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Study of the oscillation processes of a front-mounted haulm harvester when it moves on
the inequalities of the ground surface
V. Bulgakov1*; O. Trokhaniak1; I. Holovach1; Z. Ruzhylo1; Ye. Ihnatiev2; O. Dubrovina1
1
National University of Life and Environmental Sciences of Ukraine, Kyiv, Ukraine
2
Dmytro Motornyi Tavria State Agrotechnological University, Ukraine
*
E-mail: vbulgakov@meta.ua
Abstract. In the article the calculated mathematical model of oscillations of the haulm-harvesting machine frontally attached to a wheeled
tractor is constructed. A nonlinear differential equation is obtained, which describes the oscillations of a haulm-harvesting machine in the
longitudinal-vertical plane during the movement of its pneumatic copying wheels along the unevenness of the soil surface. On the basis of
the received theoretical results rational constructive and kinematic parameters of the front-mounted hoisting machine which provide
decrease in amplitude of the specified fluctuations are defined. So, at translational speed of movement of the haulm-harvesting unit
V = 3.0 m∙s–1, the amplitude of oscillations of the rotor of the haulm harvester decreases in 1.2...1.5 times in comparison with height of
roughnesses of a surface of the field ho = ± 0.04 m. At the amplitude of oscillations of the lower ends of the knives of the rotary cutting
device up to 4 cm, the loss of the tip does not increase significantly. However, when increasing the values of the amplitude of these
oscillations to 7 cm or more, the loss of the branch increases significantly and the maximum values of which exceed 12%.
KEYWORDS: HAULM, ROTARY CUTTING MACHINE, TRACTOR, OSCILLATIONS, DIFFERENTIAL EQUATIONS, RATIONAL
PARAMETERS
To determine the influence of structural and kinematic
parameters of the haulm harvester, frontally mounted on the
aggregating wheel tractor, on the vibrations in the longitudinalvertical plane of the pre-implement, it is necessary to build its
mathematical model, that is to make the differential equations of
its oscillatory motion.
For this purpose, analytically consider the movement of the
haulm harvester over the irregularities of the ground surface in the
longitudinal-vertical plane, which most significantly affects the
uniformity of cutting the haulm from the heads of root crops.
Based on [1], first of all, we make an equivalent diagram of the
movement of a wheeled aggregating tractor mounted frontally on
a halm harvester (Fig. 1).
In this case, we will show the harvester in an equivalent
diagram in its two positions, when the copying wheels in front of
the machine only run over the uneven surface of the ground and
when they are already on the top of this uneven surface.
As shown in Fig. 1 haulm harvester is connected to the
aggregate tractor by means of two lower thrusts OK and one
upper thrust DM the hitching mechanism of the implement
tractor, which has pivots at the points of О, D, M and K. The radii
of the copying wheels and the cutting device are denoted by r
and r1 . The mass of the entire harvesting machine is denoted by

1. Introduction
The use of frontally hinged haulm harvesters with rotary haulm
cutters, which carry out a pore-free cut, as well as a significant
increase in working speeds of their movement cause intensive
oscillations of these haulms in the longitudinal-vertical plane, which
not only reduces the quality of cutting heads in general, but also
causes significant losses of the haulm. Therefore, there is a need for
analytical determination of the influence of kinematic and
construction parameters of the mower, frontally mounted on a
wheeled tractor, on the amplitude of oscillations in the longitudinalvertical plane of the haulm cutting unit.
Front-mounted haulm harvesters are widespread in many beetgrowing countries. However, fundamental analytical studies of their
oscillatory motion over irregularities in the soil surface are virtually
non-existent. In [1], a theoretical study of the vibrations of a
frontally mounted mower harvester using the initial equations in the
Lagrange form of the 2nd kind is given. However, this work does
not take into account all the forces acting on this dynamic system,
so the resulting mathematical model of its motion is not adequate to
the real process. Applying the same technique [2], we can build a
more accurate mathematical model of the movement of this
machine on the uneven ground surface, which will allow us to study
the influence of its construction and kinematic parameters on the
considered movement along the lines of sugar beet roots.
The aim of the study is the theoretical substantiation of the
construction and kinematic parameters of the front-mounted on the
wheeled aggregating tractor rotary machine, ensuring its stable and
steady movement in the longitudinal-vertical plane.

M ; the mass of the two copying wheels – through т  т1  т2

(where т1 – the mass of the first copy wheel, т2 – mass of the
second copying wheel). Mass m of the both copy wheels on the
equivalent circuit will be centered at the point B.

2. Materials and Methods
To ensure stable and steady movement in the longitudinalvertical plane of the rotary haulm harvester, frontally mounted on
a wheeled aggregating tractor, a new universal haulm harvester
was developed, which performs the technological process on the
principle of a mower-shredder. This machine uses a rotary topper
in which the cutting blades are pivotally mounted on the drive
drum, have an arc-shaped form and, when rotating in a
longitudinal-vertical plane, provide a non-supporting, copiless cut
of the main mass of the haulm across the entire width of the
capture [3-11].
It should be noted that the quality performance of the
technological process of harvesting the haulm will be determined
by the stability of the movement of its rotary cutter in the
longitudinal-vertical plane, the efficiency of copying the
unevenness of the ground surface in the area of its width, as well
as the overall construction parameters, including the parameters of
the connecting mechanism of the aggregating tractor.

Figure 1. Equivalent scheme of a front-mounted harvesting
machine on a tractor
Let's represent pneumatic copying wheels in the form of elasticdamping models with the total rigidity coefficient 2с and the total
damping coefficient 2  .
At the same time the pneumatic copying wheel, moving in
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where M – weight of the haulm harvesting machine, kg; V – the
speed of translational motion of the center of mass of the machine,
m∙s–1.
I 2
(5)
T2  oy ,
2
where I oy – the moment of inertia of the frame of the harvester relative

interrows of crops of sugar beet and crumpling the top most loose
layer of soil, contacts with roughness of a surface of a field in a
point А . In addition, the irregularities of the ground surface (in a
smoothed state) can be represented in the form of a harmonic
function, i.e. by such analytical expression [3]:

2 x 
(1)
h  ho 1  cos
,
l1 

where h – the ordinate of the height of the unevenness of the soil
surface, m, ho – half the height of the unevenness of the soil

to the axis Oy , which is perpendicular to the longitudinal-vertical plane
and passes through the point O , kg∙m2;  – angular velocity of
rotation of the machine frame, s–1.
mz 2
,
(6)
T3 
2
where m – weight of copying wheels kg; z – speed of vertical
oscillations of copying wheels m∙s–1, або:
mL2   2
,
(7)
T3 
2
and
I 2
,
(8)
T4  k
2
where I k – moment of inertia of the copy wheels relative to the
axis of rotation (total for both copy wheels), kg∙m2;  – angular
rotation speed of the copying wheel, s–1.
Substituting expressions (4), (5), (7), and (8) into expression
(3), we obtain the final expression for determining the kinetic
energy of the considered dynamic system:
2
MV 2 I oy
m  L2   2 I k 2
.
(9)
T



2
2
2
2
The potential energy P of this dynamic system will be equal to
the work of the elastic deformation forces of the pneumatic tires of
both copying wheels and therefore defined by the following
expression:
(10)
P  c  L2   2 ,
where c – coefficient of stiffness of pneumatic tires of the copying
system wheels, N∙m–1; L – distance from the axis of the harvesting
machine suspension (point О ) to the axis of its copying wheels
(point B ), m.
We define the dissipative function R of this dynamic system
through the viscous drag force, which is proportional to the velocity
of displacement, and therefore equal to:
(11)
R    L2   2 ,
where  – the damping coefficient of the copying wheels, N∙s∙m–1.
These viscous resistance forces are also due to the pneumatic
tires of the copying wheels of the haulm harvesting machine.
Determine the necessary partial derivatives that are included in
the expression (2).
The first partial derivative of kinetic energy T on the
generalized speed  equal:
T
(12)
  I oy  m  L2  ,

then
d  T 
2
(13)
   I oy  m  L  .
dt   
Given that:
T
(14)
 0,

we obtain that the left-hand side of equation (2) is equal to:

surface, m, l1 – step of unevenness of the soil surface, m; x  Vt –
current coordinate, m; V – forward speed of the haulm harvester,
m∙s–1.
Let us further characterize the influence of the forces shown in
the equivalent diagram (Fig. 1) on the occurrence of vertical angular
oscillations of the haulm harvester frame when it moves over
irregularities of the ground surface. The main forces in this case are
normal N and tangent f N soil reactions applied at the point A
contact of the copying wheel with the ground. Here f – coefficient
of resistance to rolling of the copying wheel on the soil surface.
These forces are external active forces that are transmitted to the
frame of the harvesting machine from the surface of the ground. It
should be noted that each copying wheel performs deformation of
the ground while moving in the inter-row of sugar beet crops.
The force of gravity also has a significant effect on the angular
oscillations of the frame G of the harvester that attached to its
center of mass (point C).
Also at point E the resistance reaction Rk of the rotor cutter is
acting against the cutting of the haulm, as shown in the equivalent
diagram. In addition, along the lower link OK of the hitch the
tractor pulling force FT acts from point K to point O , and along
the upper link DM of the hitch the pulling force ST acts from
point D to point M , which also have a certain effect on the
oscillating process under consideration. To take into account the
elastic-damping properties of the tires, it is necessary to determine
the potential energy P and the dissipative function R of this
dynamic system.
We will use differential equations of motion in the form of
Lagrangian form of type II [2] to compose the differential equations
of motion of the harvester mounted on the aggregating wheel tractor
over the unevenness of the soil surface.
d  T  T
P R
,
(2)
 Q 



dt    
 
wghere T – kinetic energy of the considered dynamic system;
Q – generalized force; P – potential energy of the system;

R – dissipative function (Rayleigh function);  – generalized
coordinate;  – generalized speed.
Further, we define the components included in equation (2). The
kinetic energy T of this dynamic system consists of kinetic energy T1
of the forward motion of the haulm harvester, the kinetic energy T2



angular movement of the machine frame around the point О , kinetic
energy T3 of vertical oscillations of its copying wheels and kinetic
energy T4 of rotation of the pneumatic copying wheels around the axes
on which they are mounted. Therefore, in general, kinetic energy T
will be equal:

d  T  T
  I oy  m  L2  .


dt    

4

T   Ti  T1  T2  T3  T4 .



(3)

i 1

Determine the values of the components included in expression
(5). Accordingly, they will be equal:
MV 2
,
(4)
T1 
2

(15)

Similarly, we find partial derivatives for potential energy P
and for dissipative function R . We have:
P
(16)
 2c  L2   ,
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and



R
(17)
 2  L2   .

Further, we define the generalized force Q on the generalized



coordinate  . To determine the generalized force Q we use the

G  l  cos    ST  OO   ,

fN , Rk , G and ST relative to the point O respectively
(Fig. 2).
Then the generalized force Q by angular coordinate  equal:
N,

 A
  N  BS  fN  TO  Rk cos   EN 
(19)

G  l  cos  ST  OO.
This generalized force Q is actually the sum of the algebraic
Q 

moments of all active forces with respect to the point O , acting on
the given dynamical system.
We determine the necessary arms of all the forces in expression
(19). As can be seen from Fig. 2:
BS  L  cos(   ) ,
(20)
where  – the angle of inclination of the tangent to the cosine given by
the expression (1).
It is known that the tangent of the angle of inclination tangent to
the curve h  f ( x ) at this point is equal to the derivative of the
equation of this curve on the variable x at this point, ie: tan  hx .
Given expression (1), we obtain:
2 ho
2 x
hx 
 sin
,
(21)
l1
l1
then:
 2 ho
2 x 
  arctan 
 sin
(22)
.
l
l1 
 1
Next, from Fig. 2 we get the value of the other shoulders:
TO  r  L  sin     ,
(23)

 N  L  cos(   )  fN  r  L sin     
(29)
 Rk  EN  cos  G  l  cos  ST  OD  cos      0.

However, the angles  and  , included in equation (29)
depend on time, so it is convenient to consider the time moment t ,
when thhe angles  and  equal to zero. As can be seen from Fig.
2, this is the moment of time t when the copying wheel is on a
horizontal surface, for example, at the maximum point of the cosine
(1). Then at   0 and   0 from expression (29) we obtain:

N  L  fN  r  Rk  EN  G  l  ST  OD  cos  0 . (30)
Next, from equation (30) we find the value of the desired
normal reaction N :
G  l  Rk  EN  ST  OD  cos
.
(31)
N
L f r
By determining the coordinate  of the angular displacement
of the haulm harvester frame by solving differential equation (27),
we can determine the vertical displacement of the rotor blade of the
haulm harvester (point E , Fig. 2) at any time moment t by the
following expression:
zE (t )  l2  (t ) ,
(32)

(24)

Substituting expressions (20), (23) and (24) into expression
(19), we obtain the value of the generalized force Q , that equal:
Q   N  L  cos(   )  fN  r  L sin     
 Rk  EN  cos  G  l  cos  ST  OD  cos     ,

(27)



G  l  cos   ST  OD  cos      .


Thus, the nonlinear differential equation (27) is obtained with
respect to the unknown generalized coordinate  , which is a
computational mathematical model of the movement of a frontally
attached wheeled aggregating tractor harvester.
The initial conditions for the differential equation (32) are as
follows:
(28)
at t  0 :   0 and   0 .
Differential equation (27) with initial conditions (28) can be
solved on a PC by the adapted Runge-Kutta method in the
MathCAD system.
However, the resulting system of differential equations (27)
includes the unknown normal reaction N , acting from the ground
on the copying wheels, as well as Rk force of resistance to shearing
the haulm.
In first approximation, the normal reaction N can be
determined by the equality to zero of the algebraic sum of the
moments of all forces acting on the system relative to the point O .
Such an equation can be obtained from equation (27) provided that
Q  0 . We will have:

(18)

where BS , TO , EN  cos  , l  cos and OO – shoulders of force

OO  OD  cos     ,


1
 N  L  cos(   ) 
I oy  m  L2 



 fN   r  L sin       Rk  EN  cos  



expression for the elementary work of active forces on a possible
displacement  . We will have:

 A   N  BS    fN  TO    Rk cos  EN   

2 L2
c      
I oy  m  L2

(25)

where EN , OD – set constructive parameters.
Next, substituting expressions (15), (16), (17), (25), in equation
(2), we obtain:
 I oy  m  L2   2c  L2    2  L2   

where l2 – distance from the attachment point M of the knife to

  N  L  cos(   )  fN   r  L sin      
(26)
 Rk  EN  cos   G  l  cos   ST  OD  cos     .

the frame to the point О of the harvester's suspension to the lower
link OK .
The vertical displacement of the center of mass (point С ) of
the haulm harvester can be determined from the following
expression:
zС (t )  l  (t ) ,
(33)

The obtained differential equation (26) is a differential equation
of angular oscillations of the harvester frame in the longitudinalvertical plane.
We transform the system (26) into the following form:

where l – the distance from the vertical axis passing through the
point С , to the point О .
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3. Results and discussions
When making numerical calculations on a PC, the forward
speed of the tractor with which the harvester is coupled, varied from
V = 10 km∙h–1 and V = 12 km∙h–1. Different values of the moment
of inertia of the harvester were also used I oy (taking into account
the weight of the haulm inside the machine), which depend on M –
mass of the harvester ( M = 948 kg) and L – distances from the
copying wheels axis to the point О of the suspension ( L = 1.8 m)
(Fig. 2). In the calculations were selected several values of moments
of inertia: from I oy = 30 kg∙m2 to I oy = 60 kg∙m2.
For calculations and numerical modeling on PC the initial
constructive and kinematic parameters of the three-row haulm
harvester, frontally mounted on a wheeled tractor, are the following:
the weight of the machine and the haulm inside the machine
G = 9300 N; weight of copying wheels Gk  Gk1  Gk 2  480 N;

Figure 3. Dependence of the oscillation amplitude A of the
rotor of a haulm harvester on the unevenness of the ground surface
l at different speeds of the machine: 1 – V1 = 1.5 m∙s–1;

weight of copying wheels m  m1  m2  48.9 kg; the distance
from the axis of suspension of the machine to the axis of the cutting
device l2  1.1 m and to the center of mass l  0.8 m; stiffness
coefficient of pneumatic tires of copying wheels 2с = 4000 N∙m–1;
damping coefficient of pneumatic tires of copying wheels
2  = 150 N s∙m–1; half the height of the unevenness of the soil
surface hо = 0.04 m; step of its inequality l1 = 0.7 m; coefficient of

2 – V2 = 2.0 m∙s–1; 3 – V3 = 2.5 m∙s–1; 4 – V4 = 3.0 m∙s–1

friction f = 0.3; the total cutting force of the haulm Rk = 300 N;
normal reaction N = 4117 N; the radius of the rotor of the cutting
machine r1 = 0.3 m; copy wheel radius r = 0.368 m; effort in the
upper thrust ST = 209 N and lower FT = 1750 N of the hinged
mechanism.
The results of numerical simulation on PC based on the
developed mathematical model are shown in Fig. 2-4.
The graph shown in Fig. 2 shows that, at the initial moment of
the harvester's motion, the amplitude of angular oscillations of the
frame reaches a significant value (up to 0.02 rad). However, later,
due to the inertial properties of the oscillating masses, this
amplitude decreases and the oscillatory process stabilizes.
The graphical dependencies shown in Fig. 3 show that
increasing the width of the main tillage unit, which forms a cosine
profile of the soil surface, as well as improving the quality of the
subsequent preparation of the field surface significantly reduces the
oscillations of the front-mounted on the tractor harvester, especially
at the speed of this harvester unit up to 2.5 m∙s–1.
The graphs shown in Fig. 4 show that the frequency of
oscillations of the haulm cutting rotor in the longitudinal-vertical
plane will not exceed 22 s–1 in the whole range of agrotechnical
speeds of the harvesting machine at a step of inequalities greater
than 0.9 m.

Figure 4. Dependence of the frequency  of forced
oscillations of the shear rotor in the longitudinal-vertical plane of
the harvester on the pitch of the uneven ground surface l at different
speeds of the machine: 1 – V1 = 1.5 m∙s–1;
2 – V2 = 2.0 m∙s–1; 3 – V3 = 2.5 m∙s–1; 4 – V4 = 3.0 m∙s–1
To verify the compliance of the theoretical calculations with the
real process, as well as to determine the losses of sugar beet haulm
during harvesting with the given haulm harvester, its experimental
research in the field directly during the harvesting of the haulm was
carried out. For this purpose, the harvester was equipped with
appropriate instruments and experimental equipment to record the
amplitude of vertical oscillations of its rotary cutting apparatus,
progressive speed of the machine, also equipment was prepared to
measure and record the uncut haulm residues on the heads of root
crops, prepared scoring sections.
According to the developed methodology, the study of the
quality indicators of the harvesting machine front-mounted on the
tillage wheeled aggregating tractor was carried out in fivefold
repetition for each mode of operation.

4. Conclusion
1. It has been established that the harvester mounted frontally
on a wheeled aggregating tractor makes angular oscillations in the
longitudinal-vertical plane when moving over the irregularities of
the ground surface, which are kinematic disturbances.
2. On the basis of the differential equation in the Lagrange form
of the 2nd kind the nonlinear differential equation of the angular
oscillations of the frame frontally mounted on the aggregating
tractor wheel of the rotary type, which represents a mathematical
model of its motion is obtained.
3. Numerical simulation of angular vibrations in the
longitudinal-vertical plane of the frame frontally attached to the
wheeled aggregating tractor of the rotary tillage machine showed
that the given vibrating system is able to damp the disturbing
effects from the unevenness of the soil surface under the assumed
construction parameters. Thus, at the forward speed of the haulm

Figure 2. Dependence of the angular coordinate  oscillations of
the frame of the hoeing machine from time to time t at the initial
moment of movement
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harvester, V = 3.0 m∙s , the amplitude of oscillations of the rotor
of the haulm harvester decreases in 1.2...1.5 times in comparison
with height of roughnesses of a surface of a field ho = ± 0.04 m.
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Justification of the improved technological process and development of the construction of
the cleaner of root tubers from impurities
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Abstract. The paper presents a new construction of a root ball cleaner from impurities, consisting of five wave-shaped working spirals,
which are given oscillatory movements with appropriate amplitudes and frequencies in the longitudinal-vertical plane. It allows to
considerably expand a working zone of separation of the potato heap arriving on clearing, and it will promote its better dispersion on a
working surface of the cleaner, more intensive destruction of ground clods, and consequently, improvement of sifting of ground and
vegetative admixtures and decrease of blocking of working spirals. All this ultimately increases the productivity and quality of the new root
crop cleaner from impurities. To carry out experimental studies of the new construction of the cleaner of potato roots from impurities, we
have developed a laboratory setup, which allows you to test and justify the basic constructional and kinematic parameters of this cleaner.
The process of cleaning of root crops from soil impurities and plant residues indicated cleaner is due to the movement of the heap coils
cantilevered spiral springs, which rotate at a certain angular velocity, and the oscillatory motion of the springs themselves, arising from
the deflection of their longitudinal axes. In this case, soil and plant impurities are sifted through the separating gaps and coils of spirals,
and the bodies of potatoes are transported by coils of spirals in the direction of the unloading conveyor. Calculations of the required
power for the drive of the laboratory unit showed that it does not exceed 1.3 kW.
KEYWORDS: POTATO HEAP, IMPURITIES, LABORATORY INSTALLATION, EXPERIMENTAL STUDIES.
Ukraine for the invention [9].
The spiral cleaner of root crops from impurities consists of the
main frame, the feeding conveyor, several (in this case five) drive
cleaning rollers, made in the form of cantilever spiral springs,
installed in such a way that between the spirals themselves are
formed mutual overlapping and separating gaps. The cantilever
spiral springs are fixed with one end on the hubs connected to the
drive shafts rotating in one direction.
The cleaning rollers, made in the form of spiral springs, are
arranged in the longitudinal-vertical plane in a wave-like form at
different heights, so that two longitudinally arranged cleaning
channels are formed. The helical windings of all spiral springs are
directed in the same orientation to their cantilevered ends. The
cleaning rollers are located inside a movable frame having a
rectangular shape, which is mounted on top of the main frame and
which has an inclination at an angle α to the horizon. An unloading
conveyor is connected to the other end of the movable frame. Flat
rectangular protective screens are fixed around the cleaning rollers
in the form of coil springs to prevent the loss of potato tubers.
Fig. 1 shows the structural diagram and general view of the
laboratory installation, developed and manufactured specifically to
conduct experimental studies of potato root cleaners from
impurities.

1. Introduction
Harvesting root crops is one of the important operations in the
technological process of its cultivation, which should be to ensure
high-quality cleaning of potato heaps from soil and plant impurities,
as well as cleaning the roots themselves from sticky soil, reducing
their losses and damage. At the same time, it is necessary that a
considerable mass of soil and other components of the pile (remains
of haulm, the roots, other plant residues) are immediately separated
from the rootstock during the digging of the potato layer or
immediately after it is lifted. Then a significant mass of the underripe heap will not fall together with tubers inside the rootharvester.
Many construction works and scientific research, both in Ukraine
and abroad, were devoted to the problem of creation and research of
reliable and efficient potato pile separators, which was reflected in
the works [1-8]. However, according to the analysis of numerous
studies, it was found that the existing potato harvesters with
different principles of action of cleaning tools do not fully meet the
above requirements. This is primarily due to sticking of cleaning
tools by soil and plant residues, because often during the harvesting
of potatoes the soil has a high moisture content and plasticity. It can
also cause considerable damage to the tubers and consequently
increase yield losses.
Considering the above, a spiral separator was developed, which
has the ability to actively self-clean from clumped soil, as well as
effectively capture and remove lumps of different sizes and shapes,
including plant residues. Specified potato root-cleaner from
impurities consists of five cleaning rollers, which are made in the
form of cantilever spiral springs, associated with the drive in a
rotary motion, with the mutual overlap and separating gaps are
formed between the spirals, as well as feeding and discharging
conveyor. preventing losses of potato tubers [9]. Also, the use of
five wave-shaped cantilever cleaning spirals allowed to expand the
separation working area, improve the quality of cleaning potato
tubers from soil impurities and plant residues and as a consequence,
increase the productivity of the potato pile cleaner.
To carry out experimental studies of the new construction of
root-cartato cleaner from impurities we have developed a laboratory
setup, which allows you to test and justify the basic construction
and kinematic parameters of this cleaner.
The aim of the work is to conduct experimental studies of potato
root cleaners from impurities on the basis of the development of a
new construction of the laboratory unit for the implementation of
these studies.

а

2. Results and discussions
To improve the quality and productivity of root harvesters, in
particular to increase the efficiency of separation of excavated from
the soil potato heap, we have developed a new construction of
potato root cleaner from impurities, which received a patent of

b
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с
Figure 2. Reciprocal arrangement of console spirals of laboratory
installation

Figure 1. Constructional diagram of the laboratory unit for the
study of potato root cleaners from impurities (a), side view of the
laboratory unit (b) and its general view (с)

In order to control the parameters of the separation process on
the main components of the device installed a number of sensors:
28-32. The process is implemented using the control panel 33.
The laboratory installation for research of purifiers of root crops
from impurity works as follows. A layer of soil with potato tubers is
fed to the loading tray 25, which is cut by the working bodies of the
potato harvester. The parameters of the formation are as follows:
height – 22 cm; width – 41 cm; length – 100 cm; tuber content –
2…5%.
The layer falls into the area of action of the drums 9, which
rotate in one direction, which ensures uniform distribution of the
potato heap on the working surface of the laboratory installation.
The working surface is formed by separators in the form of
cylindrical springs 10 mounted on the drums 9.
The speed of rotation of the separators (155…310 rpm–1), as
well as their placement in two rows ensures the process of
destruction of the formation and separation of potato tubers from
the soil. Tubers entering the working area of the separators are sent
to the storage area (tray 26) by means of coils of springs, and the
soil in the form of gunpowder and small lumps accumulates in tray
27.
The construction of the unit involves the implementation of a
number of factors that actively affect the separation process:
oscillation of the separators in the vertical plane, changing the
inclination of the working surface of the separators, changing the
length of the working surface.
The construction of the laboratory unit includes a number of
sensors to control the main parameters of the separation process:
sensor 28 – power, 29 – angle of inclination of the working surface;
30 and 31 – speed of driving and driven shafts of separators
respectively; sensor 32 – frequency and amplitude of oscillations of
the working surface.
Also the calculations of the power required for the drive of the
laboratory unit presented in this work were made. In this case, the
resistance force of the movement of potato pile on the entire

The laboratory installation consists of the main frame 1, on
which is movably mounted, with the help of the joint 2, the middle
frame 3. The joint 2 is installed in the front of the frame 3, and the
rear part of the frame movably connected with the lifting
mechanism consisting of a screw pair 4, guide 5 and drive 6.
On the frame 3, movably, with the help of elastic supports 7,
frame 8 is installed on which the working bodies – separators. Each
separator consists of a drum 9 and a cylindrical spring 10 attached
to it. The drum 9 is cantilevered to the shaft 11, which is installed in
the bearing body 12. The second end of the separator with the help
of the bracket 13 is supported on the slide bearing 14, the body of
which is mounted on the moving wall 15. In the lower part of the
wall is supported by elastic elements (not shown), and in the upper
part it is connected to the vibrator 16.
The spring 10 has the ability to move along the axis of the drum
9, thereby changing the length of the working surface of the device.
The cages forming the working surface of the cleaner are placed in
two rows and in such a way that the coils of the springs of the lower
10 row are between the coils of the similar springs of the upper row.
In this case, the wheelbase "a" remains constant, and the distance
"b" can vary within the value of Δ, which is equal to the diameter d
of the coil of the spring (Fig. 2).
The separator drive consists of an electric motor 17, a clutch 18,
a variator 19, a cylindrical transmission 20, which are mounted on
the frame 3. Torque from the cylindrical transmission to the drive
shaft 21 of the separators is transmitted by a flexible shaft 22. From
the drive shaft to the separator shafts of the upper row, the torque is
transmitted by means of a chain transmission 23, and the lower row
– by a chain transmission 24.
The device has a loading 25 and unloading 26 trays. In the
lower part of the device, under the working surface, there is a tray
27 for soil.
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working surface of the machine was taken into account, as well as
the maximum allowable speed of the tuber on its active working
surface and the overall efficiency factor.
The force of resistance to the movement of tubers on the
working surface was determined by taking into account the weight
of the heap and the total weight of the cleaning rollers, the
coefficient of friction of the sliding of the tuber on the separating
surface, the diameter of the pivot, on which the spiral spring is
mounted, the coefficient of friction rolling, the diameter of the
spiral spring.
The performed numerical calculations allowed to establish that
the force of movement of the potato heap on the cleaning surface of
the laboratory installation is 300…350 N.
If the maximum allowable speed of the tuber on the working
surface will not exceed 2.0 m∙s–1, the power to drive the installation
will be in the range of 1.1…1.3 kW.

3. Conclusion
1. A new construction of the laboratory installation for
experimental research of spiral type root cleaning machines,
which has five cantilevered purification spirals, located in a wavelike manner at different heights, which makes it possible to
expand the working area of potato cleaning and purification, has
been developed.
2. The specified laboratory installation will allow to
investigate experimentally influence of a number of factors on
work of cleaners of spiral type, and also to substantiate their
rational constructive and kinematic parameters at which
qualitative performance of technological process of cleaning of
working bodies and tubers of potatoes from sticky soil and
vegetable impurity at the minimum losses and damages bulbs.
3. Calculations of the required power to drive the laboratory
installation showed that it does not exceed 1.3 kW.
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Application of polymer composites in moving joints machines of the fat and oil industry
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Abstract: The expediency of using parts made of polymer composites in moving joints of machines in the oil and fat industry is shown. The
use of experimental moving joints provided an increase in the resource from 500 hours to 1080 hours minimum. Diagnostics of experimental
moving joints revealed that some of them have signs of transfer of the composite material to the steel shaft. This is explained by the following
factors: the presence of the transfer effect and operation at high temperatures of 140 °C. The operating modes of the equipment are
maintained. Most of the experimental parts made of polymer-composite material are in a running-in state, as wear has not been recorded in
them.
KEYWORDS: POLYMER-COMPOSITE MATERIALS, MOVABLE COUPLINGS, DURABILITY, OIL AND FAT INDUSTRY, SCREW
CONVEYORS

1. Introduction

3. Materials and equipment
The tribological properties of PCM during friction without
lubrication were determined on a friction machine of disc type (Fig.
1) according to the method [10].

Ensuring food safety is one of the primary tasks for any
country. The branch of processing of agricultural products occupies
the main place in solving the specified problem. For this purpose, at
processing enterprises, use a variety of equipment and equipment
that requires special conditions of use, which is related to work with
food products. Therefore, first of all, nessesery pay attention to
compliance with the safety requirements of the obtained products,
and only then to their cost price. Conveyors of processing
enterprises, depending on the characteristics of the transported
material and the conditions of the technological process, can be
divided into: inertial, suspended, scraper, plate, belt, screw, roller,
etc. [1]. Each of them has its advantages and disadvantages, but in
the oil and fat processing industry screw or screw conveyors have
become the most common.

2. Statement of the problem
Screw conveyors have become widely used in the production
and processing of oil and fat products. Their main advantage is the
simplicity of construction and low cost [1]. Most scientific research
is aimed at increasing the productivity of conveyors or the wear
resistance of their working bodies [2-4]. Production processes in oil
and fat industry shops involve the movement of technological
materials over considerable distances. Therefore, structurally, the
conveyors are made with a large number of bearing supports.
Theese bearing require careful maintenance in the form of periodic
maintenance, diagnostics or replacement. This leads to periodic
stops of transportation lines for planned and preventive repairs.
Such a system of operation of conveyors reduces the volume of
products produced by enterprises for a certain period.
The main elements of moving joints that require systematic
and frequent maintenance or replacement are bearing supports. In
the production of sunflower oil, screw conveyors are used, which,
according to the technological process, must transport sunflower
pulp at temperatures of 90...95 ºС and higher; the rotation frequency
of the conveyor shaft is 77 min-1; the distance between bearing
supports is 3 m; the productivity of conveyors is not less than 5 t/h.
This additionally imposes certain restrictions on the use of materials
for bearing assembly supports.
There are known solutions for the use of supports made of
wood in the indicated moving joints. The advantage of such
supports is their low cost, and the disadvantages include low
durability. In order to slightly increase the service life of the
supports, it is necessary to additionally heat-treat has been wooden
bearings in lubricants. However, this does not ensure compliance
with reliability requirements, and some of the wooden bearings fail
even before the regular maintenance according to the regulations,
which leads to an unplanned stoppage of production. One of the
ways to solve this problem is the use of structural materials capable
of operating in friction mode without lubrication at temperatures
above 95 ºС. At the same time, products of wear or friction of such
materials must be absent or be safe for use in the food industry. The
positive experience of using polymer composite materials (PCM) in
the construction of agricultural machines [5-7], industrial
production equipment [8] and the food industry [9] is known.

Figure 1 – Friction disc machine.
1 – electric motor; 2 – pulley; 3 – steel disk; 4 – cross; 5 –
lever; 6 – carbon plastic
Modes of operation: sliding speed of the sample on the metal
surface - 1.0 ... 2.5 m/s; pressure on the sample - 1.0 MPa; surface
roughness of the metal disc – Ra = 0.63 μm; the friction path is
10,000 m. The test was carried out under two additional conditions:
with removal of the transfer film from the surface of the metal disk
and without removal of the transfer film. As can be seen from fig. 2,
the temperature in the contact zone is lower than the friction
condition in the presence of the transfer film. This is explained by
the lower coefficient of friction on the film [5]. Thus, the operation
of PCM parts based on polyamide reinforced with carbon fibers
should not require additional care for the technical condition of the
shafts.
For the production of sliding bearings of screw conveyor
supports, PCM of our own production based on polyamide 6.6
reinforced with carbon fiber was chosen. This material is workable
at PV factor up to 2 MPa·m/s in friction mode without lubrication
and at temperatures in the friction zone up to 120 ºС. The material
was obtained on an experimental extruder equipped with two
dispensers (Fig. 3).
The extruder is made with two dispensers - for polymer
material and carbon fibers; with the help of a worm with a diameter
of 45 mm, the dosed mass is mixed and transported through four
heating zones. Then, through the die, the composite is pressed into a
bath with water, in which cooling is carried out, and then the
94

MECHANIZATION IN AGRICULTURE & CONSERVING OF THE RESOURCES ISSUE 3/2022

already cooled strands are crushed into granules on a granulator.
Residues of moisture from the obtained PCM were removed by
drying in a thermal cabinet at a temperature of 120ºС for at least 3
hours. The dried granules were processed into finished parts by the
method of pressure casting in a press mold on a hydraulic casting
machine (Fig. 4).

The technology of processing granules into products was
carried out under the following conditions: the pressure of injecting
the material into the mold was 11 MPa, the temperature of the melt
was 255...260 ºС, the temperature of the mold was 75...80 ºС, the
duration of exposure under pressure after filling the mold was no
less than 30 seconds.

4. Results of production tests
Experimental sliding bearings had the form of semi-annular
elements obtained by cutting a part (blank) of an annular shape (Fig.
5). The specified elements are installed as sliding bearings in the
supports of the screw conveyor, which was used to transport the
pulp of sunflower seeds for subsequent removal of oil from it.

Figure 2 – The influence of sliding speed and friction path on the
temperature of PCM in the contact zone along the film (- - -) and
without film ( )
Figure 5 – Experimental elements of the bearing supports of
the screw conveyor: a – part (workpiece) of a cylindrical shape
made of PCM; b – experimental sliding half-bearings
Experimental elements of bearing support of the screw
conveyor worked for 1080 hours without maintenance or failures.
After their defecting, a partial transfer of PCM to the conveyor shaft
of those supports located in the pulp supply area after heating was
recorded. This may indicate a violation of the technological process
of heating the transportation product (pulp) according to the
temperature criterion. It was established that the temperature in the
contact zone of the bearings was up to 135...140 ºС. After
dismantling the supports with experimental sliding bearings, our
was found that it had wear of up to 0.1 mm, which indicates that
they were in a running-in condition. The resource of such minimum
elements is increased by 2.5...3 times, compared to elements made
of wood. The technological mode is maintained. The proposed
technical solution is protected by a Ukrainian utility model
patent [11].
It was established that additional heat treatment of PCM parts,
in a lubricant environment, does not significantly affect the amount
of wear and strength characteristics, compared to untreated parts.
Therefore, the specified technological operation was not carried out
for other batches of parts made of PCM.

Figure 3 – Experimental extruder

5. Conclusions
The workability of PCM, based on polyamide 6.6 reinforced
with carbon fiber, as a structural material for the elements of the
bearing supports of the screw conveyor of the oil and fat industry
has been proven.
The developed materials have significant corrosion resistance
and do not damage steel welded parts, even under friction
conditions without lubrication. The use of experimental parts makes
it possible to realize the construction of bearing supports that do not
require maintenance during the entire period of their operation.
The production of such bearings does not require significant
expenditure of resources, and their use allows to increase the
service life of bearing units by 2.5...3 times compared to the use of
standard elements made of steel or wood.

Figure 4 – PL-32 injection molding machine
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Influence of different forms of sulphur fertilizers on the content of mineral nitrogen in the
soil and productivity of winter wheat
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Abstract: The research was performed in 2019-2020 LAMMC at Rumokai Experimental Station of the Lithuanian Research Centre for
Agriculture and Forestry. The soil was calcaric luvisol, the granulometric composition was a silt loam on clay Winter wheat, after
resumption of vegetation fertilized UAN-32 (control), Leader 24-6 and KAS-32 + Thio-Sul (N12S26). Nitrogen active substance: 60 + 60 +
30. Mineral nitrogen in the soil was investigated twice: during the grain milk stage of wheat and after harvest. In the grain milk stage in
2019 Leader 24-6 reduced mineral nitrogen by 6.7-47.6 %, UAN-32 + Thio-Sul – 21.6-28.7 %. 2020 – 58.0-42.3 % and 26.3-19.8 %
(depending on the number of uses). After harvesting, mineral nitrogen was found in the fields where sulfur fertilizers were used 5.13-49.2 %
less than in the control fields. The use of Thio-Sul had a positive effect on protein content.
KEYWORDS: SOIL NITROGEN, SULPHUR FERTILIZERS, WINTER WHEAT, GRAIN YIELD.
Leader 24-6 + Leader 24-6 + UAN-32; 4) UAN-32 with Thio-Sul+
UAN-32+UAN-32; 5) UAN-32 with Thio-Sul + UAN-32 with
Thio-Sul + UAN-32. Fertilizer rates were N60+60+30
Composition UAN-32 is N total 32 % including N-NO3 – 8 %, NNH4 – 8 %, N-NH2 - 16 %. Leader 24-6 is N total 24 % including
N-NO3 – 8 %, N-NH4 – 5 %, N-NH2 - 11 % and S – 6 %. Thio-Sul
is N-NH4 - 16 % and S S2O3 – 35 %. Thio-Sul was mixed with
UAN-32 ratio 1:10.
The plants were fertilised in spring following the renewed
vegetation at growth stage BBCH 25-27 (tillering phase), for the
second time at BBCH 30-31 (beginning of the stem elongation), and
for the third time at BBCH 39 (flag leaf stage). Plant protection
products were used as needed.
In 2019, the winter wheat was harvested on 30 July. In 2020, it was
harvested on 10 August.
Before harvesting, crop samples were taken from four spots of each
plot within 0.25 m2 area for determination of biometric indicators:
plant density, total number of productive stems, number of grains
per ear, and 1000 grain weight. During harvesting, the grain
collected from each experimental plot was weighed separately,
grain moisture content and cleanness were determined. Winter
wheat grain yield was expressed in moisture of 14% and absolutely
clean mass. The crude protein content in grain was determined
using the Kjeldahl method – it was obtained by multiplying the total
nitrogen by 6.25, starch content was determined using a
polarimeter, wet gluten – by washing the dough using the Perten
Instruments‟ Gluten Index method (Glutomatic System specified in
EN ISO 21415-1), sedimentation – by the Zeleny test (ISO 5529),
mass per hectolitre was determined by means of a HLM device
compliant to ISO 7971-2.
The experiment was conducted on the Calcaric Luvisol (according
to WRB, 2014). Soil texture was silt loam on loam and heavy clay
loam. The pHKCl value in the 0–20 cm soil layer was 5.9–6.4,
humus – 1.91–2.33%, i.e., the values were low and average. The
content of P2O5 was 148–165 mg kg-1, which was average, and that
of K2O was 200–216 mg kg-1 – high.
Soil pHKCl was determined in 1 M KCl extraction using
potentiometric method (ISO 10390), ratio 1:5, P 2O5 and K2O – by
the Egner-Riehm-Domingo (A-L) method, humus – using a carbon
analyser after dry combustion compliant with ISO 10694, where the
organic carbon concentration was multiplied by 1.724. Nmin content
was determined in 1 M KCl extraction in air-dry samples (ratio 1:5)
using flow analysis (FIA) and spectrometric. Mineral nitrogen
(nitrate and ammonia) was determined at winter wheat growth stage
BBCH 65 and after harvesting
Weather conditions. 2018–2019 season. September was dry and
warm. In October–November, the daily mean temperature values
were 1.4°C and 0.6°C higher than the SCN, and the soil moisture
was normal due to sufficient rainfall in October. The winter in that
region was warm and mild, the average daily temperature was
0.03°C in December, −4.1°C in January, 1.8°C in February, and
3.9°C in March. The mean air temperature was 8.4°C in April and
12.5°C in May and those values were favourable for plant growth.
The plants survived under drought conditions from April to the

1. Introduction
Nitrogen (N) is one of the main nutrient elements for plants that
ensure high crop yields [15]. Therefore, the optimal use of nitrogen
is important in modern agriculture [2]. Improperly used nitrogen
leaches out into groundwater or evaporates into the atmosphere and
adversely affects the biosphere – soil, groundwater, atmosphere,
plants – and, through them, both humans and animals. Nitrates are
form of nitrogen that is most dangerous for the environment
because as much as 90–98% of nitrogen is leached from the soil in
the form of nitrates. Nitrogen compounds also contribute to the
greenhouse effect and destroying the ozone layer [13].
The amount of nitrogen in the soil depends on many factors:
intensity of fertilising with mineral and organic fertilisers and their
mineralisation, granulometric composition of the soil, species
composition of cultivated plants, crop rotation applied, tillage,
terrain, rainfall, and drainage system [6, 16]. The concentration of
nitrates can also increase due to nitrification imbalance, rapid
mineralisation, excessive amount of fertilisers, high ambient and
soil temperature, high amount of organic matter, slow plant
development, and infiltration properties of the upper soil layer [10,
16].
One of the ways to reduce nitrogen losses is to balance the
nutrients used. Sulphur is especially important for nitrogen
metabolism because it is an essential part of the enzymes involved
in nitrogen metabolism [1].
Sulphur deficiency may disrupt the growth and development of
plants and slow down protein synthesis, causing a decrease in yield
and deterioration of its quality [3]. Many researchers report positive
effects of this chemical element on cereals [4, 7, 8, 9, 11, 14].
Sulphur deficiency reduces the efficiency of nitrogen fertilisers and
nitrogen assimilation in plants. In addition, sulphur, by improving
nitrogen assimilation, should improve nitrogen absorption from the
soil and reduce nitrogen losses. However, claims found in the
literature vary widely. Some researchers claim that sulphur has no
or only a negligible effect on nitrogen assimilation, while other
sources claim that the synergistic effect of this element on nitrogen
assimilation is significant, especially at higher concentrations of
nitrogen [5].
The aim of the study is to determine the influence of different forms
of sulphur on the concentration of mineral nitrogen in the soil in the
winter wheat crop and the effect on wheat grain yield and quality.

2. Objects and methods
The field experiment was conducted in 2019-2020 at the Rumokai
Experimental Station of the Lithuanian Research Centre for
Agriculture and Forestry. Winter wheat (Triticum aestivum L.)
cultivar „Janne‟ was growing, it was sown on 11 09 2018 and 18 09
2019. Winter wheat was fertilised complex fertiliser NPK 5-21-36
was used, treatment rate – 300 kg ha-1. In the spring, the winter
wheat was fertilised according to the following scheme: 1) UAN-32
+ UAN-32 + UAN-32; 2) Leader 24-6 +UAN 32 + UAN-32; 3)
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second 10-day period of May, depleting moisture reserves
accumulated after the winter, however, during the last week the
plants felt moisture scarcity and plant leaves appeared wilted in the
daytime. It rained profusely in the second half of May, and
eventually the precipitation fell in the form of heavy rainfall. June
was hot and not rainy. The mean daily temperature of that month
was 20.4°C or 4.8°C higher than the SCN, and the precipitation was
only 25.7 mm (SCN – 50 mm). During that period, the plants felt a
lack of moisture again. During the first ten days of July, 60.6 mm of
precipitation fell, and that was enough to restore moisture reserves
in the soil. In the second and third 10-day periods, there was little
rainfall, and the weather was warm which allowed normal grain
ripening in ears. 2019–2020 season. It was 1–3°C warmer than
usual in September–November 2019 and the monthly precipitation
rate reached 44–47 mm, only in November the rainfall was lower –
13.2 mm. The sown winter wheat germinated evenly, and the plants
were 8–12 cm tall by December. The moisture of the soil ploughing
layer ranged from normal to dryish; however, at that time water
evaporation was slow and moisture was sufficient for the plants.
The winter was unusually warm: the mean daily temperature values
in December–February was 2.8–2.9°C, and it was a little colder in
March – 1.8°C. The winter wheat overwintered well, and its
condition remained almost unchanged during the winter until the
beginning of April, when its growth resumed. April and May were
cool, however, the amount of precipitation varied significantly: only
2.1 mm in April and 93.8 mm in May. Dry March and almost
rainless weather in April dried up the soil; therefore, the plants felt a
lack of moisture and were less tillered in the second half of April.
Rainy May restored soil moisture reserves, and an even rainier June,
when 129.4 mm of rain fell during the month, led to excess
moisture in that month and facilitated the high spread of leaf
disease. July and the first 10-day period of August were cool,
slightly humid and favourable to grain formation in ears.
The data of the research were evaluated using the dispersion
analysis method (ANOVA) with the SELEKCIJA software package
[12].

Table 1. Influence of different forms of sulphur fertilizers on
mineral nitrogen content mg kg-1 in the soil in winter wheat crop
stage BBCH 65
Treatments
1. UAN-32
UAN-32
UAN-32
2. Leader 24-6
UAN-32
UAN-32
3. Leader 24-6
Leader 24-6
UAN-32
4. UAN-32+Thio-Sul
UAN-32
UAN-32
5. UAN-32+Thio-Sul
UAN-32+Thio-Sul
UAN-32
LSD05

BBCH 65
2019
2020

After harvesting
2019
2020

16,26

13,06

19,45

20,66

15,16

5,48

15,56

17,62

8,52

7,54

7,27

19,60

12,74

9,63

15,53

15,68

11,59

10,48

9,88

16,41

4,220

3,219

3,059

4,187

The influence of sulphur fertilisers on the grain yield and its
constituent productivity elements (productive stems, the number of
grains per ear, the thousand-grain weight) was non-uniform. In
2019, all the sulphur fertilisers applied reliably increased the
number of productive stems (Table 2.). Meanwhile, in 2020, only
two applications of Thio-sul fertiliser reliably increased the number
of productive stems. Leader 24-6 even reduced the number of
productive stems. Only Thio-sul fertiliser applied twice and only in
2019 had a significant positive influence on the number of grains
per ear.
No effect of sulphur fertilisers on the thousand-grain weight was
found (Table 3.). The application of Thio-sul fertiliser had no
significant effect on the grain yield, while Leader 24-6 fertiliser
even reduced the grain yield. This might be the effect of dry and
warm weather at the time of spraying, which caused the plants to
burn after spraying and use nutrients for leaf regeneration rather
than for crop formation.

3. Results and discussion
At the milk-ripe stage, in the 0–60 cm soil layer, mineral nitrogen
ranged from 8.52 to 16.26 mg/kg in 2019 and from 5.48 to 13.06
mg/kg in 2020 (Table 1). In both years of the studies, the
application of sulphur fertilisers reduced the amount of mineral
nitrogen in the soil. In 2019, the lowest concentration of mineral
nitrogen (8.52 mg/kg) was found in fields where Leader 24-6 was
used for the 1st and 2nd fertilisation, while in 2020 the lowest
concentration of mineral nitrogen in the soil was determined after
using Leader 24-6 only once, for the first fertilisation. On the other
hand, very similar results were obtained after two fertilisations with
Leader 24-6. After the use of Thio-sul sulphur fertiliser, the
concentration of mineral nitrogen in the soil was also lower
compared to the reference fields but the reduction was not so
pronounced. Comparing 2019 and 2020, the same trends as when
using Leader 24-6 fertiliser were found: in 2019, the concentration
of mineral nitrogen decreased the most after using sulphur fertilisers
twice, while in 2020, after one use.
After harvesting, in the 0–60 cm soil layer, mineral nitrogen ranged
from 7.27 to 19.45 mg/kg in 2019 and from 15.68 to 20.66 mg/kg in
2020. The increase of mineral nitrogen in the soil, compared to the
concentration of nitrogen at the milk-ripe stage of wheat, was
caused by warm weather with a sufficient amount of precipitation,
which promotes the mineralisation and nitrification of soil organic
matter. In 2019, the effect of sulphur fertilisers on mineral nitrogen
in the soil after harvesting was significant in all the fields. After
using sulphur-containing fertilisers twice, their influence was
particularly strong: the levels of mineral nitrogen found were 62.6–
49.2% lower compared to the fields fertilised only with UAN. In
2020, a reliable reduction of mineral nitrogen in the soil was
obtained only in the fields that were fertilised with Thio-sul.

Table 2. Influence of different forms of sulphur fertilizers on
productivity indicators of winter wheat
Treatments

1. UAN-32
UAN-32
UAN-32
2. Leader 24-6
UAN-32
UAN-32
3. Leader 24-6
Leader 24-6
UAN-32
4. UAN-32+Thio-Sul
UAN-32
UAN-32
5. UAN-32+Thio-Sul
UAN-32+Thio-Sul
UAN-32
LSD05
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Number of
productive stems
per m2
2019
2020

Number of grains
per ear
2019

2020

587

610

41,4

46,3

627

591

41,8

45,6

615

572

41,0

44,8

657

630

41,7

44,9

676

661

44,4

46,7

28,68

35,92

2,20

1,94
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Table 3. Influence of different forms of sulphur fertilizers on 1000
grain weigh and grain yield
Treatments

1. UAN-32
UAN-32
UAN-32
2. Leader 24-6
UAN-32
UAN-32
3. Leader 24-6
Leader 24-6
UAN-32
4. UAN-32+Thio-Sul
UAN-32
UAN-32
5. UAN-32+Thio-Sul
UAN-32+Thio-Sul
UAN-32
LSD05

1000 grain weight
g
2019
2020

2. Beeckman F., Motte H., Beeckman T. Nitrification in agricultural
soils: impact, actors, and mitigation. Current Opinion in
Biotechnology, 50. 2018. P. 166-173.
3. Camberato J., Casteel S. Sulfur deficiency. Soil Fertility Update.
Agronomy Departament, Purdue University, West Lafayette. 2017.
P. 1-6.
4. Dostalova I., Hrivna L., Kotkova B., Burešova I., Janečkova M.,
Šottnikova V. Effect of nitrogen and sulphur fertilization on the
quality of barley protein. Plant, Soil and Environment, 61. 2015. P.
399-404.
5. Fazli I. S., Jamal A., Ahmad S., Masoodi M., Khan J.S., Abdin
M. Z. Interective effect of sulphur and nitrogen on nitrogen
accumulation and harvest in oilseed crops differing in nitrogen
assimilation potential. Journal of Plant Nutrition, 31. 2008. P. 12031220.
6. Goloran J. B., Chen C. R., Philips I. R. Forms of nitrogen alter
plant phosphorus uptake and pathways in rehabilitated highly
alkaline bauxite processing residue sand. Land Degradation and
Development, 28. 2017. P. 628-637.
7. Hayat Y., Hussain Z., Shad Khan Khalil S. K., Khan Z. H.,
Ikramullah, Ali M., Shah T., Shah F. Effect of nitrogen and foliar
sulphur applications on the growth and yield of two wheat varieties
grown in Northern Pakistan. ARPN Journal of Agricultural and
Biological Science, 10 (4). 2016. P. 139-145.
8. Klikocka H., Cybulska M. Sulphur and Nitrogen Fertilization of
Spring Wheat. Mineral Fertilization of Spring Wheat. Sarrbrucken,
LAP Lambert Academic Publishing. 2014. 122 p.
9. Klikocka H., Cybulska M., Barczak B., Narolski B., Szostak B.,
Kobiałka A., Nowak A., Wójcik E. The effect of sulphur and
nitrogen fertilization on grain yield and technological quality of
spring wheat. Plant Soil Environ., 62. 2016. P. 230-236.
10. Masclaux-Dauresse C., Daniel-Vedele F., Dechorgnat J.,
Chardon F., Gaufichon L., Suzuki A. Nitrogen uptake, assimilation
and remobilization in plants: challenges for sustainable and
productive agriculture. Annals of Botany, 105. 2010. P. 1141-1157.
11. Olfs H. W., Fuchs M., Ortseifen U., Schintling-Horny L.,
Chappuis A., Zerulla W., Erdle K. Schwefel-Düngung effiziert
gestalten. Fachzentrum Land- und Ernährungwirtschaft. DLG 373,
5. 2012. P. 4-26 (in German).
12. Raudonius S. Application of statistics in plant and crop
research:important issues. Zemdirbyste-Agriculture, 104 (4). 2017.
P. 377-382
13. Smith W. N., Grant B. B., Desjardins R., L., Kroebel R., Li C.,
Qian B., Worth D. E., McConkey B. G., Drury C. F. Assessing the
effects of climate change on crop production and GHG emissions in
Canada. Agriculture, Ecosystems and Environment, 179. 2013, P.
139-150.
14. Staugaitis G., Brazienė Z., Marcinkevičius A., Maţeika R.,
Antanaitis Š., Staugaitienė R. Spring barley as affected by nitrogen
and sulphur fertiliser rates calculated using different diagnostic
methods. Ţemdirbyste-Agriculture, 101 (4). 2014. P. 373-380.
15. Wang J., Wang D., Zhang G., Wang Y., Wang C., Teng Y.,
Crstie P. Nitrogen and phosphorus leaching losses from intensively
managed paddy fields wit straw retention. Agricultural Water
Management, 141. 2014. P. 66-73.
16. Ţičkienė L., Staugaitis G., Maţvila J., Masevičienė A., Narutytė
I. Mineral nitrogen content fluxes in different texture soils on a
rolling to hilly landscape. Ţemės ūkio mokslai/Agricultural
Sciences, 22. 2015. P. 198-208. (in Lithuanian)

Grain yield
t ha-1
2019
2020

37,15

39,79

7,042

7,127

36,92

39,30

6,608

6,527

38,47

40,85

6,693

6,166

37,69

40,34

7,331

6,971

36,16

39,12

7,235

7,253

1,631

1,205

0,370

0,196

An increase in protein in grain was found only after the application
of Thio-sul fertiliser (Table 4.). The wheat fertilised with Leader
24-6 in both years of the studies produced grains of quality lower
than that of the wheat fertilised with UAN (reference fields).
Table 4. Influence of different forms of sulphur fertilizers on protein
content of winter wheat grains
Treatments
1. UAN-32
UAN-32
UAN-32
2. Leader 24-6
UAN-32
UAN-32
3. Leader 24-6
Leader 24-6
UAN-32
4. UAN-32+Thio-Sul
UAN-32
UAN-32
5. UAN-32+Thio-Sul
UAN-32+Thio-Sul
UAN-32
LSD05

2019

2020

13,07

11,87

12,27

10,93

10,67

10,50

13,17

11,85

13,17

12,60

0,624

0,410

4. Conclusion
Application of sulphur fertilizers together with nitrogen fertilizers in
the winter wheat crop reduced the content of mineral nitrogen in the
soil. In the grain milk stage in 2019 Leader 24-6 reduced mineral
nitrogen by 6.7-47.6 %, UAN-32 + Thio-Sul – 21.6-28.7 %. 2020 –
58.0-42.3 % and 26.3-19.8 % (depending on the number of uses).
After harvesting, mineral nitrogen was found in the fields where
sulfur fertilizers were used 5.13-49.2 % less than in the control
fields.
The influence of sulphur fertilizers on winter wheat grain yield was
not determined in this study. The use of Thio-Sul had a positive
effect on protein content.

5. Reference
1. Ahmad S., Fazli I. S., Jamal A., Iqbal M., Abdin M. Z.
Interactive effect of sulphur and nitrogen on nitrate reductase and
ATP-Sulphurylase activities in relation to seed yield from Psoralea
corylifolia L. Journal of Plant Biology, 50. 2007. P. 351-357.
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Influence of grandma's teeth compost (tribulus spp.) on the distribution of soil
microorganisms
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Abstract: The influence of compost from grandma's teeth (Tribulus spp.) оn the distribution of main groups of microorganisms in two soil
types - Alluvial - meadow and Cinnamon forest soils was tested. Three levels of fertilization were applied, and soil microorganisms were
reported on days 15, 30 and 45 after compost application. It was found that the most suitable for expression of soil biological activity is the
introduction of compost in the content of 5% -10%.
Keywords: ALLUVIAL-MEADOW SOIL, CINNAMON FOREST SOIL, MICROORGANISMS, COMPOST
ourselves the goal of testing the potential of applying a waste
product of Tribulus spp. as compost.

1. Introduction
The demand for sustainable agriculture requires an active
involvement in the production of soil improvers that ensure an
increase in fertility. One of the often applied approaches is the
creation and incorporation of composts into the agricultural
practice. They are of different origin and way of ripening.

2. Material and methods
The experiment was reported as incubation.
Two soil types were used - Alluvial - meadow and Cinnamon
forest soils.

As the primary goals of composting are to stabilize organic
waste, to facilitate the recycling of nutrients in organic waste and to
reduce its volume, transfer to landfills, and so many types of
organic waste have been used as raw materials for composting [ 1 ].
Composting is a natural process of breaking down organic
substances involving microorganisms. From an ecological point of
view, it is the transformation of waste biomass, a carrier of nutrients
and materials useful for fertilizing agricultural land, improving soil
fertility. From a structural and hygienic point of view, in this
process the organic matter is disinfected due to the high
temperatures reached during composting. At temperatures of 55° C
and above [ 5 ]. Many microorganisms, mainly human or plant
pathogens, are destroyed. And from an energy perspective, the
process is self-sustaining through the energy released by the
breaking of chemical bonds in the complex macromolecules of
organic plant biomass.

The amount of the main groups of soil microorganisms was
determined by sowing ten-fold diluted soil suspensions on selective
agar media [3]. The following physiological and taxonomic groups
of soil microorganisms were determined: ammonifying
microorganisms - on meat-peptone agar (MPA) after three days of
incubation; microscopic fungi - on acidified Chapek's medium after seven days of incubation; actinomycetes and mineral nitrogenutilizing bacteria - starch-ammonia agar (SAA) - after seven days of
incubation and cellulolytic microorganisms - on Hutchinson's
medium - after fourteen days of incubation.
The obtained results were processed using the statistical
package Statgraphics XVII (Anova) for the individual groups of soil
microorganisms, in relation to the period of soil sampling.

3. Results and discussion

Microbial activity and biochemical properties are important
indicators of the composting process. Compost contains many
essential nutrients and improves the physical and chemical
properties of the soil. Degradation of organic C during composting
is carried out by bacteria, fungi and actinomycetes, depending on
the stage of decomposition, material characteristics, temperature
and pH [ 2 ]. Soil microflora includes different groups of
microorganisms. Therefore, the study of changes in the composition
and structure of microbial communities and the dynamics of
changes in their metabolism and activity during composting is
necessary for the successful utilization of waste through
biodegradation and to elucidate the mechanisms of the process at
the biochemical level [ 4, 6 ].

The soils for planting the experiment ( Table 1 ) are slightly humus
and are characterized by a neutral to slightly acidic reaction, a very
low content of mineral nitrogen and a very good supply of mobile
forms
of
phosphorus
and
potassium.

Considering these unsolved problems and using the good
examples and practices accumulated over the years, we set

Table 1. Initial agrochemical characteristics of the experimental soils.
рН
Soils

NH4+NO3,

P2O5

K2O

mg/kg

mg/100g

mg/100g

Hummus %

H2O

KCl

Alluvial -meadow
soil

7,1

6,6

32,8

25,7

18,1

2,37

Cinnamon forest soil

6,8

6,1

21,3

11,0

28,9

1,95
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A gradient of compost-control (no compost), 5%, 10% and 15% by
weight soil-compost was created in 150 g containers in six
replicates. On the 15th, 30th and 45th day, two containers are
destroyed and analyzed for macronutrient content, soil reaction and
organic carbon (humus) content. 75% of the marginal field moisture
content, calculated according to soil characteristics, is maintained.

the most intense. The differences in the amount of ammonifying
microorganisms between the variants were statistically proven,
except for the variant with 5% added compost, which fell into a
homogeneous group with the control. The initial analysis of the
samples from the third level of fertilization in Alluvial-meadow soil
showed a smaller amount of ammonifying bacteria compared to the
control, but over time their presence in the soil samples proved to
increase statistically, which is probably stimulated by the
decomposition of the fertilizers and the entry of nutrients in the soil.
The results are opposite for the first rate of fertilization - the most
ammonifying microorganisms are present at the beginning of the
experiment, while at the end their amount decreases.

Ammonifying microorganisms were reported in all variants of the
experiment. An increase was observed at all three levels of
fertilization, relative to the control, in the Cinnamon forest soil.
(Table 2) With this soil, the largest amount of ammonifying
microorganisms is found at the second level of fertilization, which
shows that at this rate, the mineralization processes in the soil are

Table 3. Mineral nitrogen-utilizing bacteria.

Table 2. Ammonifying microorganisms.

Variants

Sampling –

Sampling –

Sampling –

15 day

30 day

45 day

Variants

Sampling –

Sampling –

Sampling –

15 day

30 day

45 day

6

6

10 CFU/g/soil

10 CFU/g/soil

Alluvial - meadow soil
а

Alluvial - meadow soil

а

а

1.

Control

7,6а

6,1а

8,0а

7,4b

2.

1 – 5%

12,4аb

9,0а

10,0аb

8,4b

8,6b

3.

2 – 10%

10,4аb

8,1а

8,6б

8,3b

9,0d

4.

3 – 15%

8,2b

5,0а

5,6в

1.

Control

5,2

2.

1 – 5%

14,0b

6,9а

3.

2 – 10%

8,0bc

4.

3 – 15%

4,4cd

6,0

6,3

Cinnamon forest soil
d

Cinnamon forest soil

bc

d

5.

Control

0,5c

0,8b

1,0d

5.

Control

0,6

6.

1 – 5%

2,1e

2,8bc

3,4d

6.

1 – 5%

1,0c

0,9b

1,4e

7.

2 – 10%

10,0f

6,6c

7,2e

7.

2 – 10%

3,5cd

2,0bc

2,2e

8.

3 –15%

3,9g

6,1c

7,0f

8.

3 – 15%

1,0d

1,6c

1,5f

1,2

1,8

Cinnamon forest soil, a low presence of mineral nitrogen-utilizing
bacteria was observed in the control, with the introduction of
fertilizers into the soil, their amount increased. The average rate of
fertilization has the most beneficial effect on this group of
microorganisms.

The largest amount of mineral nitrogen-utilizing bacteria was
recorded at the lowest rate of compost application, in the Alluvialmeadow soil, as experimental variants - 2 and 3 in this phase of
reporting fall into one homogeneous group. ( Table 3 ) This shows
that the conditions of this soil most favorably affect the mineral
nitrogen-utilizing bacteria, which are involved in the biological
immobilization of the absorbed nitrogen. At these rates of
composting, faster mineralization is possible, as the organic
nitrogen from the bacterial mass will mineralize faster. In the

The spread of actinomycetes in the soil, in all variants of the
experiment, is weakly expressed. Probably due to the lack of
vegetation, processes of decomposition of plant and animal residues
are not actively taking place in the soil. ( Table 4 )

Table 4 . Actinomycetes.

Variants

Table 5. Microscopic fungi.

Sampling –

Sampling –

Sampling –

15 day

30 day

45 day

Variants

Sampling –

Sampling –

Sampling –

15 day

30 day

45 day

6

3

10 CFU/g/soil

10 CFU/g/soil

Alluvial - meadow soil
а

а

Alluvial - meadow soil
а

1.

Control

12а

9а

8а

1.

Control

0,8

2.

1 – 5%

0,8аb

0,6а

0,7b

2.

1 – 5%

10b

10а

11аb

3.

2 – 10

0,4аb

0,8b

0,6c

3.

2 – 10%

9bc

12а

14аb

4.

3 – 15%

0,9bc

0,9b

0,9cd

4.

3 – 15%

5c

22а

26аb

0,8

0,9

Cinnamon forest soil
bc

Cinnamon forest soil
b

de

5.

Control

29d

35а

38аb

5.

Control

0,1

6.

1 – 5%

0,4bc

0,1b

0,3ef

6.

1 – 5%

34e

35а

42b

7.

2 – 15%

0,5bc

0,9b

0,8f

7.

2 – 10%

21ef

12c

16c

8.

3 – 15%

0,4c

0,8b

0,7f

8.

3 – 15%

32f

4c

8а

0,2

0,1
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3

10 CFU/g/soil
Alluvial - meadow soil
1.

Control

9а

15а

16а

2.

1 – 5%

18а

43аb

49b

3.

2 – 10%

34аb

37bc

41c

4.

3 – 15%

23bc

35cd

38d

4. Mahimairaja, S., Bolan, N.S., Hadley, M.j., 1995. Agronomic
Effectiveness of poultry manure composts. Commun. Soil. Sci.
Plant Anal, 26(11/12), 1843-1861.

Cinnamon forest soil
5.

Control

42c

34cd

44d

6.

1 – 5%

34d

53cde

62d

7.

2 – 10%

8а

28de

31b

8.

3 – 15%

5а

10e

11f

5. Pilar-Bernal M., Sven G. Sommer, Dave Chadwick, Chen
Qing, Li Guoxue, Frederick C. Michel Jr., 2017. Chapter Three Current Approaches and Future Trends in Compost Quality Criteria
for Agronomic, Environmental, and Human Health Benefits.
Advances
in
Agronomy,
144,
143-233.
4.
https://doi.org/10.1016/bs.agron.2017.03.002
6. Shilev, S., Mitova, I., Kuncheva, V., Dinev,N. and
Kabaivanova, L., 2021. Distribution of Soil Microorganisms in
Field under Potatoes due to Fertilizer and Organics. IndianJournal
of
Agricultural
Research.
DOI:
10.18805/IJARe.A-669.
https://arccjournals.com/journal/indian-journal-of-agriculturalresearch/A-669

4. Conclusions
In summary, the trend in the analysis of soil biota content data
by groups shows that the most suitable for expression of soil
activity is the introduction of compost in a content of 5%-10%.
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Use of modern innovative technology for monitoring rivers and springs to determine water
quantity
Plamen Angelov1, Stanislav Iskrenov2
National Institute of Meteorology and Hydrology
Email: plamen.angelov@meteo.bg
Phd student in: Sofia University St. Kliment Ohridski
Email: neostan@mail.bg
Abstract:Researchers monitor rivers and springs to predict what part of the water resources to use for irrigation for industry, drinking needs
to maintain ecosystems. The main task of the scientific staff is to monitor and control the water quantities coming out freely from natural
caverns, rock crevices, free-flowing rivers and springs. The measurements of kinematic quantities, can serve not only for the quantitative
evaluation of the runoff, but also for the verification of the theoretically derived hydraulic dependencies in the different forms of water
movement. When determining the water quantities, observations of the runoff are carried out, as well as the measured parameters can serve
to play an important role in the construction of water management facilities
KEYWORDS: MONITORING, WATER MANAGEMENT FACILITIES, WATER QUANTITIES, SPRINGS, DOPPLER SENSORS

1. Introduction
The measuring technique today is able to improve the
operability, to improve the basic measuring methods by introducing
additional innovative solutions. These solutions are accompanied by
assurances that, subject to certain restrictive conditions that cannot
always be ensured, the measurement samples are considered
completely acceptable to the alternative of being unable to perform
the measurement in any other way. Carrying out measurements at
certain times of increased water levels, respectively increased water
quantities, is a task that hydro engineers must use skills and adapt to
the situation. One of the few studied in our country are the springs.
The springs can be formed in any kind of rock. Small ones are
found in many places. The largest springs are formed in limestone
and dolomite in the karst topography. A spring is a water resource
formed as a hill, the bottom of a now-dried river valley, intersecting
a flowing underground water body, a water table below which the
surface material is saturated with water. A spring is the result of the
filling of aquifers to the extent that the water overflows onto the
earth's surface. They vary in size from small, flowing only after a
lot of rain, to huge springs flowing thousands of liters daily.
Systematic work over the years National Institute of Meteorology
and Hydrology (NIMH) has proven its expertise and assessment of
the water resources available in the country. All this is the result of
persistence and methodical following of the investment policy for
equipment rearmament of the highest class used by the European
countries, superior in quality to the existing equipment.[1] This
report is dedicated to some of these questions. An innovative way to
determine the amount of water in rivers and springs will be
presented. The facility was chosen under the condition of increased
water levels, HMS No. 52850, Mesta district, Hadjidimovo town.

Fig.2 Doppler sensors built into the bottom of the boat
The device is intended for carrying out all measurements from
the surface of the water course, including at springs. The
positioning of the catamaran in the desired position is carried out by
a bridge facility. A special case is when a facility is not built or the
facility is destroyed by the passage of high water. The measurement
is carried out by a specially laid ropeway. The control and the
registration of the results is carried out wirelessly through a digital
recording device.

2. Field measurement
The field measurement was carried out using the OTT Qliner 2
system at the hydrometric point of NIMH station HMS No. 52850,
near the village of Hadjidimovo. The length of the river at this
moment was 42m, from left bank to right bank. The water level at
this moment was H= 150cm.Due to the passing of a high wave, the
existing hydrometric bridge is partially destroyed and the water
quantity cannot be measured by the traditional hydrometric
propeller method. Due to this difficulty and the prevailing
meteorological reasons, an innovative method must be used. A
ropeway was laid beforehand and the number and locations of speed
verticals were determined. The measurement was performed by two
operators – one positioned the boat in the speed verticals and the
other managed the entire measurement process from the digital
recording device (Fig.1), (Fig.2). Тable1 shows the on-site
measurement report

Fig.1 Water quantity measurement – "OTT Qliner 2"

The measuring device is a small plastic catamaran-type boat
(with two joined hulls) in which all the necessary sensors for
performing the measurements are built-in (fig. 1). A transmitter is
also built-in on board for establishing a wireless radio connection
(Bluetooth) with a digital recording device. Four ultrasonic Doppler
sensors are installed in the bottom of the boat to measure the depth
of the current and the velocity profile.

Fig.3 Movement of the boat with a rope, determining the number
and locations of speed verticals
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Table 1: HMS station№52850 , Hadjidimovo, calculation of the water
quantity through the device software.

2.1 Software, Diagrams.

Table2 HMS station № 52850 Hadjidimovo speed-area, calculation of
the water quantity using Excel
Distance
Vertical №

m

Depth
m

Area
2

m

Velocity

Discharge

(average)

m3/s

3. Conclusions

m/s

Аdvantage:

Start point

0

0

0

0

0

2

2

1.1

2.2

0.747

1.643

3

4

1.33

2.66

1.187

3.157

4

6

1.47

2.94

1.26

3.704

5

8

1.53

3.06

1.207

3.693

6

10

1.58

3.16

1.282

4.051

7

12

1.67

3.34

1.193

3.985

8

14

1.69

3.38

1.129

3.816

9

16

1.77

3.54

1.102

3.901

4. The ability to measure without built infrastructure

10

18

1.72

3.44

0.977

3.361

5. A measurement result is obtained on the spot.

11

20

1.59

3.18

1.02

3.244

Disadvantages:

12

22

1.08

2.16

0.962

2.078

13

24

0.82

1.64

1.011

1.658

14

26

0.78

1.56

1.024

1.597

16

28

0.78

1.56

1.01

1.576

17

30

0.78

1.56

1.011

1.577

4.Literature

18

32

0.74

1.48

0.991

1.467

19

34

0.73

1.46

0.835

1.219

20

36

0.63

1.26

0.61

0.769

21

38

0.54

1.08

0.486

0.525

[1] Prof. Dr. Eng. Evelin Simeonov Monev - Engineering
Hydrology and Hydraulics - Hydrological and Hydraulic
Calculations, Water Supply Equipment, Correction, Drainage,
Inspection and Targeting of Overflow Systems.

22

40

0.36

0.72

0.415

0.299

End point

42

0

0

0

0.000

Total Q

47.320

1. Significantly higher measurement efficiency, digital and
graphical information in the vertical speed.
2. A significant reduction in the variation of the entire
measurement.
3. An objective and clear view of the distribution of vertical
velocities, which allows the detection of anomalous areas in the
flow, making corrections to the scheme of vertical velocities and
their reflection in the final result at the measurement site

1. There is a measurement depth limitation of a minimum of 0.35
cm, up to 10 meters;
2. Difficult measurement in mountain streams.

[2]
Dr.Eng. Plamen Atanasov Angelov – Contemporary
Devices for Measurement of Water Discharge in Open Flowspage
44
https://www.danubeconference2017.org/images/ebook_full_texts_dc_2017.pdf
Websites:

The result obtained from the post-processing of the measurement
data is a coincidence of the results (table 2), the difference is a
minimum of a few liters, which is completely acceptable for the
measurement conditions. Figure 3, water level indication.

https://agriinfo.in/devices-used-for-measuring-irrigation-water-19/
https://www.lifeforlasca.eu/uploads/PDF%20NOVICE/OTT_FLO
W_METER.pdf.pdf
http://www.artechline.eu/Stroitelna-literatura/Uchebnitsi-za-VUZove-/Vodosnabdyavane-kanalizatsiya-hidromelioratsii-pompenistantsii/Spravochnik-za-hidravlichni-izchisleniya-navodoprovodyashti-syorazheniya-isistemi/file.indexdetails.file/menu_id.213/elem_id.1863/
https://aqualab.com.au/wp-content/uploads/2017/05/manual-9.pdf

Fig.4 Shows the water level, H=150 cm
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Evapotranspiration of pepper grown in unheated greenhouses under drip irrigation
Miho Mihov, Rumyana Kireva, Viktoriya Kancheva
ISSAPP “Nikola Poushkarov”
Summary: To determine the evapotranspiration of the pepper, variety "Golden Medal" grown in plastic unheated greenhouses in
an experimental test field in Chelopechene, Sofia region, irrigation options were tested from fully satisfying the crop's water needs to 20%
and 30% increased irrigation of irrigation rates and a variant irrigated with 100% irrigation rate. An environmentally friendly and watersaving irrigation technique was used. The evapotranspiration of the culture and the evaporation from a free water surface were
experimentally determined. Based on the calculated values of evapotranspiration and evaporation from a free water surface (evaporation)
determined by a class "A" evaporation pan, the values of the biological coefficient of the culture in unheated plastic greenhouses were
calculated, and the average for the vegetation period of pepper is 1.35.
δt pr.vl – pre-irrigation soil moisture in %
relative to the absolute dry weight of the soil;
– the coefficient of reduction of the irrigation
rate, taking into account the area occupied by the plants in
1 dka. In the experiment, K = 0.67 i.e. 67% of the area is
irrigated.
With drip irrigation, the amount of the entire irrigation
rate is not given, as with other irrigation methods. A reduction is
required at the expense of the non-irrigated area. For this purpose,
the formula of [Ferckman, Grazoliq 1980] was used, considering
the planting scheme. After calculating the irrigation rate for option
3, the rates of the other options are determined based on its size.
The experimental determination of the evapotranspiration
of pepper for the growing season was made based on the data on the
dynamics of soil moisture and the performed irrigation rates for a
variant with 100% implementation of the irrigation rate. The
determination was made by the water balance method layer by layer
through 10 cm and in general for the soil layer 0-50 cm depth, in
which more than 85% of the main root system of the crop is located.
The evapotranspiration (ET) of pepper was calculated for ten days
and in total for the growing season based on dimension values of
the indicators.
Water balance calculations were carried out according to
the formula:
ET = Wstart. – Wkr. + m,
where, ET – evapotranspiration, mm;
Wstart. – water stock in the 0-50 cm layer at the
beginning of the period for which ET is calculated, mm;
Wkr. – water stock in the 0-50 cm layer at the
end of the period in mm; m – irrigation rate, mm.
Based on the calculated values of evapotranspiration and
evaporation from a free water surface (evaporation) determined by a
class "A" evaporation pan, since it is considered to be integrated for
all meteorological factors that influence it. (Goldberg, 1976) the
biological coefficient of pepper:
Ki=ET/Eo (4),
where; ET evapotranspiration mm;
Eo - evaporation from a free water surface
(evaporation) with a class "A" evaporation pan, mm;
Ki - coefficient of culture.

Introduction
There are few and insufficient studies to establish the
evapotranspiration of vegetable crops grown under greenhouse
conditions. In the cultivation of pepper variety "Kalinkov" under
drip irrigation in unheated greenhouses in the Sofia region, ET
reaches 668 mm (Kireva, R., 1987), and under conditions of rain in
open areas it changes from 452 to 562 mm. (Dulov, Sl., 1976)
One of the most applicable relationships of ET is
considered to be that of evaporation from a free water surface (Eo),
determined by a class "A" evaporation pan, because it is assumed to
be integrated for all meteorological factors that affect it. (Goldberg,
S.D. 1967).
The establishment of the dependence between Eo,
(evaporation from a free water surface) determined with a class "A"
evaporation pan and ET (evapotranspiration) of crops can be used to
determine the daily amounts of ET of the crop, so to predict the
dates and sizes of the upcoming harvests. (Cristiansen, I., E.
Bescind. 1976).
This study aims to determine the evapotranspiration and
evaporation of pepper variety "Gold Medal" irrigated with
ecologically clean irrigation technology under greenhouse
conditions.

Materials and methods
The studies to determine the evapotranspiration and
evaporation of pepper variety "Gold Medal" grown in plastic
unheated greenhouses were conducted in the period 1993-1994 in
the experimental field of the "Pushkarov" Institute in Chelopechene,
Sofia
The following irrigation options were tested:
Pre-irrigation humidity – 90% of field capacity
 130% realization of the irrigation rate /variant 1/;
 120% realization of the irrigation rate /variant 2/;
 100% realization of the irrigation rate /variant 3/;
 100% implementation of the irrigation rate established for
the "A" class evaporation pan. (Evaporation) /variant 4/.
The irrigation rate for class "A" evaporation pan is
calculated according to the formula
m= E0 .Ki.K, (1),
where: m is the size of the irrigation rate, mm;
E0 - evaporation from a free water surface
according to class "A" evaporation pan, mm;
Ki – biological coefficient of culture;
K- coefficient for reducing the irrigation rate,
taking into account the area occupied by the plants in one
decare. In the experiment, K =0.67 t.s., 67% of the area is
irrigated.
Irrigation rates for the other variants are calculated
according to the formula:

Results and discussions
When growing vegetable crops under greenhouse
conditions, their water needs are met almost entirely by irrigation,
which is why evapotranspiration for the growing season is almost
entirely equal to the irrigation rate.
It varies during the growing season of the crop and
depends on the weather conditions and the applied irrigation
regime. The total evapotranspiration for the entire vegetation period
of pepper on average for the research period is 440 mm. (Table 1)
It is of great importance to determine not only the water
consumption for the entire vegetation but also that during the
individual periods of pepper development, expressed through its
average diurnal course.
On average for the experimental years, the average daynight values of evapotranspiration vary from 0.5 to 5.5 mm with
two minima - at the beginning and end of the growing season and

m  10.H. FC  Т .K ,

where: m is the size of the irrigation rate in mm;
α – the volume density of the soil in gr/cm3;
H – depth of the active soil layer in m (in the
experiment H = 0.5 m);
FC – marginal field moisture content in %
relative to the absolute dry weight of the soil;
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one maximum - in the second and second ten days of August, which
reach values up to 5.5 mm. (Table 1). (Fig. .1)
In the cultivation of crops under greenhouse conditions,
irrigated by drip, in which the plants have to restore the spent
amounts of water almost daily because the irrigation is
characterized by great dynamism, the problem of predicting the
irrigation is essential.
One of the most applicable ET relationships is considered
to be that of evaporation from a free water surface (E0)
The results obtained, averaged over the three
experimental years, show that the total for the vegetation period of
the crop is 326 mm and reaches the highest average day-night
values during the first ten days of August, 2.8 mm. (Table.1). The
average day-night values of evapotranspiration are higher than those
of evaporation, with the greatest differences occurring during the
period of mass fruiting of the crop (July, August) when the tension
of meteorological factors is greatest.

The Ki coefficient, which reflects the relationship
between evapotranspiration and evaporation from a free water
surface in open areas, according to the theory of (Alpatev, 1966), is
approximately equal to one for the vegetation period. Studies under
greenhouse conditions show that the values of this coefficient are
higher and reach 1.35 on average for the vegetation period of the
crop.
The coefficient Ki varies by ten days from 0.16 to 2.1 and
reaches the highest values in July and August – the period when the
tension of meteorological factors is greatest. Establishing a
correlative relationship between evapotranspiration (ET) and
evaporation from a free water surface (Eo) determined with a class
"A" evaporation pan under greenhouse conditions represents an
objective basis for determining the design irrigation regime and
predicting the time for irrigation of the culture and enables more
safe use of data from a class "A" evaporation pan. (Table 1). (Fig.1)

Table 1. Total and average day-and-night evapotranspiration (ET, mm/24 h), evaporation (Еo, mm/24 h), and biological coefficient (K i) of
pepper which were established under different regimes of drip irrigation in Chelopechene, Sofia. All data are average values for the
research period of 1993-1994
Months
Ten-days
ET
Еo
Ki = ET/Еo
(decade)
(mm/24 h)
(mm/24 h)
June
July

August

September

October

First
Second
First
Second
Third
First
Second
Third
First
Second

0.5
1.5
3.0
4.5
4.8
5.5
5.5
4.5
4.4
4.0

3.1
3.1
3.2
3.0
2.2
2.8
2.6
2.5
2.2
2.5

0.16
0.48
0.93
1.5
1.9
1.96
2.1
1.8
2.0
1.6

Third
First
Second

3.2
2.0
0.5
3.37
440

1.9
2.1
0.9
2.5
326

1.68
0.95
0.55
1.35
-

ET, mm/24 h ; Еo,mm/24 h; Кi

Average
Total sum

6
5
4
3
2
1
0
I

II
June

I

II
July

III

I

II

III

August

I

II

III

September

I

II

October

Growing season
Evapotranspiration (ET, mm/24 h)
Evaporation (Еo, mm/24 h)
Biological coefficient of culture (Кi)
Fig. 1. Average (over the 1993-1994 period) day-and-night values of evapotranspiration (ET, mm/24 h), evaporation (Е o, mm/24 h) from a
free water surface and biological coefficient (Кi of pepper grown under greenhouse conditions in the experimental field located near
Chelopechene, Sofia
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Conclusions
The total evapotranspiration for the entire vegetation
period of pepper averaged throughout the search was 440 mm.
Based on the established relationship between
evapotranspiration and evaporation, the values of the biological
coefficient of the culture in unheated plastic greenhouses were
calculated, with an average of 1.35 for the pepper growing season.
On average for the experimental years, the average daynight values of evapotranspiration vary from 0.5 to 5.5 mm with
two minima - at the beginning and end of the growing season and
one maximum - in the second and second ten days of August, which
reach values of up to 5.5 mm.
The establishment of a correlative relationship between
ET and Eo under greenhouse conditions enables more reliable use
of the data from class "A" evaporation pan.
The determined values of the biological coefficient
represent an objective basis for determining the design irrigation
regime and predicting the time for irrigation of the culture.
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Irrigation regime of pepper grown in unheated greenhouses with drip irrigation
Miho Mihov, Rumyana Kireva, Viktoriya Kancheva
ISSAPP “Nikola Poushkarov”
Abstract: In order to establish the irrigation regime of pepper variety "Gold Medal", grown in plastic unheated greenhouses in the
Chelopechene experimental field, Sofia district, irrigation options were tested from fully satisfying the water needs of the crop /100%
irrigation rate/ to irrigation with 20% and with a 30% increase in irrigation rates. A water-saving irrigation technology is used. The highest
yield of 4879 kg/dka was obtained when using 130% irrigation rate, followed by the variant with 120% irrigation rate – 4460 kg/dka on
average for the research period. The yield in the variant irrigated by class "A" evaporation pan, approaches the yield obtained in the variant
with 100% implementation of the irrigation rate.
1 dka. In the experiment, K = 0.67 i.e. 67% of the area is
irrigated.

Introduction
To obtain high and quality yields from vegetable crops, it
is necessary for the plants to be supplied with water throughout the
growing season, which is achieved by conducting a proper irrigation
regime.
To ensure higher efficiency of the irrigation of these crops
in conditions of water deficit, it is also necessary to apply watersaving and environmentally friendly irrigation techniques.
For their normal development and fruiting, the soil
humidity must be above 85% of the field capacity (Dulov Sl., 1976;
Matev T., 1969; (Kireva R., 1987), as the best results regarding the
use of water from plants is produced by drip irrigation. This method
fully meets the requirements for sustainable agriculture and
ecological fruit production, including ensuring high yields and
quality of production, and reducing unwanted side effects (Bucks et
al., 1982).
The purpose of the development is to establish the
irrigation regime of the "Gold Medal" pepper variety, with drip
irrigation in greenhouse conditions.

With drip irrigation, the amount of the entire irrigation
rate is not given, as with other irrigation methods. A reduction is
applied at the expense of the non-irrigated area. For this purpose,
the formula of [Ferckman, Grazoliq 1980] was used, taking into
account the planting scheme. After calculating the irrigation rate for
option 3, the rates of the other options are determined based on their
size.

Results and discussions
The reports of the implemented irrigations show that for
the conditions of the Sofia field, on average, during the period of
the study, 26 irrigations were implemented for the growing season
of the pepper.
In option 3, in which the calculated irrigation rate is
submitted, it was found that the pre-irrigation humidity was
maintained at an average of 85-90% of the PPV. The rest of the
irrigation rates are derived from option 3, except option 4, which
was irrigated using a class "A" evaporation pan. Irrigation rates in
this variant were calculated based on the readings of class "A"
evaporation pan and the culture coefficient K obtained as a ratio of
ET (evapotranspiration) and E0 (evaporation from a free water
surface)
The size of the irrigation rates for the individual variants
varied from 16.5 to 21.5 mm, and the irrigation rates from 430 to
559 mm on average during the research period. The irrigation rate
calculated according to evaporator class "A" for the entire growing
season, on average for the experimental years, is 431 mm, (Table
1).
Maximum irrigation rates in individual years in the period
of greatest water consumption can be applied in 3-4 days to satisfy
the needs of the plants. At a pressure of 1.5 atmospheres, they are
realized in 2-3 hours.
The established values of the irrigation rates can be used
to size the irrigation network, and the irrigation rates when
compiling the general water balance in the greenhouse complexes.

Materials and methods
The studies to establish the irrigation regime of the pepper
variety "Gold Medal" grown in plastic unheated greenhouses were
carried out in the period 2003-2004 in the experimental field of
ISSAPP "N. Pushkarov" in the village of Chelopechene, Sofia.
The following irrigation options were tested:
Pre-irrigation humidity – 90% of field capacity
 130% realization of the irrigation rate /variant 1/;
 120% realization of the irrigation rate /variant 2/;
 100% realization of the irrigation rate /variant 3/;
 100% implementation of the irrigation rate established for
the "A" class evaporation pan. (Evaporation) /variant 4/.
The irrigation rate for class "A" evaporation pan is
calculated according to the formula
m= E0 .Ki.K, (1),
where: m is the size of the irrigation rate, mm;
E0 - evaporation from a free water surface
according to class "A" evaporation pan, mm;
Ki – biological coefficient of culture;
K- coefficient for reducing the irrigation rate,
taking into account the area occupied by the plants in one
decare. In the experiment, K =0.67 t.s., 67% of the area is
irrigated.
Irrigation rates for the other variants are calculated
according to the formula:

The implemented irrigation regimes had a different
impact on the formation of pepper yields. The highest yield of
pepper grown under the soil and meteorological conditions for the
Sofia field was formed in the variant with 130% implementation of
the irrigation rate - 4879 kg/dka irrigated with an irrigation rate of
21.5 mm and an irrigation rate of 559 mm.
The yield in the variant irrigated by evaporator class "A"
approaches the yields obtained in the variant with 100%
implementation of the irrigation rate.
The increase in the irrigation rate by 20 and 30% leads to
an increase in yield by 5-14.5%, which is insignificant compared to
the amount of supplied water (Table 2).
In the conditions of water deficit and the high price of
irrigation water, the obtained information shows that the increase of
the irrigation rates of the researched crop grown in a plastic
greenhouse is not justified.

m  10.H. FC  Т .K ,

where: m is the size of the irrigation rate in mm;
α – the volume density of the soil in gr/cm3;
H – depth of the active soil layer in m (in the
experiment H = 0.5 m);
FC – marginal field moisture content in %
relative to the absolute dry weight of the soil;
δt pr.vl – pre-irrigation soil moisture in %
relative to the absolute dry weight of the soil;
K – the coefficient of reduction of the irrigation
rate, taking into account the area occupied by the plants in
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Table 1. Number of watering events, watering rate (mm), and total irrigation rate (mm) of pepper for the growing season in Chelopechene,
Sofia. All data are average values for the period of 2003-2004
Watering
2003
2004
Average 2003-2004
norm
(share,%)
Watering
Waterin
Irrigation
Watering
Watering
Irrigation
Watering Watering
Irrigat
number
g norm
norm
number
norm
norm
number
norm
ion
(mm)
(mm)
(mm)
(mm)
(mm)
norm
(mm)
130

25

22.2

555

27

20.9

564

26

21.5

559

120
100
100 %
measured
by
evaporator
of class A
(average
for 19931994)

25
25

20.5
17.1

522
428

27
27

19.3
16.1

521
435

26
26

19.9
16.5

517
430

25

17.2

430

27

16.2

437

26

16.6

431

Table 2. Yield (Y, kg/da) and relative yield (R, %) of pepper obtained for different regims drip irrigation in Chelopechene, Sofia
2003
2004
Average for 2003-2004
Watering norm
(share, %)
Y
R
Y
R
Y
R
130

4358

114

5400

115

4879

114.5

120
100
100 % measured by
evaporator of class A
(average for 2003-2004)

3939
3812

103
100

4980
4680

106
100

4460
4246

105.0
100

3800

99

4480

95,7

4140

97,5
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Conclusions
To keep soil moisture in the range of 85–90% of field
capacity when growing pepper in plastic unheated greenhouses, 26
waterings with an average irrigation rate of 16.5 mm are required.
They are implemented at different intervals, depending on the
development of plants and the stress of meteorological factors at an
irrigation rate of 430 mm.
Of the realized irrigation rates, the highest yield of pepper
grown under the soil and meteorological conditions for the Sofia
field is formed in the variant with 130% realization of the irrigation
rate - 4879 kg/dka, followed by the variant with 120% irrigation
rate - 4460 kg/dka on average for the period of research. The yield
in the variant irrigated by class "A" evaporation pan approaches the
yield obtained in the variant with 100% implementation of the
irrigation rate.
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