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Uzbekistan, an arid region in Central Asia, faces significant challenges due to water scarcity and climate 
change, which jeopardize agricultural productivity and food security. The average air temperature in the 
Bukhara region, a key agricultural area, increased by 1.18 ℃ from 1941–1985 to 1986–2020. This necessitates 
the urgent adoption of sustainable water conservation practices. This research aimed to assess the impact of 
climate change on the Bukhara region's water resources, conduct hydromodule zoning of irrigated lands using 
GIS technology, and develop optimized parameters for water-saving irrigation technologies, specifically drip 
and sprinkler systems, for key crops like cotton and winter wheat.The study utilized B.A. Dospehov’s 
multifactorial method, SPSS, and ArcGIS software. Hydromodule zoning maps were created by integrating 
data on groundwater and soil mechanical composition. In medium sandy soils, optimized drip irrigation for 
cotton, with droppers consuming 1.8 l/h spaced 30 cm apart along 90 cm rows, was irrigated 14 times per 
season with a total rate of 3563 m3/ha. This technique yielded 46,300–46,500 kg/ha and achieved a water 
saving of 32–36% compared to conventional methods. For winter wheat, sprinkler irrigation with pre-
irrigation soil moisture kept at 70–80–65% of limited field moisture capacity resulted in a grain yield of 
66,700 kg/ha. This method, irrigated 12 times a season, saved 2194 m3/ha of water, or 42% less compared 
to furrow irrigation. The findings underscore the potential of advanced irrigation technologies to enhance 
water efficiency and crop productivity under arid conditions, providing scientific recommendations for 
sustainable water-energy-agricultural food production 
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1. INTRODUCTION 

e was entered based on the digitization method of 2590 observation wells. 
Graphical monitoring of wells was converted to vector format and entered 
into the database. Imported well points contain only location (coordinate) 
information. As a result, wells monitoring the level of seepage water in the 
research area were included in the geodatabase and geovisualized. Based 
on the inverse distance weighting (IDW) algorithm, the geographical 
location of groundwater is formed according to the data obtained from 
monitoring wells, that is, the data obtained on the level of seepage water 
(Figure 3). 

Figure 3: Map of the Groundwater level observation wells of Bukhara 
region 

1.1 Soil Mechanical Composition Mapping 

A map of the distribution of stormwater of existing districts was created 
in the research areas. Based on the above, the mechanical composition of 
soils plays an important role in research work. In the development of 

maps, data and information collected based on the results of field research  

were analyzed and used to create soil maps. In this process, paper maps 
were digitized (rasterized) using a large-scale scanner and geospatially 
linked using ArcGIS software. The electronic digital map in the form of a 
raster is vectorized based on thematic layers, and the corresponding soil 
classifications are entered into attributive tables. As a result, a map with 
the mechanical composition of the soil in electronic digital form is created 
(Figure 4). 

Figure 4 : Map of soil mechanical composition of Bukhara region 

1.2 Hydromodule Zoning Algorithm and Distribution 

The creation of hydromodule zoning maps of irrigated agricultural land in 
the research areas was carried out based on the methodology developed 
by Bespalov and the generally accepted schedule. 

An algorithm was developed using the ArcGIS program to map the 
geographical location of groundwater and the mechanical composition of 
the soil, created on the basis of the hydromodule zoning table (Table 4). 

Table 4 : Algorithm developed for hydromodule zones 

Hydromodule 
zones 

Groundwater 
level, (cm) 

Algorithm 

I 300< Con ((("soil_mech_15.TIF"==1) & ("ugv"  > 300)),1,0) 

II 300< Con((("soil_mech _15.TIF"== 2) & ("ugv"  > 300)),1,0) 

III 300< Con ((("soil_mech _15.TIF" == 3) & ("ugv" >  300.01)),1,0) 

IV 200-300 Con ((("soil_mech _15.TIF"== 1) & ("ugv"  <= 300)& ("ugv"  > 200)),1,0) 

V 200-300 Con ((("soil_mech _15.TIF"== 2) & ("ugv"  <= 300)& ("ugv" >= 200)),1,0) 

VI 200-300 Con ((("soil_mech _15.TIF" == 3) & ("ugv"   <= 300)& ("ugv"  >=  200)),1,0) 

VII 100-200 Con((("soil_mech _15.TIF"== 1) & ("ugv"  <=  200) & ("ugv"  >= 100)),1,0) 

VIII 100-200 Con ((("soil_mech_15.TIF"== 2) & ("ugv" <=  200)& ("ugv" >= 100)),1,0) 

IX 100-200 Con ((("soil_mech_15.TIF"== 3) & ("ugv"  <=  200)& ("ugv" >= 100)),1,0) 

Today, the irrigated lands of the Bukhara region are divided into 9 
hydromodule zones according to the location of the soil in the aeration 
layer, thickness, mechanical composition and the level of seepage water. 
In hydromodule zoning, a conditional symbol base was created and 

brought to a unified system based on the color spectrum. High-resolution 
electronic digital maps of the research areas were created based on the 
rules of companization on the possibility of visualization on the basis of 
unique and bright colors for 9 hydromodule zones (Figure 5). 

Figure 5 :  Map of hydromodule zoning of irrigated lands of Bukhara region 

According to the results of the research, the distribution of irrigated land 
of the region by hydromodule regions is presented in the table below  

(Table 5) 
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Table 5 : Distribution of irrigated land of Bukhara region by hydromodule zones, % 

Province 
Irrigated 

area, 
thousand ha 

Monitoring 
wells, pc 

Hydromodule zones 

I II III IV V VI VII VIII IX 

Bukhara 275,0 2590 10,9 8,5 1,5 23,9 16,6 14,62 11,48 8,15 4,35 

1.3 Optimization of Water-Saving Irrigation Technologies 

1.3.1 Drip Irrigation for Cotton (Field Experiment Results) 

Research on determining the optimal parameters of the irrigation method 
and irrigation technique elements in the IV hydromodule zones, the most 
common in the region, was carried out in the following scheme (Table 6) 
according to the mechanical composition of the Bukhara Agrocluster field 
(Figure 6) in the conditions of medium sandy soils (Table 6):  

Figure 6 : Location of the experimental field 

Table 6 : Experimental system for determining the elements of 
irrigation technique of drip irrigation technology 

Options 

Distance 
between 
irrigation 
pipes, m 

Water 
consumption 

of the 
dropper, l/h 

The 
distance 
between 

the 
drops, 

cm 

Pre-
irrigation 

soil moisture 
relative to 

limited field 
moisture 

capacity, % 

1 
(control) 

irrigation - - 70-75-65 

2 
to each edge, 

0.9 m 
1,6 

30 75-80-65 
3 1.8 m 1,6 

4 
to each edge, 

0.9 m 
1,8 

5 1.8 m 1,8 

The experimental field's soil is medium loamy (physical clay content 
30.66-38.14%). The volume weight in the 0-30 cm layer is 1.37%, in the 0-
70 cm layer, 1.32% in terms of mechanical composition, and 1.31% at 0-
100 cm. The water permeability was 0.241 mm/min. 

In the studies conducted on the introduction of drip irrigation technology 
in medium loamy soils according to the mechanical composition, in the 1st 
option of the experiments with cotton, the soil moisture before irrigation 
was irrigated at 70-75-65% of the limited field moisture capacity, and 
during the season it was irrigated on the basis of the 1-3-1 system, 
irrigated once. The standard of cotton irrigation was 812-1057 m3/ha and 
the seasonal irrigation standard was 5084 m3/ha. In options 2-5, in which 
the drip irrigation technology was introduced in the irrigation of cotton in 
medium sandy soils, the soil moisture before irrigation was kept at 75-80-
65% compared to the limited field moisture capacity, and cotton was 
irrigated 14 times in the 2-11-1 system. Irrigation rates were 248-365 
m3/ha, and seasonal irrigation rates were 3364-3642 m3/ha (Figure 7). 

Figure 7 : Seasonal irrigation standards for cotton based on drip 
irrigation technology 

According to the results of scientific studies on the effect of cotton 
cultivation on the cotton yield based on the mechanical structure of 
medium-loamy soils, the cotton yield was 38400 kg/ha in the 1st option, 
while in the 2nd-5th options, the drip irrigation technology was used, 
cotton yield was 44200-46300 kg/ha, compared to the control option, 
5800-8100 kg/ha higher yield was achieved (Table 7). 

Table 7 : Effect of Drip Irrigation Technology on Cotton Yield, 

Options Placement of drip hoses 
Water consumption of the 

dropper l/h 

harvesting 

Average annual 
ts/ha I II III 

1 watering along the furrow - 24,3 10,6 3,5 38,4 

2 on every furrow 1,6 33,6 8,9 3,8 46,3 

3 between the furrows 1,6 32,4 9,5 2,3 44,2 

4 on every furrow 1,8 33,8 9,1 3,6 46,5 

5 between the furrows 1,8 34,2 7,2 3,4 44,8 

(mechanical composition in medium sandy soils) Sprinkler Irrigation for 
Winter Wheat (Field Experiment Results) 

Experiments on the development of winter wheat sprinkler irrigation 

were carried out in the following system (Table 8) in the field of "Yangi 
Asr" farm (Figure 7) located in Ortachol Massif, Qiziltepa District, Navoi 
Region. 
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Table 8 : An experimental system for the development of a sprinkler irrigation system for winter wheat. 
O

p
ti

o
n

s 

Irrigation method Pre-irrigation soil 
moisture, limited field 

moisture capacity 

relative % 

fertilizer rate calculation layer 

1 furrow irrigation 65-65-65 30 t/ha organic matter 

N-250 kg/ha 

P-180 kg/ha 

K-125 kg/ha 

0-30 cm to the base, 

in later phases 

0-50 cm 
2 sprinkler irrigation 65-70-65 

3 70-70-65 

4 70-75-65 

5 75-75-65 

6 70-80-65 

Figure 7 : Location of the experimental field 

According to N.A. Kachinsky's description, the soil of the experimental 
field is physically clayey soil (less than 0.01 mm) and belongs to the type 
of soils with a mechanical composition of sandy loam and light sand. The 
volumetric weight of the soil is equal to 1.38 g/cm3 in the driving layer 0-
30 cm, 1.43 g/cm3 in the sub-driving layer 30-50 cm and 1.42 g/cm3 in 
the 1-meter layer. It was equal to 0.28 mm/min. In the 1st option of the 
experiment on the development of the irrigation procedure of the 
Antonina variety of winter wheat using the OPAL PIVOT sprinkler 
irrigation machine, when the winter wheat was irrigated in the traditional 
way by dividing the winter wheat into floors, the soil moisture of the 
winter wheat before irrigation was kept at 65-65-65% compared to the 
limited field moisture capacity, irrigated 6 times in the 1-4-1 system, the 
irrigation rates were 785-1023 m3/ha, and the seasonal irrigation rate 
was 5285 m3/ha, the pre-irrigation soil moisture of the sprinkler-
irrigated winter wheat in the experiments was 65-70-65% compared to 
the limited field moisture capacity. When irrigation was carried out, 
winter wheat was irrigated 9 times during the season in the 3-5-1 system, 
the irrigation rates were 372-408 m3/ha, and the seasonal irrigation rate 
was 3349 m3/ha. In the 6th option of the experiment, i.e., the soil moisture 
before irrigation of winter wheat was irrigated 12 times in the 3-8-1 
system during the season, and the seasonal irrigation rate was 3091 
m3/ha 2194 m3/ha or 42% less water was used compared to the control 
option. In the observations made in the studies on the length of the ear of 
winter wheat, the number of grains in one ear and the weight of 1000 
grains, in the 1st option of the research, the length of the ear was 9.2 cm, 
the number of grains in one ear was 46 grains, and the number of grains 
in the ear was 0.0015 kg. 1000 grains weighed 0.0326 kg. During the 
experiments, in options 2-6, where winter wheat was irrigated by 
sprinkler, the length of the ear of winter wheat was 9.6-11.2 cm, the 
number of grains in the ear was 48-58 grains, and the number of grains in 
one ear was equal to 0.0016-0.0019 kg, 1000 grains grain weight is 
0.0333-0.0362 kg, spike length is 0.4-1.4 cm, number of grains in one spike 
is 2-6 grains, grain weight in one spike is 0.00001-0.00003 kg, and The 
weight of 1000 grains increased by 0.0007-0.0032 kg. 

The grain yield of winter wheat in the first option of the experiment was 
44900 kg/ha, and in the sixth option, which was irrigated with an 
irrigation machine, the soil moisture before irrigation was 70-80-65% 
compared to the limited field moisture capacity, the grain yield was 6670 
kg/ha. It was found to be equal 21800 kg/ha higher than the control 
option. 

The findings are in line with traditional irrigation method have caused 40-
45% of water loss and crop yield decline in eight water consumer 
associations (WCAs) in Kashkadarya Province of Uzbekistan, which 
highlights the need of implementing modern water-saving irrigation 
technologies  (Djumaboev et al., 2017). Additionally, a water loss of 20% 
at the main canals and a loss of 35% at the secondary and tertiary canals 
in Bukhara province (Hamidov et al., 2024). Recent adoption of Water 
Resources Development Strategy 2020–2030 (Presidential Decree No. 
6024, adopted on 10 July 2020), water-saving irrigation technologies 
should be installed on 2 million ha (about 50% of the total irrigated area) 
of irrigated lands by 2030, out of which 600,000 ha should be installed 
with drip should facilitate the improvement of water use efficiency and 
achievement of higher agricultural yields in Uzbekistan (Hamidov et al ., 
2022). 

4. CONCLUSIONS 

Based on the research findings, the following conclusions are drawn 
regarding the sustainability of water conservation practices in the arid 
Bukhara region: 

The average air temperature at the Karakol meteorological station 
increased by 1.18∘C during 1986–2020 compared to 1941–1985, 
confirming a significant climate change trend in the region. 

Electronic maps of hydromodule zoning for the Bukhara region's irrigated 
lands were successfully created using GIS and remote sensing, 
categorizing the 275,000 hectares of irrigated land into nine zones. The 
most common zone is IV (23.9%), followed by V (16.6%) and VI (14.62%). 

The optimal parameters for drip irrigation in medium sandy soils were 
determined as a dropper consumption of 1.8 l/h, a dropper distance of 30 
cm, and an irrigation pipe distance of 90 cm. This method yielded a high 
cotton harvest of 46,300–46,500 kg/ha. Implementation of this technology 
saves up to 32–36% of river water compared to traditional methods. 

Sprinkler irrigation is optimal when maintaining pre-irrigation soil 
moisture at 70–80–65% of the limited field moisture capacity. This 
technique achieved a high grain yield of 66,700 kg/ha. It saves 2194 
m3/ha (or 42%) of water resources compared to furrow irrigation. 

These findings confirm the significant potential of integrating advanced 
GIS-based hydromodule zoning with modern, water-saving irrigation 
technologies to achieve both water conservation and higher crop yields in 
the arid conditions of Uzbekistan. 
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