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MOISTURE AND SALT TRANSFER IN THE INITIAL PERIOD 
OF PLANT DEVELOPMENT

A.A. Khojiyev Associate Professor - Tashkent Institute of Irrigation and Agricultural Mechanization Engineers 
National Research University

Abstract
In Uzbekistan, the use of groundwater in agriculture is 3-5 km3 per year. This creates the basis for achieving high yields of 

agricultural crops in conditions of low water. Water - as moisture, has essential role in all biochemical processes of plants, all vital 
processes, occurring in a vegetative organism, can proceed normally only under condition of sufficient saturation of cages by a 
moisture. The article presents the results of scientific research on the impact of groundwater level, salinity, amount and rate of 
irrigation on the yield of winter wheat in the Syrdarya region, on an area with a groundwater level of 1-3 m and a mineralization of 
1-3 g/l. Results of theoretical researches on dynamics of ground humidity have shown: (1) similarity of physical processes of change of 
humidity of soil on different irrigated areas. (2) hysteresis of the nature of humidity at an irrigation and drainage. (3) sharp recession 
of humidity of soil in the root zone.

Keywords: mathematical model, water stress factor, salinity, irrigation, mechanical composition of soil, hydromodular areas.

Introduction. Among the main factors in the arid zone, an 
important role is played by the water and thermal regimes of 
soils, which mainly determine the fate of the crop of irrigated 
crops. This is explained by the fact that the subsoil processes 
are closely related to weather conditions and, depending on 
their behavior, the need for appropriate ameliorative impacts 
on the agricultural field is established. 

The conducted studies to date have proved the 
inconsistency of the interpretations of the management of 
the productivity of agroecosystems, when only a few isolated 
indicators were taken into account or the informativeness of 
the integral indicators was usually judged from the data of 
correlation and regression analyzes that do not always reflect 
the actual processes taking place in the soil- plant". In the 
methodology for assessing soils as an object of intensive 
agricultural use, a new stage has come-the transition from 
bathing assessments, studies of individual optimal parameters 
to the analysis of the productivity of agroecosystems on the 
basis of their mathematical modeling[3; 4; 5].

Methodology study. The spatial-temporal dynamics of 
soil moisture were investigated in several Water Consumers 
Association. 

         
Fig 1. Sampling arrangement with fourfold 
replication of moisture determination.

On the demonstration sites cotton was grown; space 
between the rows was 90 cm. Five sampling sites (four under 
cotton grown area and one at non-vegetated area – control) 
with four replications of each were selected randomly. Soil 
samples were collected annually during 2019-2020. 

The experiment consists of two parts: The first is the 
analysis of the dynamics of soil moisture based on the 
irrigation frequency. The soil moisture was measured right 
before and after the irrigation, the next were as well as 1, 2, 3 
and 5 days before and after the irrigation. The sampling was 
replicated four times. Moisture is determined from 10-cm 
layers, and in the root and top soil - from 0.5 and 5-10 cm 
layers. The sampling arrangement is shown in Fig. 2. 

In the initial period of plant development under steady-
state conditions, when transpiration of Em can be neglected, 
the following mathematical model will be used for a two-layer 
medium consisting of arable and subarable layers [1; 2;8;9].

With soluble salts and small content in the solid phase (for 
example, chlorine), the equation of salt transfer satisfactorily 
describes the distribution of salts observed in nature and 
experiments without the last term y(сs − с), ie:

We note that in this case D takes into account the 
peculiarities of the motion of solutions in a nonsolvent 
medium (the so-called longitudinal and transverse effects) 
and is not equal to the usual diffusion coefficient in a resting 
solution[4; 5;6].
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The change in moisture content and concentration of 
salts at various initial surface moisture indices without taking 
into account the development of the plant root system for 
the conditions of the Khavast region of the Syrdarya region 
is shown in Fig. 3. 

Determination of the constants was carried out according 
to the acad. F.B. Abutaliev given in [1].

137

POWER ENGINEERING, ELECTRICAL ENGINEERING, AUTOMATICSENVIRONMENTAL PROTECTION. WATER MANAGEMENT, HYDROLOGY

Special issue.2022 Journal of “Sustainable Agriculture”

ENVIRONMENTAL PROTECTION. WATER MANAGEMENT, HYDROLOGY



References:

1. F.B. Abutaliev, V.B. Klenov. Some questions of systematization of parameters characterizing the movement of a two-
phase fluid in a porous medium. On Sat "Questions of computational mathematics and technology", T. 1965, 3-22 p.
2. R. Muradov, Some issues of effective land use in WUA with a shortage of water resources International Scientific and 
Practical Conference “Agricultural Science for Agriculture” (Barnaul, 2004) pp, 462-468
3. A. Khojiyev, M. Avliyakulov, Sh Khojiyeva Influence of irrigation of winter wheat by subirrigation method on the 
reclamation regime of lands E3S Web of Conferences CONMECHYDRO 264, 04004 (Tashkent, 2021) pp. 7-13 
4. A. Khojiyev, R. Muradov, Sh. Khojiyeva, Kh. Yakubova, Modeling of water and salt transfer in the initial period of 
plant development E3S Web of Conferences CONMECHYDRO 264, 04004 (Tashkent, 2021) pp. 28-32
5. A. Khojiyev, R Muradov, T. Khaydarov, J. Pulatov, Changes in the exchange of salt and moisture in groundwater 
management IOP Conf. Series: Materials Science and Engineering CONMECHYDRO (Tashkent, 2020) pp 883
6. M. Avliyakulov, N. Durdiev, N. Rajabov, F. Gopporov, A. Mamataliev, The changes of cotton seed-lint yield in parts of 
furrow length under different irrigation scheduling (Journal of Critical Reviews, Paris, 2020) Issue 5 pp 838-843
7. M. Khamidov, S. Isaev, Influence of cotton subirrigation irrigation on cotton yield in hydromorphic soils (Journal of 
Irrigation and Melioration, Tashkent ,2015) Vol 2, pp. 5 
8. N. Saidhujaeva, U. Nulloev, Z. Mirkhasilova, B. Mirnigmatov, L. Irmukhamedova Production of Plant Product as a 
Process of Functioning Biotechnical System (International Journal of Engineering and Advanced Technology, Vena, 
2019) Volume-9 Issue-1, pp. 4845-4846
9. Z. Mirkhasilova, Ways to improve the water availability of irrigated lands (European Science Review, Vena, 2018) pp. 
202-203

Fig 3. Determination of the value of b2 by the transcendental equation.

Fig. 3. shows the 
change in soil moisture 
during the initial period 
of plant development 
(winter wheat). The 
bend point on the graph 
indicates the boundary 
between the arable and 
sub-plow layers (42 cm).

Conclusions:
1. The developed 

models (24) - (25) can be 
used in the calculation of 
moisture and salt transfer 
both in the initial period 
of plant development 
and in the calculation of 
washing of saline lands.

2. The use of models 
and the coefficients of the 
mathematical model to 
determine the parameters 
of moisture and salt 
transfer make it possible 
to calculate the reserve 
of soil moisture and 
optimize the sowing time 
at its maximum value.
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