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ABSTRACT.
Crop growing in greenhouses involves growing seedlings. The most common method of growing seedlings is
container. With the container method, each plant is grown in a separate cell with rigid waterproof side walls and a
drainage hole in the bottom. The density of the soil substrate and the tender plant sprouts will determine the
sprinkling intensity of the container seedlings and the standard values of the droplet diameter. The irrigation
regime, on the one hand, should provide the plants with water in the required quantities, and, on the other hand,
exclude erosion and leaching of the soil substrate from the cells of the container, which contributes to exposing
the fragile root system of the seedlings. The quality parameters of artificial rain should provide comfortable
hydrothermal conditions for growing seedlings. The proposed solutions are based on determining the erodibility
index of the soil substrate of the container seedlings according to a new method. It has been established that the
erodibility (soil rinsability) of container seedlings can be characterized by the ability of soil aggregates and
particles to separate from the soil mass and move in the direction of rain due to the energy of falling drops.
Analysis of the acting forces shows that their size depends on the bulk density of the soil substrate particles. The
amount of drop-rain erosion determines the measure of the energy impact of water droplets on soil aggregates.
The erodibility of the soil substrate also depends on the diameter of the droplets, the angle of their fall and the
intensity of rain. The greatest value for erosion is provided by the diameter of the droplets and the angle of their
fall.
Keywords: erosion, container seedlings, irrigation, protected soil, soil substrate.

INTRODUCTION
Crop growing in greenhouses involves growing
seedlings. The most common method of
growing seedlings is container. With the
container method, each plant is grown in a
separate cell with rigid waterproof side walls
and a drainage hole in the bottom. The container
cell represents a frustum with dimensions of
5x5x5 cm and 3x3x3 cm, and the main size of
the container is 40x40 cm. Large cells contain

about 80 cm3 of substrate and small cells
contain about 21 cm3 [2,6,9,15,22].
Growing seedlings in containers reduces the
energy costs of heating the soil and provides
some reduction in the required area for growing
seedlings. The number of plants per square
meter when planting in containers reaches up to
900 pieces / m2, which is 3-4 times more than
with traditional planting [9]. Container
seedlings are more convenient to transport.
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Planting out of containers is less damageable.
When container production of seedlings, manual
labor costs are significantly reduced, the degree
of mechanization of some operations increases,
and plants grow resistant to diseases [2, 6, 22].
Growing seedlings in containers allows you to
reduce the required amount of soil substrate for

the development of the root system. At the same
time, the requirements for the used substrate are
increasing.
Therefore,
when
container
technology of seedlings production, soil
substrates are specially prepared, and then they
fill the cells. The approximate composition of
soil substrates is shown in Table 1.

Table1 – The composition of soil substrates used in the production of container seedlings [2,6,9,15,16,22].
The components of the soil substrate
Lowland peat, sawdust, cow manure
Peat, horse manure, cow manure
Peat, humus, sod, cow manure
Peat, sod, cow manure
Peat, humus, sod, cow manure
Sod, horse manure or humus, cow manure

The volumetric ratio of the soil substrate components
3 + 1+0.3
7.5 + 2 + 0.5
6 + 2 + 1.5 + 0.5
7.5 + 2 + 0.5
5+3+1+1
5 + 4.5 + 0.5

The soil substrate has the best properties, having a density of 0.4–0.7 g / cm3, an air content of 20–30
%, a maximum moisture capacity of 50–60 %, and a total moisture capacity of 70–90 % of the volume
[9,15,16,22]. The density of the soil substrate and tender plant sprouts will determine the sprinkling
intensity of container seedlings and the standard values of the droplet diameter. On the one hand, the
irrigation regime should provide the plants with water in the required quantities. On the other hand, it
should exclude erosion and leaching of the soil substrate from container cells, which contribute to the
exposure of the weak root system of seedlings. The qualitative parameters of artificial rain should
provide comfortable hydrothermal conditions for growing seedlings [2,6,9,16,22].
MATERIALS AND METHODS
The sprinkler device for irrigation of container seedlings in greenhouses contains supporting base 1,
sprinkler laterals 2 with jet nozzles of directional operation 3 and end nozzles of circular operation 4.
The sprinkler device for greenhouses works as follows. When water is supplied to sprinkler laterals 2,
mounted on supporting base 1, under the influence of reactive forces of water jets flowing from nozzles
of directional operation 3, they begin to rotate and irrigate the central part of the circle, and end nozzles
of circular operation 4 irrigate the peripheral part of the circle (Figure 1), while the optimized radius of
their irrigation eliminates the entry of a jet of water on walls of the greenhouse, and as a result, the
formation of drains, and improves the quality of irrigation.
The effectiveness of the sprinkler device is ensured by improving the quality of irrigation of container
seedlings by reducing the radius of irrigation and a corresponding decrease in the angle of incidence of
droplets of its end nozzles, as well as eliminating the formation of drains from greenhouse structures.

1-supporting base with runners; 2-sprinklerlaterals;
endnozzlesofcircularoperation; 5–rotary group; 6-spider.
Figure 1 - General view of the sprinkler
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The rotation of the sprinkler laterals of the device and the irrigation of the central part of the circle
(Figure 1) is ensured by forces of the jet of two nozzles of sectoral operation, functioning according to
the Segner wheel principle. Two nozzles of the sectoral operation irrigate the central part of the circle.
This ensures a high uniform distribution of the rain layer over the irrigated plane.
For irrigation of the outer part of the circle two sprinkler nozzles of circular operation are mounted on
ends of the device laterals.
The total consumption of the sprinkler device Q is determined by the following formula:
,
(1)
whereρisallowable value of average rain intensity when watering container seedlings, (ρ= 0.13…0.15
mm/min);
Sis anirrigated area of the sprinkler at the position, (S=63.1m2).
The total diameter of nozzle dof the rain-forming device for the passage of the estimated flow:
,

(2)

whereωis an area of the device nozzle
µis the discharge coefficient;
His pressure at the nozzle inlet, m;
gis gravitational acceleration,m / s2.
Based on the fact that the estimated flow rate (0.14 l / s) during irrigation is distributed through four
nozzles (two sectoral operation nozzles and two circular ones), the recommended nozzle diameterdnfor
each of them is about 2.0 mm.
The average diameter of the rain drops Daver depending on the diameter of the nozzle is determined by
the following empirical dependence:
(3)
Where Re is Reynolds number.
From this it follows that the diameter of raindrops

, when the nozzle diameter dc = 2 mm, is within

acceptable limits, and is 0.4 - 0.6 mm.
It should be noted that the uniform distribution of the precipitation layer from the nozzles of the
sectorial operation is determined on the one hand by the rotational stability of the sprinkler laterals of
the device, and on the other hand by rain regularity on the irrigated area depending on the angle of the
sprinkler to the longitudinal axis of the sprinkler.
In order to ensure high-quality irrigation, taking into account the losses in the supply hose, the drive coil
and the sprinkler device, the pressure at the entrance to the sprinkler device must be at least 0.10 MPa.
When the sprinkler device works, an important characteristic is the angle of droplets incidence, which
should not contribute to the destruction and washing away of the fertile layer. Usually, the outwash of
the fertile layer or soil erosion is observed during the operation of the sprinkler on slopes. The ground
level is usually leveled in greenhouses, but microscopic irregularities and elastic deformation of lengthy
design elements of the sprinkler, which cause its inclination, which contributes to changing the angle of
droplets incidence, are possible. Investigate The critical angles of inclination of the sprinkler, when the
soil outwash phenomenon takes place, are studied.
When considering a sprinkler tilted on a horizontal platform, a fixed coordinate system XOY and a
mobile one
, fixed on the extreme sprinkler head, were selected (Figure 2). A droplet flying out
of a circular sprinkler with a deflector will be affected by gravity force and air resistance force, which is
proportional to the squared velocity.
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Figure 2 -Calculation scheme for determining the trajectory of a droplet supplied by a deflector sprinkler

The following differential equation is got:

(4)

where is a droplet mass, kg;
isair resistance to the flying droplet (

, N;

is droplet flight speed, m/s;
kisair resistance coefficient (k=0.5с * S * ), k= 0.5 * 0.4 * *
сisa drag coefficient of a droplet (с=0.4)
Sis across-section area of a droplet ( S=

* 1.29 = 5.06 ·

N /(

;

;
,

;

dis a droplet diameter (d = 0.5-…0.6 mm), m;
isair density ( = 1.29 kg/
), kg/ ;
Gisa droplet mass (G = m*g), N;
gisacceleration of gravity, m/ .
Having substituted the value of the forces in equation (4), one can get
Considering that the velocity projections are

(5)
, integrating the differential

equations (5) twice, and putting down the initial conditions (хоisasprinklerlaterallength, m;уоiselevation
of end nozzles, m;Voyisvertical speed of a droplet, m / s;Voхis horizontal speed of a droplet, m / s) one
finally gets the following:

(6)

The trajectories of the droplet flight are constructed in the Mathcad program using the above parameter
values (Figure 3).
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- the angle of inclination of the sprinkler is 5 degrees
- the angle of inclination of the sprinkler is 7 degrees
- the angle of inclination of the sprinkler is 9 degrees
Figure 3 - The trajectory of the droplets supplied by the deflector sprinkler nozzles with the lower (a) and upper
(b) spray

It can be seen from the figure that even a slight
slope of the sprinkler device significantly
affects the angle of incidence of droplets. The
speed and angle of incidence are also affected
by the droplets diameter. A falling drop carries
some kinetic energy, which depends on the
mass, the speed of the drop and the angle of its
fall. When a drop falls, it is collapsed and
washed off with a certain amount of the soil
substrate. Scattering splashes are a mixture of
water and destroyed soil aggregates. Depending
on the specific relationship between the size of
the drop and the rate at which it falls, the
diameter of the drop will influence soil erosion.
To reduce the effect of droplets on the soil
substrate, in addition to leveling the sprinkler, it
is necessary to limit the size of the droplets.
To assess the effect of the parameters of the
sprinkler device on erosion of the soil substrate,
experimental studies were conducted. A
sprinkler device shown in Figure 1 was chosen
as a research object. The selected object
corresponds to the research tasks of a sprinkler
device for irrigating seedlings of vegetables
grown in greenhouses by the container method:
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It makes possible to establish the characteristics
of the selected sprinkler nozzle, assess the
quality of artificial rain, calculate and determine
experimentally the flow-pressure characteristics
of the system.
When studying the sprinkler device, the
pressure and flow rate of water, the flow rate of
the nozzles, the irrigation radius, the irrigation
intensity, the diameter of the droplets, and the
distribution of the rain layer were determined.
The uniformity of irrigation with nozzles was
assessed by the coefficient of irrigation
efficiency. The water flow rate of the nozzle
was determined by the volumetric method by
draining the water into the measuring tank with
simultaneous measurement of pressure and time
of the experiment. The collection of water in the
measuring tank was carried out using a device
with a hose, put on the nozzle. The duration of
the experiment was measured by a stopwatch.
Water flow in nozzlesqi (l / s) was calculated by
the following formula:
(7)
whereWiis the volume of water in the measuring
tank, taken into account for the repetition of the
experiment/ cm3;
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tiis the duration of the experimental repetition,
s.
The flow rate supplied by the sprinkler
deviceQ(l / s)is calculated by the following
formula:
where

, (8)
isthe total water consumption of all

nozzles on the sprinkler, l/s.
The quality of irrigation was estimated using
rain gauges with a receiving area of 100 cm2,
which were installed on a square grid with a
side size of0.5 х 0.5 m.
The intensity of rainρ (mm/ min)for each rain
gauge
is
calculated
by
the
formula:
mm / min, (9)
whereWis the volume of water in the rain
gauge, cm3;
is the collecting area of the rain gauge, cm2;
is the duration of the rain gauge filling,min
Based on the information about the volume of
water in rain gauges, the uniform distribution of
rain is determined. The maximum allowable is
the level of rain intensity with a deviation
relative to the average intensity of not more
than 25 %. The diameter of the raindrops is
estimated using filter paper and calibration
curves. The uniformity of sprinkling with
separate nozzles is estimated by the irrigation
efficiency ratio.
Experimental studies included an assessment of
the qualitative and quantitative characteristics
of artificial rain and the flow-pressure
characteristics of the sprinkler and nozzles. All
instruments and measuring equipment were
calibrated for measurement accuracy.
The study of soil substrate erosion was carried
out in seedling containers with a cell size of
5x5x5 cm, which contain a substrate volume of
about 80 cm3. Filling the container cells with
the soil substrate was made next but one in all
directions and empty cells were filled with preweighed and numbered elements of filter paper.
The system pressure, irrigation time and the
angle of inclination of the sprinkler were taken
as variables.
Kostenko M. Yu., et al.

RESULTS
Anti-erosion resistance of the soil substrate is
due to the composition and properties of its
constituent components in their aggregate
relationship. The strength of dispersed systems
to which the substrate belongs will be
determined by the manifestation of surface
tension forces, depending on the specific
surface area, the bulk density of the aggregates,
their size and shape [1,10,16,26].
Anti-erosion resistance of soil substrates
expresses the ability to withstand the effects of
the energy of raindrops. Anti-erosion resistance
of soil substrates can be characterized using
direct or indirect parameters: the content of
particles less than 0.01 mm; granulometric
composition of the soil substrate; bulk density
of soil substrate components; humus content;
chemical composition of the substrate, affecting
the coefficient of viscosity inside the soil
moisture
[10,13,16,19,20,26,27,29,35].The
amount of soil being washed away also depends
on parameters of artificial rain: the size of
droplets, their angle of incidence and the
intensity of rain.
A falling drop carries some kinetic energy,
which depends on the mass, the speed of the
drop and the angle of its fall (Figure 4). When a
drop falls, a shock occurs that causes
destruction of the drop and a certain amount of
substrate [19]. Scattering splashes are a mixture
of water and destroyed soil aggregates [30]. It
should be noted that when droplets fall at a
certain angle, the mass distribution occurs in the
same way as with a jet of liquid striking the
surface.

Figure 4 – Inclined liquid jet striking a flat wall
(excluding gravity)
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The inclined two-dimensional jet striking the
surface is divided into two directions [21]:
forward
and
backward.
(10)
(11)
Where m is the total flow of oblique falling jet,
kg;
m1 and m2 is separable streams of micro jets, kg;
αisthe angle of incidence of the jet relative to
the vertical.
The flow of micro jets arising under the
influence of an inclined falling jet will be equal
to
the
difference
of
m1
and
m2 :
(12)
Similarly, the distribution of micro jets will
occur when droplets fall. The impact of
raindrops on the soil substrate is determined by
the speed of their fall. The speed of the drop
depends on its size. The rate of rain erosion
depends on the intensity of rain and the energy
of the drops. The kinetic energy, in turn,
depends on the size of the droplets [24,28]. The
diameter of droplets D determines their drop
rateV, expressed in m / s, and there is a
relationship (Table 2) [7]:
Table 2 - The dependence of the speed of raindrops
on their diameter [7]
D,
0.5 1.0
2.0
3.0
4.0
5.0
6.0
mm
V,
m/
2.1 4.0
6.5
8.1
8.8
9.1
9.2
s

Based on experimental studies, several formulas
for the dependence of velocity on the diameter
of the droplets were obtained. The following
formula [19] agrees well with the experimental
data:
Vk = 13
,
(13)
whereDisthe droplet diameter, cm.
Destruction of soil aggregates is possible in a
case of sufficient moisture of the soil substrate,
when there is water in the capillaries and
between the aggregates. As a result of the drop
impact on the surface, the liquid of the drop
moves to the periphery by radial jets, forming a
Kostenko M. Yu., et al.

“crown” (edge stream) caused by the resistance
of surface tension. Then the corona collapses
with the formation of secondary jets
disintegrating into droplets. The kinetic energy
of a drop in this case goes to the destruction of
soil aggregates, and is partially dissipated by the
surface tension of the liquid.
The following volume of water gets to a
container cell in one minute at a given intensity
of rain:
(14)
whereW is the minute volume of water entering
the container cell, cm3/ min;
is the average rain intensity, mm / min;
Sis the container cell area, cm2.
Then the second mass of water entering the cell
of
the
container
will
be

(15)
wheremcis the second supply of water in the
container cell, g / s;
γis the density of the irrigation solution, g / cm3.
Taking into account formula (12) for micro jets
of an inclined falling drop, micro flows,
contributing
to
erosion
are:
(16)
Where Δ mis microflows in a container cell,
contributing to the erosion of the soil substrate,
g / s.
The work performed by this erosion micro flow
in a container cell will be equal to:
(17)
whereАis the work of raindrops in a container
cell, J;
Vis the average velocity of droplets, m / s;
Lis the container cell size, m.
Taking into account that the speed of the drop
depends on its diameter (Formula 4), and also
substituting
the
values,
one
gets:
(18)
Then the erodibility index of the soil substrate
of the container seedlings can be calculated as it
follows:
(19)
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Where E is the soil erodibility index, g / J;
Рis the mass of the soil substrate, washed from
a single cell, g.
When analyzing the indicator of erodibility, it
can be seen that it depends on the diameter of
the drops, the angle of their fall and the
intensity of rain. The greatest value for erosion
is provided by the diameter of the droplets and
the angle of their fall.
When considering the interaction of a drop and
soil aggregate, it can be mentioned that the
destruction of soil aggregate occurs as a result
of the displacement of its individual particles
(Figure 5).

а
b
а- a diagram of the forces acting on a particle of
a soil substrate; b -a polygon of forces acting on
a particle.
Figure 5 – Determining the resultant of forces acting
on a particle of soil substrate

The destruction of soil aggregates occurs by
detachment [14,23,25,31,34]. When droplets
fall, micro jets arise. Therefore, the detachment
of a particle of a soil substrate should be
considered as an effect in an aqueous
(hydraulic) medium. In this case, the following
forces act on the particle:
FA–Archimedes force (buoyancy), N;
G – particle weight, N;
Flift– lifting force caused by the difference in
speeds of micro jets, N;
Fflоw – flow force caused by the frontal
resistance of the particle, N;
Fadh– the force of adhesion of a particle with
soil aggregates, N;
Fin – particle inertia force, N.
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Then the resultant of the forces applied to the
particle will be equal to: R= FA+
G+Flift+Fflow+Fadh+Fin (20)
Analysis of the acting forces shows that their
size depends on the bulk density of the soil
substrate particles. The smaller the bulk mass is,
the larger the Archimedes force and the flow
force are, and the smaller the particle weight
and the inertia force are. The lifting force and
flow force also depend on the speed of micro
jets, depending on the size and angle of
incidence of the droplets.
Experimental studies of the sprinkler in
laboratory conditions allowed to determine the
flow rate of single nozzles, the diameter of the
droplets, the average rain intensity and
irrigation area at various water pressure (Table
3). It has been established that with equal
nozzle diameters and water pressure, roundshaped deflector nozzles have preferable
results for the diameter of rain drops and the
largest irrigation area. The intensity of rain, the
flow rate of the nozzles and the average
diameter of the raindrops they create at a
working pressure in the range of 0.1 ... 0.2 MPa
provide approximately equal parameters of
small-rain and do not have significant
differences depending on the type of nozzles.
Table3 – The performance of the sprinkler device
nozzles.
Parameters of work of the circular
Pressure
action deflector nozzle
at the
Nozzle
Average
start of
Average
diameter rain
Efficiency
the
droplet
dn, mm
intensity
coefficient of
pipeline
diameter
ρaver,
wateringCeff
Р, MPa
Daver,mm
mm / min
0.2
0.8
0.15
0.34
0.73
0.15
0.8
0.15
0.35
0.77
0.1
0.8
0.14
0.39
0.74

The choice of the range of water pressure in
studies within 0.1-0.2 MPa was chosen taking
into account the calculation of hydraulic
pressure losses along the length of the pipeline
and based on the experience of existing
sprinkler machines with a minimum working
pressure on the end nozzle of at least 0.1 MPa.
The structure of rain (the average diameter of
droplets Daver< 0.5mm) is maintained at a
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pressure in the range of 0.1 ... 0.2 MPa and
nozzle diameters from 0.8 to 2.0 mm for
directional and circular deflector nozzles. All
other things being equal, circular deflector
nozzles improve the distribution of the rain
layer throughout the irrigated area and increase
the irrigation efficiency factor by 10 ... 15 %
compared with directional nozzles. The
effective irrigation coefficient also depends on
the width of the container seedling module and
the developed sprinkler ensures efficient
watering in greenhouses with a module width
of about 7.0 m.
Determination of the droplet diameter made it
possible to calculate the average droplet
diameter and distribution of the rain layer
along the irrigation radii of the nozzles under
study. It has been established that, according to
the radial radius of irrigation, the intensity of
rain is less near the nozzles, and when
increasing the distance, the intensity increases
and reaches the maximum value, and then
gradually decreases to zero. Drops of smaller
diameter fall closer to the nozzle, and with the
increase of the distance from the nozzle the
droplet diameter increases.
When studying the erosion of the soil substrate
in cells of the seedling containers, it was found
that with the irrigation parameters given earlier
and the irrigation time of 15 minutes, the
average amount of soil being washed is 0.065
g. from one cell. Considering that before the
emergence of shoots about 8 watering are
carried out and the total mass of the washed
soil will be about 0.52 grams from one cell,
which is about 0.65 %. The erodibility index of
the soil substrate of container seedlings under
these conditions will be E = 10.7 g / J.
DISCUSSION
For irrigation in greenhouses, it is rational to
use short-jet sprinkler nozzles with working
bodies having no moving parts and operating at
a pressure of 0.05 - 0.2 MPa to receive and
distribute artificial rain over the irrigation area.
Short-jet sprinkler nozzles are characterized by
various designs (slot, centrifugal, deflector,
etc.), flow, radius of action and area of capture.
Their advantages are simplicity of design and
Kostenko M. Yu., et al.

relatively low energy consumption during rain
formation, high uniformity of distribution of
the precipitation layer over the irrigation area.
The main disadvantage is the small area of
capture.
In general, as the analysis of the operating
parameters of short-range sprinkler nozzles
shows, the best results of watering in
greenhouse conditions can be provided by the
deflector nozzles, which form a disc-shaped
small spray and a pickup radius of no more than
3.5 m. Based on the parameters of typical spring
film greenhouses (6.5 - 7.5 x 60 - 70 m), the use
of sector-type deflector nozzles allows to
perform a sprinkler system on the basis of a
single irrigation pipeline.
Deflector nozzles are used on sprinkling
machines and devices more often than others,
including those in greenhouses. Their design is
simple: the nozzle consists of a housing with a
through hole and a deflector. The formation of
rain is carried out by splitting the water jet into
droplets when striking a fixed obstacle - a
deflector. Depending on the shape of the
deflector, the nozzle can irrigate the area
around the contour in the form of a full circle.
A jet of water flies out through the outlet in the
form of a film cone, with the tip pointing up or
down. Moving away from the nozzle, the water
film breaks into drops. Water, departing from
the outlet, has axial and circumferential speeds,
the resultant of which forms an angle with the
vertical axis of the nozzle, which is the angle
of the water spray.
Comparative characteristics of the considered
short jet nozzles show that with equal pressure,
deflection nozzles have the largest radius of
irrigation and the diameter of droplets allowed
by agrotechnical requirements and the intensity
of rain. This is also confirmed by experimental
data on the sprinkler heads in the works of
Vasilevsky
V.A.,
Vasilyeva
A.G.,
PolyashovaYu.A. [3,5,17].
The research of Vasilyeva A.G. [4] on the
structure of rain of nozzles used for irrigation in
greenhouses show that the rain intensity directly
in the nozzle area is less, and when increasing
the distance, the intensity increases and reaches
the highest value, and then gradually decreases
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to zero. Drops of small diameter fall closer to
the nozzle, and when increasing the distance,
the diameter of the droplets increases as well.
Obviously, drops of up to 0.20 mm directly
under the nozzle can be explained by ejection of
air with a fan-shaped water jet near the nozzles
and the formation of a closed air flow in the
greenhouse that captures small diameter drops
that have lost their speed due to air resistance
and transports them under the nozzle.
Studies of drip-rain erosion are carried out in
connection with the use of artificial irrigation
with the help of sprinklers, which can
potentially cause soil erosion [1,8,35,36]. Driprain erosion has several definitions. A.
Scheidegger defines drip-rain erosion of soil as
the direct separation of soil particles during the
impact of raindrops and their displacement for
some distance [25]. Similar wording suggested
by D.A. Timofeev, takes into account the
impact on the soil substrate, along with
raindrops and hailstones [23]. J. Moersons and
De Ploy consider erosion as the displacement of
soil particles as a result of the impact of
raindrops – drip creep [7.30].
The process of drip-rain erosion depends on
many factors - the size of raindrops, the angle of
their fall, the intensity of rain. Also important
are the parameters of the soil substrate - its
composition and specific volume mass [32].
The research of V.M. Moskovkin and V.F.
Gakhov [14] show that the impact of a drop on
the contact surface depends on the speed of the
drop, and on the diameter of the drops as well:
(21)
Where ρ is the density of water, kg / m3;
Dis the diameter of the drop, m;
Vis the drop speed, m / s.
A similar relationship was obtained by A.C.
Imerson, R. Vis and E. de Water in [28], and is
used to calculate the force of a drop impact. The
analysis of dependence shows that the force of
impact of a drop depends on its radius r, and
formula (22) is similar to formula
(21):
(22)
wheremis the mass of a water drop, kg / m3;
Kostenko M. Yu., et al.

ris the radius of the drop, m;
Vis the drop speed, m / s.
It should be noted that when the drop impacts, it
is absorbed into the soil and destroys soil
aggregates. Then the destroyed particles move
with the drop.
The mechanism of soil erosion is a certain
difficulty due to the diversity of manifestations
and the influence of various factors. However,
erosion causes a loss of the most valuable part of
the soil - silt and colloidal particles, determining
the basis of soil fertility.
Most researchers suggest taking into account
the proportion of soil aggregates for soil erosion
resistance [10,11,12,13,24]. ZaslavskiyM.N.
[10] found that the specific gravity of soil
aggregates has a great importance on the
erosion strength of soils [24]. Some scientists
associate the erosion resistance of soils with
their permeability. To assess the erosion
resistance of soils, it was proposed to use an
erosion coefficient representing the ratio of the
“specific amount of soil washed to the unit of
the slope steepness and runoff” [18]. Rozhkov
A.G. and Ivanov V.D. [12,18] proposed the
ratio of "the specific mass of washed soil to the
work of flowing water from the same area to
determine the erodibility of soils according to
the formula”:
(23)
Where Е is the soil erodibility index, g / J;
Рis the mass of the washed soil per unit of area,
g;
тis the mass of waste water per unit of area, kg;
gis gravitational acceleration, m / s2;
L is the length of the drain line, m;
αis a slope angle, degrees.
A similar indicator for soil erodibility is
suggested by Wischmeier and Mannering [33].
Wischmeier and Smith [33] applied the concept
of “energy impact of a falling raindrop” to
assess the storm erosion of the soil. Domestic
scientists [8,13,18] developed an assessment of
the erosive effect of rain on the mass of water
flow on the soil surface, depending on the
intensity of rain and the soil permeability.
Artificial irrigation of soil substrates with a low
bulk density requires careful justification of the
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sprinkler device parameters, taking into account
the properties of the substrate and growing
plants.

7.

8.
CONCLUSION
Thus, the erodibility of soil for container
seedlings can be characterized by the ability of
soil aggregates and particles to separate from
the soil mass and move in the direction of rain
due to the energy of the falling drops. Analysis
of the acting forces shows that their size
depends on the bulk density of the soil substrate
particles. The amount of drip-rain erosion is
determined by the measure of the energy impact
of water droplets on soil aggregates. The
erodibility of the soil substrate also depends on
the diameter of the droplets, the angle of their
fall and the intensity of rain. The greatest value
for erosion is provided by the diameter of the
droplets and the angle of their fall.
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