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Introduction volume of water supplied, the laws of gravitational

The movement of moisture within the soil is and spontaneous movement, the methods and
contingent upon the water absorption capacity and technologies employed for water supply, as well as the
mechanical composition of the soil under structure and distribution of the soil and vegetation
investigation. The transport of moisture from the cover.
genetic soil layer is subject to variation due to the
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The movement of moisture through the soil is
contingent on the depth of the groundwater table and
the nature of the groundwater itself. The movement of
moisture in the soil is driven by the forces of
capillarity, which cause it to rise and fall through the
soil's tubular structure and along its inclines. In the
event of a decline in moisture movement, resulting in
stagnation, the accumulated moisture and water
reserves gradually ascend due to the phenomenon of
capillary action. Such phenomena, particularly in the
context of soil formation processes, are more
commonly observed in areas where the groundwater
table is shallow (2-3 cm). At this level, the rising
water forms a concentration of mineral salts. In the
coarse-textured, low-moisture soil layer, the
remaining plant roots are damaged, and transpiration
along the roots increases. It is evident that the soil
composition is subject to two primary factors. Firstly,
the process of evaporation causes moisture to be
drawn from the soil layers by dry air. Secondly,
waterlogging of the plant roots results in a reduction
in their productivity [1].

At agiven pointintime (7 ), the rate of moisture
rise (V) along the capillary is equal to

P-hr
hr

V. =(dh/dz)r =k (1)

If we integrate this equation:

:l{hr+ pIn(P_hTﬂ. )
k p

The rate of water absorption during the initial
stage of the rise in water level can be determined using
a very simple equation:

h <P when (dh/dz)r =KP/hz 3)

After integration, we obtain:

r=h?/2KP, @

In a laboratory setting, we can verify the close
relationship between theoretical and experimental
data by placing sandy soils in columns. If we consider
the equation for this calculation, taking into account
the period of the final rise in water level, the equation
can be written as follows:

_%[m— PP+PI(P-ho)} @)

The force driving the movement of water is equal
to the sum of two quantities: the difference between
the capillary pressure (Py) and the lower pressure, and

the height of the water level in the capillary at time
7(he).
Accordingly, the velocity of the water:

(dhj g PuPuthe | AP+he

dr n he he

If we separate and integrate the rotations:

re— 2l —hr—apn AP
K he + AP

As the analysis of this equation shows, the rate
of water transport increases as the amount of residual
water decreases, where P, is a constant.

Changes in soil moisture depend on the level and
thickness of the genetic layer, its hydraulic
conductivity, and the upper and hygroscopic moisture
capacities [2]. The intensity of evaporation from the
soil surface is determined by solar radiation,
temperature, air humidity, wind speed and soil surface
moisture content.

The permeability of soil and the amount of heat
it contains make it possible to determine the role of
evaporation processes, as well as the upward and
downward movement of soil layers. This allows us to
understand the condition of living organisms in the
layer where plant roots extend and their impact on the
environment. It also enables us to assess the ecological
effects of human activities on agricultural production.

General methods for determining the infiltration
process are known. The most well-known of these is
the Fymen method, in which, using the basic equation
of motion and the following expression, known as the

1
“Boltzmann transformation” (¢ = X7 2 where x is

the distance along the flow path and 7 - is time), the
solution for the depth of moisture penetration (z) is
obtained in the form of a power series:

Z=pr"? +xc+yr?? + .+ F "2, ()

where the coefficients ¢,x,y,..., Fnare functions of soil
moisture (W) that can be solved numerically using a
system of ordinary differential equations.

From the physical properties of soil and the case
of a homogeneous formation, it is known that,
depending on its moisture content:
kc = const, AP = const and AW = const.

AWhedh
= 9
£ -[ AP + hg ®)

After mtegratlng this expression:
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T= M{hf — AP In[l+ Eﬂ, (10)
K AP

Equation (10) can be used to solve many critical
problems in sustainable agriculture, such as
determining how long it takes to moisten the soil to a
specific depth and how much water the soil absorbs,
or determining the depth of moisture penetration and
how much water is absorbed at a specific point in time.

According to this expression (10), data were
collected using the monolithic method ((x)»?) and
(2x2,m%) in which a tree located at a depth of 30-50
cm was surrounded on all four sides and watered from
a bucket (5-6 hours), and observations were
conducted over 12-16 hours depending on soil
permeability. The experimental data corresponded to

changes in soil infiltration rate and pressure in the soil
layers. In such cases, observations were required for 3
to 77 hours. (Tables 4-5).

In studying the ecological formation of grey soils
within the geosystem using laboratory and field
monoliths, and taking into account data on various soil
groups based on mechanical composition, filtration
coefficients, moisture content and soil layer porosity,
we observed the results presented in Tables 1-2 and
Figures 1-2. From an ecological standpoint, the more
compact the soil, the lower its filtration capacity and
the longer the moisture transfer time (1.03-3.2 days).
Conversely, a high filtration capacity (0.1-0.5 m/day)
results in a shorter moisture transfer period (0.61-0.13
days). These principles enable the accurate and rapid
determination of the moisture transfer time in both
saturated and unsaturated soil conditions, as well as in
a compacted soil crust.

Table 1. Water transfer by filtration and pressure

Ks filtration Moisture absorbed Soil laver h. m Atmospheric Period of increased
coefficient, m/day into the soil W, m Yer pressure AP, atm humidity T, day
0,1 0,08 1 0,1 0,61
0,2 0,08 1 0,2 0,26
0,3 01 1 0,2 0,21
0,4 0,1 1 0,2 0,16
05 01 1 0,2 0,13
07 T
06 4 o &1
=
T 05
E
% 0.4
=
o
g 0.5 -
z
E 0.2
01 4
o ' |
1 2 = 4 5
Crysimy Ko d deapenTi, miTay
l-cysimy koaddeopenn, 2-Kpicema,
3-Tacemaangary yasprrel, 4-blmrangemers;
Figure 1. Water transport as a function of filtration and sedimentation.
Table 2. Water flow rates as a function of filtration and pressure.

Ks, m/day W, m h, m AP, atm T, day
0,05 0,08 1 0,20 1,03
0,04 0,08 1 0,2 1,28
0,03 01 1 0,2 2,13
0,025 0,1 1 0,2 2,56
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0,020 0,1 1 0,2 3,2
In conclusion, the rate at which soil is wastewater levels depend on the pipes in the soil layer,
transported and moves depends directly on its as well as on irrigation methods and technologies.
mechanical composition. Additionally, fluctuations in
. e
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: Coypmimy ko3 ddpImesTy, MTAYIE

1-cyairy Ko3QQHUMEHT!, LB IPATEIBE, 3-KBICEIM, 4-yarpir

Figure 2. Water transport as a function of filtration and sedimentation.

Let's examine the relationship between
groundwater evaporation and the transfer of heat and
moisture in geoecosystems.

In order to produce a crop naturally, the soil,
water, plants and necessary heat, air and nutrients
must be present. Thoroughly studying the structure
and interrelationships of these components in the
natural environment enables us to understand how
modern ecosystems and landscapes form, and how
society and its natural environment can be properly
stabilised.

While fertilisers and other nutrients are supplied
to the soil layer for distribution, tillage and water
infiltration, on the other hand, it becomes degraded,
water scarcity arises and yields decline. To prevent
such adverse environmental impacts, it is necessary to
systematically analyse each genetic layer of the land
in use, including its moisture reserves, the
corresponding heat, and the insufficiently studied
evaporation processes at the soil surface and in the
groundwater zone. This requires the identification of
specific solutions to address these issues.

The following expressions describe the physical,
mathematical and ecological implications of the
relationship  between soil depth, plants and
groundwater.

The shape of the water entering the root canals is
that of a semicircle. In this case, the volume of water
passing through this semicircle is equal to [3]:

dw

=2d°p K—,

(1)

where — 271 %is the surface area of the semishell; Q

is the volume of water entering the root canals; K is
the average efficiency coefficient; py is the density of
water.

After integrating this expression:

1
Q, =-24p, K ﬁ(W -W,),

, |

(12)

where W, - 1=lo represents the soil moisture content,
i.e., at the surface of the root channels; then the
expression | > 1, (193) takes the form:

Q =270, KlgW, ~Wg ), (13)

where WOO represents the soil moisture content at a

large distance between root tubes; |represent5 the
radius of the semicircle. The equation for water
evaporation from the plant’s root tubes (transpiration)
and moisture exchange between the leaf’s
parenchyma cells and its surface is as follows::
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E A, (q q ) (14) where E,_ .. is groundwater evaporation from the
TP 5. o Ten surface, m*/ha; H — is the groundwater depth, m;

z

where E; is evaporation (transpiration), g/cm?s; pa is
the density of air;

A is the molecular diffusion coefficient; ¢, is the
distance traveled by a water vapor molecule from the
surface of a parenchyma cell to the outer surface of the
leaf; qo and g are the specific humidity of the air at
the surface of the parenchyma cell.

The correct equation for moisture exchange
between the leaf surface and the air is derived from an
analysis of evaporation from the soil surface [4]:

E; =p.-Dy (QO —0s )1 (15)

where Dy is the mass transfer coefficient between the

leaf and the air surface; go and gs are the specific
humidity of the air at the leaf surface and at a height
of 2m.

Determining soil structure and the location of the
groundwater table within the geo-ecosystem, as well
as evaporation from the groundwater surface (EFWS),
is of great importance in agricultural research [5].
Formulas can be used to provide the necessary data for
a more in-depth study of these phenomena and their
underlying mechanisms.

First and foremost, evaporation from the soil
surface and the parameters required for it are directly
related to humidity in different regions and depend on
soil type. For the sandy soils of Central Asia,
evaporation from the soil surface is determined by
N.N. Ivanov’s formula:

E, =0.0018-(25+1t)* - (100—a), (16)

where: Eq — evaporation from the soil surface, mm; t -
air temperature, °C; a — relative air humidity, %;

The parameters of the soil aeration zone (EFWS)
are determined experimentally for various soil groups
(I-V) [74]. As shown by long-term studies, the
mineral content of groundwater, depending on soil
composition, as determined by  monolithic
experiments, ranged from 3 to 50 g/L. The degree of
salinity was 0.25-2%. In this context, the
hydrophysical properties of the soil were taken into
account based on the following formula [6]:

H

Eblcﬁﬁ = EO ’ [1_ j e_nH (17)

TCK

Hrex — is the soil’s water-holding capacity, m; n is a
parameter accounting for the soil’s hydrophysical
properties; e — is the base of the natural logarithm.
The amount of salt can be determined in soil
layers formed within a geoecosystem based on

groundwater depth, mineral composition, and
moisture reserves [7]:
E -C
81: bICZ;E ' (18)
10%y.

where: S; — salt content, t/ha; C - mineral content in
groundwater, g/L;

ve. — density of water, kg/m3.

And the degree of salinity:

S - S 71 - Eucss , (19)
? 10°
where: S, — salinity index, %; yr — soil density, t/m?;
So — initial salinity, % (Appendix B)

Based on formulas (16-19), we have outlined the
primary conditions required for groundwater
evaporation. We established that groundwater
evaporation in a geosystem is directly related to the
effect of heat on the soil surface during weather
changes, as well as to the movement of moisture
reserves within the soil layer. Equations (16-19) also
show that the amount of water entering the root
channels, and the rate at which it is taken up, depend
on the thickness of the soil layer, evaporation from the
root channels, and the humidity of the air at the leaf
surfac

Thus, the above formulas (11-20) are closely
interrelated. Studies [6—8] have demonstrated that the
rate of moisture evaporation from the soil surface
corresponds to the moisture content in the EFWS soil
layer. Therefore, to achieve high agricultural yields, it
is necessary to conduct in-depth, systematic studies of
groundwater evaporation in geo-ecosystems and of
the transport of moisture through soil and plants,
based on underlying principles. Furthermore,
evaporation rates in various situations that directly
influence this effect depend on soil type, groundwater
depth, the chemical composition of salts and the type
of vegetation in the natural environment and
landscape, as well as the research methods employed.
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