and especially in the Climate
region of the hilly and lowland parts of Western Central Bulgaria.
The climate is modified by the complex orography and the
difference in altitude, influenced by the geographical location - in a
deep valley between two mountain ranges. Milder winters and cool
summers are typical. Dominant for the region is the northeast wind.
The average annual wind speed is 1.9 m.s-1. The annual amount of
precipitation is 620 mm. According to the Soil-geographical zoning
of Bulgaria the territory, the studied sites fall into the South
Bulgarian xerothermal soil zone and Mountain soil zone. It is typical
for the region that the soils are anthropogenically affected. In terms
of floristics, the region falls within the floristic regions of Western
Sredna Gora and Central Stara Planina (Yordanov, 1966). The
natural vegetation is represented by oak, hornbeam and beech
forests - hornbeam (Carpinus orientalis Mill.), hornbeam (Quercus
frainetto Ten.), cer (Quercus cerris L.), hairy oak (Quercus
pubescens L.) and sessile oak (Quercus dalechampii Ten.) [17, 18].

As

92.0
40
90
500

12.6
110
220
900

172
15
30
90

Analysis of soil improvers
The created granules are characterized by an excessive
abundance of phosphorus and potassium, which would have a
beneficial effect on the studied soils, which are poor in nutrients.
Mixture M1 is characterized by the highest content of the two
elements, as their values exceed the values for phosphorus in M3 20 times and for potassium - 2.2 times. On the other hand, soil
improvers have a toxic content of Na, which would have an adverse
effect on soils, which are characterized by excessive storage of
sodium (11.4 mg.kg-1) and would complicate the conditions for
biological reclamation. The granules have a high to ultra high
content of calcium and a low content of magnesium. The granules of
M1 are distinguished by the highest concentrations of the two
elements. The high content of calcium in them is essential due to the
possibility of raising the pH during their use. All three mixtures are
rich in sulfur. Serious attention should be paid to the high content of
arsenic in the created granules. The Ordinance on the procedure and
manner of utilization of sewage sludge through their use in
agriculture does not regulate limit values for the quantities of
arsenic that can be added annually in agricultural land, based on the
average values for 10 years, but compared to the norms. of
Ordinance 3/2008, the amount of arsenic exceeds the MRL for
permanent grassland. The amount of copper and zinc exceeds the set
regulated limit values for the quantities that can be added annually
in agricultural land, based on the average values for 10 years in all
three mixtures, and the amount of cadmium is at the limit in M1.
The iron content in all three mixtures is very low - less than 1% and
the Mn content - average. Soil improvers meet the requirements for
the Minimum content of micronutrients in Regulation (EC) №
2003/2003 of the European Parliament and of the Council of 13
October 2003 on fertilizers, percentage by weight of fertilizers for
B, Cu, Fe, Mo and Zn. M1 also meets the requirements for Mo
content.
The granules of the three mixtures are shown in figure 2.

Analysis of soil condition
The data from the analysis of soil acidity and nutrient content
are presented in Table 1. The studied soils are strongly acidic. These
pH values are an indicator of an increase in the intensity of
destructive changes and the appearance of exchanged aluminum.
Nutritional conditions for plants are unfavorable. The high acidity is
the reason for the lack of soil not only in bases, but also in
phosphates and molybdates, which turn into forms that are difficult
for plants to digest [19]. Nutrition is characterized by the absorption
of excess micronutrients.
P2О5
mg/100 g
7.63

Zn

Important elements for the proper development of plants are the
elements - manganese and iron. These are micronutrients that are
vital for plants, but within strictly defined limits for each species. In
the studied samples the iron is below the average for the side 5%
[22], here it is 1%. According to Pendias (1989), of the elements in
group VIIb, only manganese is a vital trace element for organisms
and is sufficiently widespread in the environment in volumes of 100
- 2000 mg/kg [23]. In the tested samples, manganese is in extremely
low quantities. Of the studied heavy metals, arsenic exceeds the IR
soils 2 times and the MPC - 5.7 times, determining the BIII level of
pollution - dangerously contaminated with arsenic soils. Lead
exceeds the MPC, copper exceeds the PC, but not the MPC, and the
values for cadmium and zinc are below the PC. The analysis shows
that it is necessary to take corrective action to increase soil acidity,
in a range that creates optimal conditions for plant development,
increase soil nutrients to improve soil fertility and immobilize
arsenic and lead. Under current conditions, soils pose a risk to the
components of the environment and human health due to the
possibility of migration of pollutants into surface and groundwater,
surrounding soils and thus reach the food chain.

3. Results

Table 1: Data on pH and nutrient content
pH
N
Indicator
%
5.0
0.089
Value

Pb

K2О
mg/100 g
69.3

An analysis of the data from the testing of nutrients was made
according to Penkov,1996 [20]. Determining soil fertility is an
important indicator for choosing future vegetation [21]. The data
show that the soils are slightly stored in terms of nitrogen, very little
in terms of phosphorus absorbed by plants and very abundantly
stored in terms of potassium. The results show the need for
additional import of nutrients - nitrogen and phosphorus, necessary
for normal vegetation development and successful biological
reclamation.
Data on the total pollution with heavy metals and metalloids are
presented in Table 2. The analysis of the data is made according to
the requirements of Ordinance 3/2008 for precautionary
concentrations (PC), maximum permissible concentrations (MPC)
and intervention concentrations (IC) of heavy metals and metalloids
in permanent grasslands.
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sowing depth of 1.5 cm. Because the species is moisture-loving, the
soil is pre-moistened [27].
The test conditions - temperature and humidity are controlled.
Of the respective species, 30 seeds are sown in each vessel. Rumex
patientia L. germinates 4-11 days after sowing, and Rumex
acetosella L. after 10-12 days. The largest number of germinated
and surviving plants are observed in soil samples treated with M2
for both species – R1 and R2. Leaf formation of the first true leaves
is expected 14 days after germination. Rumex acetosella L. does not
form true leaves within the vegetation experiment -45 days. R.
Rumex patientia L. forms true leaves 17-20 days from the beginning
of the experiment. In mixtures of M1 and M3, the plants show the
typical symptoms of As poisoning - first turn yellow and then turn
brown [19]. In the control samples there are single sprouted seeds,
which die 3-5 days later.

Fig. 2. Granules from mixtures UT + PB - M1, M2, M3

Vegetation experiment
After clarifying the agrochemical properties of the studied soils
and the created soil improvers, the vegetation experiments are
conducted as experimental evidence under controlled conditions of
the possibilities for the use of soil improvers and the improvement
of the growth environment through them. Indicator species must
take into account environmental conditions and specific pollutants.
Resistance to heavy metals of members of the genus Taraxacum,
genus Populus, genus Trifollum, genus Rumex, genus Lolium and
genus Poa has been studied in the study area. Studies show better
tolerance and adsorption capacity than species of the genus Rumex.
Plants of the genus Rumex (Lapad) are perennial (rarely annual)
herbaceous plants, naturally distributed in Bulgaria [24, 25].
Representatives of the genus Rumex are known to be tolerant to soils
contaminated with heavy metals, and some are even defined as
hyperaccumulators [26].

Development of R2 in mixture M2 is shown in figure 4.

Fig. 4. Development of R2 in M2 mixture - 14 days after sowing, 21 days,
30 days, 37 days (from left to right)

For the purposes of the present study, two species of genus
Rumex were selected: Rumex acetosella L. (R1) and Rumex
The experiment lasted 45 days. At the end of the experiment,
patientia L. (R2). Rumex acetosella L. is known for its ability to
there
were no surviving plants in the control samples. Data tracking
adsorb Zn, Pb, Cd, the species is also a bioindicator for determining
plant development are summarized in Table 3.
the content of copper and molybdenum and is often used for
reclamation of disturbed terrains, such as abandoned mines [27].
Table 3. Plant development
Rumex patientia L. adsorbs As, Cd, Cu, Pb and Zn. The species also
Rumex acetosella L.
Rumex patientia L.
manifests itself as a good high ability to accumulate Sb in tissues,
Indicator
C1
М1
М2
М3
C2
М1
М2
М3
especially in its roots. Golovach at al. in their study they defined the
Number of
species as a hyperaccumulator for heavy metals [28, 29].
30
30
30
30
30
30
30
30
Plastic containers with a capacity of 0.6L and dimensions: H =
80mm, d = 130mm were used for conducting the vegetation
experiment. An equal amount of soil is placed in each container 0.500 kg. Six vessels were prepared with 0,025 kg of the mixtures
(M1, M2, M3) - three of them were seeded with Rumex acetosella
L. (R1) and another three with Rumex patientia L. (R2). Control
samples were also prepared without the addition of soil improvers C1 and C2.

seeds sown
Day of
germination
Number of
surviving
plants on the
end of VE
14
day
21
day
H,
cm 30
day
37
day

12

12

10

11

8

4

8

10

0

7

5

4

0

4

15

3

-

0.8

1

0.5

-

0.8

1

0.6

-

1.2

1. 5

0.9

-

1.5

2.8

1.7

-

1.8

2

1.2

-

2.9

4

2.5

-

2

2.5

1.5

-

4

5

3

The highest number of sprouted and surviving plants was
observed in soil samples treated with soil improver M2. R1 has a
slower development compared to R2, and the percentage of
surviving plants is lower. Only Rumex acetosella L. forms true
leaves. No plants developed in the control samples, although in the
literature review the species was defined as tolerant to heavy metals.

4. Conclusion
As a result of the study, the following conclusions can be drawn:

Fig. 3. Preparation of the vessels for conducting the vegetation
experiment

From the chemical analysis of the soil improvers it is clear that
they are overstocked with calcium, which can have a beneficial
effect on acidic soils. All three mixtures contain trace elements B,
Cu, Fe, Mo and Zn. However, due to the content of arsenic, sodium
and sulfur, soil improvers can pose a risk in reclamation of disturbed
terrains, creating preconditions for toxicity to plants and salinization
of the soils in which they will be invested.

The sowing of R1 and R2 is carried out in the prepared
containers in February. According to the literature, direct sowing in
the open is possible in March, as the seeds should germinate for 6-7
days at a temperature of -3 ⁰ C, and two weeks later should develop
to two true leaves. The seeds are sown at the level of application of
the soil improver and covered with 1 cm of soil, with an optimal
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The highest number of sprouted and surviving plants was
observed in soil samples treated with soil improver M2 for both
species. R1 has a slower development compared to R2, and the
percentage of surviving plants is lower, and in the control samples
the plants do not develop. At the end of the vegetation experiment,
all plants dry out, which shows that the use of soil improvers does
not improve the growth environment in soils contaminated with
heavy metals.
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Effect of the implementation of agro-technical and ameliorative measures in soils with poor
technological and pedological properties
Ivan Dimitrov, Martin Nenov, Vanya Lozanova, Iliyana Gerasimova
N. Poushkarov Institute of Soil Science, Agrotechnologies and Crop Protection

Abstract: Applying appropriate tillage systems, agro-technical and ameliorative measures can stop the negative changes in soil functions
and stabilize and improve soil fertility through a systematic agro-technical approach.
The aim of the study is to investigate the effect of the introduction of new solutions in agro-technology on cultivation of arable crops on soils
with impaired fertility. In a three-field crop rotation with potato, wheat and corn cultivation, after the application of soil tillage and liming
systems, it has been found that soil tillage systems have a direct and indirect impact on the productivity of crops grown under crop rotation,
setting the conditions for the cultivation of crops other agrotechnical activities.
The deeper basic cultivations applied to the potatoes on Chromic Luvisosl and EutricPlanosols, leads to lower values of bulk density and
strength.
Potato cultivation has a significant effect on both limestone and ash input, with a positive effect on corn and wheat.
On the basis of the results obtained from the field experiments, a technology for the production of potatoes and wheat grown in a three-field
crop rotation on soils with medium to highly acidic reaction of the soil solution - Chromic Luvisosl and EutricPlanosols in the study area is
recommended.
Key words: SOIL PROPERTIES, AMELIORATION, LIME MATERIALS, AGRO-TECHNICAL MEASURES.
method of long plots on two soil differences with two production
sections of 0,55 ha each.
The Chromic Luvisosl in the territory of the village of
Zhivkovo - Ihtiman is characterized by a shallow plowed horizon
with a light mechanical composition, dominated by coarse sand.
The silt fraction is only 18%.Due to this fact, thick soil bark is
formed on dry surface conditions. The bulk density of maximum
moisture content (MMC) in the orbit is 1.45 g/cm-3 high and the
relative mass is 2.65-2.70. The soil is low humus content - about
2%, poorly stocked with macronutrients.
EutricPlanosolsin this area are characterized by strong
profile differentiation. In the humus horizon, the silt and physical
clay content were 8.7% and 18.2%, respectively, while in the
transitional B1 horizon it was 54.3% and 62.3%, respectively.
Moisture content of MMC in the transitional horizon is also
distinctive, and the bulk density of soil is high - 1.47 g /cm-3.
The factors tested were:
• Sowing - Two crop rotations have been developed
(Scheme 1).

Introduction
Applying appropriate tillage systems, agro-technical and
land reclamation measures can stop the negative changes in soil
functions and stabilize and improve soil fertility through a
systematic agro-technical approach to achieve a sustainable level of
productivity.
By evaluating the variants studied for the main agrotechnical factors (tillage, fertilization, precursor, irrigation regime),
using modern mathematical methods and models, it is possible to
achieve optimization of agricultural production technologies and
making optimal decisions for good agricultural practice. on soils
with impaired fertility.
The aim of the study is to investigate the effect of
introducing new solutions in agro-technology on cultivation of
arable crops on soils with impaired fertility.

Material and Methods
In order to achieve this goal, a field experience of
production areas near Ihtiman, Sofia region, was deduced by the

Scheme1. Crop rotation and fertilizationon Chromic Luvisols and Eutric Planosols
Years
2011-2012
2012-2013
Crop rotation
first crop rotation
Potatoes
Wheat
N16P16K10
N14P10
second crop rotation
Wheat
Potatoes
N14P10
N16P16K10

Maize
N16P10
Wheat
N14P10

• Soil cultivation - two variants of soil tillage systems
have been developed for the two crop rotation schemes (Schemes 3
and 4). The aim is with deeper treatments to achieve a deepening of
the humus horizon, and in the case of theEutricPlanosols the
approach is to make it gradual - O1 variant of second crop rotation
(Scheme 4).

The narrow specialization of the producer in potato
production is the reason that on an area of about 200 ha they are
grown in two-field potatoes and wheat. Due to the genetic basis of
soils and the fact that potatoes extract many nutrients, the trial of
three-field crop rotation of potatoes-wheat-maize was included.
Scheme 3. Soil tillage systems in first crop rotation
Order
Crop
Years
№
1.
Potatoes
2011-2012
2.
Wheat
2012-2013
3.
Maize
2013-2014

2013-1014

Soil tillage systems
Variant О1
Variant О2
Plowing 30-35 cm
Loosening 35-40 cm
Discing 10-12 cm
Discing 10-12 cm
Loosening 20-25 cm
Loosening30-35 cm

Scheme 4. Soil tillage systems in second crop rotation (two-shelf)
Order
Crop
Years
Soil tillage systems
№
Variant О1
Variant О2
1.
Wheat
2011-2012
Plowing 18-20 cm
Discing 10-12 cm
2.
Potatoes
2012-2013
Loosening 35-40 cm
Plowing 30-35 cm
3.
Wheat
2013-2014
Discing 10-12 cm
Plowing 16-18 cm
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The Badallini LS tiller was used for loosening and the Kverneland-BE100 plow for the autumn plowing. The pre-sowing treatments for
wheat were performed with a Lemken-6M plow and a KUHN Diskover XM-40 disc harrow.
Table 3. Neutralizing ability for sample No1 / limestone fraction 0-4/for sample No 2/ lime ash/
№
Description
Neutralizing ability
Mequ. / 100 grams
[ n ]
of lime material
grams lime material/1Mequ.
1
limestone 0-4 mm
2180
0,0460
2
lime ash
2020
0,0495
3
calcium carbonate
2000
0,0500
• Lime-limestone lime -8 t /ha and lime ash - 6 t /ha.
The control was determined by the neutralizing ability of pure
calcium carbonate.
The preliminary study characterizes the materials with a
neutralizing capacity for the 0-4 mm 2180 mequ limestone and for
the 2020 mequ lime ash, ie. they are proven to be suitable for
acidification of acid soils (Pearson, 1975).
• Determination of water-physical indicators:- moisture
content by weight % and volume density in g/cm-3 - by Kaczynski's
weight method, in layers through 10 cm to a 60 cm depth with rings
of 100 cm-3 volume;
- soil strength - with a DORNY type hardness tester, with
a cone angle of 30◦, in layers through 5 cm to a depth of 40 cm;
• mobile forms: nitrogen - by the method of Bremner and
Kiney; phosphorus - by the method of P. Ivanov; potassium by the
method of P. Ivanov;
• soil solution (pH) reaction - potentiometric in water and
potassium chloride;
• content of organic matter in the soil - according to
Tyurin;
• productivity - basic and additional production of the
cultivated crop (t/ha);
- structural analysis of the production obtained - grain and
vegetable mass taken from metrics of 14 m-2 for maize and 1 m-2 for
wheat:
The mathematical and statistical analysis of the
experimental data was performed with the SPSS statistical program.

Results and discussion
The experimental areas in the first year provided for
winter cereals were sown with wheat in order for the predecessor of
both experimental plots to be the same.
The pre-sowing treatment for the wheat involves a twofold disking of 10-12 cm and 6-8 cm depth in all the test sections.
The sowing was carried out with sowing rate of 550-600 pcs. seeds
/m-2, used Sadovo -1 variety with proven good productivity in the
area.
One of the main tasks of soil cultivation is to maintain its
physical condition within the optimum range. In our case, this is
necessary since some overlap is found below the treatment area.
The values of the instantaneous moisture content in the soil, the
bulk density and the strength of the soil in the phases of wheat
breeding and class formation were established, and in the case of
potatoes in the phases of the 3rd leaf and flowering of the plants.
The humidity of the soil in the dewatered phase is 70% in
the Chromic Luvisols. The variations in moisture content between
variants are up to 2.5%, within the limits of statistical error.
Humidity values increase with the depth of the test profile.
For Chromic Luvisols, the tillage options have a higher
humidity of 2.3% to 3.6% than the variants of the disc. In
EutricPlanosols, differences in layers of 30-40 cm and 40-60 cm at
p <1% have been demonstrated.
Soil moisture in the variants with discing is below 13%
across the entire profile.In the test potato sections, a humidity level
of over 70% of the MMC was maintained. Of note is the rapid
drying of the soil in the surface layer, due to the high content of
coarse sand, as well as the tendency of better movement of water in
the depth of the plots with loosening of more than 40 cm depth (Fig.
1).

Fig. 1. Moisture content in weight% on average over the study period
In the case of soil with less leaching (Verinsko block), the
moisture is proven to be higher than that of the more Chromic
Luvisols.
In Fig. 2. the values for the bulk density of the two soil
differences are the subject of our study. Significant compaction in

the 30-40 cm layer was found. In the plow layer, the bulk density of
the soil has values that are close to optimal. The values in the
subsoil exceed the equilibrium density and limit the penetration of
the roots of the plants in depth. The thickening in the 30–40 cm
layer of the EutricPlanosols is significant - 1.55 g/cm-3.
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Fig. 2. Bulk density of soil in g/cm-3 averaged over the study period
The volumetric values of the two soil differences Chromic Luvisols and EutricPlanosols in potato cultivation are
lower than those found in wheat crops. The values for the maize
cultivation parameter have an intermediate level. It was found that
in the summer, in both soil differences, there was a significant
compaction in the 30-40 cm layer.
The values in the subsoil exceed the equilibrium density
and limit the penetration of the roots of the plants in depth.
When sown with potatoes on the heavily leached soil, the
bulk density in the plow layer is up to 1% higher than the less
leached soil (pumping station plot). With relatively good
humidification (about 70% of MMC), the bulk density values are
high. The inverse correlation between the two parameters is
strongly expressed in the wheat crop, especially in the areas under
discing, where values are high for the whole layer 0 - 40 cm. The
thickening in the layer 30–40 cm is the strongest - 1.60 to 1.68 g
/cm-3.
The soil bulk density of the test area with wheat was
significantly higher in the variants,

where a basic tillage of 30-35 cm depth was applied
against the precursor, with the highest density in the area of the
plow heel - by 0.08 to 0 , 13 g / cm3.
The soil strength of the Chromic Luvisols is the parameter
with the most dynamic changes during the study period. The values
for the indicator of the experimental areas with pre-sowing wheat
are high - in the layer 10–15 cm - up to 94.08 kg /cm-2, and in the
layer 30–40 cm - up to 99.60 kg /cm-2. In the EutricPlanosols, the
values in the 15–25 cm layer are highest - from 99.80 to 101.36 kg
/cm-2 (Fig. 3).
The very low values of the parcels of potatoes, mostly
after the loosening, are striking. For plowing, the values increase
with evidence at 0.1% for the layers 10 - 20 cm and 30 - 40 cm.
The values of the parameter after wheat are very high,
with strength reaching 125.20 kg /cm-2 in the deepest layer. This
physical condition of the soil does not significantly affect the
productive potential of wheat, as spring conditions are conducive to
its development.

Fig. 3. Soil strength in kg / cm2 averaged over the study period
In the Ihtiman region, a deeper basic treatment has been
applied to the potatoes, both on Chromic Luvisols and
EutricPlanosols. Its influence on the physical characteristics of the
soil differences is established by the measured lower values for bulk
density and strength.

The impact of the tillage system on soil fertility is
assessed
by
changes
in
nutrient
content
and
their accessibility to plants.
The results of soil samples taken in the first year for
agrochemical analysis show a difference in the content of mobile
forms of the macronutrients as well as in the reaction of the soil
solution.
142

MECHANIZATION IN AGRICULTURE & CONSERVING OF THE RESOURCES ISSUE 4/2020

During the last year of the experiment, the Chromic
Luvisols in Ihtiman found a good nitrogen content due to the
systematic application of nitrogen fertilizer (Table 4). During the
study period, calcium ammonium nitrate (CAN) fertilizer had a
positive effect not only on crop development but also on their
productivity. In the experimental plots of the Verinskoblock, the
content of 4.6 mg /kg soil in the CAN fertilized variants is higher
than those of urea fertilized, which is explained by the improvement
of the soil solution response. What is striking is the small amount of
mobile phosphorus at the experimental sections in Ihtiman, where
fertilization is high.
After potatoes, the soil remains slightly better stocked 7.4
to 12.3 mg /100g soil, whereas after wheat the content is lower.
Fertilization, on the one hand, clearly cannot compensate for
exports with the production obtained, and on the other, the acidic
reaction leads to an increase in the share of undigested phosphorus.
This finding is based on the fact that in the higher pH variants of the
Verinsko block, Phosphorus in the soil has more than 2.0 mg / 100g
of soil more than the control.
In the Chromic Luvisols, the mobile forms of potassium
are satisfactory, despite regular application of mineral fertilizer. As
a potato-loving crop, potatoes extract large amounts that cannot be
compensated for when grown. Therefore, it is necessary to move
from two regiments to the cultivation of another trench culture.

Analyzes made show that in both variants of liming an
increase in the reaction of the medium was achieved. The effect of
reclamation is also noticeable in the lower 30-60 cm soil layer. The
increase in soil pH is related to the reaction of the strong acetoite,
with its hydrogen ions being replaced by exchange bases (Ganev,
1992).
Ameliorants used: limestone and ash are high in Ca
content, leading to enrichment of soil with mobile calcium. The
calcium in the control variant is 11.6 meq / 100g. An increase in Ca
was observed relative to the control, as in the ash variant the
exchange Ca reached up to 21.5 meq /100 g, and in the limestone
vol. It is 14.8 meq /100g.
Calcium is an important antagonist of toxic elements, and
in this case improves calcium nutrition. Variation of arable soil
enhances the fixation of atmospheric nitrogen, limits nitrogen losses
in the form of volatile nitrogen oxides and increases the fixation of
ammonium nitrogen by clay minerals.
The results obtained for the production of the cultivated
crops are a summary of the level of applied agricultural technology
and the conditions for cultivation of the crops. In 2011, the yields
obtained from the experimental areas occupied with wheat were
recorded. As the autumn preparation for the potatoes was carried
out according to the methodological setting, the productivity of this
crop was established in the following 2012.

Table 4. Agrochemical soil analysis in the third year of the experiment
Sample
Field plots and
Depth of
pH
number
terrain
layer
H2O
KCL
cm
1.
pumping station Т2О1
0-30
5,30
4,10
2.
pumping stationТ2О1
30-60
5,20
4,00
3.
golden rain A.Т1V1
0-30
5,70
4,60
4.
golden rain A. Т1V1
30-60
5,70
4,50
5.
golden rain A. Т1V2
0-30
5,90
4,70
6.
golden rain A. Т1V2
30-60
5,50
4,30
7.
variant Т1(control)
0-30
5,50
4,20
8.
variant Т1(control)
30-60
5,50
4,30
9.
plots road ISWТ2О1
0-30
5,0
4,00
10.
plots road ISWТ2О1
30-60
4,90
3,90
11.
land Verinsko Т1О1
0-30
6,00
5,10
12.
land Verinsko Т1О1
30-60
6,30
5,30
13.
land Verinsko Т2О1
0-30
5,70
4,40
14.
land Verinsko Т2О1
30-60
5,90
4,70
The conducted analysis of variance of the data shows
statistical evidence of the influence of crop rotation, fertilization
and their joint effect on the total variation of the data in the
experiment (at probability level P <0.1%). The processing system,
Table 4. Variance analysis of wheat yield in kg/ha for 2011
Source of variation
Sum of Squares
Sum of Sq.
%
Сrop rotation (S)

31380.553

we absorb
N mg/kg
42,00
37,40
38,60
29,40
24,80
23,60
30,50
29,40
54,70
45,50
32,80
25,90
21,30
28,20

P2O5
K2O
mg/100g
7,40
3,40
12,30
2,40
3,70
3,40
5,10
5,20
9,20
8,50
9,20
8,80
8,70
5,60

Humus
%

9,80
8,80
9,20
9,00
11,0
8,50
8,80
6,30
10,70
9,70
15,20
13,30
9,30
6,40

as well as the mutual influence of the tested factors, have no proven
impact (Table 4).From the experimental sections in Ihtiman, the
yield of wheat, which is a precursor to the potatoes that are the
subject of study next year, is reported.

df

Mean Sq..

F-rate

Sign.Level(
p)

2.07

1

31380.553

45.812

<0,1

Tillage system (T)

2920.767

0,19

2

1460.383

12,132

<1,0

Fertilization (F)

1419354.501

93.57

2

709677.251

1036.049

<0,1

0.14

2

1059.653

11.547

<0,1

2

10092.604

14.734

<0,1

4

420.747

0.614

-

0.810

-

S*T

2119.306

S* F

20185.207

T*F

1682.990

0.11

S*T*F

2219.010

0.15

4

554.753

Error

36989.145

2.44

54

684.984

Total

1516851.479

1.33

2,70
2,30
2,50
2,40
2,70
2,30
2,70
2,70
2,90
2,00
2,80
2,50
2,30
2,20

71
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Сrop
rotation
1
2

Tillage

Mean
4290,82
3873,29

Mean

1

4170,60

2

4023,47

3

4052,10

LSD5 % =123,684
LSD 1 % = 164,707

LSD 5% =151,484
LSD 1% =201,726

LSD 0,1% =214,674

LSD 0,1% = 262,924

Once the fertilization rates have been harmonized with the
feeding done, the differences in yields obtained are mainly due to
the type of processing - plowing and discing. Yields were obtained
ranging from 3800,5 kg / ha to 4232,5 kg / ha.
In the second year, in spite of the extreme climatic
conditions, the necessary germination of the crops in the
experimental areas and the successful harvesting of the

experimental plots were ensured.High yields from both crops were
obtained from the experimental sites in Ihtiman. For potatoes,
maintaining relatively optimal humidity and fertilizing are major
factors affecting crop productivity. After loosening the soil, from
2020 to 2430 kg /ha more potatoes were obtained compared to those
obtained from arable land.

Fig. 4.Potato and wheat yield in kg /ha Ihtiman 2013
Wheat yields from 80 to 100 kg / ha of grain more when
plowed (Fig. 4). In the case of foliar application, productivity
increased by 170 to 800 kg /ha depending on the tillage applied.
The conducted analysis of variance of the data shows
statistical proof of the influence of crop rotation, fertilization and
their joint effect on the total variation of the data in the experiment
(at probability level P <0,1%). The treatmentsystem, as well as the
mutual influence of the test factors,also have a proven impact on the
yields of the crops on the test areas.The results of the variance
analysis of potato yield data cultivated in the Ihtiman region show

that the variation has a statistically significant effect on the yields
obtained (p <0.1%). The differences in yields obtained from the
control (no fertilization and no liming - F0) and the other 3 variants
(fertilizing and liming F1, liming limestone F2 and liming ash F3)
were statistically proven at 0.1% probability.
The influence of fertilization is indisputable - 5830.5
kg / ha of potatoes were obtained in the case of non-lime
fertilization, while only 2750.25 kg / ha was obtained for the one
without fertilization and without lime.

Fig. 5. Grain yield of maize and wheat in kg /ha – 2014
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The variation in potato cultivation is statistically
significant in both limestone and ash input, although the difference
in yields obtained with the two enhancers has not been
demonstrated. In the last year, relatively high yields of maize and
wheat have been obtained (Fig. 5).
The maize yields are higher than the CromicLuvisols on
average about 500 kg / ha. From the tillage systems tested, after
loosening at a depth of more than 30 cm, a higher yield of 717,5 kg
/ha and 592,5 kg /ha was obtained, respectively, in the Chromic
Luvisols and EutricPlanosols.
For the study area, the productivity level is good, with the
dispersion analysis establishing the major contribution of
fertilization, then irrigation, and the influence of the soil tillage
system to a lesser extent.
From wheat, the highest grain yield was obtained by
plowing the experience on the Chromic Luvisols - 6047,5 kg /ha. In
EutricPlanosols, the yield obtained is lower by 657,5 kg /ha and
347,5 kg / ha, respectively, according to the type of treatment
applied. Compared to corn yields, the differences between the two
tillage systems are lower for wheat - 565 kg /ha and 255 kg /ha
respectively for the two soils studied.
From wheat under the variants of loosening against the
potato precursor and using CAN fertilization and foliar feeding,
productivity increased by 320 to 460 kg/ha, which confirms the
correct choice of fertilizers and agro-technical measures.
In both cultures, the effect of limestone and ash applied to
the potatoes is also reflected. For maize, the differences are about
900 kg /ha in favor of the varietal variants over those without
reclamation, and for wheat the difference amounts to 430 kg /ha.

solution - Chromic Luvisols and EutricPlanosols in the area of
Ihtiman is recommended.
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Conclusions
From the results of the study, a complex effect of the
tested factors was established. The most significant influence on the
productivity of the cultivated crops is the fertilization - its
participation in the formation of the obtained production is: for
potatoes - 68%, for maize - 74%, for wheat - 81%.
Soil cultivation systems have been found to have a direct
and indirect impact on the productivity of crops grown under crop
rotation, laying down the conditions for holding other agrotechnical
activities. The results of their effect on the physical parameters
show that in the soil with less leaching, the moisture is proven to be
higher than that of the more Chromic Luvisols; the influence of the
deeper basic treatment applied to the potatoes, both on Chromic
Luvisols and EutricPlanosols, on the physical characteristics of the
soil differences leads to lower values of bulk density and soil
strength.
Based on the results obtained from field experiments, a
technology for the production of potatoes and wheat grown in a
three-field crop rotation on soils with medium to highly acidic soil
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Abstract
By assessing basic agro-technical factors, optimal decisions can be made for good agricultural practice on soils with heavy
mechanical composition, such as the Haplic Vertisols.
The aim of the study is to identify the changes in the agrochemical status of Haplic Vertisols that occur under the influence of
applied agro-technical measures.
For the achievement of the purpose in the period 2016 -2019, a field trials, based on the block method in the Sofia Region on a
Haplic Vertisols were carried out.
The applied fertilization mainly affects the content of nitrate and ammonium nitrogen, the phosphorus forms remain with low
values, it is clearly necessary to raise the norm and with a methodical approach it is necessary to achieve a sustainable level of absorbed
phosphates. The content of the absorbed potassium is still satisfactory, and based on the data from the analysis, its reduction and export with
the produced products are smaller.
Key words: HAPLIC VERTISOLS, AGRICULTURAL TREATMENT, AGROCHEMICAL PROPERTIES
Fertilization applied in crop rotation is: T0 - no
fertilization; T1 is at a fertilizer norm according to the
macroelement stock by agrochemical analysis of soil samples (in
kg/ha of active substance).
For cereals fertilization is with nitrogen, phosphorus
and potassium, and for maize - without potassium. In both crop
rotations, the fertilization rate is the same in order to detect
changes in soil agrochemical parameters under the same
conditions.
The experiments are based on a two-factor scheme
of type 2x3 with four blocks (repetitions), each of which is
divided into two sub-blocks corresponding to the two tillage
systems (Scheme 2). One of the systems involves more intensive
cultivation (O1 variant), while the other includes a disking as a
minimum soil tillage (O2) variant.
Indicators studied:
- mobile forms: nitrogen - by the method of Bremner
and Kiney; phosphorus - by the method of P. Ivanov; potassium
by the method of P. Ivanov;
- reaction of soil solution (pH) - potentiometrically
in water (H2O) and potassium chloride (KCl);
- carbonates - by the method of Scheibler;
- content of organic matter in soil - according to
Tyurin;
Productivity is determined - the main and additional
production of the cultivated crop, calculated in kg/ha;
The mathematical and statistical analysis of the
experimental data was performed with the SPSS statistical
program.

Introduction
The problems of agriculture in the separated regions are
different, they are specific, especially and according to Stoinev
[1], they can be solved only through the implementation of
complexes of activities united in a comprehensive ecological
farming system.
The Haplic Vertisols, widespread in the country, are
characterized by considerable diversity in nutritional status as a
result of the different fertilization systems applied. According to
studies conducted by [2] on Haplic Vertisols, the recommendable
content of absorbable phosphorus is 12,9-19,8 mg/100g soil and
mobile potassium - 16,1-20 mg/100g in acetate-lactate extract.
Ensuring optimum crop development with minimal
environmental impact involves the correct determination of
fertilization rate, fertilizer form, methods and timing of
application [3, 4, 5, 6, 7].
The aim of the study is to identify the changes in the
agrochemical status of Haplic Vertisols, that occur under the
influence of the applied agro-technical measures.

Material and methods
For the achievement of the purpose in the period
2016 - 2019, a field experience, based on the block method –
standard (on the long plots) in the Bozhurishte trial base of
ISSAPP “N. Poushkarov”, Sofia Region, was executed.
The field trials has a total area of 0.72 ha, includes
two crop rotations of 0.30 ha (Scheme 1), each with 24 crop areas
of 70 m-2 in size. One crop rotates the two-shelf wheat-maize
crop, while the other includes other cereals with a fused surface oats and triticale
Scheme 1.Crop rotation and fertilization
Years
Crop rotation
First rotation
Second
rotation

Scheme 2. Soil tillage systems in crop rotation

2016-2017

2017-2018

2018-2019

Wheat
N0/N140P100K60
Oats
N0/N140P100 K60

Maize
N0/N160P100
Maize
N0/N160P100

Wheat
N0/N140P100K60
Triticale
N0/N140P100K60

Crop
Wheat/ Oats
Maize
Wheat/
Triticale
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Year
2016-2017
2017-2018
2018-2019

Soil tillage systems
О1
О2
Plowing 18-20 cm
Discing 10-12cm
Loosening 35-40cm
Plowing 28-30 cm
Plowing 15-18cm
Discing 10-12 cm
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Table 1. Agrochemical properties of Haplic Vertisols
Horizona
nd depth
in cm
Ap 0-26
А′ 26-40
А′′ 40-56
А′′′ 5685
Вк 85100
Вск 100140
Ск 140170

рН

С: N

СаС
О3

H2O

KCL

Total
N
%

6,20
7,10
7,10
7,10

5,30
5,40
5,60
5,90

0,134
0,117
0,110
0,093

11,7
12,8
13,2
12,0

0,0
0,0
0,0
0,0

saturati
on with
bases
(V%)
95,9
94,4
96,9
95,7

Hum
us
cont.
%
2,75
2,55
2,51
2,13

7,60

6,90

0,036

14,0

4,35

99,2

0,87

8,10

7,20

0,040

11,6

6,87

100,0

0,80

8,20

7,10

0,037

12,1

4,70

-

0,91

The investigations were carried out at the Bozhurishte experimental
base of ISSAPP “N. Pushkarov ”on Haplic Vertisols with a powerful
(about 1 m), slightly clay humus horizon. A deeper clay, dark brown,
transitional horizon, which changes to a depth of about 250 cm from
the soil-forming materials, follows deeper into the profile.
The chemical properties of the soil in the experimental
field vary slightly, which is a sign of soil uniformity. The humus
content of the soil is medium humus (2,5% -3,8%) There is a regular
and gradual decrease of humus from the surface to 120 cm depth.
Total nitrogen content is low to moderate, which gradually decreases
in profile depth. The total phosphorus content of the soil is poorly
preserved.
season of the crops. During the vegetation of wheat, the sum of
rainfall is 346,3 mm, which is about the average for many years.
Oats growth and development also proceeded at relatively good
rainfall – 212,4 mm from germination to waxy maturity. During
the growing season of maize - May - September, the amount of
rainfall is 373,7 mm. In quantity, it is above the average for many
years, but there was also a period of drought - August is only 3,8
mm.
In the third year was established that the content of
digestible forms of nitrogen was satisfactory. Compared to the
data from the previous year, nitrogen was lower in all the variants
tested. This indicates that much of the available nitrogen was
exported with production. This assumption is confirmed by the
observance of the highest values for total absorbed nitrogen for
the 0-30 cm layer in the T1O2P2 and T1O2P1 in wheat crops – 17,3
mg/kg and 15,6 mg/kg soil respectively (table 4). In nonfertilized variants, the content of this macronutrient is slightly
lower. The content of nitrogen in the 0-30 cm layer is naturally
higher, with the largest difference between the two layers being
found in the T0O2P2 variant – 5,8 mg/kg soil.
In the second crop rotation of triticale cultivation,
the results of agrochemical analysis are similar. A slightly higher
content of assimilated nitrogen was found compared to the one in
the tested area with wheat. In view of the lower grain yields
obtained from the triticale, this difference in the established
quantities is real.
The highest nitrogen content was reported in the
T1O1P1 variant – 20,2 mg/kg soil, for the 0-30 cm layer. For the
30-60 cm base layer, the amount of nitrogen is highest for the
T1O1P2 variant – 19,0 mg/kg soil. On the tested site with triticale,
the differences in the assimilated nitrogen content between
fertilized and non-fertilized variants are more pronounced.
The content of mobile forms of phosphorus is low,
with traces in the subsoil 30-60 cm layer. Although the tested
area is regularly fertilized with phosphorus, its amount does not
increase. In the wheat area, phosphorus reaches 8,5 mg/100 g in
the T1O2P1 variant and is even lower in the other fertilized
variants. In the non-fertilized variants, phosphorus is practically
absent. These findings lead to the assumption that a significant
portion of the phosphorus imported into the fertilizer goes into
inimitable form. At the triticale tested area, the absorbed
phosphorus content is even lower, although the fertilization rate
is similar to that of wheat.
The content of absorbed potassium in the Haplic
Vertisols is good. In the first crop rotation in wheat variants for
the 0-30 cm layer, it ranges from 22,3 mg/100 g of soil (T1O2P1
var.) to 30,6 mg/100 g of lime (T0O2P2). Potassium is 3-4 mg/100
g less in the 30-60 cm layer. With this macronutrient, the
fertilization effect is not detected, it is probably supported by the
introduction of plant residues.
For triticale variants, potassium has a higher content
in the 0-30 cm layer – 23,8 to 36,1 mg/100 g of soil, respectively.
In the variant with the highest potassium content - T1O2P2, the
difference in the reported amount between the two test layers was
the largest – 11,0 mg/100 g.

There is a deep leaching of carbonates from the soil profile. They
are beyond the humus and transitional horizons.
The soil has a neutral to slightly alkaline reaction in
the humus horizon, alkaline in the transient and strongly alkaline
in the “C” horizon (Teoharov et al., 2005).
The investigation period covers years that vary in the
amount and distribution of the fallen rainfall during the growing

Results and discussion
The impact of the tillage system on soil fertility is
assessed by changes in nutrient content and their accessibility to
plants.
Agrochemical analysis of soil samples taken during
the vegetation season showed that the content of mobile forms of
nitrogen was satisfactory to good in the tested area. There was a
tendency for a slight increase in the content of absorbable forms
of phosphorus, from low level in the beginning of the
experiment, in variants with fertilization it was 2,4-7,3 mg/100 g,
ie. in the range of unsatisfactory for the layer 0-30 cm (table 2).
Phosphorus is only 0,2 to 1,7 mg / 100 g of soil in
the 30-60 cm bed. This low stock is explained by the fact that
low fertilization rates are applied annually in order to maintain
the ecological equilibrium in the soil and also to the exports with
the relatively high yields of the cultivated crops. This finding is
also confirmed by the reduction in the content of digestible forms
of potassium, although to a lesser extent. For potassium, the
reduction in content is more pronounced for the 30-60 cm layer.
It is also noteworthy that during the period of using the area in
Bojurishte for experimental purposes - over 25 years, the humus
content decreased on average by about 0,3%.
The agrochemical analysis of the soil samples taken
at the end of the maize growing season shows that, in the tested
area, the content of mobile nitrogen forms is satisfactory to good.
In the 0-30 cm layer for fertilized variants, the content of
digestible forms is 29,4-38,6 mg /kg soil in the first crop rotation
and 23,6-28,8 mg/kg soil in the second (table 3). The differences
between fertilized and non-fertilized variants are more visible in
the first crop rotation - from 8,6 to 16,7 mg/kg soil for the 0-30
cm layer and 9,1-10,2 mg/kg respectively for the 30-60 cm layer .
There is no tendency to influence based on the soil tillage
options. However, in the first crop rotation in the 30-60 cm layer,
a higher content of absorbed nitrogen was reported in plowed
variants than in loosening ones. In Vertisols, despite annual
fertilization with phosphorus, the stock is poor.
There was a tendency for a slight increase in the
content of absorbable forms of phosphorus, from slightly early in
the experiment to 2,0-4,6 mg/100 g soil in the fertilizer variants,
ie. in the range of unsatisfactory for the layer 0-30 cm. In the 3060 cm base layer, phosphorus is only 0,2 to 1,0 mg/100 g soil
(trace state). For potassium, the reduction in content is more
visible for the 30-60 cm layer, where the content is 20,5-24,2
mg/100 g of soil. It is also noteworthy that for the period of use
of the area for experimental purposes, there is no significant
difference in the availability of digestible forms of potassium
between fertilized and non-fertilized variants.
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Table 2. Agrochemical analysis of Haplic Vertisols – wheat and oats, 2017
рН
NH4+NO3
By№
Depth of layer
Variants
cm
Н2О
KCl
mg/kg
1
2
3
4
5
6
7
8
9
10
11
12

Т0О1Р1
Т0О1Р1
Т1О1Р1
Т1О1Р1
Т1О1Р2
Т1О1Р2
Т0О2Р2
Т0О2Р2
Т1О2Р1
Т1О2Р1
Т2О2Р2
Т2О2Р2

0-30
30-60
0-30
30-60
0-30
30-60
0-30
30-60
0-30
30-60
0-30
30-60

13
14
15
16
17
18
19
20
21
22
23
24

Т0О1Р1
Т0О1Р1
Т1О1Р1
Т1О1Р1
Т1О1Р2
Т2О1Р2
Т0О2Р2
Т0О2Р2
Т1О2Р1
Т1О2Р1
Т1О2Р2
Т1О2Р2

0-30
30-60
0-30
30-60
0-30
30-60
0-30
30-60
0-30
30-60
0-30
30-60

First crop rotation – wheat
6,4
5,6
6,2
5,4
6,5
5,6
6,9
6,1
5,7
4,9
6,4
5,6
5,7
5,0
6,3
5,5
5,7
4,8
6,1
5,4
6,3
5,5
7,2
6,6
Second crop rotation – oats
6,1
5,1
6,5
5,6
6,1
5,2
6,6
5,7
5,7
4,8
6,1
5,4
5,4
4,8
6,1
5,3
5,4
4,8
6,4
5,5
5,4
4,8
6,1
5,3

Table 3. Agrochemical analysis of Haplic Vertisols – maize, 2018
рН
By№
Depth of layer
Variants
cm
Н2О
KCl
1
2
3
4
5
6
7
8
9
10
11
12

Т0О1Р2
Т0О1Р2
Т1О1Р1
Т1О1Р1
Т1О1Р2
Т1О1Р2
Т0О2Р2
Т0О2Р2
Т1О2Р1
Т1О2Р1
Т1О2Р2
Т1О2Р2

0-30
30-60
0-30
30-60
0-30
30-60
0-30
30-60
0-30
30-60
0-30
30-60

13
14
15
16
17
18
19
20
21
22
23
24

Т0О1Р1
Т0О1Р1
Т1О1Р1
Т1О1Р1
Т1О1Р2
Т2О1Р2
Т0О2Р1
Т0О2Р1
Т1О2Р1
Т1О2Р1
Т1О2Р2
Т1О2Р2

0-30
30-60
0-30
30-60
0-30
30-60
0-30
30-60
0-30
30-60
0-30
30-60

K2O

mg/100 g

Humus
%

13,8
13,2
22,5
20,7
21,9
12,1
17,3
14,9
14,4
27,6
21,3
23,0

0,9
0,7
1,8
1,1
5,8
1,2
3,0
1,1
5,4
0,7
7,3
0,5

23,5
15,4
26,2
18,7
24,5
17,4
26,4
19,7
21,2
20,0
33,5
19,7

3,39
3,04
3,86
2,95
3,93
3,11
3,54
3,47
3,98
3,34
4,07
3,16

13,8
12,7
19,0
13,8
28,8
21,3
13,0
13,2
21,9
19,0
24,8
19,0

1,0
0,6
3,5
1,0
4,5
0,5
7,0
1,5
7,5
1,4
6,7
3,1

27,3
21,4
28,2
22,6
40,7
19,1
30,0
21,8
28,7
21,8
26,4
19,6

3,78
3,17
3,81
2,94
4,08
3,35
3,87
3,27
3,83
2,73
3,78
3,54

NH4+NO3

P2O5

K2O

Humus

First crop rotation - maize
6,2
5,5
6,6
5,8
6,1
5,4
6,6
5,8
5,4
4,9
6,6
5,4
6,3
5,6
6,5
5,8
6,1
5,2
6,6
5,8
6,1
5,2
6,3
5,6
Secоnd crop rotation - maize
6,2
5,6
6,2
5,6
6,1
5,1
6,1
5,3
6,1
5,1
6,1
5,3
6,2
5,6
6,7
6,0
6,3
5,6
6,4
5,8
6,1
5,2
6,1
5,3
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P2O5

mg/kg

mg/100 g

%

21,9
18,0
38,6
27,1
30,5
28,2
23,6
14,9
36,1
26,5
29,4
22,5

0,4
0,2
2,0
0,3
3,1
1,0
0,2
0,5
1,5
0,2
1,3
0,2

23,1
19,6
27,4
21,3
27,0
20,5
22,9
22,8
32,9
23,5
30,8
23,7

3,15
3,37
3,55
2,99
4,07
3,74
3,04
2,72
3,73
3,28
3,79
3,35

23,2
20,2
25,9
24,8
28,2
27,1
20,2
15,2
23,6
27,6
28,8
26,5

1,5
0,2
2,1
0,2
4,6
0,9
0,2
0,2
3,2
0,4
3,5
0,3

23,7
20,4
26,9
22,9
33,6
24,2
27,7
24,0
24,7
21,4
28,5
21,5

3,14
2,70
3,61
3,36
4,16
3,72
4,06
3,13
3,57
2,83
4,02
3,85
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Тable 4. Agrochemical analysis of Haplic Vertisols – wheat and triticale 2019
рН
NH4+NO3
By№
Depth of layer
Variants
cm
Н2О
KCl
mg/kg
First crop rotation – wheat
1
Т0О1Р1
0-30
6,3
5,5
12,1
2
Т0О1Р1
30-60
6,5
5,6
7,9
3
Т1О1Р1
0-30
6,1
5,2
15,3
4
Т1О1Р1
30-60
6,2
5,4
11,5
5
Т1О1Р2
0-30
6,0
4,9
14,4
6
Т1О1Р2
30-60
5,9
5,1
10,3
7
Т0О2Р2
0-30
6,4
5,5
12,7
8
Т0О2Р2
30-60
6,5
5,7
10,2
9
Т1О2Р1
0-30
5,8
4,9
15,6
10
Т1О2Р1
30-60
6,2
5,7
11,5
11
Т1О2Р2
0-30
5,9
4,9
17,3
12
Т1О2Р2
30-60
6,6
5,6
11,5
Secоnd crop rotation – triticale
13
Т0О1Р1
0-30
6,1
5,2
12,8
14
Т0О1Р1
30-60
6,3
5,5
6,9
15
Т1О1Р1
0-30
6,0
5,1
20,2
16
Т1О1Р1
30-60
6,0
5,3
16,1
17
Т1О1Р2
0-30
6,0
4,9
18,4
18
Т1О1Р2
30-60
6,2
5,2
19,0
19
Т0О2Р2
0-30
6,2
5,6
14,4
20
Т0О2Р2
30-60
6,7
6,1
11,0
21
Т1О2Р1
0-30
5,9
4,9
15,6
22
Т1О2Р1
30-60
6,1
5,2
12,7
23
Т1О2Р2
0-30
5,8
5,2
16,7
24
Т1О2Р2
30-60
6,3
5,4
12,7

References

2.

3.

4.

5.

6.

7.

8.

Humus
%

0,4
0,2
5,4
0,7
2,3
1,5
0,2
0,2
8,5
0,2
4,0
0,5

25,5
18,4
23,7
21,5
24,8
27,7
30,6
27,7
22,3
21,1
27,5
23,7

3,98
3,76
3,83
3,37
3,88
4,23
3,48
3,44
3,53
3,45
3,73
3,13

0,2
0,2
3,6
0,5
2,8
0,2
0,2
0,2
2,1
0,2
2,8
0,2

26,0
19,9
23,8
19,3
29,4
25,2
30,5
23,4
27,7
26,0
36,1
25,1

4,01
3,79
3,95
3,65
3,76
4,26
4,11
3,87
3,51
4,09
3,64
3,44

Conference with International Participation “Management,
Use and Conservation of Soil Resources”, Sofia, 15 - 19 May
2005,11 - 16.

Conclusion
The study showed that, the applied fertilization
mainly affects the content of nitrate and ammonium nitrogen, the
phosphorus forms remain with low values, it is clearly necessary
to raise the norm and with a methodical approach it is necessary
to achieve a sustainable level of absorbed phosphates.
The content of the absorbed potassium is still
satisfactory, and based on the data from the analysis, its reduction
and export with the produced products are smaller.

1.
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K2O
mg/100 g
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Water productivity and the effect of watering on apples grown under conditions of optimal
irrigation and water deficit
Rumiana. Kireva, Miho Mihov
Institute of Soil Science, Agro-Technology and Plant Protection “Nikola Pushkarov", Sofia, Bulgaria
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Summary: In order to determine the productivity and the effect of irrigation on apples grown under soil and meteorological conditions in the
area of the village of Chelopechene - Sofia, research was conducted on drip irrigation of a plantation of the "Florina" variety, and different
regimes were tested - from complete satisfaction of the daily needs of water to irrigate the culture with irrigation rates reduced by 20% and
40%. A non-irrigation variant has also been tested.
The productivity of the irrigation rate at optimal irrigation varies by years from 16.3 to 28.0 kg.ha -1.mm-1, and at 40% reduction of the
irrigation rate from 19.3 to 26.0 kg.ha-1. mm-1
The highest values of productivity of the irrigation rate are reached at irrigation with a 40% reduction of the irrigation rate, in the dry
2004 high values were obtained and at the variant irrigated with 100% irrigation rate 28,0 kg.ha -1.mm-1
The optimization of moisture in the active soil layer contributes to a significant increase and stabilization of yields, which for the test
conditions are from 1266 to 2087 kg / dka. Additional yields ranged from 542 to 821 kg / dka, averaging over the study period.
KEYWORDS: APPLES, YIELDS, DRIP IRRIGATION, IRRIGATION RATE, PRECIPITATION, WATER DEFICIT, ECONOMIC
EFFICIENCY, IRRIGATION OPTIONS
1.Option without irrigation;
2. Irrigation with Water application rate 100% M;
2. Irrigation with Water application rate 80% M;
3. Irrigation with Water application rate 60% M.

Introduction
Good irrigation effect and the most productive use of irrigation
water is only possible when applying the optimum irrigation regime
that is in accordance with the requirements of the cultivated crops
[5,6].
There are a number of studies conducted on the limiting factor
- water, in Bulgaria. Their main purpose is to determine the
effectiveness of the application of different irrigation regimes for
optimal and insufficient water supply. The effect of irrigation is in
most cases determined on the basis of the additional yield obtained
from irrigation and the productivity of irrigation water [2,3,4,9].
The economic effectiveness of apple production under our
climatic conditions is largely determined by the application of
rational irrigation regimes and appropriate irrigation techniques.
From the conducted researches it is established that from the
applied techniques and technologies for irrigation of apples the drip
irrigation is most suitable for their biological requirements [1].
The purpose of this development is to determine the
productivity of water and the effect of irrigation of apples grown
under conditions of optimal irrigation and water deficit for the Sofia
region.

For soil moisture dynamics, soil samples were taken at variant
2 (100% bp) at a depth of 0–60 cm every 10 cm, which were
processed by the weight-thermostatic method. The soil is leached
cinnamon forest, slightly sandy - clay in the plow layer, formed on
the base of an old deluvial cone of sedimentary materials. It is
poorly stocked with nitrogen, medium in phosphorus and well in
potassium. The average for the layer 0 - 60 cm the soil has the
following water-physical properties: WHC = 22.1%, moisture
content - 12.3% by weight of absolutely dry soil, volume weight at
WHC - 1.47 g / cm3. For the soil layer 0-100 cm the same
indicators have values: WHC - 21.8%, wilt moisture - 12.3% and
volume weight - 1.50 cm3. In general, the soil is suitable for
growing apples.
The irrigation was carried out by drip, with dropformers KP 4.6, perforated tube through 0.60 m. With Drip irrigation we do not
apply the entire irrigation rate as with other irrigation methods. A
reduction is needed at the expense of the unsaturated zone. For this
purpose, the equation of [8] was used, taking into account the
planting scheme. After calculating the irrigation rate for Option 2,
the size of the other variants is reduced relative to its size. For each
specific site, the design parameters of the irrigation system and
performance are specified.

Material and method
To determine the productivity and the effect of irrigation of apples
grown under soil and meteorological conditions in the area of the
village of Chelopechene - Sofia, studies were conducted on drip
irrigation of a plantation of "Florina" variety. Different regimes
have been tested - from fully satisfying the daily needs of the water
culture to irrigation with reduced irrigation rates of 20% and 40%.
A non-irrigation variant has also been tested.
The following irrigation options were tested at pre
irrigation moisture at 85-90% of WHC / water holding capacity/
maximum field moisture capacity /:

Periods
Уears
м. ІV – ІХ
Аverage multi-annual
м. VІІ – VІІІ
Аverage multi-annual

2001
358
365
75
110

2002
418
365
158
110

Results and discussions
The productivity of each crop depends on a complex of factors, the
main ones being: the type of crop, its varietal characteristics, the
agricultural technology applied, the number of irrigation plants sold,
the way they were submitted.

Table 1: Rainfall during apples vegetation period (2001– 2005 г.)
Total rainfall, mm
2003
2004
2005
329
258
765
365
365
365
104
73
400
110
110
110

The amount of rainfall in the 50-year series characterizes
the growing season of the culture development (April-September)
during the experimental years, as follows: medium humid - 2001,
2002, and 2003; wet -2005 and 2004 very dry. The lowest rainfall

occurred in 2004 (258 mm) and the highest in 2005 (765 mm).
During the remaining three years, the rainfall is from 329 to 418
mm, Table 1, and Figures 1 and 2. The fallen rainfall during the
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growing season of the crop is unevenly distributed, which led to the
800 2005

realization of irritations.
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Fig. 1. Sums of precipitations (SP,
mm) for the April-September period of 1956-2005 and the relative frequency security (RFS, %) of the amount of rainfall in the Sofia field
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Fig. 2. Sum of precipitations (SP,
mm) for the July-August period for 1956-2005 and the relative frequency security (RFS, %) of the amount of rainfall in the Sofia field
When determining the effect of irrigation on apples by the
change in the yield obtained from the non-irrigated variant, it was
found that for the variant with 100% irrigation rate the increase in
apple yield reaches 821 kg / dka, and for the variants irrigated with
irrigation rate respectively by 542 up to 686 kg / dka, according to
the non-irrigation variant, Table 2.

Variant

Non irrigated
100% М
80%М
60%М

Irrigation
rate
m3/ha
316
261
204

The optimization of moisture in the active soil layer contributes
to a significant increase and stabilization of yields, which for the
test conditions are from 1266 to 2087 kg / dka. Additional yields
ranged from 542 to 821 kg / dka, averaging over the study period.

Table 2: Efficiency and productivity of water for apples on average for the period (2001-2005) apples
Ttotal yield
Added yeild
Compared to
Compared to
Productivity of
(Y)
(+Y)
v 1, %
2, %
m3 water
kg/dka
kg/dka
1266
100
40
2087
821
164
100
6,6
1952
686
154
7
7,7
1808
542
142
14
8,9

The effect of irrigation is measured by the additional yield as well
as the productivity of the irrigation water supplied. The data by
years are presented in Table 3. It has been shown that in conditions
of regulated water deficit, the yield does not change in proportion to
the change in the size of the irrigation rate. Therefore, water
productivity is often higher at a lower irrigation rate. For the test
conditions, the values range from 16.3 to 28.0 kg.ha-1.mm-1. In the

first and second test years, the highest water productivity values
reach a 40% reduction in the irrigation rate from 19.3 kg.ha-1.mm-1
to 26.0 kg.ha-1.mm-1 a -low values at 100% M from 16.3 kg. ha-1.
mm-1 to 21.3 kg.ha-1.mm-1. During the dry year, the highest values
were obtained with the variant irrigated with 100% irrigation rate :
28.0 kg.ha-1.mm-1
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Table 3: Productivity of irrigation rate for medium moist and dry year - apples
2004
average
PR
+Y
М
PR
+Y
М
PR

+Y

2001
М

PR

+Y

100%М
80%М

5550
4850

340
272

16,3
17,8

8100
6930

380
304

21,3
22,7

10110
8260

360
300

28,0
27,5

7920
6680

60%М

4370

221

19,3

5770

244

23,7

5960

220

26,0

5366

variant

2003
М

360
292

22
23

228
-1

24
-1

Where : +Y is the additional yield , kg/ha; M – irrigation norm , mm; PR – productivity of the irrigation rate kg.ha .mm .
The productivity of the irrigation rate at optimum
irrigation varies by years from 16.3 to 28.0 kg.ha-1.mm-1 and at a
40% reduction in the irrigation rate from 19.3 to 26.0 kg.ha -1. mm-1
The results obtained for apple production during the
different humid years indicate the effect of drip irrigation on its
size. The largest increase in yield was obtained in 2004 (dry), which
is 55% more than the non-irrigation option (Table 4). The smallest
increase of 667 kg / ha (25%) was obtained in the wet 2005.

Years

2001

2002

Reduced irrigation rates during the growing season of
apples result in losses of yields that are adequate to the percentage
reduction in unprovided water. At 20% correction of the irrigation
rate the yield decreased by 4% compared to the optimal variant, and
at 40% reduction of the irrigation norm - up to 14%, Table 4.

Table 4: Total and relative yield of apples in the Sofia area
2004
2005
average
2001-2005

2003

Watering
norm
(share,%)

Y

R

Y

R

Y

R

Y

R

Y

R

Y

R

Noirrigation

1567

100

704

100

1135

100

855

100

2070

100

1266

100

2122
2053
2004

135
131
128

1769
1603
1421

251
228
202

1945
1828
1712

156
143
135

1866
1681
1459

218
196
170

2737
2592
2444

132
125
118

2087
1952
1808

164
154
142

100%М
80%М
60%М

2250
2000
Y, kg/da

1750
1500
1250
1000
750
500
250
0
No irrigation

IR100

IR80

IR60

Fig. 3. Dependence of total apple yield (Y, kg/da) on the irrigation rate (IR, % of IR100) in Chelopechene, Sofia, for the period of 2001-2005
area, above an area of 5 dka it does not depend on the size of the
irrigated area. This is due to the large initial investment for
command-line equipment for drip irrigation, which is almost the
same for areas up to 20 dka. After 20 dka there is also an increase in
investment, which is due to the equipment of the system with more
powerful pump units with higher value, Table. 5.

The total cost of growing apples under drip irrigation is almost the
same for different areas and ranges from 827 to 986 lv / dka. Yields
double as a result of which higher net income is generated, even in
areas of 1 dka.
The results show that, with drip irrigation of apples, the additional
net irrigation income ranges from 392 to 533 lv / dka. For areas up
to 5 dka, the additional net income increases with the increase of the

152

MECHANIZATION IN AGRICULTURE & CONSERVING OF THE RESOURCES ISSUE 4/2020

200
175
150
%

125
100
75
50
25
0
No irrigation

IR100

IR80

IR60

Fig. 4.:
Relative-to-control (no irrigation) total yield of apples (%) obtained for different regimes of drip irrigation in Chelopechene, Sofia
Table 5: Basic production costs for growing apples and total net income for drip irrigation
Culture

№
І.
1.1
1.2.
1.3.
1.4.
І І.
1.5

Apples with drip irrigation
Total cost of cultivation of irrigation culture, lv / dka
yield with Irrigation, kg / dka
Production purchase price, lv / kg
зкупна цена на продукцията, lv/kg
Total net income with irrigation, in lv / dka
Apples without irrigation
Total net income lv/dka
additional net income, lv/dka

1 dka

5 dka

10 dka

20 dka

967
2087

891
2087

827
2087

887
2087

0.8
702

0.8
779

0.8
843

0.8
783

310
392

310
469

310
533

310
473

The main factor in determining the profit or additional net income from irrigation is the purchase price of the production, which is
proportional to the income. With a lower purchase price in smaller areas, the irrigation effect is minimal. Another major factor is the cost of
irrigation water. When using water supplied by an irrigation canal, the cost of water is high and, although irrigation systems are low in cost,
often additional net income is minimal.
The cost of irrigation water is directly dependent on the water source. For surface or groundwater abstraction, the cost is 0.001 lv /
m3, and for irrigation from the irrigation canal, the value of 1 m 3 of water is 0.23 lv / m3 for gravity water supply and 0.43 lv / m3 for
pumping.
3.Kirkova. J, 2003. Water efficiency in different irrigations regimes.
at crop. Habilitation
labor ,Sofia, p.86
4..Kireva R, Mihov M., Impact of watering regimes on apple yields
under various meteorological conditions and micro irrigation,
j.“Mechanization in agriculture & conserving of the resources ”,
2019, N.1, p.35-38.
5.R.Kireva, Mihov M., Reduction of losses from drought by
optimizing the use of water resources for irrigation of agricultural
crops, j.“Mechanization in agriculture & conserving of the
resources ”, 2019, N.5, p.190-192
6.Kireva R., Mihov M., Technological and economic aspects of drip
irrigation of raspberries , j. Mechanization in agriculture &
conserving of the resources, 2018, N.6, p.208-210
7.Muhova,R at. al.2005. Efficiency in irrigating soybean grown
under water deficit.Efficiency in irrigating soybean grown under
water deficit. Proceedings,St.Zagora,, pp 56
8.Freecman, B., Carzoli, 1980, Localized Irrigation FAO, Irrigation
and Drainage Paper, №36
9.Ravender, S., Kundu, D.K. and Bandyopadhyay, K.K. Enhancing
-Agricultural Productivity through Enhanced Water Use Efficiency.
Journal of Agricultural Physics, Vol. 10, pp. 1-15, 2010.

Conclusions
Moisture optimization in the active soil layer contributes
to a significant increase and stabilization of yields, which for the
experimental conditions range from 1266 to 2087 kg / dka, with
additional yields ranging from 542 to 821, averaging over the study
period.
Reduced irrigation rates during the growing season of
apples result in a decrease in yields that is proportional to the
percentage reduction in untreated water. At 20% correction of the
irrigation rate the yield decreases by 4% compared to the optimal
variant, and at 40% reduction of the irrigation rate - up to 14%
Water productivity at optimum irrigation varies by years
from 16.3 to 28.0 kg.ha-1.mm-1, and at 40% reduction of the
irrigation rate from 19.3 to 26.0 kg.ha-1.mm -1
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