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Abstract: The article presents the results of substantiating the hydraulic parameters
and assessing the water-saving efficiency of a sprinkler irrigation system for soybean,
manufactured from local materials, under the conditions of semi-hydromorphic meadow-
gray, medium-loamy soils with shallow groundwater in the Tashkent region. Based on
field and laboratory studies conducted in 2022-2024, the optimal structural parameters
of the system were determined in terms of sprinkler layout, design water discharge and
operating pressure. It was established that with a spacing between sprinklers of 16 m, a
pipe spacing of 5 m and a single-sprinkler discharge of 0.7 l/s, the system operates in a
hydraulically stable manner, while maintaining pre-irrigation soil moisture at 70-75-75 %
of field capacity constitutes the most rational irrigation regime.
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Introduction

Amid the progressive decline of water resources worldwide and the growing demand for
them, improving water-saving irrigation technologies and introducing them widely into
agricultural production is becoming one of the most pressing issues. Given that a number of
countries around the world already suffer from water scarcity, and that a significant share
of the global population is expected to live under water stress by 2030, the need to
implement technologies aimed at reducing water consumption and increasing water-use
efficiency in irrigated agriculture is steadily increasing.

In Uzbekistan, saving water resources and using them rationally in irrigated agriculture
is one of the priority directions of state policy. The “Concept for the Development of the
Water Sector of the Republic of Uzbekistan for 2020-20307, as well as the regulatory and
legal documents on the introduction of water-saving technologies, set the task of applying,
first and foremost, modern agrotechnologies that save water and resources in agriculture.
In this regard, the use of sprinkler irrigation systems manufactured from local materials is
of particular importance.

Soybean is a leguminous grain crop rich in protein and oil and of strategic importance for
food and livestock production; its yield largely depends on organizing the irrigation
technology and water regime on a scientific basis. In particular, on semi-hydromorphic soils
with shallow groundwater, furrow irrigation of soybean leads to considerable water
infiltration, leaching of nutrients and a decline in irrigation efficiency. Therefore, under such
conditions, substantiating the hydraulic parameters and assessing the water-saving
efficiency of sprinkler irrigation systems is relevant from both a scientific and a practical
standpoint.

Worldwide, soybean cultivation areas and gross yields are increasing year by year. The
largest producing countries are Brazil, the USA, Argentina, China and India, where the
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average grain yield is 2.8-3.5 t/ha. In Uzbekistan, soybean areas are also being expanded,
and yield indicators are forming at around 2.6 t/ha. Achieving high and stable yields largely
depends on organizing the irrigation technology and water regime on a scientific basis and
on increasing the technical efficiency of irrigation systems. Since water during plant
development is mainly expended through transpiration and evaporation from the soil
surface, setting irrigation norms and timings in line with the dynamics of soil moisture is of
great importance.

Extensive research on this issue has been carried out by scholars from Uzbekistan and
abroad, including A.N.Kostyakov, N.T.Laktaev, M.G.Khorst, Q.M.Mirzazhanov,
M.Kh.Hamidov, R.K.Ikramov, F.A.Baraev, V.A.Dukhovny, O.R.Ramazanov, B.Kholikov and
D.Yormatova. At the same time, research on developing an optimal method of sprinkler
irrigation, using equipment made from local materials, for the regionalized Nafis and Uzbek-
6 soybean varieties under the semi-hydromorphic meadow-gray soil conditions of the
Tashkent region has not been sufficiently studied. The aim of the research is to increase
water-use efficiency by substantiating and optimizing the hydraulic parameters of sprinkler
irrigation systems under semi-hydromorphic soil conditions.

Research Object and Methods

The field-experimental studies were conducted in 2022—2024 at the production training-
experimental farm of the “TITAME” National Research University in the Urtachirchik
district of the Tashkent region, under the conditions of semi-hydromorphic meadow-gray,
medium-loamy soils with shallow groundwater. The sprinkler irrigation system
manufactured from local materials was adopted as the research object, while the mid-season
Nafis and late-season Uzbek-6 soybean varieties were adopted as the test object. The water-
treatment section of the system was equipped with a five-stage filtration system, which
served to ensure uniformity of water distribution.

By mechanical composition, the soils of the experimental area are medium loam; they are
meadow-gray soils in which the groundwater table lies relatively close to the surface during
the vegetation period (semi-hydromorphic regime). Under such conditions, the water-
physical and agrochemical properties of the soil are sensitive to the irrigation method, and
the correct choice of irrigation regime directly affects the preservation of nutrients and yield.
In the experimental field, the agrotechnical measures - tillage, sowing, mineral fertilization
and plant protection - were carried out to the same standard in all variants, and the
difference between the variants was determined solely by the irrigation method and regime.

The study examined variants of maintaining pre-irrigation soil moisture at different levels
relative to the limited field capacity (FC). Traditional furrow irrigation was adopted as the
control variant. The design wetting layer was set at 30-40-40 cm. The experiments were laid
out in four variants and three replications, in accordance with the generally accepted
methods of conducting field experiments.

To assess the hydraulic operating regime of the sprinkler irrigation system, the sprinkler
water discharge was determined over a duration of T = 120 s using a measuring cylinder, a
stopwatch and a manometer. In each variant, two sprinkler lines were selected, and on each
line a sprinkler was chosen at three points (the beginning, middle and end of the line). The
average sprinkler discharge was calculated using the formula q = W/t, where W is the
measured water volume (cm3) and t is the measurement duration (s). The obtained results
were processed statistically by calculating the mean square deviation, variance, estimation
accuracy and confidence interval.
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To assess the uniform wetting of the irrigated area, the technological uniformity
coefficient Kt = qmin / qavg, the coefficient of uniform flow distribution in the sprinkler
pipes Ks, and the overall uniform wetting coefficient of the area Kp = Kt - Ks were
determined. During the research, field experiments, hydraulic calculations, methods of
assessing water distribution and the wetting area, mathematical modeling and statistical
analysis methods were used.

Research Results and Their Analysis

Hydraulic parameters of the system and water distribution. When the water discharge of
the sprinklers of the sprinkler irrigation system installed in the experimental field was
analyzed, it was found that in the variants where pre-irrigation soil moisture was maintained
at 70-75-75 % of FC, the water discharge was distributed steadily. The relatively uniform
sprinkler water discharge was of great importance in ensuring uniform distribution of
moisture across the area and in providing irrigation efficiency. According to the field-
experimental results, the optimal technical parameters ensuring the hydraulically stable
operation of the system were determined (Table 1).

Table 1.

Optimal technical parameters of the sprinkler irrigation system
Parameter Unit Optimal value
Spacing between sprinklers m 16
Spacing between pipes m 5
Design discharge of one sprinkler /s 0.7
Design wetting layer cm 30-40-40
Pre-irrigation soil moisture (relative to FC) % 70-75-75

It was established that with a spacing between sprinklers of 16 m, a pipe spacing of 5 m
and a single-sprinkler discharge of 0.7 1/s, the system operates in a hydraulically stable
manner. Based on these parameters, the technological uniformity coefficient and the
coefficients of uniform flow distribution were calculated, and the overall uniform wetting
coefficient Kp of the irrigated area was found to form at high values, which characterizes the
uniform distribution of moisture across the area.

Effect on the water-physical properties of the soil. When the effect of the irrigation
methods on soil bulk density, porosity and water permeability was analyzed, it was found
that in the sprinkler irrigation variants the soil bulk density formed more stably than under
furrow irrigation, and the porosity index was maintained at an optimal level. In sprinkler
irrigation, water is delivered to the area in the form of fine droplets in a gentle manner, which
prevented compaction of the soil surface, moderated infiltration processes and made it
possible to retain moisture longer in the active root-zone layer. This, in turn, reduced the
leaching of mobile nutrients in the soil and ensured the stability of agrochemical indicators.

Irrigation regime and soil moisture dynamics. As a result of field and laboratory studies,
it was substantiated that maintaining pre-irrigation soil moisture at 70-75-75 % of FC
constitutes the most rational irrigation regime for the sprinkler irrigation of soybean. Under
this regime, it was recommended to irrigate the Uzbek-6 variety 9 times over the season
according to a 2-43 irrigation scheme, at a norm of 300-340 m3/ha per irrigation. The
seasonal irrigation norm amounted to 2780 m3/ha. Sprinkler irrigation had a positive effect
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on the water-physical properties of the soil; stable retention of soil moisture during the
vegetation period and a reduction of nutrient leaching by up to 15-20 % were observed.
Yield and water-use efficiency. During 2022-2024, the seasonal norm, total water use,
grain yield and the amount of water expended per centner of yield were studied for the Nafis
and Uzbek-6 varieties under both sprinkler and furrow irrigation conditions. The results
showed that in the sprinkler irrigation variants the grain yield was higher than in the control
variant, while the amount of water expended per centner of yield was lower (Table 2).
Table 2.
Water use and yield indicators of the Uzbek-6 variety under sprinkler irrigation (variant 4)

Year Seasonal norm, Total water use, Yield, ¢c/ha Water use,
m3/ha m3/ha m3/c
2022 2760 4130 25.9 159.5
2023 2780 - 27.9 147.1
2024 2780 - 28.9 104.8

During the research years, the highest yield was recorded in variant 4 of the Uzbek-6
variety under sprinkler irrigation: 25.9 c/ha in 2022, 27.9 c/ha in 2023 and 28.9 c/ha in
2024. The amount of water expended per centner of yield decreased from 159.5 m3/c to
104.8 m3/c, indicating that water-use efficiency increased year by year. Overall, under the
sprinkler irrigation method the soybean grain yield amounted to 25.6-26.9 c/ha, providing
an opportunity to obtain an additional yield of 1.9-2.0 ¢/ha, and in some cases up to 4.6
c/ha, compared with furrow irrigation.

As a result of applying the sprinkler irrigation method, the irrigation water consumption
decreased by 470 m3/ha, or 14.5 %, compared with furrow irrigation. Under a design
discharge of 0.7 1/s, the leaching of nutrients from the soil during the vegetation period was
reduced by 15-20 %, while the system efficiency coefficient rose from 0.83 to 0.89. According
to economic analyses, under the sprinkler irrigation method the level of profitability
increased by 6.7-8.7 percentage points compared with furrow irrigation, amounting to 22.7-
29.2 %.

Mathematical modeling. In order to quantitatively assess the process of sprinkler
irrigation of soybean, a multifactor regression model was developed: Y = aX1 + bX2 + c,
where Y is soybean yield (c/ha), X1 is the irrigation method (0 - furrow, 1 - sprinkler), X2 is
the soybean variety, and a, b, ¢ are empirical coefficients determined on the basis of the
experimental results. To assess the agro-reclamation state, the water balance equation D =
P + V — E was applied. Based on the developed model, a computer program registered under
number DGU-21809 was created and registered, allowing the calculation of the irrigation
norm, filtration, drainage flow and groundwater table level. The program was introduced
into practice as an engineering calculation tool for computing irrigation regimes and for the
efficient use of water resources.

Economic efficiency. In the economic analysis, since the agrotechnical measures were
identical across the experimental variants, only the costs associated with the irrigation
method, the number of irrigations and the harvesting and transport of the additional grain
yield were added to the total costs. The conditional net income was determined on the basis
of the difference between the value of the product and the total costs. According to the
results, under the sprinkler irrigation method the conditional net profit formed higher than
under furrow irrigation owing to the reduction in water consumption, the increase in yield
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and the income from the additional grain yield. The level of profitability amounted to 22.7-
29.2 %, an increase of 6.7-8.7 percentage points relative to the control variant. This indicates
that the capital funds invested in the sprinkler irrigation system made from local materials
are recouped over a relatively short period.

Implementation of the results. On the basis of the research results, recommendations
were developed for the sprinkler irrigation of the Nafis and Uzbek-6 soybean varieties under
the meadow-gray soil conditions of the Tashkent region, and the computer program
registered under number DGU-21809 was introduced by the Basin Administration of the
Chirchik-Akhangaran Irrigation Systems. The scientific results obtained are being used in
the university's educational process and in training specialists for the sector. These solutions
serve to economize river water by 14.5 % and to steadily increase soybean grain yield.

Conclusion

Under the conditions of semi-hydromorphic meadow-gray, medium-loamy soils of the
Tashkent region, the hydraulic parameters and operating regime of a sprinkler irrigation
system made from local materials were scientifically substantiated for growing soybean by a
water-saving method. It was established that an optimal spacing between sprinklers of 16
m, a pipe spacing of 5 m and a single-sprinkler discharge of 0.7 1/s ensure hydraulically
stable operation of the system.

It was substantiated that maintaining pre-irrigation soil moisture at 70-75-75 % of FC is
the most rational irrigation regime for the sprinkler irrigation of soybean, with a seasonal
irrigation norm of 2780 m3/ha. As a result of applying this method, the irrigation water
consumption decreased by 470 m3/ha, or 14.5 %, compared with furrow irrigation, the
leaching of nutrients was reduced by 15-20 %, the soybean grain yield increased by 1.9-2.0
c/ha, and the system efficiency coefficient rose from 0.83 to 0.89.

The developed mathematical model and the computer program registered under number
DGU-21809 make it possible to calculate the irrigation norm, filtration, drainage flow and
groundwater table level. Therefore, the wide introduction of the sprinkler irrigation method
made from local materials and of this software tool for growing soybean under semi-
hydromorphic, medium-loamy soil conditions is expedient, especially from the standpoint
of ensuring the efficient use of water resources in regions experiencing water scarcity.
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