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Abstract: Agricultural water is a limiting resource in many 

semi-arid countries of the world due to low precipitation and high 
evapotranspiration. Installation of water-saving technologies has 
been implemented in many parts of the world to use water more 
sustainably. The use of water-saving irrigation technology for 
cotton-grain crop rotation has not been adequately studied in the 
Khorezm region of Uzbekistan. This study provides insights into 
such technology used on irrigated meadow-alluvial soils of the 
Khorezm region with a groundwater level of 2-3 m. On the basis of 
the irrigation regime, experimental work was carried out in the 
cotton field to determine the sustainability of irrigation 
technology. In addition, it was determined the duration of 
irrigation and the soil moisture pattern along the length of the 
furrows with a field moisture capacity of the soil 70-80-60%. 

The results indicate that regardless of the soil physical 
properties (light, medium and heavy), applying irrigation for 
cotton using counter furrows showed the highest yield of raw 
cotton, i.e. 4.1-4.2 ton/ha, which is 1.1-1.2 ton/ha more compared 
to traditional furrow irrigation. Moreover, under variable-jet 
furrow irrigation the yields of raw cotton was amounted at 4-4.1 
ton/ha, which is about 0.9-1 ton/ha more compared to traditional 
method of irrigation. At the same time, about 16-18% of irrigation 
water was conserved.  

Keywords: Cotton irrigation, drainage infrastructure, field 
moisture capacity, Uzbekistan.  

I. INTRODUCTION 

All over the world, including the Republic of Uzbekistan 
today, one of the ten global problems of the 21st century is the 
shortage of fresh water. Over the past 60 years, the 
consumption of drinking water on our planet has increased 8 
times. By the middle of the century, many countries will be 
forced to import water. Water is a rather limited resource. 
World agriculture uses 2.8 thousand km3 of fresh water per 
year. This represents 70% of the world's fresh water 
consumption, which is 7 times more than the water used in 
world industry.  
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At present, irrigation water is an important key factor in 
geopolitics, and at the same time, one of the causes of global 
tension and conflict situations. Almost all the water in 
agriculture is used for irrigation. About 40% of world food 
and 60% of grain crops are produced on irrigated lands [1]. 

Unattended and non-regulation use of water resources 
leads to their global shortage. Problems in the distribution and 
supply of water for crops exist even in developed countries. 

The search for new sources of water resources requires a 
large investment to service water management systems. The 
increase in the price of each cubic meter of water causes 
problems in the water supply to developing countries. If 
modern models of water use and water consumption will 
remain the same, then with an increase in population, water 
scarcity will increase. In order to achieve high and sustainable 
yields on irrigated land, it is important to ensure timely supply 
of a sufficient amount of moisture required for cotton. As a 
result of maintaining a favorable water-nutrient, air, salt and 
thermal regimes, through the use of science-based 
water-saving technologies, you can get a high and stable yield 
of agricultural crops. 

II.  MATERIALS AND METHODS 

The effects of irrigation regime, technology and irrigation 
technology in irrigated agriculture, taking into account the 
water and physical properties of the soil, as well as nutritional 
regimes on the growth, development, yield and quality of 
cotton fiber in the Republic of Uzbekistan, have been studied 
by many scientists, such as: S.N.Rijov, V.E.Eremenko, 
M.P.Pednis, Kh.A.Akhmedov, S.A. Gildiev, N.T.Laktaev, 
N.F.Bespalov, F.M.Rakhimbaev, K.M. Mirzazhonov, 
G.A.Bezborodov, B.F. Kambarov, R.K.Ikramov, 
Sh.N.Nurmatov, M.Kh. Khamidov, B.S.Mambetnazarov, 
A.Isashov, K.T.Isabaev, A.S.Shamsiev, B.Sh. Matyakubov, 
A.G.Bezborodov and others [2,3,4,5,6,7,8,9]. Currently in the 
country, given the scarcity of water resources, research on the 
development and use of science-based irrigation regimes of 
cotton and water-saving irrigation technologies, due to the 
need to optimize and improve the efficiency of water use in a 
changing water use system, crop rotations, including cotton 
and winter wheat is a priority. The object of the research is the 
method of irrigation technology of medium-fiber cotton 
variety “Khorezm-127” on meadow-alluvial, different 
mechanical composition of soils in the Khorezm region, under 
the water table is 1.0-2.0 m and salinity is 1-3 g / l. 
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 When conducting research, analyzing the soil, observing 
cotton, measurements and analyzes were carried out based on 
the methods of the Institute of Cotton-growing “Methods of 

conducting field experiments”, “Methods of irrigation 

techniques and technology” [10]. The reliability and accuracy 
of the obtained data were analyzed by the standard 
multi-factor method of B. A. Dospekhov [11], as well as using 
the mathematical statistical software SPSS (Statistical 
Package for Social Science), Statistica 7.0. 

Scientific studies at the experimental plots were carried out 
to determine water-saving irrigation technologies that ensure 
optimal cotton irrigation regime [12]. 

To select an experimental field site, the method used by 
V.V.Shabanov [13] was analyzed, taking into account the 
natural and production conditions of the oasis, soil texture and 
location of the groundwater level. This method is 
characterized by a combination of both quantitative and 
qualitative characteristics of two natural systems for 
optimizing the experimental site: the microzone and 
microregion correspond to the main parameters of the 
experimental sites.  

The main type (first testing) includes: the moisture content 
in the soil, water capacity, water permeability, soil texture, the 
amount of humus in the fertile layer (0-30 cm), the slope of 
the irrigated area. Second testing is the amount of cotton per 1 
hectare, the amount of fertilizer supplied and soil growth. 

Comparisons using the method recommended by 
Shabanov, the results obtained by the Pascal program were 
0.567. 

The suitability of the selected pilot fields for irrigated lands 
in the Khorezm oasis was 56.7%. Based on this, the 
experimental fields were chosen correctly. 

Field experiments were conducted in 2013-2014 on the 
meadow-alluvial soils of farms “Bobo Omoniyoz” (light loam 

soils - experience 1 and medium loam soils - experience 2), 
“Abdulla” (heavy loams soils-experience 3) in the Yangibazar 
region of the Khorezm region in the following scheme shown 
in Table 1 [14, 15, 16]. 

                                             
Table 1: The scheme of conducting experiments on the 

study of irrigation technology 

No. 
Furrow irrigation technology on 

cotton 

Pre-irrigation soil 
moisture, % of 

lowest humidity 
1. Production control 

70-80-60 
2. Furrow irrigation with variable jet 
3. Counter irrigation furrow 
4. Alternate furrow irrigation 

In accordance with the recommendation of V.E. Eremenko 
[17], the elements of irrigation equipment were taken 
depending on the mechanical composition of the soil and the 
slope of the irrigated lands. The length of the furrow, as 
recommended for light loamy soils, is 80 m, on medium 
loamy soils, 100 m, and on heavy loamy soils, 120 m. The 
flow of water along the furrows is 0.60 l / s, 0.40 l / s and 0.20 
l / s, respectively (in version 2, the water consumption in the 
furrow is halved after reaching the end of the furrow), the 
width between the furrows is 0.6, 0.9 and 0.9 m. The slope of 
the experimental plot is i = 0,00018-0,00020. 

Based on the experimental schemes, field experiments 

were carried out in 4 variants and 4 repetitions. The size of the 
experimental field is: the furrow length Le = 80 m, the 
distance between the furrows was chosen based on the 
mechanical composition of the soil, a = 0.6 m (light soil), a = 
0.9 m (medium and heavy soil). The number of rows is 8, 4 of 
which are calculated, other protective strips and the area of 
one variant with light loamy soil is 8 x 0.6 x 80 = 384 m2, with 
a repetition area of 384 x 4 = 1536 m2, the total area of the 
experimental plot is 1536 x 4 = 6144 m2 (Fig. 1). 

 

Figure 1. The scheme of the experimental plot 
At the beginning of the growing season, the water-physical 
properties of the selected experimental site were determined. 

In the first experimental plot, the bulk soil mass at the 
beginning of the growing season in a layer of 0-50 cm (light 
loam) is (on average for three years) 1.29 g / cm3 in a layer of 
0-70 cm: 1.31 g / cm3, and in a meter layer 1.30 g / cm3. As a 
result of agrotechnical measures for growing cotton, by the 
end of the growing season, the bulk soil mass increased. The 
greatest compaction of the soil was in production control: in 
the 0–100 cm layer it was –0.05 g / cm3; the smallest soil 
compaction was observed in 3 and 4 variants - 0.02 g / cm3. 

In the second experimental plot, the bulk soil mass at the 
beginning of the growing season in the 0-50 cm layer (middle 
loam) is 1.35 g / cm3 in the 0-70 cm layer: 1.37 g / cm3, in the 
0-100 cm layer: 1.35 g / cm3. As a result of agrotechnical 
measures for growing cotton, by the end of the growing 
season, the bulk soil mass increased. The soil compaction in 
the production control was: in a layer of 0-100 cm amounted 
to - 0.04 g / cm3; the smallest soil compaction was observed in 
the 3rd variant and amounted to 0.02 g / cm3. 

In the third experimental plot, the bulk soil mass at the 
beginning of the growing season in the 0-50 cm layer (heavy 
loam) is 1.43 g / cm3, in the 0-70 cm layer, 1.42 g / cm3 and in 
the 0-100 cm layer 1.39 g / cm3. As a result of agricultural 
activities carried out during the growing season, the bulk soil 
mass in all variants of the experimental plot increased. Soil 
compaction in production control was: in a layer of 0–100 cm 
amounted to - 0.03 g / cm3; the smallest soil compaction was 
observed in version 3 and amounted to 0.01 g / cm3. 

The maximum field moisture capacity of the soil was: in the 
0-50 layer: 19.25% (experiment 1), - 20.06% (experiment 2), 
and 21.55% (experiment 3); in the 0-70 cm layer: -19.34% 
(experiment 1) - 20.26% (experiment 2) and 21.83% 
(experiment 3); in the 0-100 cm layer: -19.35% (experiment 
1) - 20.43% (experiment 2) and 22.17% (experiment 3) by 
weight. The water permeability of the soil stabilized after 
three hours, it amounted to 110-162 m3 per hectare.  
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In all experimental plots, water permeability was relatively 
low, since the soil section was layered. 

On the experimental plot 1 showed that the water 
permeability of the soil at the beginning of the growing season 
was 1469 m3 or 0.408 mm / min, at the end of the growing 
season were: option 1: 1186 m3 or 0.329 mm / min; option 2: 
1211 m3 or 0.336 mm / min; option 3: 1315 m3 or 0.365 mm / 
min; option 4: 1238 m3 or 0.344 mm / min.  

On experimental plot 2 showed that the water permeability 
of the soil at the beginning of the growing season was 1235 m3 
or 0.343 mm / min, and by the end of the growing season: 
option 1: 1072 m3 or 0.298 mm / min; option 2: 1118 m3 or 
0.311 mm / min; option 3: 1155 m3 or 0.321 mm / min; option 
4: 1132 m3 or 0.314 mm / min.  

On experimental plot 3 showed that the water permeability 
of the soil at the beginning of the growing season was 818 m3 
or 0.227 mm / min, and at the end of the growing season: 
option 1: 681 m3 or 0.189 mm / min; option 2: 730 m3 or 0.203 
mm / min; option 3: 741 m3 or 0.206 mm / min; option 4: 736 
m3 or 0.204 mm / min. Such patterns were in all experiments 
and variants.  

From the point of view, the initial water permeability of 
soils according to V.A. Kovda [18] was satisfactory, and 
according to S.V.Astanov [19] from medium to weak. 

The irrigated mounds were calculated based on the soil 
moisture deficit [20,21,22]. 

III. RESULTS AND DISCUSSION 

In field studies, the deviation of the actual soil moisture 
from the target was ± 2.0 % of MMC (lowest humidity). 
During production control (option 1), the actual soil moisture 
before cotton irrigation in the years of research was 50.6-57.0 
% of MMC. 

Soil moisture before irrigation in the variants of irrigation 
of cotton on furrows with a variable stream, counter watering 
and irrigation through furrows varied depending on the 
periods of growth and development of cotton: actual soil 
moisture before flowering: 68.0-68.5%, flowering 78, 0- 
78.8% and 58.1-58.4 (3 options) during the ripening period. 

At the experimental site 1, four irrigations of cotton were 
carried out according to the scheme 1-2-1, irrigation norms 
1175-1241 m3 / ha and irrigation rate - 4898 m3 / ha. The 
irrigation period was 26-30 days. Cotton yield was 3.07 t / ha. 

When irrigating cotton on variable furrow furrows (option 
2), six irrigations were carried out according to the scheme 
1-4-1, irrigation rates of 426-806 m3 / ha and irrigation rate of 
3611 m3 / ha. The irrigation period was 18-25 days. Cotton 
yield was 3.38 t / ha, which is 0.31 t / ha more than in the 
control. The irrigation rate was less by 1287 m3 / ha compared 
to the control. 

When irrigating cotton on the opposite furrows (option 3), 
six irrigations were carried out according to the scheme 1-4-1, 
irrigation norms 432-804 m3 / ha and irrigation norms 3587 
m3 / ha. The irrigation period was 14-20 days. Cotton yield 
was 4.19 t / ha, which is 1.12 t / ha more than in the control. 
The irrigation rate was less by 1311 m3 / ha compared to the 
control. 

When irrigating cotton through furrows (option 4), six 
irrigations were carried out according to the scheme 1-4-1, 

irrigation norms 430-809 m3 / ha and irrigation rate 3625 m3 / 
ha. The irrigation period was 17-23 days. Cotton yield was 
3.68 t / ha, which is 0.61 t / ha more than in the control. The 
irrigation rate was less by 1292 m3 / ha compared to the 
control. Such results were obtained in other experiments.  

In the experiments, the effect of cotton irrigation 
technologies on the salt regime of the soils of the 
experimental plots was studied. During the years of research 
in the fourth experimental plot in the active soil layer (0–100 
cm) of the control variant, at the beginning of the growing 
season, the amount of chlorine ions was 0.010%, and by the 
end of the growing season 0.0128–0.0130%, the amount of 
dry residue was 0.268–0.279 %, by the end of the growing 
season 0.326–0.339%, the seasonal salt accumulation 
coefficient for chlorine ion was 1.28–1.30, and for the dry 
residue 1.22. In the 2nd variant, where cotton irrigation was 
carried out on furrows with a variable water flow rate, by the 
end of the growing season, the coefficient of seasonal salt 
accumulation by chlorine ion was 1.21–1.22, and by dry 
residue 1.16–1.20. In the 3rd variant, where cotton irrigation 
was carried out using oncoming furrows, the seasonal salt 
accumulation coefficient in the 0–100 cm layer was 1.19–1.21 
for chlorine ions and 1.17–1.19 for the dense residue. 
Compared to production control, the seasonal salinity 
coefficient is lower: by chlorine ion by 0.07–0.11; by the tight 
residue by 0.03–0.05. In option 4, when cotton is irrigated 
through furrows, the seasonal salt accumulation coefficient in 
the 0-100 cm layer is 1.23–1.24 for the chlorine ion and 1.22 
for the solid residue, which is respectively less by 0.05–0.06 
and by 0.01 than in production control. Such patterns on the 
influence of the irrigation regime and the technology of 
irrigation of cotton on the salt regime of soils were obtained in 
other experiments. Ensuring a favorable reclamation regime 
of irrigated lands by maintaining pre-irrigation soil moisture 
at a level of 70-80-60% and uniform moistening of the soil 
along the entire length of the furrows helped to reduce the 
restoration of soil salinization by the end of the growing 
season, which are line with the findings of other researchers 
[23,24,25]. In experiment 1, when irrigating cotton along 
furrows with variable water consumption (option 2) on light 
loamy soils, the time of jetting (qb = 0.6 l / s) until the end of 
the furrow was 1.3 hours, and the duration of soil 
humidification, with a reduced flow rate twice (qb = 0.3 l / s) 
with an irrigation rate of 600 m3 / ha, it was 2.1 hours. The 
duration of watering was 3.4 hours. The plot of soil 
moistening along the length of the furrows during cotton 
irrigation along variable-speed furrows is shown in Figure 1. 

 
Figure 1. The plot of soil moistening along the length of the 

furrows during the irrigation of cotton along the furrows with a  
variable stream (option 2). 
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When cotton was watered along counter furrows (option 3), 
when water was supplied along the furrow slope, the jetting 
time (qb = 0.6 l / s) until the end of the furrow was 1.25 hours, 
irrigation duration at a rate of 589 m3 / ha was 2.25 hour 
(Fig.2).  

  

 
Figure 2. The plot of soil moistening along the length of the 

furrows (water supply on the slope of the furrow) during cotton 
irrigation along the opposite furrows (option 3). 

When water was supplied against the slope of the furrow, in 
this embodiment, the jetting time (qb = 0.6 l / s) was 1.52 
hours before the end of the furrow, and the irrigation duration 
at a rate of 589 m3 / ha was 3.12 hours. Diagrams of soil 
moistening along the length of the furrows during cotton 
irrigation along the counter furrows are shown in Figure 3.  

  
Figure 3. Plot of soil moistening along the length of the 

furrows (water supply against the furrow slope) when cotton is 
watered along the opposite furrows (option 3). 

When cotton was watered through furrows (variant 4), the jet 
lag time (qb = 0.6 l / s) until the end of the furrow was 1.4 
hours, and the irrigation duration at a rate of 600 m3 / ha was 
2.9 hours. The plot of soil moistening along the length of the 
furrows during cotton irrigation through the furrows is shown 
in Figure 4. 

  
Figure 4. The plot of soil moistening along the length of the 

furrows during the irrigation of cotton through the furrows 
(option 4). 

Such results on the effect of irrigation mode and cotton 
irrigation technology on the uniformity of soil moistening 
along furrows were obtained in other experiments 
(medium-coarse and heavy loamy mechanical compositions 
of the soil). 

According to the results of research on the use of 
water-saving technologies, it can be concluded that the most 
effective irrigation technologies in all experiments are cotton 
irrigation along counter furrows and irrigation along variable 
jet furrows. During the years of research with these irrigation 
technologies, the productivity of 1 m3 of water was 630-860 
m3 / t, which is 740-880 m3 / t less than in the control. 

Based on the results of field studies, the effective use of 

water is achieved through the use of counter watering and 
irrigation with an alternating stream along the furrows. Using 
these technologies, evaporation of water from the field will be 
reduced and a normal distribution of water along the furrow 
will be ensured. 

Depending on soil condition for irrigation. The depth of the 
furrow for irrigation of cotton is 18 cm, between rows 60 cm 
and 20-22 cm between rows 90 cm. 

When distributing irrigation norms along the furrow length 
using water-saving irrigation technology, the uniform 
distribution coefficient was 0.76-0.82, and the water use 
coefficient was 0.79-0.87. Water at the end of the furrows 
reached in 1.3-1.7 hours. Depending on the mechanical 
composition of the soil and the elements of the irrigation 
technique, 5.3 - 11.1 hours were used to ensure that the 
calculated soil layer was completely moistened. Water 
filtration during irrigation is 17-28%. 

In the production control was the coefficient of 
performance was 0.72-0.93, while the counter irrigation of the 
furrow was 0.87-0.93. This was 0.15 - 0.17 more than 
production control. 

In production control, on average over the years of research 
on experiments, profitability of 28.6-30.8 percent, the 
maximum conditional net income from 1 ha was obtained in 
options 2 and 3, where cotton irrigation was carried out on 
counter furrows and on furrows with a variable stream. 
Profitability is 34.6–35.1% when watering cotton over 
variable furrows, and profitability is 38.4–40.9% when cotton 
is irrigated with counter furrows, which is 6.0–10.1% more 
than in production control. 

IV. CONCLUSION 

The following conclusions can be drawn from the study: 
1. In the Khorezm region of the total irrigated area of 265.4 

thousand ha, 77.6 percent, i.e. 206.0 thousand ha lands are 
meadow-alluvial soils, 31.1% light in terms of mechanical 
composition, 51.0% medium and 17.9% heavy loamy soils. In 
the region, the area with a groundwater level of 1.0–2.0 m is 
58.5% (155.3 thousand ha), the area with mineralization of 
1-3 g / l –75.3% (199.8 thousand ha ) Calculations of the 
representativeness of the soil-hydrological conditions of the 
sites in which the field experiments were carried out showed 
56.7% compliance with the natural conditions of the Khorezm 
region. 

2. The water-physical properties of the soils of the 
experimental plots vary depending on the preparation of the 
field for sowing, sowing, agrotechnical measures, irrigation 
technologies and irrigation norms. 

 In all experiments, the bulk soil mass increased towards 
the end of the growing season. The smallest compaction of 
0.01-0.02 g / cm3 was noted, where the over-irrigation soil 
moisture was maintained at the level of 70-80-60%.  

3. While maintaining the pre-irrigated soil moisture at the 
level of 70-80-60% and the application of irrigation 
technology on the counter furrows, favorable conditions are 
provided for the growth, development and yield of cotton 
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- on light loamy soils, cotton yield was 4.19 t / ha and the 
irrigation rate was 3594 m3 / ha, which is 1304 m3 / ha less 
than production control; 

- on medium loamy soils, cotton yield was 4.27 t / ha and 
the irrigation rate was 3073 m3 / ha, which is 1934 m3 / ha less 
than production control; 

- on heavy loamy soils, cotton yield was 4.16 t / ha and the 
irrigation rate was 2702 m3 / ha, which is 1964 m3 / ha less 
than production control. 

4. While maintaining soil irrigation soil moisture at a level 
of 70-80-60% and applying irrigation technology along 
variable stream furrows, favorable conditions for growth, 
development and yield of cotton are also provided: 

- on light loamy soils, cotton yield was 4.03 t / ha and the 
irrigation rate was 3,611 m3 / ha, which is 1,287 m3 / ha less 
than production control; 

- on medium loamy soils, cotton yield was 4.13 t / ha and 
the irrigation rate was 3083 m3 / ha, which is 1925 m3 / ha less 
than production control; 

- on heavy loamy soils, the cotton yield was 4.08 t / ha and 
the irrigation rate was 2738 m3 / ha, which is 1914 m3 / ha less 
than production control. 

5. As a water-saving irrigation technology, providing 
optimal irrigation regime for cotton, with a slope of the field 
of 0.00015-0.00020, the following are recommended: 

-watered cotton on counter furrows, with elements of 
irrigation technology depending on the mechanical 
composition of the soil: the furrow length is 80 m (light loamy 
soil), 100 m (medium loamy soil), 120 m (heavy loamy soil) 
and furrow consumption, respectively, 0.6; 0.4; 0.2 l / s; 

-Irrigating cotton on variable-furrow furrows with elements 
of irrigation equipment depending on soil texture: furrow 
length 80 m (light loamy soil), 100 m (medium loamy soil), 
120 m (heavy loamy soil) and furrow consumption, 
respectively, 0.6; 0.4; 0.2 l / s, which are halved after the jet 
reaches the end of the furrow.  

6. In experimental plots, high economic efficiency 
indicators over years of research were obtained with a 
pre-irrigation soil moisture regime of 70-80-60%, technology 
for irrigation of cotton on counter furrows and irrigation of 
cotton on furrows with variable spray (profitability 34.6-40.9 
%). 
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