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Mathematical model of water absorption area in
intensive garden irrigation from the ground
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Abstract. This article presents the results of field experiments to irrigate
intensive gardens, located in water-scarce areas, from the soil with special
piles. Experiments were conducted in Kagan district of Bukhara region in
2016 to determine the optimal procedure for in-soil irrigation of apple
variety "Pinc lady" in the intensive orchard, established in 2016 at the farm
"Siyavush Kamron FOOD" in cooperation with Turkey. In this case, a
mathematical model was developed to determine the irrigation area
corresponding to the radius of propagation of the roots of three-year-old
trees and to calculate water consumption. This makes it possible to
determine the norms of irrigation of intensive garden trees.

This method can be used to set half scrubby intensive gardens in such areas
where water is insufficient and use energy-saving technologies in the
future.

1 INTRODUCTION

The world uses 2.8 thousand km’® of fresh water per year for agricultural purposes, which is
70% of total freshwater consumption. According to the International Commission on
Irrigation and Drainage, the world's irrigated area is estimated at 299,488 million hectares.
Also, 40 percent of food and 60 percent of cereals are obtained from irrigated land. One of
the urgent issues in the effective use of water resources in the country is the development of
science-based irrigation procedures for gardens and water-saving irrigation technologies
that implement them[1, 2].

The following scientific results have been obtained based on world research on high and
sustainable yields of agricultural crops on irrigated lands: Technologies for a timely and
optimal supply of water for irrigation (Food and Agriculture Organization of the United
Nations, Institute of Cotton Research); developed science-based irrigation regimes in crop
irrigation to maintain water-nutrient-air-salt-heat balance (Australian Cotton Research
Institute); developed water-saving irrigation technologies for irrigation of agricultural crops
(Stockholm Technology University, Agriculture Academy of Bulgaria); high and
sustainable yields, efficient use of water resources (International Water Management
Institute); the impact of the use of different irrigation technologies on soil water-physical
properties, reclamation status and fertility has been identified (Indian Agricultural Research
Institute, Tamil Node Agricultural University) [3-8].
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Efficient use of available water resources in irrigated agriculture requires the
implementation of water distribution based on crop demand, scientific research on
irrigation procedures, and technologies of crops. The world's leading research institutes,
research centers, and higher education institutions, including the Food and Agriculture
Organization of the United Nations (FAO), the Institute of Cotton Research (ICR, CAAS),
the Australian Cotton Research Institute (Australia), Stockholm Technology University
(Sweden), Agriculture Academy of Bulgaria (Bulgaria), International Water Management
Institute (Sri Lanka), Indian Agricultural Research Institute, Tamil Node Agricultural
University (India), A.N. Kostyakov Research Institute, on plant phases studied the demand
for water and the shape and size of wetting areas in irrigation methods.

In research, many scientific publications have been published by scientists on the
problems of mathematical modeling of hydro-physical processes of soil moisture
permeability: Aleksashenko A.A. [9], Axmedova A.D. [10], Brovtsina V.N. [I11],
Bedanokovoy S.Yu. [12,13], Gostishcheva D.P. [14], Golovanova A.l. [15], Grigorova
S.M. [16], Dobracheva Yu.P. [17,18], Shkury V.N. [19], Mykayylova F. [20].

Numerous scientific articles on the cost-effectiveness of water-saving technologies of
intensive garden irrigation and the impact on soil reclamation have been published by
Uzbek scientists: Baraev FA [21], Gulomov S.B. [22], Baraev F.A., Serikbaev B.S. [23],
M. Sarimsaqov [24], F.U. Jurayev, G.H.Karimov [25]. Theoretical and experimental studies
on drip irrigation and soil irrigation systems have not been sufficiently studied in relation to
the movement of solutes in irrigation water (including fertilizers) in isothermal unsaturated
environments, i.e., the shape and size of wetting areas in the soil. This is especially relevant
today due to the increasing use of wastewater for irrigation and the fight against
environmental pollution.

2 Methods

Scientific studies have shown that the processes of moisture transfer in the soil under
medium sandy soils due to the alluvial, mechanical composition of the meadow have not
been sufficiently studied. The laws of contour formation of moisture areas in irrigation
make it possible to predict the parameters of moisture transfer by substantiating a
mathematical model of the dynamics of moisture distribution. Problems of drip irrigation
and soil irrigation, engineering calculations of equipment, and optimization of parameters
of irrigation regimes were studied. The results obtained by various researchers show
typical approximations of the contours of the moisture distribution areas. This shows the
configuration options of the isopleth area Moisture in drip irrigation for different soil types
studied by Russian scientists: O.E. Yasonidi, L.G., B.B. Shumakov, Dudnikovoy, M.IL.
Romashchenko, A.V. Shuravilinym, O.N. Karpenko, A.D. Axmedovym, M.Yu.
Xrabrovym, V.V. Borodychevym, V.S. Bocharnikov, D.O. Zavadskim [20].

Summarizing the above studies, the moisture contours can be visualized in the
following view in terms of the complexity of the model, the type of configuration, and the
geometric representation of the spatial area description.
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Fig. 1. The area formed by the water absorption limit in the soil composition is given in Table 1 by
type of spatial gura

Table 1.Classification of wetting configurations in drip irrigation

Group Type of spatial Geometric model Numbers
configuration
Simple Ellipsoid (circle cut ellipsoid) 1)
Parabolic (rotation paraboloid) 2)
Spherical (cut ball) 3)
Combined: Cone-shaped Cut Cone + Cone 4)
Cone-cylinder Cylinder + cone 5)
Cone-hyperbolic Cut cone + circle 6)
hyperboloid

Various models for determining the wetting areas of water entering the soil during drip
irrigation have been developed and studied based on the spatial forms shown in Table 1
above [26-28].

3 Results and Discussion

In the Kagan district of the Bukhara region, in 2016, an intensive orchard was established at
the Siyavush Kamron FOOD farm, established in cooperation with Turkey. In the Kagan
district of the Bukhara region, in 2016, an intensive orchard was established at the
"Siyavush Kamron FOOD" farm, established in cooperation with Turkey. Experiments
were conducted to determine the optimal irrigation regime for Pinc Lady apple.

Field experiments were carried out in the conditions of the alluvial, mechanical
composition of meadow sandy soils with a groundwater level of 1.5-2.0 m, mineralization
of 1.0-1.2 g,1. Based on the data obtained on soil salinity, the field characteristics of the
experimental field were as follows: the chlorine-ion content was 0.003% when the dry
residue content was 0.05-0.09%—high carbonate in profile, no gypsum. Humus in the
plowed layer is characterized by an average porosity of 1.29-1.73% and soil content of
50.8-51.9%.
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Although pre-irrigation irrigation is used to irrigate apple orchards, it is recommended
to use drip irrigation as the most effective irrigation method. It is also recommended to use
sprinkler irrigation to create microclimate conditions in regions with hot climates, and it
gives good results. When dripping irrigation of apple orchards, it is recommended to install
one watering hose in each row of trees and 1 or 2 drips next to each (young) tree. When
installing two drips, the distance between them should be 0.6 - 1.0 meters (distance from
the trunk 0.3 - 0.6 meters). Drip irrigation is not considered an effective irrigation system
suitable for any climatic conditions. There are also disadvantages of drip irrigation in desert
areas where climatic conditions are changing, i.e., very hot in summer[28-30].

The specificity of an in-soil irrigation system is determined because it consists of a
permanent network of pressurized water distribution. This network delivers normal water
continuously and regularly to the root system layers of seedlings directly with a moderate
amount of fertilizer mixture. There are the following technical and design elements and
parameters of the technology of irrigation through the piles from the soil: 1 to 2 (depending
on age) piles are installed around the apple seedlings; the length of the pegs is 50 cm, 60
cm, 70 cm is selected depending on the volumetric width of the tree root; water
consumption of each pile is 2.5-3.2 liters, hour; the working pressure in the system is 1.5-
2.5m[9, 10].

The water consumption of the piles is usually selected depending on the water
permeability of the soil. The type of soil also determines the period between irrigations,
and in the hot climate of Bukhara, it is recommended to irrigate every 2-3 days. To
determine the optimal irrigation regime, it is necessary to determine the area of irrigation
while knowing the information about the area of root propagation of seedlings. Table 2
shows the wetting area of a single pile during in-soil irrigation [31-34].

Table 2. Soil moisture indicators in drip irrigation of fruit trees

Wetting area indicators
Depth of —
propagation of Dining o . Moisturized
the main part of area. m2 Denth Humidification part of the
p 5 epth, .
the roots, m (hy m contour2 area, feeding area,
m percentage
Ky
1- sample 0.6-0.9 3-7 0.8-1.0 2-6 0.1-0.3
2- sample 0.7-1.0 4-8 0.6-0.8 2-5 0.1-0.2
3- sample 0.5-0.8 4-7 0.7-0.9 3-6 0.1-0.2

The development of various issues of mathematical modeling of land reclamation will
be the basis for the development, optimization, and development of certain types of
irrigation. In intensive gardens, the physicochemical properties of soils, hydro-ameliorative
conditions, and applied agro-ameliorative techniques and technologies were considered.

Based on the results of research on the efficient use of water resources in irrigated
agriculture, the optimal order of irrigation of gardens, the development of water-saving
irrigation technologies that implement it:

- mathematical models developed in the form of partial systems, methods of computer
research and optimization of parameters of wet transfer processes taking into account
differential equations and hydrophysics, soil properties;

- mathematical and statistical characteristics of irrigation, mechanical properties of soils,
geometric characteristics of the boundaries of wetting zones, ensuring the optimality of
technological parameters during irrigation;
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The results of the evaluation of economic and agro-energy efficiency and the creation of
a system that allows optimizing the allocation of resources through the creation of a model
of optimization of irrigation of intensive gardens.

Picture 1. Learning "Golden delicious" scrubby apple seedlings root system

In the study, we determine the contours of the wetting area based on lines delimiting the
wetting area on the values of geometric parameters, using the graph analytic method to
determine the contours of wetting in subsoil irrigation.

(dmax/hmax)wg/hour =0.51+ 0.009- Wg/hour
(dmax/hmax)wm, = 0.51+0.009 - W, (1)

(dmax/hmax)vm =0.924- (V)l hour

where hy,, -is the depth of the moisture contour, m; d,, -the calculated diameter of the
contour corresponding to its maximum value, m; dp,,, - is the diameter of the contour at the
level of penetration into the soil layer of 5 cm, or "surface diameter", m.
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Fig.2. shows the shape-appropriate shape of the proposed soil-based irrigation device for the soil
wetting area.

However, to model water use efficiency,

3v0d = % (2)

where CB is dry soil mass, kg; B,, is the mass of water involved in transpiration, kg

For some plant species (species), 3,,, is usually close to 0.0016; for some species, it is
twice as large, about 0.0032. The calculation of the total water consumption in the model
used is calculated using the Penmana-Monteifa formula [21].

Let £ be the amount of evaporation per unit area of the plant surface; let's define the
transpiration intensity as kg/m’. The Penmana-Monteifa formula can be expressed as
follows.

_ sA+cpplps(Ta)—Palga
B = e ()] )

The psychrometric constant ¥ is determined from the total atmospheric pressure P, Pa,
based on formula (3).

y=2 (4)

where € = 0.622 is water vapor is obtained relative to the molecular weight of air.

In the applied model, the calculation formula for the total water consumption was
calculated using the Penmana-Monteifa formula. In this case, the following
evapotranspiration for the formula (3) in the practical calculations for the creation of a
mathematical model of the moisture distribution of irrigation water in the soil is determined
in the form ET,, mm/day.

0.408A(Rp—G6)+Y—=_J, (e5—€q)

— t+273
ETo = A+y(1+0.34U,) ®

An assessment of the need for water is required to design an irrigation regime. The soil
moisture deficit S; was defined as the volume of water (m®) per unit area. The variables can
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be determined by denoting the amount of precipitation R, the amount of water evaporation
E,, and the amount of water supplied L, in the form [22]:
Here S; > 0orR <E,

Sq=S4(t=0)—[(E,—R)dt and L=0 6)
Sq>0andR = E,
L=R-E, @)

E, value is determined depending on the actual transpiration.

Ey = Enom(1 — BSa) (3)

where f is the continuity.
For example, the limit S; corresponding to the decrease in humidity is determined in the
following case:

Sa = Saparog Ev = Enom
Sd < Sd parog Ev = Enom{1 - ,B[Sd - Sd parog]}

The formulas describing the moisture transfer models can be divided empirically and
semi-empirically.

A group of empirical models is a group of mathematical models built on the basis of
experimental data related to a specific local object. During the construction of the model,
the size of the empirical data sample that determines its adequacy is important. In general,
empirical (regression) models can be written as follows.

y = f(al’ A2y ey Ay X1, X2, ---fxp) (9)

Where ¥ is the characteristic under study (related or explained variable), x; is the factor
(independent or explanatory variable), a; is the required coefficients, p is the total number

of factors analyzed [23-27].
y= Zizoai(pi(x)

m
y = Z Oai(pi(xl, X2, e Xp,)
i=

where ¢; is a free variable function.

The formula for calculating the total water consumption in the applied model is in the
electronic determination of the water distribution area of a single pile per unit time using
the Penmana-Monteifa formula. The experiments were performed on the following
systems. The mechanical composition of the soil of the experimental field belongs to the
type of soils with a mechanical composition of medium sand according to the description of
N.A. Kachinsky.
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Pic. 2.

Thus, one of the important tasks of land reclamation is the development of new
progressive methods and techniques of irrigation (Picture 2.), including based on
mathematical modeling. These methods provide irrigated areas with strictly standardized
water, its efficient use.

4 Conclusions

Scientific research on the efficient use of water resources has been carried out in the
following areas of inland irrigation: determining the optimal irrigation regime for gardens;
water consumption of the irrigation device; the degree of wetting of the area where the
water is coming out of the device is located; the effect of inland irrigation on groundwater
and soil reclamation was studied. Improving calculations using empirical formulas in the
theoretical determination of water consumption of plants; on the basis of mathematical
modeling of the wetting area in in-soil irrigation, to achieve optimal standardized water
supply of garden areas, to determine the optimal terms and standards, taking into account
the development of methods that allow its efficient use.
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application. Currently, in the agricultural conditions of Uzbekistan: surface (surface) irrigation;
sprinkler irrigation; irrigation from the soil; irrigation technologies such as drip irrigation have been
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