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DRONE TECHNOLOGY IN AGRICULTURAL MECHANIZATION
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Absctract: Technological innovations and radical products that drive the whole world forward can sometimes have an impact on different areas than planned. The drones ' positive impact on innovative agriculture has yet to be manifested in the stages of land and seed preparation. Advanced drone technology enables realistic 3D maps to be created, leading to soil analysis and seed development. Drones successfully manage the seed planting process in the soil. Furthermore, thanks to advanced imaging techniques and special thermal sensors, which
part of the field needs water and where nutrients need to be supplemented easily can be determined.
Keywords: DRONE, AGRICULTURE, MECHANIZATION
are now using technology reserved for monitoring airborne crops
once for the army, instead of inspecting their crops visually on foot.
The information obtained from the drone product display provides a
greater and more accurate view of product health (Drone Omega ,
2017).

1.Introduction
Technological innovations and radical products that drive the
whole world, sometimes have an impact on different areas than
planned. In the past, unmanned aircraft, dubbed “drone,” has quickly adapted to civilian life. Drones, which are now being used for a
variety of purposes, ranging from cargo delivery to tracking of
missing people in the woods, video-photography and fun activities,
are also an important part of the agricultural sector, which has
become more technologically and innovative by rapidly changing.
Although drone technology may seem futuristic, it has been used in
agriculture since 1980, starting with the use of Japanese fertilisers
for the first time. Drones, which were very primitive in the first
place and which combine sophisticated technologies and different
algorithms with each other, add an innovative perspective to agriculture in every aspect (Food and Society, 2018).

Drones can fly up to 400 feet without the need for a special
permit from the Federal Aviation Administration. This low-altitude
high-altitude aircraft or satellite images are superior and cheap
high-resolution images can be obtained. It also eliminates the problems of clouds that have to deal with low altitude satellite imagery
(Drone Omega , 2017).
Cheap, but high-functioning drones can be used MicroElectromechanical Systems, small GPS modules, more powerful
computer processors and advances in technologies such as miniaturized digital radios can be monitored. The advancement and accessibility of these components mainly use smartphones and massproduced parts due to economies of scale. The basic function that
makes crop tracing extremely useful for farmers is autopilot, which
automates drone flying. Autopilot software can pre-determine the
flight pattern to maximize the coverage of product areas, and the
imaging software can place aerial images on a mosaic map. The
generated map is the key to improving product performance and
reducing costs. This shows exactly what areas of the crops you need
to pay more attention to. Farmers can spend more time treating
plants and less time scouting (Drone Omega , 2017).

Sustainable agriculture is a concept in which the drone potential
is best reflected and shed light on the future of the agricultural food
system, and drones are the key source of the ultimate goal to
achieve a truly sustainable agriculture.
The drone’s positive impact on innovative agriculture has yet to
be manifested in the stages of land and seed preparation. Advanced
drone technology enables realistic 3D maps to be created, leading to
soil analysis and seed development. Drones successfully manage
the seed planting process in the soil. This new technique allows the
seed to be sprouted and nutrients to be placed directly into the soil
and exactly where they are desired. This system allows farmers to
rooting 75%, reducing planting costs by 85% and increasing sustainability. Furthermore, thanks to advanced imaging techniques and
special thermal sensors, which part of the field needs water and
where nutrients need to be supplemented easily can be determined
(Food and Society, 2018).

Information that can be obtained in the human visual spectrum
pales to what image sensors can do. The availability of different
camera sensors allows drones to provide more information on what
to observe in the human eye. The larger the sensor, the greater the
information obtained from the images. The following sensors are
available:
RGB (red, green blue): for plant counting, height modeling and
visual inspection
NIR (infra-red near): water management, erosion analysis, plant
count, soil moisture analysis and plant health
RE (red edge): plant count, water management and product health
Thermal infrared: irrigation planning, Plant Physiology and yield
estimation

Cultivation of the soil completed in the process of planting, traditional methods in terms of keeping the soil under control may be
inadequate. Satellite images are not always possible, and even if the
images are removed, the farmer does not give enough detail to be a
solution to the problem. That's where the drones come in. Drones
can map the terrain several times a day with practical technology,
provide a comprehensive flow of information on a regular basis,
and all this data makes it easier to calculate the best time to start
harvesting.

The normalized differential vegetation index (ndvi) shows the
difference between red light reflected from plants and close infrared
light. Healthy leaves absorb red light through an active photosynthesis process and strongly reflect near infrared light. Dead or unhealthy leaves reflect both wavelengths of light. This property can
be used to measure the health of crops. Does not receive special
sensors to obtain this data. A normal camera, which has been replaced by a simple filter, can be made to a close-up infrared camera
(Drone Omega , 2017).

One of the most important factors for sustainable agriculture is
the amount of pesticides used. At this stage, drones provide effective and nature-friendly solutions especially for pesticide applications thanks to their ability to determine the right place for the soil
to be applied. Thus, by preventing unnecessary pesticide use, a
further increase is added to the success level in sustainable agriculture.

2.1.Precision Agriculture

2.Materials and Methods

Sensitive agriculture refers to the method of managing crops to
ensure the efficiency of inputs such as water and fertilizer, and to
maximize productivity, quality and productivity. This term also
includes harmful, unwanted flooding and disease to minimize.

The advancement of drone technology has seen many new uses,
including the expansion of drones in agriculture. Display sensors
provide farmers with new opportunities to increase product efficiency, minimize product losses and thus maximize profits. Farmers
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Drones allow farmers to continually find problems that would not
be visible at the ground level spot controls to monitor plant and
livestock conditions through the air. For example, when a farmerlapse drone is not properly watered down part of his crop you can
find through the photo (Meola,2017).

Though many will argue that ground-based investigations combined with satellite imagery, along with a dedicated grid soil sampling program is more practical for the purpose of treating nitrogen,
phosphorus and potassium applications in agriculture, drones do
have their fit. A drone service start-up company in the US has used
NDVI maps to direct in-season fertility applications on corn and
other crops. By using drone-generated, variable-rate application
(VR) maps to determine the strength of nutrition uptake with a
single field, the farmer practically 300 kg/ha of fertility to you
struggling areas, 200 kg/ha to medium quality areas, and 150 kg/ha
to healthy areas, decreasing fertilizer costs and increasing yield
(Verousrrete, 2015).

Fig1 Determination of general soil condition by drone

2.2.Mapping and Measurement
Using a drone is a relatively simple one in the map or research
plants process. Many new agricultural drone models are equipped
with flight planning software that allows the user to draw the space
he or she needs to cover. Then, the software automatically makes a
flight path, and in some cases, even the camera ready for shooting.
While drone is flying, it automatically shoots photos using onboard
sensors and the built-in camera and uses GPS to determine when to
take each shot. But if your drone doesn't have these automatic features, then you need to fly a person drone when taking other photos
(Meola,2017).

Fig.3 Spraying and fertilizing process with drone

2.4.Data Processing and Analysis
As a drone collects data on an area, the camera takes several
hundred photos as a “lawn mower” pattern flies back and forth on
the field. These images were then made to make the results useful.
With a special software you can process your computer images
locally, which can be time consuming level. In the beginning to
achieve repeatable results to gain mastery of the software, the flight
after the flight, can be a steep learning curve. Each time the data is
loaded, the computer is ready to suppress productivity and monitor
progress to ensure the operator is running.
One of the most useful reports that a drone can produce is an
NDIV image. This is true to highlight areas where a NIR camera
takes stitched images and has a “wrong painting” problem. Although there is no standard color scheme for these reports, Agribotix colorizes the image with strong signals that appear green, yellow
transition, then red, and eventually gray for the weakest parts of the
area (McKinnon,2016).
Agricultural Farm analysis: drones are high-quality reliable instruments flying in the sky and status at the beginning of any crop
year that can be used by farmers to control the farm. The drones are
producing 3-D. maps used for soil analysis seed collection. Soil and
field analysis with drone also provides data on irrigation and crop
growth, which is useful for better managing the nitrogen level of
areas (Puri, 2017).

Fig.2 mapping and measurement

2.3.Product Spraying and Fertilization
In 2015, the Federal Aviation Administration approved Yamaha
RMAX as the first drone weighing more than 55 kilos to carry
fertilizer and pesticides tanks to spray plants. Drones like this are
capable of spraying plants with much more precision than a conventional tractor. This helps to reduce cost and potential pesticide
exposure to workers who need to spray these plants manually (Meola,2017).

Saving Time: land hectares to reach every corner and corner
area for control from time to time finds farmers difficult tons.
Drones do this without any hiccups. farmers can do it regularly.
time intervals to know the regular weather observation of the fields
(Puri, 2017).
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High agricultural yield: sensitive application of pesticides, water and fertilizer use is monitored by the correct drone will turn
increase yield and overall quality can reduce (Puri, 2017).

digital and technological advancements enable farmers to make
great improvements in their performance. It is important for an
individual farmer who is profitable on a small scale. On a global
scale, this is linked with the problem of feeding a growing global
population. This is even more complex with environmental impact
problems, reducing water waste, eliminating chemical evasion and
reducing carbon dioxide emissions. Digital technology can contribute to addressing these problems to establish sustainable agricultural processes.

GIS mapping integration: GIS mapping has already proven its
value throughout the agricultural industry to manage resources,
increased input Cost Management, better business management and
more. With integrated GIS mapping with drone, farmers can draw
field boundaries for the correct flight pattern (Puri, 2017).
Product health status imaging: with drones, product health monitoring can be done using infrared, nvdi and multispectral sensors,
farmers better product, sweating rates and absorption rates of solar
radiation monitor health (Puri, 2017).

All members of the agricultural system must adopt new digital
technologies to make their activities more efficient, profitable and
efficient. Large farms can benefit from a number of data that can be
applied to increase the amount of food produced from the same
area. Doing so will result in potentially improved financial agricultural performance and higher profits. Smaller farms can also benefit
from digital technology to increase product efficiency.

3. Results
Some farmers are reluctant to use drones for product management because of the initial cost of a drone. When you think that a
visual walk inspection or an air survey cost an average of $ 2 acres,
a drone purchase investment can be met back quickly. This can
usually be accomplished in a growing season, or even less. The
information obtained from drone can then be used to reduce operating costs and increase product efficiency.

Today, soil and plant properties image processing methods are
determined by such methods historical yield maps, seed and leaf
samples, aircraft and satellite images. However, image resolution is
the most important issue in these methods. Also, these methods can
often be missing or time consuming, and the data may take longer
to gather process and analysis. Today, the most popular soil and
plant properties determination methods are used high-altitude
weather images. UAV for this purpose, the most popular commonly
known as drone tool. The drones provide real-time and high quality
the aerial image according to satellite images the agricultural fields.
Also, localization applications weed and diseases, determination of
soil properties, determination and production of vegetation diversity
correct height models are possible at this time with the help of the
drones.

There are many activities that make the farmer routine, it can be
reinforced with the use of drones. To protect crop health, pest,
disease and weeds need to be defined to develop a plan to address
these problems. Collecting tissue and soil samples is necessary to
identify fertility, disease and pest problems. The root structure of
plants should be controlled for compaction, disease and pests symptoms. Soil erosion is always a problem, so erosion must be measured in channel width and depth. Finally, the product yields and
population should be accurately estimated for resource management. These are important points for farmers.:
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Abstract: Field experimental studies of a new beet tops harvesting machine, which is front mounted on a wheeled tractor aggregating
tractor, are carried out, carrying out a continuous non-sensing cut of the green massif of sugar beet tops. At the same time, a new
laboratory-field installation was developed, which consists of a rotor type front mounted rotary type machine with a horizontal axis of
rotation, a transverse screw for collecting the cutted leaves from all width, and a loading mechanism in the form of a paddlewheel and a
loading nozzle. During the field experiments, the tractor moving with a specified speed regime fixed by track measuring wheel, the total
cutting height was set in a predetermined interval by means of two pneumatic sensing wheels with adjustment mechanisms. The rotational
speed of the rotary cutter, with arched knives mounted on the drive horizontal drum, was varied with the help of replacement asterisks. In the
prepared area of sugar beet field, the beet tops was cut at various parameters of the harvesting process, which was then estimated by the size
of the remaining tops remnants left on root crops heads and in the aisles. According to the developed program and methodology, statistical
processing of the results of experimental studies with the help of a personal computer was subsequently carried out, which allowed obtaining
graphical dependencies of the indicated tops residues on the root crops heads, which made it possible to establish performance of new
harvesting machine for continuous cutting of sugar beet tops. The established dependencies made it possible to choose rational constructive
and technological parameters for harvesting tops by front mounted harvesting machine.
KEY WORDS: BEET TOPS, CLEANING, CONTINUOUS CUT, EXPERIMENTAL STUDIES.
oscillatory motion. However, in part, the task of studying the effect
of constructive parameters on the movement along rows of sugar
beet roots and the unevenness of the soil surface was tried in the
following works [1-6].

1. Introduction
High-performance and high-quality harvesting of sugar beet
tops remains a rather complex and urgent task for sugar beet
growing. Recently, the most common in the world is the three-phase
method of tops harvesting, which is based on a continuous main
cutting of entire tops massif (at width of harvesting machine), its
collection and transfer to a vehicle that moves side by side, and then
using an individual copy of each head of root crop in a row, aftertreatment or after-cutting (or simultaneously: and additional
cleaning and pre-cutting with different working organs) heads of
root crops from the tops remains. Since these operations are carried
out sequentially for root crops of sugar beet in the soil (i.e., at the
root) and the harvesting of the tops precedes the operation of
digging out the beet roots from the soil, the tops harvesting
machines, as independent agricultural machines, or tops harvesting
modules, as integral units of sugar beet harvesters are located in the
frontal position with respect to the power means (to the tractor – if
it is a hinged tops harvesting machine or to the front part of the selfpropelled frame beet root harvesters). However, our experimental
studies have established that in the process of work, the frontmounted machine placed on the tractor carries out movements in
space that are determined by the relief of the surface of the field, the
translational speed of the tractor, placement of sensing wheels,
relative to the suspension system of the machine, etc., affects the
quality of this process. The use of pneumatic wheels as sensing
causes the oscillating of cutting mechanism in the vertical plane,
which significantly affects the quality of the process – uniform
cutting of a tops of vegetable from heads of root crops on all width
of cut, its fullest collecting and transportation without losses. The
practical solution of this problem determines the relevance of this
work.

2.1. Purpose of the study
The aim of the study is to experimentally determine the
rational parameters of cutting the beet tops by developed unit to
ensure the required quality of tops harvesting.

2.2. Methods of research
Experimental studies were conducted on the fields of the
research farm “Olenovskoe” in the Fastovsky district of Kiev
region. The object of experimental studies was the working process
of tops cutting by developed unit. The conditions for carrying out
the studies, which were determined according to known methods [710], are given in the table.
To implement the program of experimental research of the
technological process of tops removal with the use of a tops
harvesting machine, a laboratory-field experimental installation was
developed (Fig. 1), which is front mounted on a tractor-type arable
and row-crop wheeled tractor of drawbar category 3.0, and the
cutter apparatus is made in the form of a horizontal rotor [5]. The
machine makes it possible to realize a continuous, non-sensing cut
of the main mass of beet tops with its further loading into the
vehicle.
Laboratory-field experimental installation (Fig. 1) consists of a
wheeled arable tractor I and front mounted topper II, which contains
a frame 1, an attachment 2, a copying wheel 3, a rotary cutter
apparatus 4, a transport device 5, a loading device 6 , as well as the
drive 7.
The laboratory-field experimental setup [5] allows to carry out
experimental researches of the given tops harvesting machine in
full accordance with the adopted program and methodology (Fig.
1), with the possibility of changing the factors within the
established boundaries: rotor speed with the drive mechanism and
tachometer control; speed of movement of the harvester with the
help of the tractor's gearbox and control of its actual value by track
measurement wheel; The height of the rotor installation with a lever
mechanism with the control by means of a ruler.

2. Preconditions and means for resolving the
problem
In spite of the large spread of front-mounted beet tops harvest
modules of western production of beet harvesters, as well as some
designs of domestic front-mounted tops harvesting machines, this
almost did not lead to analytical and experimental studies of their
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Based on the calculations performed, previous studies and
analysis of a priori information, the levels of variation of factors
were established:
– rotational speed of the machine rotor: 500, 750, 1000 rpm;
– speed of the movement of the harvester: 0.5, 1.5, 2.5 m∙s-1;
– the height of the cut of the foliage: 0.02, 0.06, 0.10, 0.15 m.
The quality of the work, as indicated above, was taken by tops
remnants on the root crops heads, in g∙m-2, which were determined
by harvesting all residues (including those not cut off from the
heads of the root parts of a part of the foliage) from the area of 1∙m2
after pass of experimental installation (Fig. 2) and weighing on
electronic scales with an accuracy of 1.0 g.

Table 1. Conditions for carrying out laboratory-field
experimental research of tops harvesting machine

Index

Soil type
Soil hardness in the rooting area,
MPa
Soil moisture in the area of root
crops,%
Average beet root yield, t∙ha-1
Average yield of the tops, t∙ha-1
Average density of plantings of
sugar beets, pcs∙ ha-1
Maximum deviation of position
of sugar beet roots from the
conventional line, mm
Position of sugar beet root heads
above the soil surface, mm
The form of bundles of tops on
the heads of root crops:
– cones
– a half-socket
Soil relief
Maximum gradients of the relief,
deg

Value
Black soil with middle
organic matter (OM), middle
clay
0.94…2.3
18.0... 21.6
46.4
44.8
112000
30…40
0…70
there is a significant amount
of dry and fallen stalks of the
foliage)
more than 90%
10%
flat

Fig. 2. – Determination of the quality of the removal of the
tops by research beet tops harvesting machine

Not more than 2...4
The power tool (tractor), according to its technical
characteristics, must provide operation of tops harvesting machine
at the required working speeds and adjust to the corresponding track
width [12].
The results of the experimental studies were processed
according to the known method of statistical processing of the
research data [7, 9, 11] with further presentation in the form of
functional and graphical dependencies, and also with the application
of applications for the PC.

Laboratory-field experimental installation (Fig. 1) consists of a
wheeled arable tractor I and front mounted topper II, which contains
a frame 1, an attachment 2, a copying wheel 3, a rotary cutter
apparatus 4, a transport device 5, a loading device 6 , as well as the
drive 7.

3. Results and discussion
As a result of the experimental studies carried out according to
the adopted methodology, the following dependencies were
obtained.
For a more complete description of the process of tops
removing by rotary harvesting machine, due to the processing of the
results of a multifactor experiment, a mathematical model is
obtained in the form of regression equation of second degree:
– in natural form:
Q = –177,593 – 0,24224n + 530,8054V + 8680,805h +
+ 0,000179nn – 109,767VV – 6795,18hh –

Fig. 1. – The design diagram of the laboratory-field
experimental installation:
І – wheeled arable and row-crop tractor; ІІ – front-mounted
beet tops harvesting machine; 1 – frame; 2 – the hinged device; 3 –
a sensing wheel; 4 – rotary cutter apparatus; 5 – transport device;
6 – the loading device; 7 – drive

(1)

– 0,09602n – 1159,51Vh – 4,22748nh + 2,158437nVh,
– in coded form:
Y = 587,2724 – 50,5026X1 + 168,38335327X2 + 327,8374X3+
+ 11,18333X1X1-28,783X3X3 + 21,86292X1X2 +

The laboratory-field experimental setup [5] allows to carry out
experimental researches of the given tops harvesting machine in
full accordance with the adopted program and methodology (Fig.
1), with the possibility of changing the factors within the
established boundaries: rotor speed with the drive mechanism and
tachometer control; speed of movement of the harvester with the
help of the tractor's gearbox and control of its actual value by track
measurement wheel; The height of the rotor installation with a lever
mechanism with the control by means of a ruler.

(2)

+ 29,85444X2X3–16,0845X1X3 +35,07582X1X2X3.
where V – is the forward speed of the tractor, m∙s-1; n – is the
rotational speed of cutting rotor, rpm; h – cutting height of tops, m.
Graphical interpretation of the indicated regression equations
(1) and (2) presented in the form of response surfaces (Fig. 3 and
Fig. 4).
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3. Based on the results of field experimental studies of the
operation of tops harvesting machine, which is front-mounted on
the arable and row-crop tractor, when harvesting the tops with a
continuous cutting, it can be concluded that machine performance
indicators meet the agrotechnical requirements, and therefore the
expediency of its application in production conditions is proved.
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Fig. 3. – The response surface of the dependence of tops
remnants on root crop head surface on the speed of movement of
tops harvesting machine and the cut height at a rotor speed of 500
rpm

Fig. 4. – The response surface of the dependence of tops
remnants on root crop head surface on the speed of movement of
tops harvesting machine and the cut height at a rotor speed of 1000
rpm
On the basis of the factor analysis of regression equations (2),
rational parameters of the process are determined, at which a
qualitative removal of the tops by a rotary cutting apparatus will be
achieved at the cuting height is 0.02 m, the speed of the machine is
1.5...2.0 m∙s-1, the rotor speed is 1000 rpm.

4. Conclusions
1. On the basis of the analysis of the empirical mathematical
model in the form of the regression equation of the haulm removal
process, it is established that the height of the cut has the greatest
influence on the mass of the tops of the tops on the surface of the
root heads of the root crops, while the lowest is the rotor speed of
the cutter apparatus. With an increase in the speed of the machine
and the height of the cut, the mass of the remains of the tops on the
head of the root crops will also increase, while increasing the rotor
speed will, on the contrary, reduce the mass of the remains of the
tops.
2. It has been established that the rational values of process
parameters at which qualitative tops removal will be achieved by a
rotary cutter apparatus is the cutoff height is 0.02 m, the speed of
the machine is 1.5...2.0 m∙s-1, the frequency rotor rotation – 1000
rpm.
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Abstract: The purpose is improving the efficiency of the technological process of threshing and separating the grain pile in a multidrum threshing-separating device due to the substantiation of the technological modes of the work of threshing drums. The influence of
technological parameters of the three-drum threshing-separating device of a grain-harvesting combine on the process of grain separation
has been studied experimentally. Models of the grain separation process are obtained depending on the speed of rotation of the drums and
the supply of technological material for threshing, based on the results of the experimental research. modeling the process of grain
separation depending on the speed of rotation of the drums and the supply of technological material for threshing allows to determine the
quantity and quality of the mass that each of the three drums separately threshed.
KEYWORDS: COMBINE HARVESTER, THRESHING-SEPARATING DEVICE, GRAIN SEPARATION PROCESS, GRAIN MATERIAL

direction of optimization and substantiation of the threshing drums
operating modes which would allow intensifying the process of
grain threshing and separation and reducing its damage and injury.
To describe the threshing process, a number of empirical
dependencies were obtained, which used mainly experimentaltheoretical research methodologies [5]. The disadvantages of these
methods include the multivariance of the proposed solutions, many
of which can be used only in a narrow range of variables and for
individual elements of the designs of TSS. In addition, in these
works insufficient attention is paid to the study of the technological
process of threshing and separation of multi-drum TSS, consisting
of two or more drums [5].

1. Introduction
Improvement of the designs of grain harvesters threshing
devices is mainly based on the analysis of the results of
experimental studies and testing of various variants of existing
models [1, 2]. Such a way of creating a threshing and separating
system (TSS) of combine takes a long time and requires high labor
and resources. The methods of justifying the rational parameters of
the working units of the combine threshing device are promising
due to the development of mathematical models of threshing and
separation processes [3-7].
Currently, there is a tendency to use rotary, multi-drum, hybrid
threshing devices in order to increase the throughput of the combine
as a whole [10, 11]. The study of the operation conditions and
modes of the combine threshing and separation system, which
provide increased separating capacity, and simultaneously reduce
the load of one of the most vulnerable unit of the combine such as a
straw walker [12], seem to be a priority.
The urgency of the research is due to the necessity of
developing universal methods for analyzing multi-drum threshing
systems of grain-harvesting combines to determine the quantity and
quality of the mass that has been threshed and separated at each
operation of the technological process. Improvement of the designs
of threshing and separation system occurs to reduce the level of
grain damage. Under such conditions, the efficiency of grain
production systems is substantially increased [8, 9].

3. Purpose of the study
The main aim of our study is improving the efficiency of the
technological process of grain threshing and separation in a multidrum threshing and separating device due to the substantiation of
technological modes of operation of threshing drums.

4. Results and Discussion
Consider the technological process of grain mass threshing and
separation on the example of a threshing device of combine KZS
"Slavutich" with a three-drum TSS (Fig. 1).

2. Preconditions and means for resolving the
problem
Known for the designs of grain combines which in the
threshing and separation system contain several drums [13, 14]. The
use such designs of the combine harvesters makes the increase in
the productivity of the threshing device, which is mainly due to the
improvement of grain separation processes. Noted designs include
various combinations of drums and concaves.
Of the well-known design and technological schemes of grain
threshing and separating it is worth noting the designs of the TSS
that use a differential threshing method. The peculiarity of this
threshing method [15, 16] is that for the threshing and separation of
grain the appropriate modes of operation of the threshing drum are
chosen. More moderate modes are set for the first drum and more
rigid for subsequent drums (rotors). Due to such conditions the
amount of injured grain is reduced and its separation is improved.
Widespread use of the differential method of grain threshing
and separation indicates the prospect of conducting research in the

Fig. 1. - Scheme of the threshing device of the combine
harvester "Slavutich" with a three-drum TSS: 1, 2, 3 - concaves of
the threshing device; 4 - chopper; 5 - shaker pan; 6 - cleaning
system.
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The structural scheme of a combine harvester KZS "Slavutich"
with a three-drum TSS is shown in Fig. 2. According to the
technological process, the cut cereal stalks are fed by a header to the
slope conveyor and further to the concave of the threshing device 1
(fig. 2). The Q1 symbol indicates the proportion of grain that is fed
to the threshing and separation in the TSS. In the steady-state
operating conditions of the combine and the absence in its design of
devices for preliminary threshing of grain, Q1 = 1.

Y1 = 1 − e

Q2
2

1
N1

N2

Q3

3

Q4

(2)

 ( 0,064209·ω2 −0,322064·q )·l1,041219  ;




(3)

 ( 0,047084·ω3 −0,141601·q )·l1,242060  ,




(4)

Y2 = 1 − Q2 · e

Y3 = 1 − Q3· e

where Y1, Y2 and Y3 are particles of grain thrashed and
separated by the length of the drum concave of the first, second and
third drum.
The adequacy of these models is verified using Fisher's
criterion. The results of the calculations indicate that the given
regression equations are adequate at the confidence level of 0.95.
In fig. 3 shows the response surface, which determines the
effect of feeding the grain and straw mass and the angular velocity
of rotation of the threshing drum on the proportion of grain that is
separated by the first concave of the three-drum TSS.

Three-drum TSS

Q1

(0,022353·ω1−0,069613·q )·l1,524049 ;

4

N3
5

Fig. 2. - The structural scheme of a threshing device of a
combine KZS "Slavutich" with three-drum TSS.
The threshing process begins on the first drum. Under such
conditions, part of the mass N1 is sifted through the concave 1, gets
to the shaker pan 5 and is directed to the sieves of the cleaning
system. A part of the mass Q2 that has not threshed on the first
drum is fed to the second drum, where it further threshing and
separation takes place.
On the second drum some of the mass N2 is sieved through the
concave 2 and falls on the shaker pan 5. The mass Q2 which has not
been threshed on the first and second drums is fed to the third drum.
At this stage, the mass N3 is sieved through the concave 3 and also
falls on the shaker pan 5.
The mass Q4 is a mixture of not sifted free grain, unthrashed
grain (loss in straw) and non-grain part. This mass is fed to a
shredder 4, which evenly spreads it on the field. This mass can be
transported to a straw hopper.
The technological regime of the three-drum MSS operation can
be expressed conventionally in the following form:

Q1 − N1
Q=
2

Q3 = Q1 − N1 − N 2
Q = Q − N − N − N
1
1
2
3
 4

Y1

q, kg/s

ω1, rad/s

Fig. 3. - The dependence of the grain-straw mass (q) and the
angular velocity of the threshing drum rotations (ω1) on the
proportion of the grain that is separated at the length L of the first
concave of the three-drum TSS.
On the basis of the analysis of dependencies in Fig. 3 it is
established that an increase in the supply of grain and straw mass
(q) leads to a decrease in the proportion of separated grain. Thus,
when the grain-straw mass was fed (q = 6 kg/s), the proportion of
the separated grain was 0.69, and when supplied (q = 12 kg/s) was
0.55, respectively. The increase in grain-straw supply twice leads to
a corresponding decrease in the fraction of the separated grain by
almost 20%.
An increase in the angular velocity of the threshing drum
rotations (ω1) leads to an increase in the proportion of grain that is
separated at the length L of the first concave of the three-drum TSS
(Fig. 3). Thus, at the angular velocity of rotation of the threshing
drums (ω1 = 82 rad/s), the proportion of separated grains was 0.55.
The value of the angular velocity of rotation of the threshing drums
(ω1 = 96 rad/s) corresponds to the proportion of the separated grain
at the level of 0.69. That is, an increase in the angular velocity of
rotation of the threshing drums by 17% leads to a corresponding
increase in the proportion of separated grain by 25%.
Simulation of the threshing and separation process of the grain
mass of a three-drum TSS was performed in the MathCAD
Professional 2000 software environment. Based on the studies
carried out models were obtained that made it possible to establish
the dependences of the rotation speed of the corresponding drum
and the feeding of grain mass on grain separation along the length
of concave of each of the three drums.
Analysis of the obtained dependences allowed concluding that
the overall level of grain damage in a three-drum TSS can be
reduced by reducing the circumferential speed of the first drum by
20-25%. Under such conditions the separating ability of the first

(1)

where Q1, Q2, Q3 and Q4 are the proportion of the grain coming
with the mass into the first, second, third drum and chopper
(relative loss of grain in straw) of three-drum TSS respectively;
N1, N2 and N3 are proportion of the grain separated by the first,
second and third threshing drum, respectively.
According to the results of experimental studies the
dependences of the influence of the angular velocity of the rotation
of the drums and the reduced mass feed on the grain separation
value along the length of the concave of the three-drum TSS are
established. The research was carried out on the fields of the
experimental farm on the harvesting of winter wheat by direct
harvesting using a laboratory-field installation mounted on an
experimental grain harvester KZS "Slavutich" with a three-drum
TSS (Fig. 1).
The experiments were conducted according to a matrix plan for
three factor experiments. Variable factors affecting the performance
of a three-drum TSS were: angular velocity of threshing drums ω,
rad/s; load of combine harvester q, kg/s; length of the concave area
that the mass passes through during the threshing and separation l,
m.
According to the results of the experimental studies, regression
equations (2-4) were obtained which adequately describe the
influence of the investigated factors on the performance indicators
of a three-drum TSS:
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drum decreases by 18% -22% and the corresponding increase in the
separating capacity of the second and third drum of the three-drum
TSS (Fig. 4).

Q3
1

2

3

4

YЗ

Y3

1

2

3

4

5

6

VБ1
, м/с
VB1
, m/s

Fig. 6. - Dependences of the influence of the rotation velocity
of the first drum of the three-drum TSS on the loss of grain: the
circumferential velocity of the second and third drum 1 - VB2 =
25 m/s; 2 - VB2 = 28 m/s; 3 - VB2 = 31 m/s; 4 - the level of grain
losses, set by agricultural requirements.

l,l, m
м
Fig. 4. - Dependence change in the amount of grain remains in
the grain and straw mass along the length of the concave of the first
(1, 2), second (3, 4) and third (5, 6) threshing drum for the
circumferential velocity value of drum VB = 24.5 m/s ( 1, 3, 5) and
VB = 31.5 m/s (2, 4, 6).

It should be noted that the increase in the circumferential
velocity of the first drum leads to a decrease in the grain losses for
the TSS of combine harvester (Fig. 6). With the value of the
circumferential velocity of the second and third drums VB2 = 31 m/s,
the grain losses for the three-drum TSS do not exceed the
permissible level set by agricultural requirements on all ranges is
the change in the velocity of the first drum.

The linear speed of rotation of the threshing drums
significantly affects the separating ability and the value of grain
losses over the TSS of the combine. In Fig. 5 shows the estimated
dependences of influence the rotation speed of the second and third
drums on the grain losses for the three-drum TSS. The value of the
velocity of the second and third drums in the range of 30 - 35 m/s
corresponds to the value of grain losses for TSS at the level of 0.5%
- 1.1% (Fig. 5).Under the conditions of reducing the velocity of the
second and third drums to the values at the level of 28 - 29 m/s
there is an increase in grain losses for TSS that exceed the allowable
level established by agricultural requirements.

4. Conclusions
An experimental calculation method is developed for
determining the proportion of threshed and separated grain
depending on the concave length of the multi-drum TSS based on
the results of simulation the combined process of transportation,
threshing and separation of grains due to the interaction of drum
with grain-straw mass.
The models of the technological process of grain separation
have been developed, which made it possible to establish the
dependence of the influence the structural and technological
parameters on the grain loss. The dependences of the effect of the
rotation velocity of the drums and the reduced mass feeding on the
grain separation value along the length of the concaves (first,
second and third) of a three-drum TSS are determined. Regressions
equations are obtained that establish the proportion of threshed and
separated grain depending on the length of the concave of each of
the three drums.
It is noted that the overall level of grain damage in a threedrum TSS decreases with the corresponding reduction of the
circumferential speed of the first drum by 20 - 25%. Under these
conditions, the separation capacity of the first drum is decreases by
18% - 22%, and the separation capacity of the second and third
drum of the three-drum TSS is correspondingly increasing.
To ensure the minimum grain losses for the three-drum TSS
the value of the circumferential speed for the second and third
drums in the conditions of harvesting grain crops should be within
29 - 31 m/s.

Q3

1

2

3

4

м/с
VV
, ,m/s
B2Б2

Fig. 5. - Dependences of the influence of the velocity of
rotation of the second and third drum of a three-drum TSS on the
grain loss: the value of the circumferential velocity of the first drum
1 - VB1 = 24.5 m/s; 2 - VB1 = 28.0 m/s; 3 - VB1 = 31.5 m/s; 4 - the
level of grain losses, set by agricultural requirements.
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Abstract: The article is devoted to the problem of drying seeds without their thermal injury by applying vacuum technology. In this
paper work presents experimental studies of vacuum drying of seeds of grain crops on the example of maize seeds, during which the safe
drying regimes were studied, in which the most intense water separation occurs. It has been found that by heating the batch of seeds to
30° C and subsequent evacuation to a pressure of 4 kPa with bubbling under atmospheric pressure is most intense dehumidification at a rate
of 0.259%/min.
KEYWORDS: VACUUM DRYING, RESIDUAL PRESSURE, SEEDS, HEAT, TEMPERATURE OF HEATING SEEDS,
DEHUMIDIFICATION, DRYING MODE.
Existing researches have established critical temperatures for
heating and the rate of moisture separation during drying of seeds,
but it is not known what regimes of vacuum drying of seeds provide
a rapid moisture release at parameters (heating temperature) that are
less than permissible.

1. Introduction
Modern technologies for drying seeds use heating, as the
process of moisture transfer from the inner layers of the seed to the
external layers is intensified, as is the evaporation of moisture from
the surface. As a rule, the heating of seeds occurs through the action
of a temperature field with an amplitude value of about 80 ° C,
which results in individual seeds before the biochemical processes
that cause a change in their structure and chemical composition. But
in the same time, due to the difference in the properties of
individual seeds, the thermal diffusivity of the seed layer has a
nonlinear character, which contributes to the uneven drying and, as
a consequence, to the under-drying of individual layers of the seed
mass.
To reduce the thermal injury and increase the germination of
seeds it is necessary to limit the influence of temperature or even
prevent it, and to ensure uniform drying of all seeds. These
conditions are satisfied by the technology of drying seeds using
vacuum. With this technology, the moisture from the seeds is
removed by reducing the partial pressure of water vapor in the
external environment. This technology has proven itself in the food
industry [1-5].
Nevertheless, researches of the effect of vacuum drying of seed
grains and industrial crops were insignificant, making it impossible
to assess the availability of this technology. Therefore, these
researches are relevant and necessary for improving the quality of
post-harvest seed treatment.

2.2. Purpose of the research
Search for options of intensive vacuum drying of seeds of grain
crops with parameters, it is unacceptable to heat traumatize the
seeds.

3. Results and discussion
To research the vacuum drying regimes, a simple experimental
setup was developed and manufactured, which makes it possible to
vacuum the seeds of grain crops to a pressure of 2 kPa (Fig. 1).The
seeds were heated by an external heater to a temperature of 30 ° C.
Electronic weights and a moisture meter were used to calculate the
moisture release and the drying rate.
The drying speed 𝜐𝑊 was calculated using the formula:
∆𝑚
∙ 100%,
(1)
𝜐𝑊 =
𝑚 0 ∙𝜏 𝐸

where ∆𝑚 is the change in weight of the sample during drying
during exposure time 𝜏𝐸 , g;
𝑚0 — initial weight of the sample, g.

2. Preconditions and means for resolving the
problem
2.1. Analysis of recent research and publications
Researches [6-7] found that for drying without traumatizing
seeds, the heating temperature of most seeds of crops should not
exceed 40 ° C to 45 ° C.At the same time, the moisture content in
one technological cycle of drying does not exceed 5%-6%, since
with a larger value of the moisture content, cracks in the seeds are
formed [8].It was found that with the increase in the initial moisture
content of the seeds, the maximum permissible temperature of seed
heating falls [8].To prevent injury to seeds when drying has been
proposed to use mild temperature conditions convection drying
[9].However, when using soft temperature regimes of presence with
undried seeds.At the same time, existing heat generators do not
always provide the necessary stable temperature regime.
In [10] it was proposed to reduce the energy consumption for
heating and drying the periodic evacuating rapeseed. To smooth the
moisture content of the rape seed, a vibrating surface was applied,
which adversely affects the quality of the seeds.
Researches [11] found that to increase the intensity of moisture
separation, it is necessary, under vacuuming, to apply constant
heating of seeds to a temperature close to the permissible
temperature.Other researchers propose to use the vacuum-pulse
method to increase drying speed [12-13]. However, using these
methods could be a risk of thermal injury to the seed.
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Fig. 1. – The construction scheme (a) and general view (b)
of the experimental plant for the study of vacuum drying of seeds of
crops: 1 – vacuum chamber; 2 – rotary vane vacuum pump subzero
to the vacuum; 3 – faucet of a vacuum pump; 4 – faucet for
throwing down of vacuum; 5 – vacuum-gauge; 6 – cover with
gasket; 7 – locking mechanism; 8 – frequency converter; 12 –
power supply.
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evacuation mode in one layer, in spite of blowing at constant
pressure (40 kPa).
For all the above process modes seed drying in vacuo there was
them cooled to 10 ° C. The decrease in temperature during drying is
due to the consumption of thermal energy of the seed for the
evaporation of water. That is, drying in a vacuum is an adiabatic
process.As the pressure in the near-grain space decreases, intense
evaporation of moisture from the surface of the seed takes place,
and as a consequence, its cooling, which leads to a slowing down of
the diffusion of internal moisture outwards.This explains the low
drying rate compared to convection. To increase drying speed,
periodic heating of the seeds during the drying process is necessary.
To verify these claims, the regime was tested with periodic
heating of the seeds to a temperature of 33 ° C, evacuation to a
pressure of 4 kPa and blowing for 5 minutes at atmospheric
pressure.For this linkage used also maize seeds weighing 490 gr of
preliminary heated to a temperature of 30 ° C. The graphs of
temperature and ambient pressure (Figure 4).

The object of drying was a sample of maize seeds weighing
490 g and an initial humidity of 20%, which was placed in a
vacuum chamber, in which various modes of changing the air
pressure were used. The minimum air pressure in the vacuum
chamber, which was used in the studies, was 4 kPa.
In direct evacuation weighed corn seeds at a temperature 19 °
C were placed in a vacuum chamber at a pressure of 4 kPa for 75
minutes, after which the pressure was restored to atmospheric
pressure (fig. 2).
As a result, the moisture separation and drying rate were
calculated, which for corn were approximately equal to 2.6 g and
0.006% / min, respectively.

Fig. 2. – Change in pressure in the environment during the
direct evacuation of grain seeds
The rate of vacuum drying was significantly lower than
convective drying. Since the samples of the seeds were dried in
containers, water vapor, which was released during drying, filled
the intergranular space in the absence of air movement, which
worsened the conditions of moisture separation.Therefore, the
sample of corn seeds was filled up in a flat vessel in one layer,
while its weight was 190 g. The rate of drying of maize seeds in one
layer increased, respectively, to 0.025% / min. The moisture release
was 4 g.
For the purpose of determining effect of air movement
(blowing) on the drying speed, the regime was used with partial
blowing of the seeds and increasing the pressure to 60 KPa —
drying time 115 min (Fig. 3a) and a blowdown mode for 10 min at
40 KPa — drying time 70 min (Fig. 3b).

a

b
Fig. 4. – The change in the ambient pressure (a) and the
heating temperature of the seeds (b) during the periodic heating
and evacuation of seeds of cereals
In carrying out this mode, dehumidification drying maize
seeds was observed in vacuo at 51 g and the drying speed was
0.259%/min, which is significantly higher than in previous modes.
This confirmed the allegations put forward earlier. By varying the
depth of the vacuum and the temperature of the seed heating, the
rate of drying can be adjusted. Since the heating of seeds is carried
out below the critical temperature, then the risk of thermal injury is
minimal.Therefore, the application of this mode of drying grain
seeds is promising. Further studies of this regimen with regard to
the influence on the ability to germinate and the growth force of
seeds of agricultural crops will improve the quality of seed material
and reduce the thermal costs of drying.
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4. Conclusions
As a result of experimental researches by vacuum drying
of cereal seeds by the example of maize seeds it was found that the
most intense dehumidification (drying rate 0.259% / min) without
thermal injury observed during batch mode by heating, evacuation
and purging at atmospheric pressure. Intensive dehumidification
occurs due to compensation of heat losses in evaporation in a
vacuum, which maintains a stable diffusion rate.

b
Fig. 3. — The pressure change in the surrounding space by
direct evacuation seeds of crops: a — partial blowing mode of
seeds and increased pressure to 60 kPa; b — blowdown mode for
10 min at 40 KPa
As in the previous regime, we used a sample of maize seeds
weighing 490 g, an initial humidity of 20%, and a temperature of
19 ° C.
The following results were obtained: for the regime (Fig.3a) —
moisture extraction: 3 g, drying rate: 0.005% / min; for the mode
(Fig.3b) — moisture extraction: 6 g, drying speed: 0.017%/min.
The drying speed of the regime (Fig.3a) turned out to be at the
direct vacuum level, since during the blowing time, which is a
pressure pulse with an amplitude of 60 kPa and a duration of 10
min, the decrease in the concentration of water vapor in the neargrain space is insufficient.When the blowing mode is at a fixed
pressure (Fig.3b), the drying speed is half the amount of the direct
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FORMATION ISSUES OF TEA PLANTATIONS
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Abstract: There are described the types of tea bush pruning and working bodies of the pruning devices in the article. Due to the biological
condition and agro-technical requirements of the tea bushes, there are carried out five different types of pruning action in the tea
plantations. Therefore it is necessary to discuss a different design pruning machines. The variability of the parameters of the cross-section of
tea bushes on slope is analyzed, depending on the angle of slope inclination. Also the free line width 𝑏𝛼 , as well as the cross-section
characteristic parameters of the tea bushes - 𝐵𝛼 , ℎ𝛼 𝑎𝑛𝑑 𝐶𝛼 are established.
Different types of surface formation of tea bush are characterized, including flat and semi-cylindrical forms. Their comparative analysis has
been conducted. In order to increase their durability and simplifying of the construction of tea pruning and harvesting machines it is
recommended to form a flat surface of tea bushes. Accordingly, It is recommended to reconstruct the existing semi-cylindrical shaped tea
plantations with flat formation of the bushes surface.
KEYWORDS: TEA, FORMATION, PRUNING, CYLINDRICAL, FLAT, SLOPE

rejuvenation pruning, which can cut any thickness tree branches.
There are two formation method of the bushes in tea producing
countries: Cylindrical and flat. The cylindrical shape of the leaflet
surface has some advantages over the flat; In particular, the growth
of young leaves on the cylindrical surface is going on even more
equally [3],[4].

Introduction
The yield of a tea significantly depends on the form of bushes.
Trimming of tea bushes at the different height is carried out
according to agrotechnical and biological conditions. In order to
improve plant sprouting process tea bushes are trimming with a
“Superficial pruning” method. During process of the “Superficial
pruning”, tea bushes are trimmed at 50-100 mm height. As a result
of prolonged exploitation of tea plantations, the bushes have been
decimated, so it is necessary to carry out a heavy pruning and
rejuvenation of its basic body. Pruning should be done with a sharp
knife and the cut preferably is made slanted towards the centre of
the bush. There are four major styles of pruning, as outlined below
viz. clean, rim lung cut-across and rejuvenation pruning. Although
rim lung pruning is the most suitable method, other styles also can
be adopted under special circumstances as given below [1],[2].
Operating conditions of working bodies of the trimming machines
dramatically changes depending on a pruning height. That is why a
number of different types of work bodies have been used. Large
diameter rods, which size reaches 80-100 mm could be found
during the cut-across pruning of a tea bush. Thus, segmental and
sectorial type working bodies of the pruning devices were
inadequate in these zones. These type working bodies of the
pruning devices could be used only trimming zone of the clean and
rim lung pruning, after the special strengthening; But it is necessary
to use the sawing type working bodies of the pruning devices for

Basic part
Tea is cultivated on plains as well as on slopes in the subtropical
zone of Georgia. The width of the tea bushes and the foliar surface
is reduced depending on the tilt angle of a slope. Variability of the
tea bushes parameters depending on the angle of slope has been
studied by scientists [5],[6],[7].
On the fig. 1 is represented the cross section of tea bushes on slope
and plains. According to which we can define the main parameters
depending on the angle of slope.
The width of a stripe between the tea bushes: 𝑏𝛼 = 𝐿 cos 𝛼 −
𝑎
𝐵𝑎 cos ;
2
Where, 𝛼 = 𝜑2 − 𝜑1 - Average tilt angle of a slope.
The width of a stripe between the tea bushes on the steep slope is
going on actually. In this case, value of the slope’s tilt angle is equal
to zero:

Fig.1. The cross section of tea bushes on the plain and slope
𝐵𝑎 + 𝐵𝑎2 +8𝐿2

𝑎𝑚𝑎𝑥 = 2𝑎𝑟𝑐𝑐𝑜𝑠
4𝐿
The cross section of tea bushes is significantly changed on the slope
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,--

𝜑
𝜑
𝑠𝑖𝑛 ;
2
2
𝜑
𝜑
𝜑
ℎ𝑎 = 𝑅 + 𝐶𝑎 𝑠𝑖𝑛2 − 𝑅2 − 𝐶2𝑎 𝑠𝑖𝑛2 𝑐𝑜𝑠 ;
2
2
2
𝜑
𝜑
𝐶𝑎 = 𝐻 + 𝑎𝛼 𝑐𝑜𝑠 − 𝑅2 − 𝐻 + 𝑎𝛼 2 𝑠𝑖𝑛2 ;
2
2
𝑙𝑎 (cos 𝜑1 ∙ cos 𝜑2 − sin 𝛼 sin 2𝛼
𝑎𝛼 =
.
cos 2𝛼 sin 𝜑
𝐵𝑎 = 𝐶𝑎 sin 𝜑 + 2 𝑅2 − 𝐶2𝑎 𝑠𝑖𝑛2

On the plain, when 𝛼 = 0, accordingly…
1
𝜑
𝑎𝛼 = 𝑎0 = 𝑙0 𝑐𝑡𝑔 ;
2
2
𝑐𝑎 = 𝑐0 = 𝐻 + 𝑎0 − 𝑅;
𝐵𝑎 = 𝐵0 ;
ℎ𝑎 = ℎ0 .
Marginal value of the slope’s tilt angle, where
working of mobile machines are allowed, in terms of
sustainability, is equal to 0.35 radians. Working on the
slope with more tilt are allowed only using technical
means of small mechanization [8].
As a result of the theoretical and experimental
research, there are certain difficulties for exploitation of
the cylindrical bushes, which is mainly conditioned by
complexity of the structures of pruning and harvesting
machines of tea bushes, due to implementation of these
operations is necessary using of arc shaped, immovable
and movable knives (fig. 2 a). Centrifugal forces of

reaction are formed at the time of working process of
the machines, which leads to the growth of the existing
gap between the immovable and movable knives, it
increases the power of cutting resistance. Accordingly,
the wearing out of the cutting knives increases,
durability of the device decreases and quality of
technological process significantly deteriorates.
Working of the tea harvesters on the flat pruned surface
is easier, because working bodies of the harvesters
operate on the horizontal, flat surface. It also facilitates
the creation of differentiated picking machines for tea
leaves.

Fig. 2. Pruning form of tea bushes and working bodies
a) Cylindrical surface - Arc shaped pruning device; b) Flat surface – lenticular pruning device c) Flat surface - Circular saw device;
d) Oval surface - lenticular oval device.

Thus, the flat formation of a tea bush enhances the
simplicity of the construction of the harvesting and pruning
machines and increases the durability of their work. Pruning is
possible using of the segmental type cutting devices, it is also
possible to use the lenticular and circular saws (fig. 2. b, c). In order
to increase harvesting surface and protection of equilateral sprout’s
surface, it is desirable to create an oval harvesting surface, in this
case it is necessary to use special harvesting and pruning machines
[12], which will be tailored to the curvature of harvesting surface
(See fig. 2. d).

Conclusions:
1.

2.

3.

At present, tea plantations are mainly formed as a flat shape in tea
producing countries (Japan, China, Argentina, India, Turkey and
etc.). Accordingly, flat pruning and harvesting machines of the tea
bushes are created and successfully used.
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In order to revive and further develop tea production in
Georgia, it is necessary to restore the patriotic production of
the harvesting and pruning machines.
For the purpose of introducing modern machinery
technologies, it is necessary to reconstruct the existing
plantations and cultivate a new, productive plantations;
It’s advisable to reface of cylindrical-shaped surface to flathorizontal surface, thus it’s recommended the creation of
the flat harvesting and pruning machines, or importing and
adapt the modern, foreign manufacturing machines in
Georgia.
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Abstract: Acoustic cavitation technologies are a highly effective means of processing liquid media, as well as various materials in liquid
media. They significantly accelerate known processes in liquids and, in addition, make possible the implementation of previously impossible
processes. The phenomenon of cavitation has and another quality - the creation around itself of physical fields (including magnetic fields)
with high stresses. This circumstance makes it possible to produce some types of work on "dry" technology, for example, to awaken and
process seeds before planting. Placing the seeds from the outside of the vortex cavitator causes the magnetic field to be sparing effect on
them. Seat placement inside the workspace predetermines a hard impact, so therefore in a real device through the centers of cavitation they
move through the tube-seminal duct. The thickness of the walls determines the degree of influence of the physical fields on them.
KEYWORDS: ACOUSTIC CAVITATION, SEEDS, HYDRODYNAMIC CAVITATOR, ACTIVE ZONE, A MAGNETIC FIELD,RESONATOR,
PASSIVE ZONE, DRY PROCESSING.

1. Introduction
At the moment, mankind knows the universe from the device of the
universe to phenomena occurring at the level of elementary
particles. It is expedient to use the results of the received knowledge
in practical application, for example, for the production of food
products by organizing processes in agricultural production on the
basis of new physical principles of action.
An example of such a concept is the use of acoustic cavitation
technology, which involves the acceleration of known technological
processes, as well as the creation of new impossible before.
However, the process of cavitation involves working with liquid
media in which the formation of cavitation caverns takes place and
their subsequent collapse. This circumstance significantly reduces
the range of use of such technologies, for example, in presowing
operations, since the sowing activities themselves are currently
carried out under the "dry" option.

fig.1. Mechanism of the acoustic cavitation
- the change in the size of the cavitation cavern occurs from
millimeter to nanometer values;
- the elastic energy stored in the formation and expansion of the
cavity, is compacted by collapsing, both in space and in time (in the
form of an electromagnetic pulse), which causes its ultrahigh
density [1];
- such intense and detailed collisions of particles of a liquid
presuppose a collision and deformation, both of individual clusters
and molecules of their generatrix, which deforms the very structure
of the molecules;

2.1. Preconditions and means for resolving the problem
To expand the technological capabilities of the cavitation
technologies used, one must know the mechanism of acoustic
cavitation flow.

- the deformation of initially stable molecules and their formations
leads to a redistribution of the strengths of physical fields with the
formation of an electromagnetic pulse at each period of the
perturbation that has occurred;

In the course of the acoustical-cavitation process, the following
facts should be noted:
- a relatively long phase of cavern growth and its instantaneous
collapse (fig.1).

- as a result, integrated magnetic and other types of physical fields
are created around the zones of the working space with increased
cavitation.
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We note that the experimental data are nowhere equal to zero. From
the mathematical point of view, this means that the field is
parallisomo, that is the field lines of force do not touch each other.

In this case, the best results correspond to the middle part of the
body, where the antinode of the standing wave is located, as well as
its end, where there is another local focus - the plates of the tuning
fork tunnels.
In addition to the location along the length of the body, the
efficiency of presowing treatment is also influenced by the removal
of seeds from the body in the radial direction (fig.4).

A feature of the structure of this magnetic field is that its lines of
force are closed mainly to the foci of the flow of cavitation
processes:
- a vortex chamber;
- straightening the flow of the tuning fork plate at the exit from the
body;
- the antinode of a standing acoustic wave in the middle of the body.
The presence of the established fact makes it possible to carry out
operations to awaken and develop seeds by "dry" technology
(fig.2), both from the external volumes of the cavitator, and in the
internal (in the axial tube).

fig.4. Scheme of the experiment.
The level of intensity of the generated physical fields for points 1
and 2 at an exposure value τ = 120 min is excessive (fig.5),

fig.2. Principal scheme of vortex cavitator with water casing :
1- cyclone; 2 – nozzle; 3 – resonator; 4 – pump; 5 – driving
engine; 6 – casing; 7 - return line

3.

Solution of the problem

At the Faculty of Engineering of the Nizhny Novgorod State
Agricultural Academy, experimental studies were conducted on
"dry" seed treatment, both from the outside and from the inside.

fig.5. Regularity of the effect of removal of processed seeds on their
germination.

The results of processing sunflower seeds from the outside of the
vortex cavitator provided an increase in germination from 82% to
96% due to heating factors, the action of physical fields, mechanical
vibrations (fig.3)

for points 4 and 5, the amount of impact at the considered distances
and field strength is inadequate. The best results under the
conditions under consideration show the removal of R = 108 mm.
Seeding with cavitation inside the body of the vortex cavitator
acquires its specificity due to the approach of the seeds directly to
the cavity, which necessitates a reduction of exposure from
hundreds of minutes (with external processing) to several seconds.
This circumstance makes it possible to delegate the acousticalcavitation type of processing from the laboratory type to the
production one.
Experimental studies on acoustic cavitation processing inside the
working space were carried out on a special design of the vortex
cavitator, the scheme of which is shown in fig.6

fig.3. Results of "dry" treatment on the surface of the resonator

53

.
fig.6. Scheme of the vortex cavitator for seed treatment in the core.
A feature of this design is the presence of a central transport
channel, equipped with a conveyor. The speed of transportation
determines the exposure time, and presence - the absence of
perforation in the transport channel determines the "wet - dry" type
of treatment. The conveying channel is made interchangeable
(fig.7.)

fig.8. Zones of the greatest efficiency of a vortex cavitator in the
presowing treatment of cucumber seeds.
- in each of these zones, when the duration of exposure τ is
increased, the cycling of germination changes takes place, due to
the immune system's response functions to the size of the
awakening effect (fig.9);

fig.9. The cyclic regularity of the change in germination from the
exposure time τ for the first point of location of the samples.
- when using this type of processing, it is possible to reduce the
exposure time to several seconds, which allows to increase the
productivity of the installation to the required level;
- the degree of influence of the cavitation zones on the planting
material can be controlled by the thickness of the walls of the
transport channel.
fig.7. General view of the experimental setup

1.

In the installation in question, the transporting organ is made in the
form of a shell with seeds stretched within the channel.

Conclusions
1. The vortex cavitator is a highly effective device for
presowing seed treatment.
2. Along with hydrodynamic processes, cavitation is
accompanied by the creation of physical fields around its
foci:
- a vortex chamber;
- antinodes in the middle part of the body;
- cantilever plates (tuning forks) on the output from the case.
3. The magnetic field permeates the metal casing and can
affect the seeds located at a distance from the casing.
4. The amount of seed removal from the body in the radial
direction is the optimum value:
- with a small removal of seeds, excessive effect is obtained;
- at a greater distance - insufficient.
5. Inside the hull, the impact on the seeds is even more
intense - a few seconds of treatment is sufficient to wake the
seeds.
6. It is possible to control the intensity of the treatment by
changing the thickness of the walls of the transport channel
(the seed duct).

The results of experimental studies showed:
- the best indicators for germination and the rate of subsequent
development of plants correspond to the location of seeds in the
zones of greatest intensity of acoustic cavitation:
- - a vortex chamber;
- - antinode of a standing acoustic wave in the middle part of the
body;
- - cantilever plates (tuning forks) of the straightening device
(fig.8);
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SOIL CHARACTERIZATION BY THE CAPILLARY EFFECT
Prof. Dr Egger M., BSc. Halilovic S., BSc. Lettner R.
Faculty of Mechanical Engineering – University of Applied Sciences Upper Austria Campus Wels, Austria
Pöttinger Landtechnik GmbH, Austria
Martin.Egger@fh-wels.at, Seid.Halilovic@fh-wels.at, Rainer.Lettner@fh-wels.at
Abstract: Granular materials are a collection of distinct macroscopic particles. Consequently soils, which are used for agricultural
purposes are a part of them. In comparison with other simulation models, creating a numerical simulation with the discrete element method
(DEM) for different soils prove to be difficult. The reason for this is that there are an enormous number of particles. Therefore it is not
possible to reproduce every one of them. On this account, parcels are used in the numerical simulation. These are larger and also have
different physical properties. However, also for the modelling of parcels characteristic variables are necessary. This variable should be
determined by using the capillary effect.
Keywords: GRANULAT MATERIALS, DISCRETE ELEMENT METHOD (DEM), PARCELS, CAPILLARY EFFECT

2. Determination of characteristic soil variables

1. Introduction
Basically, there are some engineering classification systems for
soils. A very popular method is the classification by the grain size.
This kind of soil classification is widely used in geotechnical
engineering and exactly described in numerous standards.
Essentially, an equivalent diameter is calculated, which allows a
categorization of different soils. This characteristic soil value
cannot be used immediately in the numerical simulation. The reason
for this is that the Discrete Element Method (DEM) uses parcels
whose properties are completely different from reality. Generally, a
numerical simulation by DEM is based on an experimental
approach, in which the available simulation parameters are varied.
This is done until the behavior of the numerically calculated soil is
in accordance with reality [1].

2.1 Washburn’s equation
Washburn’s equation describes the movement of a liquid in a
capillary tube. In this care, the capillary tube is a variety of soil
samples. With the knowledge that the capillary rise of the liquid
depends on the soil, this effect is used to determine characteristic
variables. Assuming a laminar stationary flow, the volumetric flow
through a capillary tube is determined by the law of HagenPoiseuille [2]:
(1)

𝑑𝑉 𝑟 4 ∆𝑃𝜋
=
𝑑𝑡
8𝜂ℎ

Where dV/dt is the volumetric flow rate, r – capillary radius, ΔP
– pressure difference between the two ends, η – dynamic viscosity
of the liquid, h – height of the capillary tube.
The relationship between the volume of the liquid dV and the
capillary height dh is given by [2]:
(2)

𝑑𝑉 = 𝑟 2 𝜋 𝑑ℎ

The pressure difference ΔP between the two ends of the
capillary tube can be determined by using the capillary PK and
hydrostatic pressure PH [2]:
(3)
Fig. 1 Numerical simulation of soil cultivation
[DEM Simulation by Pöttinger Landtechnik GmbH]

with

parcels

Consequently, such a procedure requires lots of experiments.
With the aim of simplifying the determination of suitable simulation
parameters, the characterization of soils should be realized by the
capillary effect. This effect is defined as the movement of water
within the spaces of a porous material due to the forces of adhesion,
cohesion and surface tension. Due to the fact that the height and
filling speed of water in a capillary depend on the pore system of a
soil, this effect is used for the determination of characteristic
variables. The characterization itself is carried out by conducting
numerous capillary tests for various soils. Furthermore, the in
physics used Washburn equation, which is only numerically
solvable for soils are used. Using the dimensional analysis, an
algorithm is developed for this equation, which enables the
calculation of a characteristic soil value.

𝑃𝑘 =

2𝛾
𝑐𝑜𝑠 𝜃
𝑟

(4)

𝑃ℎ = 𝜌 𝑔 ℎ

(5)

∆𝑃 = 𝑃𝑘 − 𝑃ℎ

(6)

∆𝑃 =

2𝛾
𝑐𝑜𝑠 𝜃 − 𝜌 𝑔 ℎ
𝑟

Where γ is the liquid surface tension, θ – contact angle, ρ –
density of liquid, g – acceleration due to gravity.
By inserting ΔP and dV in the law of Hagen-Poseuille (1) a
first-order differential equation is obtained. With this differential
equation the capillary height can be determined numerically at any
time [2].
(7)

𝑑ℎ
𝑟 2 2𝛾
=
𝑐𝑜𝑠 𝜃 − 𝜌 𝑔 ℎ
𝑑𝑡 8𝜂ℎ 𝑟

Now, in this case r represents an equivalent grain radius. This
means that the capillary effect of a porous soil is compared with the
capillary effect of a geometrically exact capillary. In view of the
fact that an exact measurement of the capillary height in a porous
soil is hardly possible, a relationship between the capillary height
and the absorbed amount of water in the porous soil is established.

On the basis of this kind of characterization, in the near future
this characteristic soil variables should enable a prediction of the
traction requirement, power consumption and wear behavior of
agricultural machines during the development process.

(8)

𝑚(𝑡) = 𝜀 ℎ(𝑡)

The factor ε represents a scaling parameter, which has the unit
kg/m and can be calculated on the basis of the measured water
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absorption and capillary height. Now the first order differential
equation can be written in the following way.
(9)

The big disadvantage of this expression is that a recalculation of
the equivalent grain radius r, the contact angle θ and the scale factor
ε is not possible.

𝑑𝑚 𝑟 2 𝜀 2 2𝛾
𝑚
=
𝑐𝑜𝑠 𝜃 − 𝜌 𝑔
𝑑𝑡
8𝜂𝑚 𝑟
𝜀

3. Practical realization

With the aim of obtaining dimensionless characteristic variables
for any soil, a dimensional analysis is carried out for the differential
equation. The capillary effect accordingly depends on following
physical parameters.
Table 1: Physical Properties of the used liquid
Influencing
r
g
variables
Physical unit

m/s²

m

ρ

γ

ε

m/s³

kg/s²

kg/m

3.1 Experimental setup
For investigating the capillary effect, two different soil samples
are considered. One soil is from the central region of Upper Austria
and the other one from the eastern part of the Czech Republic.
Furthermore, both soils are sieved with a 3 mm screen. The duration
of the experiment is on week. During this period, the increasing
weight of both soils is measured by using a force sensor. In
addition, at the end of this period the capillary height h of the soil is
measured.
Table 2: Physical Properties of both soils
Soil
Designation
Austria
Filling height at the
beginning
0.70
h0 [m]

At first a dimensionless state variable M is introduced:
(10)

𝑚𝑔
𝑀=
𝛾𝑟

Furthermore, also a dimensionless time variable τ is needed:
𝜏=

(11)

𝑡𝛾
𝜂𝑟

Initial mass
m0 [kg]

Soil
Czech Republic
0.70

9.00

7.20

After forming the dimensionless derivative
(12)

𝑚=𝑀

𝛾2
𝑔𝜂

In order not to falsify the result of the measurement, the water
level in the container is kept constant. This happened by an
automated water supply. The liquid which is used for the
experiment is water with following physical properties.

the differential equation (9) can be written as follows:
(13)

𝑀=

𝜀 𝑔 𝑔 𝜀 cos 𝜃 𝑔 𝑟 2 𝜌
−
𝛾
4𝛾𝑀
8𝛾

Table 3: Physical Properties of the used liquid
Designation

To obtain a simplified form of the dimensionless differential
equation (13), the following characteristic variables are introduced:
(14)
(15)
(16)

𝜋1 =
𝜋2 =

𝜀𝑔
𝛾

𝑔 𝜀 cos 𝜃
4𝛾

𝑔 𝑟2 𝜌
𝜋3 =
8𝛾

Finally, following form is obtained for the differential equation:
(17)

𝑀 = 𝜋1

Surface traction
γ [N/m]

72.75 x 10-3

Dynamic viscosity
η [Ns/m²]

1.002 x 10-3

Density
ρ [kg/m³]

1000

The experiment itself, which is shown in the following figure, is
started simultaneously for both soils.

𝜋2
− 𝜋3
𝑀

Considering the dimensionless differential equation it becomes
apparent that the two characteristic variables π2 and π3 cannot be
determined because he equivalent grain radius r, the contact angle θ
cannot be determined in advance. Theoretically, it would be
possible to determine the characteristic variable π1. A simultaneous
measurement of the capillary height h and the absorbed amount m
of water in a porous soil would be necessary. Then one could
determine the scaling parameter ε from equation 8. As already
mentioned, an exact measurement of the capillary height in a porous
soil is hardly possible. Thus, a new approach is needed to solve this
differential equation numerically. An alternative procedure is
described in the next section. Of great importance is also the fact,
that the differential equation (13) can be expressed with two
characteristic variables.
(18)

𝜋4 = 𝜋1 𝜋2

(19)

𝜋5 = 𝜋1 𝜋3
𝜋4
𝑀=
− 𝜋5
𝑀

(20)

Value

Fig. 2 Experimental setup
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3.2 Experimental results
As already mentioned the absorbed amount of water in the
porous soils is continuously measured. The following figure
illustrates this.

Fig. 3 Absorbed amount of water

At the beginning both dried soils have the same filling height
h0, but a different initial mass m0 and therefore also a different dry
density. The soils sample from Austria absorbs an amount of water
of 0.8 kg. Compared to the Czech soil sample, the soil from Austria
absorbs more than twice as much. Interestingly, the reached
capillary height of the Austrian soil is on 0.08 m in comparison to
the capillary height of the Czech soil. The measurement results after
one week are shown in Table 4. This impact can be attributed to a
strong dependence of the capillary effect on the pore system of the
soils.
Table 4: Measured characteristics of both soils
Soil
Designation
Austria

Fig. 4 Numerical solution of M(τ)

This results in the following characteristic variables for the two
soil samples.
Table 5: Characteristic variables of both soils
Designation

π1

π2

π3

Soil Austria

38.5

5.14

1.22286 x 10-7

Soil Czech Republic

27.5

1.34

3.961 x 10-8

Soil
Czech Republic

Absorbed water
mE [kg]

0.80

0.33

capillary height
hE [m]

0.38

0.30

Furthermore, it is obvious that the water absorption tends to a
ground-dependent maximum value. This value for each soil is
obtained as follows:
𝜋2
0 = 𝑀 = 𝜋1
− 𝜋3
(21)
𝑀
𝜋2
𝑀𝑀𝑎𝑥 =
(22)
𝜋3
This results in the following values for the maximum water
absorption of both soil samples. However, M is still a dimensionless
Value. In order to obtain a unit-related value, equation 10 must be
transformed.

4. Determination of characteristic soil variables
with Mathematica
As already mentioned the characteristic variables π1, π2 and π3
cannot be determined due to the unknown contact angle θ, the
equivalent grain radius r or the scale Factor ε. Thus, solving the
differential equation numerically is not possible. Therefore in
Mathematica an algorithm is programmed which enables an
empirically approximation of the differential equation to the
measurement results. First of all, each individual measuring point
has to be dimensionless. This is done by plug in into the two
equations 10 and 11. The occurring grain radius in both equations is
replaced by equation 24. Then the three characteristic variables π1,
π2 und π3 are varied with the sliders as long as the results of the
differential equation coincide with the measurement. The following
figure illustrates this procedure for the soil sample from the Czech
Republic.

(23)

𝑚𝑀𝑎𝑥 =

𝑀𝑀𝑎𝑥 𝛾 𝑟
𝑔

The equivalent grain radius r can be expressed after
transforming the equation 16.
(24)

𝑟=

8 𝛾 𝜋3
𝜌𝑔

Table 6: Maximum of water absorption
Soil
Designation
Austria
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Soil
Czech Republic

Maximum water
absorption
MMax [-]

42032612.07

33829840.95

Maximum water
absorption
mMax [kg]

0.84

0.38

The term

𝜋2
𝜋3

ultimately allows the determination of the

5. Conclusion

maximum amount of water that can be absorbed by a soil sample.

(25)

𝑀𝑀𝑎𝑥

The calibration of essential model parameters takes the central
role in a numerical simulation by DEM. For this reason, suitable
tests should be carried out on real soil samples and compared with
corresponding simulations. A measurement of the interesting
variables such as traction requirement or wear behavior is usually
expensive. Therefore, a simpler method has to be used to allow
certain soil samples to be assigned. This is possible by using the
capillary effect. This allows the determination of characteristic
variables, which allow a clear distinguish of both soil samples.

𝑔 𝜀 cos 𝜃
𝜋2
2 𝜀 cos 𝜃
4𝛾
=
=
=
𝑔 𝑟2 𝜌
𝜋3
𝑟2 𝜌
8𝛾

Thus, the following applies for the maximum water absorption:
(26)

𝑚𝑀𝑎𝑥 =

2 𝜀 cos 𝜃 𝛾
𝑟𝑔

A closer look at this term reveals that it the maximum amount
of water that can be absorbed only depends on following physical
quantities:


Contact angle θ



Equivalent grain radius r



Scale Factor ε



Density of liquid ρ



Liquid surface tension ϒ

6. References
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The greater the radius, the smaller the maximum amount of
water that can be absorbed. An even smaller contact angle causes
the opposite. On the other hand, a large scaling factor leads to a
larger amount of water, which can be taken up by the soil sample.
Subsequently the scaling parameter ε is defined as suction capacity
of a soil sample.
Although the two investigated soil samples are close to each
other in terms of particle size distribution due to the sieving
operation, they can be clearly distinguished from one another by the
presented method.
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Abstract: The paper researches the influence of two tillage systems - conventional tillage and strip tillage on soil nutrients content, soil
acidity and microbiological activity over a reseаrch period of four year - from 2014 to 2017 included. The test are carried out on the same
fields in Northeastern Bulgaria. Soil nutrient testing can help determine the necessary amount of fertilizers to be used on a specific field.
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The soil taken by individual probing should be mixed well
and from the total amount about 0,500 kg is taken for analysis and
put in bags.

The soil sample bags should be labelled, and on the label
there should be information about the settlement, the property
number, the date of taking the sample, the name and address of the
applicant. The bags are collected in cases and transported to the
laboratory. If they are not transported immediately, the bags should
be stored open and in a room.
In the soil analysis methods chemical extracts are used, which
have to reflect the interaction between roots and soil and give an
idea of the amount of nutrients that can be absorbed by the plants
(not the total amount). The methods and extracts used should be
most appropriate for the specific soils. They should be calibrated for
the respective local conditions by appropriate research.
The soil’s ability to provide the necessary nutrients is assessed
by chemical soil analyses.
In the present research paper on chemical analysis of soil
samples are used laboratory and fast methods for assessment with a
set of laboratory equipment of LaMotte (fig.1).

1. Introduction
The chemical properties of soil are one of the factors for
determining soil fertility and their specification is of paramount
importance in cultivation of crops. Soil analyses for availability of
nutrients is a method for investigating their ability to support the
growth and development of crops. Soil analyses are beneficial to
farmers in making proper decisions on crop cultivation with the aim
to achieve maximum yield and risk reduction. Using mineral
fertilisers or manure is necessary for balancing the difference
between the amount of nutrients needed for optimal development of
the plants, and those that are found in the soil [1].

2. Justification and method
Determining the optimal rates of fertilising is based on a
number of factors, the main ones being the quantities of a given
element needed and the yield planned, as well as the capacity of the
soil to provide these quantities during vegetation. The most precise
diagnostics for a specific crop and field can be done with the help of
chemical soil and plant analyses. For the diagnostics to be reliable,
it is important to observe certain rules, which guarantee
representativeness of the sample. The soil analysis starts with taking
a sample representative of the field. One representative sample of
0,500 kg, taken from a field of 1 ha (10 dka) characterises about
3000 t soil in the 0-30 cm layer, and after that only 2 or 5 g of soil
samples are used.
Depending on the cultivated crops, taking soil samples should
comply with the following conditions [2]:

Soil samples to be analysed for phosphorus, potassium
and trace elements content for field crops are taken every 4-5 years,
and for vegetable crops the period should be shorter. Taking soil
samples and measuring the mineral nitrogen content is
recommended before each nitrogen fertilising.

Samples are taken from each field. One sample can
characterise from 6 to 10 ha. If the field is larger or heterogeneous,
it is divided into module units (elementary plots). The differences
within one field are most often in relief, soil diversity, two or more
crops cultivated, different history of fertilising of some plots from
the field with manure, mineral fertilisers, etc.

For comparability of results over time, it is desirable to
take the soil samples after one and the same crop and at the same
spots in the field, which should be marked on a map or have GPS
coordinates.

The samples are taken after harvesting, with the spot well
cleaned from plant residues and others (straw, grass, manure
residues and lime materials). Samples are not taken after fertilising
and burning of plant residues.

Samples are taken with a soil probe. Each sample is
formed from at least 15-20 individual samples. To cross the entire
stretch, various routes are recommended, where the points of
sample taking are positioned in a zigzag, W, diagonals, etc.

For field crops samples are taken from a depth of 0-30
сm, and for fruit and vegetable ones, samples are taken from two
depths - 0-30 and 30-60 сm. In areas with drip irrigation and
fertilisation, samples should be taken at 1/2 to 2/3 along the
irrigation line.

Fig.1 Set for determining chemical substance content in the soil

The services of the laboratory of soil analyses with the Institute
of Soil Sciences Agrotechnologies and Plant Protection “Nikola
Pushkarov”, Branch Ruse and the laboratory equipment for fast
testing PALINTEST.
The data from the analyses for ammonium and nitrate nitrogen
content in the soil are used for determining the stock of mineral
nitrogen in the root soil layer, most often in the 0-30 сm layer. The
calculated stock is used in determining the rate of nitrogen
fertilising, depending on the crop, yield and specific field
conditions.
The results for absorbable forms of phosphorus and potassium
content in the soil are classified in 5 degrees of stocking,
respectively: very low, low, medium, high and very high.
An important prerequisite for effective management of crop
nutrition is the regulation of soil acidity (рН) when necessary. It has
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a direct impact on the mobility and absorption of the elements, and
hence on the plant growth and development. Most of the
agricultural crops develop on soils of slightly acid to neutral
reaction. The highly acidic reaction has an adverse effect on plants.
The reason is that the concentration of mobile forms of aluminium,
iron, manganese and hydrogen increases, and the increased amounts
of these elements are toxic to plants. At the same time, the nutrition
with vital elements like calcium, magnesium, phosphorus,
molybdenum, etc. is hindered. In order to improve the nutrition
conditions, it is recommended to introduce lime into such soils. The
calcium-containing material introduced into the soil blocks the toxic
elements, making them difficult to absorb by plants. Appropriate
liming materials are considered to be lime, dolomite, caustic lime,
lime ash and others with high content of neutralising substance. The
amount of lime material, necessary for neutralising the harmful soil
acidity is determined precisely after conducting the appropriate
analyses of soil samples. Some indicative values can be 1.5-3.0 t/ha
lime material for soils with lighter mechanical composition and 3-5
t/ha for soils with heavier mechanical composition.

regions of North east Bulgaria. The results are shown in fig. 2 to 5,
and in a Table form in Annex 1.
The soil samples are investigated for the amount of nitrogen,
phosphorus, potassium, organic matter and рН.
In the study for availability of nutrients in the soil it has been
found that the annual deep ploughing mobilises the nitrogen in the
soil and thus exhausts its quantities there. In all fields under study
no increase of nutrient stock has been noticed.
With strip tilling, where mineral fertilisers are introduced
simultaneously at the depth of tilling, the average levels of nitrogen,
phosphorus and potassium have been increased.

4. Conclusion
For a period of four years between 2014 and 2017 included a series
of field test have been carried out for nutrients, soil acidity and
microbiological activity of the soil in the same fields in different
regions of Northeastern Bulgaria when comparing two types of soil
tillage - conventional deep ploughing, which turns the soil layers
and strip tillage which only loosens the soil. It has been established
that stрip tillage allows the accumulation of nutrients in the soil
while deep ploughing does not increase the levels of soil nutrients.

It is important to avoid over-liming of soils because it will make
nutrition of the crops with other elements difficult. That is why it is
recommended to estimate the liming rate by soil analyses.

5. References

3. Field results

1. Койнов, Г.М., Коеджиков, Хр. А. Растениевъдство. София.
Земиздат. 1963.

It is necessary to know that the data for nutrient content in soils
and fertilisers, as well as the value of fertiliser rate are expressed in
active substance, which allows comparing. The active content for
nitrogen is expressed as N, for phosphorus as Р2О5, for potassium
as К2О, for calcium as СаО, for magnesium as МgО, etc.

2. Методика за вземане на почвени проби за агрохимически
анализи. Тест за експресна диагностика за наличие на
хранителни елементи.

In connection with studying the influence of soil cultivation
type on the nutrient content, рН and microbiological activity, trials
have been conducted in the course of 4 years, from 2014 to 2017
incl. They have been conducted on the same plots in different
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Fig. 2. Results with deep ploughing

Fig. 3. Results with strip tillage
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Fig. 4. Results with deep ploughing

Fig. 5. Results with strip tillage
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INCREASE THE PRODUCTIVITY OF POTATO TUBERS
(SOLANUM TUBEROSUM L.)
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Abstract: The experiment carried out on the field in 2015-2017 in the conditions of south-eastern Poland (The Experimental Station,
Uhnin in Province Lublin) (51°34 ', 23°02'E), on the fawn soil, slightly acidic. The study to determine the effects of foliar fertilizers used in
the form of spraying on the productivity of the tubers potatoes. In the research hypothesis, it was assumed that macro- and microelements
contained in foliar fertilizers will affect the intensity of process of photosynthesis and transpiration in the field conditions, which in
consequence may affect the yield of potato tubers. The experiment was performed in randomized subblocks, in triplicate. In the study was
evaluated the effect of the spray of macro- and micronutrient fertilizers on the productivity of potato cultivars Jelly and Satina. Were tested
four fertilization variants: three technologies foliar fertilization and standard object, without foliar fertilization. Technologies foliar
fertilization had had a significant effect on the Total yield of tubers, the commercial yield of tubers, the yield of seed potato tubers. The
technology of foliar fertilization using: Basfoliar Extra 36, per 400 dm water on 1 hectare had significantly increased of the total yield of
tubers, the commercial yield of tubers, and yield of seed potato tubers. In the case of cultivars, Satina had a significant increase in share and
yield of total yield, commercial yield and yield of seed potato tubers over than Jelly cultivar.
Keywords: POTATOES, FOLIAR FERTILIZERS, JELLY, COMMERCIAL YIELD, SEED YIELD, SATINA, YIELD OF TUBERS

1. Introduction

2. Materials and methods

The potato (Solanum tuberosum L.) has a place with the most
important arable yields for the global economy. Potato is the third
largest food crop in the world regarding human consumption, and
the fourth place for production after maize, rice, and wheat
(FAOSTAT 2014). Potato is food for humans and animals, and
crude material necessary for the manufacture of food (e.g., French
fries, potato chips, and dehydrated potatoes) and starch industries
(Spooner and Knapp 2013). The present production of potato in the
worldwide adds up to more than 320 million tons, and for a long
time, it has been shown an upward trend (Kuta and Golab 2014; CIP
2014). More than a billion people worldwide consume potatoes
(Orozco-Cardenas et al. 2014; FAOSTAT 2014). According to Alva
et al. (2012), Kolodziejczyk (2013), Pszczolkowski and Sawicka
(2017), yields of potato tubers are variable, depending on a variety
(genotype) and production factors such as climate, soil, water
availability, agronomic practices, and nutrient management. One of
the most effective factors in plant growth and yield of potato tubers
is fertilization; without using it (chemical or organic) profitable
cultivars of potato cannot be produced and developed. Recently,
foliar fertilization of elements nutrients has become an important
technique in crop production, while soil fertilization is the basic
method (Alam et al. 2010). That is why to use foliar fertilization to
correct nutritional deficiencies in plants, which has potential
advantages over soil application; it may increase the efficacy of
fertilizer use (Silberbush 2002). Foliar fertilization is more efficient
than soil fertilization for both macro and micronutrients in different
soil types regarding yield (Arif et al. 2006). Liew (1988) found that
the foliar fertilization of micronutrients to be 6-20 times more
efficient than soil fertilization, depending on a soil type. Use of
Mixed liquid fertilizers will provide to crops the primary (N, P, K)
and secondary nutrients (Mg, Ca, S) and micronutrients (B, Mn, Zn,
Fe, Mo, Cu) (Wadas and Dziugiel 2013). Therefore, the main part of
a modern potato cultivation technology is foliar fertilization in form
of multi-component fertilizers.
The study to determine the effects of foliar fertilizers used in the
form of spraying on the productivity of the tubers potatoes. In the
research hypothesis, it was assumed that macro- and microelements
contained in foliar fertilizers will affect the intensity of process of
photosynthesis and transpiration in the field conditions, which in
consequence may affect the yield of potato tubers.

The field experiment was conducted in 2015-2017 in The
Experimental Station for Cultivars Evaluation in Uhnin, Lublin
Province (51°34' N, 23°02' E). The experiment was set up following
the randomized blocks method in a subsidiary system (split-splitplot) in three replicates. The first order factor was 2cultivars of
potatoes belonging to different classes of earliness: Satina − medium
early and Jelly − medium late. The second order factor were 4 foliar
fertilization technologies: A) Suplofol mikro ZM + Suplofol mono
Mn + Suplofol mono B + Magnesium sulphate; B) Suplofol mikro
ZM + Suplofol mono Mn + magnesium sulphate; C) Basfoliar Extra
36; D) standard object − without foliar spraying, treated with clean
water. The forecrop of potato in 2015-2017 was: barley, rape and
triticale. In the autumn of each year preceding planting, winter
plowing was carried out to a depth of about 27 cm. In the spring
field harrowing was carried out, and then NPK fertilizers were sown
and mixed with a cultivating aggregate to a depth of 12 cm. Mineral
fertilizers: potassium, phosphorus and sulfur were applied to the soil
in quantities: 39.3 kg P ha-1, 112.1 kg K ha-1 and 15.8 kg S.ha-1. The
amount of mineral fertilization was determined on the basis of soil
fertility in these components. Nitrogen fertilizers were sown in the
spring too in the amount of 90 kg N ha-1 (27 kg Polifoska + 63 kg
Urea). Reproductive material of potato in the class degree C / A was
manually planted, annually in the spring, in the third decade of
April, at the spacings of 67.5 x 37 cm, according to the scheme of
experience. Foliar fertilizers were used in accordance with the
recommendation of the producers 3 or 4 times starting from phase
BBCH 39 (crop cover complete: about 90% of plants meet between
rows) to BBCH 79 (nearly all berries in the Nth fructification have
reached full size or have been shed), the amount of usable liquid
was 400 dm.ha-1. No adhesion promoters were used. A battery
sprayer equipped with flat spray nozzles with an outflow of 0.350.65 dm was used to perform the treatments. min-1 and a pressure of
0.1-0.2 MPa. During the potato vegetation, treatments were
according to principles of Good Agricultural Practice. Plant
protection against diseases, pests and weeds was carried out in
accordance with the IOR-PIB recommendations and the principles
of Good Agricultural Practice. The harvests of potato tubers were
made in the period of technical maturity, at the mid of September.
At the time of harvest, the potato tuber crop, as well as its structure,
was determined. Statistical analysis of the results was based on the
model of three-factor analysis (ANOVA) and also using the multiple
t-Tukey's tests.
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1,32%), which means that these results are credible and great
confidence can be given to experimental data (Table 4).

3. Soil and meteorological conditions
The results of soil granulometric analysis and some
physicochemical properties of soil are presented in Table 6. The
experiment was carried out on sandy loam soil type. According to
percentage content of sand, silt and loam fraction, this is a
granulometric subgroup – clay sand (light soil). The soil content in
assimilable components was as follows: phosphorus and magnesium
very high (21.0 mg P2O5.100 g-1 soil, 7.03 mg Mg.100 g-1 soil),
medium in potassium (11.9 mg K2O.100 g-1 soil), in copper medium
(7.02 mg Cu.kg-1 soil), in manganese, iron and zinc also medium and
was respectively 273.8 mg Mn.kg-1 of soil, 3761.7 mg Fe.kg-1 of
soil, and zinc the average was 45.96 mg Zn.kg-1 of soil. In case of
boron, the average was high, about 6.17 B.kg-1 of soil (Table 2). The
average acidity of the soil, in a solution of KCl, in 2015 and 2016
was 5.92 pH - 5.77 pH; these values allowed the classification of the
experimental soil as slightly acidic soil, while natural acid soils in
2017 had 6.6 pH. The humus content in the arable layer was low and
formed at 0.94 - 1.06%.

Table 3. Influence of foliar fertilization, cultivars and years of cultivation on
total yield of potato tubers
Foliar
Cultivars
Years
Average
fertilization Satina
Jelly
2015
2016
2017
47.09c
A
48.79
44.96
40.28
50.39
49.95
47.67 b
B
48.53
46.90
41.17
51.17
50.81
49.61 a
C
49.76
48.27
41.61
53.77
51.68
46.86d
D
48.53
44.77
38.74
51.00
50.22
Average
48.90a
46.23b 40.45c 51.58a 50.66b
47.81
HSD0.05
Fertilization (F) – 0.37; cultivars (C) – 0.18; Years (Y) – 0.29
F x C – 0.74; Y x F – 1.11
A – Suplofol micro ZM + Suplofol mono Mn + Suplofol mono B +
Magnesium sulphate; B – Suplofol micro ZM + Suplofol mono Mn +
Magnesium sulphate; C - Basfoliar Extra 36; *D – standard object without
foliar fertilization

Application of foliar fertilization significantly differentiated the
yield of tubers. The highest effect of this treatment, in the form of
tuber yield increase, was achieved in the object with foliar
fertilization Basfoliar Extra 36, for which the yield of tubers was
higher than in the standard object (Table 3). Another application that
caused significantly increase: Suplofol micro ZM + Suplofol mono
Mn + Magnesium sulphate and the lowest increase in yield were
observed with Suplofol micro ZM + Suplofol mono Mn + Suplofol
mono B + Magnesium sulphate . Objects with foliar fertilizers
Suplofol micro ZM + Suplofol mono Mn and Suplofol mono B +
Magnesium sulphate proved to be homogeneous in terms of the
value of this feature (Table 3).
The genetic characteristics of the cultivars examined were the
most important factors influencing the yield. Satina was the most
fertile one, the least Jelly cultivar (Table 3). Atmospheric conditions
in the years of research significantly determined the yield. The
highest yield was obtained in 2016, while the lowest in 2015 (Table
3).
The cultivars tested showed a differentiated response to foliar
fertilization (Table 3). Satina cultivar responded most favorably to
foliar fertilizers. Application of Basfoliar Extra 36 increased higher
than the standard object, then Suplofol micro ZM + Suplofol mono
Mn + Suplofol mono B + Magnesium sulphate increased 0.5%. In
the case of the combination of Suplofol micro ZM + Suplofol mono
Mn + Magnesium sulphate fertilizers, a decrease in total yield was
observed compared to the standard object (figure 1). In the case of
Jelly cultivar, the application of foliar fertilizers contributed to a
significant increase in yield, with Basfoliar Extra 36, then Suplofol
micro ZM + Suplofol mono Mn + Suplofol mono B + Magnesium
sulphate, but the total yield of this cultivar was decreased when used
with fertilizers of Suplofol micro ZM + Suplofol mono Mn +
Magnesium sulphate compared to the standard object.

Year

Table 1. Physical and chemical properties of soil in Uhnin, (2015 – 2017)
Content of assimilable
Macronutrients
[mg.100 g-1 Soil]
P2O5
K2O
Mg

Humus
content
[%]

pH
[KCL]

Micronutrients content
[ mg.100 kg-1 soil]
Cu

Mn

Zn

Fe

B

2015

20.1

13.1

7.8

0.94

5.92

7.51

318

40.1

3760

7.24

2016

18.9

10.9

7.0

1.06

5.77

4.92

337

56.7

3925

5.28

2017

24.0

11.8

6.3

1.03

6.6

8.99

166

41.1

3600

6.04

Mean

21.0

11.9

7.03

1.02

6.09

7.02

273.8

45.96

3762

6.17

Source: Own experiment results, which made in the Laboratory Central of
Agro-Ecological (CLA), the University of Life Science in Lublin

In order to characterize the thermal and humidity conditions, the
data from the Meteorological Station in Uhnin were used to
characterize the thermal and humidity conditions in Uhnin (Table
10). The values of hydrothermal coefficient of Sielianinov are given
10 p , where: P − sum of
by the formula (Skowera et al. 2014):
k

t

the monthly precipitation in mm, Σt − monthly total of air
temperature >0ºC
Monthly totals of temperature were obtained by multiplying the
average air temperature by the number of days in a month. The
month classification was based on the Sielianinov coefficient
suggested by Skowera et al. (2014). This made it possible to isolate
extremely dry and extremely wet conditions.
Table 2. Rainfalls, air temperature and hydrothermal coefficient of
sielianiniv, during the growing season of potato, according to the
meteorological station in Uhnin (2015-2017)
Month
IV
V
VI
VII
VIII
IX
Mean

Rainfalls
[mm]
2015
2016
2017
62
47
52
120
46
66
47
87
23
45
114
132
6
41
27
130
12
83
-

-

-

Air temperature
[°C]
2015
2016
2017
8.8
10.0
8.1
12.8
15.3
13.7
16.7
19.1
18.3
19.4
20
19.4
21.4
19.5
20.3
15.5
15.5
14.8
15.8

16.7

15.8

2015
2.3
3.0
0.9
0.8
0.1
2.8
1.7

Sielianinov’s
coefficients
2016
2017
1.6
2.1
1.0
1.5
1.5
0.4
1.8
2.2
0.7
0.4
0.3
1.9
1.2

60,0

50,0

40,0

1.4
t/ha

Ranges of values of this index were classified according to Selianinov* as:
extremely dry − k  0.4; very dry − 0.4  k  0,7; dry − 0.7  k  1.0; fairly
dry − 1.0  k  1.3; optimum − 1.3  k  1.6; fairly humid − 1.6  k  2.0;
wet − 2.0  k  2.5; very humid − 2.5  k  3.0; extremely humid − k 3.0. .

Satina
Jelly

30,0

20,0

4. Results and discussions

10,0

4.1 Yield of tubers

0,0
A

The average yield of tubers in the experiment was 44.90 t.ha-1,
and it can be considered high, because it exceeds twice the national
yield. This feature was influenced by all factors of the experiment
(Table 4). The use of multifactorial variance analysis also allowed
for calculating the combined coefficient of variation (CV) or relative
standard deviation (RSD) [%] for each variable potato in total. The
coefficient of variability (CV or RSD), that is the measure of a
random variability in analysed experimental results, was low (CV =

B

C

D

HSD

Fertilization

Figure 1. Influence of foliar fertilization and cultivars on total yield of
tubers; Explanations as in table 3
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4.2. Share and yield of commercial potato tubers

50,00
45,00

The tuber yields in the experiment were high and amounted to
41.88 t.ha-1 an average and the share of commercial tubers was
93.19%. The coefficients of variation (RSD  relative standard
deviation) for the share of commercial tubers in yield and
commercial yield were very low (0.32 and 1.32%, respectively,
which indicates very small variability of results in the conducted
experiment (Table 4). All foliar fertilizers significantly altered the
share of commercial tubers in the total yield of potato tubers.
Fertilizer Basfoliar Extra 36 resulted in significant increase in the
share of commercial tubers yield as compared to the standard object.
In the remaining combinations of fertilizers, share of commercial
yields of tubers were significantly higher than standard object, but
Suplofol micro ZM + Suplofol mono Mn + Magnesium sulphate and
Suplofol micro ZM + Suplofol mono Mn + Suplofol mono B +
Magnesium sulphate and standard object were homogenous
referring to this feature (Table 4).

40,00
35,00

t/ha

30,00

20,00
15,00
10,00
5,00
0,00
A

A
B
C
D
HSD 0.05
Satina
Cultivars
Jelly
HSD 0.05
2015
2016
Years
2017
HSD 0.05
Average
RSD [%]

Foliar
fertilization

Share of
commercial tubers
[%]
92.60 b
92.42 b
95.20 a
92.53 b
0.18
93.62 a
93.27 b
0.18
92.69 b
94.62 a
92.25 c
0.14
93.19
0.32

B

C

D

HSD 0.05

Fertilization

Figure 2 Influence of foliar fertilization and cultivars on the commercial
yield; Explanations as in table 3

4.3. Share and yield of seed potato tubers

Table 4. Influence of foliar fertilization, cultivars and years of
cultivation on the commercial yield and the share of commercial
potato tubers
Factors of the experiment

Satina
Jelly
HSD

25,00

The share of seed potatoes in the total yield was 91.38%, with
an average yield of 41.03 t.ha-1 (Table 5). Foliar fertilization
significantly increased the share of seed potatoes in the total yield.
The greatest positive impact of foliar fertilization on the
participation of seed potato fraction was found with fertilizer
Basfoliar Extra 36. Application of fertilizers Suplofol micro ZM +
Suplofol mono Mn + Suplofol mono B + Magnesium sulphate and
Suplofol micro ZM + Suplofol mono Mn + Magnesium sulphate,
have affected the reduced fraction of tubers in the yield as compared
to the standard object; the effect of using these fertilizers was
homogeneous. The genetic traits of cultivars tested had significant
effect on the share of seed potatoes in the total yield. The largest
share of tubers of this fraction was recorded in Jelly cultivar. The
smallest share of seed potatoes was characterized by Satina cultivar
(Table 5).

Commercial yield
of tubers
[t. ha-1]
41.15 b
41.32 b
44.47 a
40.60 c
0.34
45.52 a
43.21 b
0.34
36.20 c
46.22 a
43.23 b
0.27
41.88
1.32

Table 5. Effect of foliar fertilization, cultivars and years on the
share of seed potatoes in the total yield and their yield

A – Suplofol micro ZM + Suplofol mono Mn + Suplofol mono B + Magnesium sulphate;
B – Suplofol micro ZM + Suplofol mono Mn + Magnesium sulphate; C - Basfoliar
Extra 36; *D – standard object without foliar fertilization

Factors of the experiment
A
B
C
D
HSD 0.05
Satina
Cultivars
Jelly
HSD 0.05
2015
2016
Years
2017
HSD 0.05
Average
RSD [%]

Foliar
fertilization

The smallest share of commercial yield was produced by Lord
cultivar, while the highest value was obtained by Satina cultivar,
followed by Jelly and Vineta cv. The highest value of this feature
was obtained in 2016 and the lowest in 2017 (Table 4). Application
of foliar fertilization had significant positive effect on the share of
commercial tubers in the total yield. The greatest positive effect on
commercial yield was due to the fertilization with Basfoliar Extra
36, which brought an increase in the value of this feature by 9.5%,
in relation to the standard object. The effect of fertilization with
foliar fertilizers Suplofol micro ZM + Suplofol mono B + Suplofol
Mono Mn + Magnesium sulphate was homogeneous, meanwhile
foliar fertilization with Suplofol micro ZM + Suplofol mono Mn +
Magnesium sulphate turned out to be homogenous. Among tested
cultivars, Satina produced the largest yield of commercial tubers,
then Jelly. Meteorological conditions during the study period
significantly influenced the mass of commercial tubers. The highest
share of tubers of this caliber was observed in 2016, while the
lowest in 2015 (Table 4).
Satina cultivar reacted with a significant increase in the yield of
commercial tubers due to fertilizers Suplofol micro ZM + Suplofol
mono Mn + Suplofol mono B + Magnesium sulphate (1.7%), as
compared to the standard object (where foliar fertilization was not
used). Suplofol micro ZM + Suplofol mono Mn + Magnesium
sulphate has significantly increased the commercial yield of Jelly by
4.6%. The response of cultivars to the Basfoliar Extra 36 fertilizers
was the most significant increase than other fertilizers: Satina 5.7%
and Jelly 11.2% (Figure 2).

Share of seed potato
in the total yield
[%]
90.49 c
90.74 b,c
93.28 a
91.02 b
0.45
90.26 c
92.46 a
0.45
91.63 b
92.21 a
90.31 c
0.36
91.38
0.80

The yield of seed
potato
[t.ha-1]
40.18 b,c
40.53 b
43.53 a
39.89 c
0.38
43.86 a
42.75 b
0.38
35.80 c
44.98 a
42.31 b
0.30
41.03
1.49

A – Suplofol micro ZM + Suplofol mono Mn + Suplofol mono B + Magnesium sulphate;
B – Suplofol micro ZM + Suplofol mono Mn + Magnesium sulphate; C - Basfoliar
Extra 36; *D – standard object without foliar fertilization

Meteorological conditions during the study period significantly
influenced the share of seed potatoes. The highest share was
observed in 2016, while the lowest in 2017 (Table 5).The highest
yield of seed potatoes was found in plants using fertilizers Basfoliar
Extra 36, followed by Suplofol micro ZM + Suplofol mono Mn +
Magnesium sulphate and Suplofol micro ZM + Suplofol mono Mn +
Suplofol mono B + Magnesium sulphate. The yield of the seed
fraction in all combinations was significantly higher than on the
standard object (without foliar fertilization), except the application
of Suplofol micro ZM + Suplofol mono Mn + Suplofol mono B,
which was homogeneous with standard object . Among the cultivars
tested, the highest yield of seed potatoes was produced by Satina
cultivar, followed by Jelly. In 2016, the highest yield of seed
potatoes was recorded, while the lowest in 2015 season (Table 5).
Application of foliar fertilization had a significant effect on the
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yield of seed potatoes for potato cultivars. Fertilizer Suplofol micro
ZM + Suplofol mono Mn + Suplofol mono B + Magnesium sulphate
gave rise to the yield of seed potatoes, Satina whereas in Jelly
cultivar, value of this feature decreased. Suplofol micro ZM +
Suplofol mono Mn + Magnesium sulphate for Jelly cultivar, resulted
in an increase, but negative effect was observed for Satina cultivar.
In case of application using fertilizer Basfoliar Extra 36, the highest
yield of seed potatoes for all tested cultivars was recorded, and the
highest production of seed from these cultivars was shown by Satina
cv. (Figure 3).
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IMPACT OF MAGNETIC TREATMENT OF TOMATO AND ONION SEEDS ON
THEIR PRODUCTIVITY
R. Kireva, M. Mihov –
Institute for Soil Science, Agrotechnology and Plant Protection “N.Pushkarov”, Sofia
Email: r.kireva@abv.bg
ABSTRACT: To determine the effect of magnetically treated seeds on the productivity of tomatoes and onion in the area of the Sofia field
experimental experiments were carried out with variants with magnetically treated seeds and variants without magnetic treatment of the
seeds. Irrigation has been dripped in optimum irrigation mode. The yields obtained with the processed tomato seeds in tomatoes are up to
22% higher than those of untreated and onion onions to 28%, respectively.
KEYWORDS: MAGNETIC FIELD, TOMATOES, ONION, IRRIGATION REGIME, DRIP IRRIGATION


Introduction
In many countries with developed agriculture from Europe, Asia
and America, studies have been conducted on the impact of
magnetic fields on plant objects.
Traditional crop yields have been found to be able to grow through
pre-sowing treatment of seeds with electrical (Amaya JM, 2000),
magnetic (Carbonell MV, 1996) and electromagnetic
(Aladjadjian.A, 2002, ChoE.G ., 1992) fields. The electromagnetic
impact to the seeds allows to manipulate to a certain extent their
generic qualities (Amaya J.M., 1996, Boe A.A.,). Magnetic field
cultivation increases germination and sprout cohesiveness in
difficult seed crops and leads to an increase in their biological
potential (Aladjadjian, A., 2002) and proves that the magnetic field
has the greatest impact on germination and overall
simultaneousness of seed germination.
The magnetic field has a positive effect on the pre-sowing treatment
of crops’ seeds. It was found that in the pre-sowing electromagnetic
treatment of sunflower and cotton seeds, resulted in an increase in
the yields from 142 to 158% (cotton 12 to 33%) (Palov, Iv. et al
1998, 2008) and electric field treatment of one-year old onion seeds
has achieved a 9% increase in seed germination. (Palov., Et al.,
1983). The possibility of stimulating effect of the development of
vegetable seeds (tomatoes, pepper and cucumbers) has been
demonstrated after their pre-sowing treatment in the electrostatic
field and in alternating discharge field (Kuzmanov Em., N.
Nedyalkov, 2010)
In the laboratory, it has been found that the magnetic field has a
positive effect on pre-sowing seed treatment of different crops. As a
result of magnetic field treatment, positive results have been
obtained, related to increase of germination energy, acceleration of
the process and simultaneous germination, formation of good levels
of basic substances in some crops.
In order to determine the effect of magnetically processed seeds on
agricultural crop yields, field trials were conducted. These tests are
necessary to check the results obtained in laboratory conditions.
The aim of the study is to investigate the influence of magnetically
treated seeds on the productivity of onion and tomatoes grown in
drip irrigation and under optimal irrigation regime.

Variation 1 - 100% irrigation rate with magnetically
treated seeds

Variation 2 -100% irrigation rate without magnetic
treatment of seeds (pure seeds)
The trials were conducted with block method in four replicates and
the irrigation was carried out by a drip irrigation installation. The
drip irrigation wings are selected according to the contours of
humidification of the chromic luvisols, the distance between the
drippers is 0.30 m, with an effluent water of 2 l / h.
Water application rate is calculated with the following
formula:







m 10.H.  T от ППВ   Т пр.вл. .K.K1 ,
Where : m is water application rate amount in mm;
α – the bulk density of the soil in gr/cm3;
Н –active soil layer depth in m (in the experiment Н =
0,5 m);
δт from WHC – water holding capacity in % to
absolute dry weight of soil;
δт пр. вл – pre irrigation soil humidity in % to absolute
dry weight of soil;
К – the coefficient of reduction of the water application
rate, taking into account the occupied area of the plants in 1 dka. In
the experiment K = 0.52.5, ie. 52.5% of the area is irrigated
The soil is chromic, slightly sandy-loam in the ore layer, formed on
the base of an old deluvial cone of dense materials. It is poorly
stocked with nitrogen, on average with phosphorus and well with
potassium. On average, for the 0 - 0,50 m layer, the soil has the
following water - physical properties: WHC 22,1%, wetting point 12,3% on the weight of the absolutely dry soil, volume weight with
WHC - 1,47 g / cm3. For the soil layer 0 - 100 mm, the same
indicators have the following values: WHC - 21.8%, fwetting point
- 12.3% and volume weight - 1.50 g / cm3. The soil is suitable for
cultivation of raspberry.
Magnetic seed treatment is done when placed in a ring by magnets
that generate a magnetic field. The seed stay is established by a
laboratory method by a team from NIMES - Sofia. The developed
device for magnetic processing of agricultural materials ensures the
fulfillment of the assigned expositions, changes of the magnetic
field poles and simultaneous uniform processing of the material.
(Kapashikov., G, N. Nedyalkov et al 2010)
The measurement of the magnetic field values is carried out using a
special Gauss-Teslameter type CYHT201, to which there is a probe.
In the first stage for generating a magnetic field, a coil with
corresponding parameters is used.

Materials and methods
The studies for determining the influence of magnetically treated
seeds on the on-farm productivity of onion and tomatoes were
carried out on the field of Chelopechene at the Institute of Soil
Science, Agrotechnology and Plant Protection "N. Pushkarov, Sofia
in 2014-2017. The cultivation technology is in line with the current
agro-ecological requirements, (Mitova Iv., 2004). The following
options have been tested:
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Fig. 1 Laboratory equipment for magnetic seed treatment
With the additionally incorporated in the circuit autotransformer rheostat type. ATL - 9 "Techenergo" sets different values of the coil supply
voltage. The current and voltage values are measured with an ammeter and a multimeter type 8885141.
Results
Meteorological characteristics of the experimental years in the Chelopechene- Sofia region.
Table 1 Rainfall during the crops’ growing season
Total rainfall, mm
Periods
2014

2015

2016

2017

m. ІV - ІХ

630

321

234

231

average multi-annual

365

291

345

343

m. V -VІ

148

167

136

129

average multi-annual

156

124

117

-

In the years 2014-2017, the provision of rainfall over the average of
the 60-year series in the growing season of the crops (April to
September) characterizes three very dry and one wet years. The
lowest rainfall fell in 2017 (231 mm), respectively 2016 (245mm),
and 2015 (321mm), and most in 2014 (630mm). The rainfall during
the vegetation of the crops is unevenly distributed, which led to the
realization of irrigations during the growing season of the crops
(Table 1). In terms of air temperature, the years are warm.
Sowing tomatoes and onions was done during the first ten-day
period of march and the ripening of the fruits of tomatoes occurred
on 07.08 and the first harvest was made on 07.09. The harvesting of
onions was done in the first ten days of August.
Tomatoes and onions grown with pure seeds (untreated) developed
with two weeks delays compared to cultures grown by magnetic
seed treatment.

Irrigation regime
The plants need for moisture varies in the process of vegetation.
The size and timing of the irrigations depends on the quantity and
distribution of rainfall during the growing season. They depend on
the water-physical properties of the soil, the crops’ needs of water
and the dynamics of meteorological factors.
During the growing season of the tomatoes from June to September,
23 pots with water application rate of 19.5 m3 / ha and irrigation
rate of 450 mm were made at surface position of the irrigation
wings, depending on the parameters of soil humidity. With the
onions, the water application rates were implemented during the
period March-August, with 6 irrigations with water application rate
of 15 mm.
Results obtained for the influence of magnetically treated seeds on
growth and susceptibility of tomatoes and onions.
From the conducted experimental results have been obtained for the
weight and diameter of onion head. The data show that the highest
elevation was achieved by the weight of one onion - 26% (Table 2),
and the tomatoes up to 40% (Fig. 1), and the least is the increase of
the diameter - 14%. Table 2).
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Year

Magnetictreated seeds

Unprocessed
seeds

1 average weight of 1 onion bulb in gr
2014
130
95,0
2015
91,6
71,1
2016
110,5
83,0
2. average diameter of 1 onion bulb in mm
2014
79
62
2015
65
56
2016
72
68
3. average weight of 5 onions gr
2014
650,0
447
2015
455
355
2016
552
549
4. Yields of onion kg/da
2014
3200
2340
2015
2880
2184
2016
3040
2055

Table 2 Biometric indicators of onions per year and average for the period 2014-2016
Increase over nonMedium
Medium
Increase over nonmagnetic variation
Magnetic
Nonmagnetic
in %
Seeds
Magnetic
variation in %

27
23
25

110,7

83

26

14,0
14,0
14,0

72,0

62

14

17,0
17,0
17,0

552

450

18

27,0
25,0
27,0

3040

2193

28

Table 3 Yields of tomato and onion
Variants
Crops

100 % М pure seeds
100 % М magnetic treatment

Crops
Tomatoes
кg/dka

%

onion кg/dka

%

4581
5800

100
22

2193
3040

100
28

The yields of the two tested variants change when the seeds are
processed with a magnet. The data from (Table 3) show that the
highest yields in the soil-meteorological conditions for the Sofia
field were obtained in the variants with magnetic treatment of the

Fig.2. Magnetic seed treatment

seeds. An increase of the yield of tomatoes with the magnetic
treatment of seeds variant to 22%, with onion to 28% has been
achieved.

Figure 3. Unprocessed seeds
3. Magnetically processed seeds have also improved the biometric
performance of crops. The increase in the average weight of a
tomato fruit reaches 13%, on onions to 26%.

CONCLUSIONS
From the studies carried out by magnetic treatment of tomato and
onion seeds, the following conclusions can be drawn:
1. Magnetic treatment of seeds affects the growth and productivity
of crops grown.
2. The highest yields in the soil-meteorological conditions for the
Sofia field were obtained in the variants with magnetic treatment of
the seeds in both crops irrigated under optimum irrigation regime.
An increase of tomato yield to 22% and onion to 28% was
achieved.
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