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ABSTRACT 

Sprinkler irrigation in the Russian Federation, including Volgograd region as well, is one of the most common 

methods of irrigation. This is facilitated by the high level of irrigation mechanization, supply of irrigation water on the field 

imitating natural rain, relatively good uniformity of rain distribution, less high requirements for relief of watered area, as 

compared to surface irrigation. However, this method of irrigation has certain disadvantages: at the high irrigation rates 

sprinkler irrigation in the medium and heavy soil texture is accompanied by destruction of the soil structure and soil 

compaction and the formation of puddles and runoff, and consequently, irrigation erosion. The studies set the task to 

identify the elements of irrigation techniques and technical and operational performance of sprinklers at different modes of 

operation in order to support agromeliorative techniques that maintain optimal water regime in the active layer of the soil 

without the formation of irrigation water surface runoff. The objects of research are new sprinkler machines "Mini Kuban-

FS" and "Kuban-LS", mounted on a range of irrigation equipment of All-Russian Research Institute of Irrigated 

Agriculture, Volgograd. Soils of the experimental field are light brown, moderately clayey, density in the layer is 0.4 m - 

1.35 t/m
3
, the lowest moisture content is 23.0%. The obtained results allow us to draw the following conclusions: in 

maintaining normal water pressure at the inlet of a feeding canal belt, small sprinkling machines "Mini Kuban-FS" and 

"Kuban-LS" provide spraying rain, responsible for agro-technical and environmental requirements by a more efficient 

irrigation coefficient 0.75. When the water pressure is below 0.80, normative use of "Mini Kuban-FS" and "Kuban-LS" on 

the agronomic and environmental requirements is not recommended. 
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INTRODUCTION 

Southern Federal District which includes the 

Volgograd region as well is one of the main producers of 

agricultural products on the irrigated lands of the Russian 

Federation (Shchedrin and Kosichenko, 2011). 

Temperature conditions of Volgograd region are favorable 

for growing a wide range of crops, including heat-loving 

vegetables, rice, grapes, corn, sunflower and others. At the 

same time, the region is a zone of insufficient humidity in 

terms of the precipitation amount. In such circumstances, 

only irrigated agriculture allows the fullest use of 

biological potential of land resources. 

With the ability to replenish soil moisture 

reserves and maintain them at an easily accessible plant 

level, irrigation helps to activate the synthesis of organic 

matter, biochemical reactions in wetted cells and the 

process of metabolism, transpiration activity (Connellan, 

2002). The irrigated soil has a high heat capacity and, 

consequently, is less subject to differential daytime and 

nighttime temperatures, providing stress on the plants. 

When sprinkling not only the soil is moistened, but also 

the vegetative mass of plants, their leaves and stems, the 

surface layer of air. All this enhances the growth 

processes, the formation of a well-developed root system 

and habit, and ultimately the yield of irrigated crops (Ouda 

et al., 2015). 

Sprinkler irrigation in the Russian Federation, 

including Volgograd region as well, is one of the most 

common methods of irrigation. This is facilitated by the 

high level of irrigation mechanization, supply of irrigation 

water on the field imitating natural rain, relatively good 

uniformity of rain distribution, less high requirements for 

relief of watered area, as compared to surface irrigation, 

and a number of other advantages (Kruzhilin and 

Kuznetsova, 2007). However, this method of irrigation has 

certain disadvantages: at the high irrigation rates sprinkler 

irrigation in the medium and heavy soil texture is 

accompanied by destruction of the soil structure and soil 

compaction and the formation of puddles and runoff, and 

consequently, irrigation erosion (Valdes-Abellan et al., 

2015). The speed and wind direction and other factors 

have negative effect on the uniformity of rain distribution 

and soil moisture (Kozinskaya, 2011). Despite this, 

sprinkler irrigation is becoming more common, especially 

in connection with the creation of sophisticated sprinkler 

irrigation system and plants (Kuznetsova et al., 2012, 

2013; Kruzhilin and Kozinskaya, 2010). In this regard, 

issues to improve the quality of watering crops and 

rational use of irrigation water at sprinkling gain particular 

relevance. 

 

MATERIALS AND METHODS 

Areas of study: the objects of research are new 

sprinkler machines (SM) "Mini Kuban-FS" and "Kuban-

LS", mounted on a range of irrigation equipment of All-

Russian Research Institute of Irrigated Agriculture, 

Volgograd. Soils of the experimental field are light brown, 

moderately clayey, density in the layer is 0.4 m - 1.35 

t/m
3
, the lowest moisture content is 23.0%. The studies set 

the task to identify the elements of irrigation techniques 
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and technical and operational performance of sprinklers at 

different modes of operation in order to support 

agromeliorative techniques that maintain optimal water 

regime in the active layer of the soil without the formation 

of irrigation water surface runoff. 

Data collection: SM "Mini Kuban-FS", reduced 

analogue of SM Zimmatik with electric motor drive is 

intended for crop irrigation, including tall cultivar on 

different soil types. Water consumption is 20 l/s, pressure 

on hydrant is 0.35 MPa, irrigation rate per pass is from 5.8 

to 116 mm, length of capture is 184 m, clearance is 2.7 m, 

capacity at the rate of irrigation 60 mm is 0.15 ha/h, 

seasonal irrigation area is 24 hectares. SM "Kuban-LS", 

license, of front electric drive movement, provides water - 

30 l/s, pressure on hydrant - 0.28 MPa. Water conveyance 

pipeline is held on 7 mobile self-propelled trucks, 

irrigation rate per pass is from 3.3 to 33 mm, length of 

swath is 304 m, clearance is 2.7 m, capacity at the rate of 

irrigation 60 mm is 0.18 hectares, seasonal irrigation area 

is 30 hectares. 

The studies were conducted in accordance with 

the test procedure of sprinkler technology in the laboratory 

and field tests. Size of dynamic areas to determine the 

flow of water, humidity and depth of soil soaking was 

taken 3x3 m. The layer and uniform distribution of rain 

was measured using glass vessels with a capacity of 0.5 

liters with water inlet 470 cm
2
, which were installed in the 

alignment along the length of the machine through 2 m in 

three replications. Pressure, along with a water flow rate 

was measured with a spring pressure gauge. Key 

indicators of the soil characteristics and its particle size 

distribution were determined in the laboratory of Soil 

Science in All-Russian Research Institute of Irrigated 

Agriculture. Wind speed and direction, relative humidity, 

air temperature was taken according to the 

hydrometeorological data and measured in the 

experimental field with portable anemometer, 

thermometer and psychrometer. The density of the soil is 

determined with the use of calibrated cylinder (method of 

Kachynski), the density of solid phase - by pycnometry, 

soil humidity - by thermogravimetric-weight method in a 

layer of up to 1.0 m, the water permeability - by the 

method of flooded fields (method of frames). 

 

RESULTS AND DISCUSSIONS 
Irrigation systems "Mini Kuban-FS" and "Kuban-

LS" energized water from the irrigation system through 

hydrants with diameter of 0.15 m, located on the water 

conveyance pipeline through 120 m, with a flexible pipe, 

which is a double latex sleeve with diameter of 90 mm and 

length 70 m. To spray water they are equipped with short-

range low-pressure sprinklers of 48 and 152 units, 

respectively. SM water consumption (Q, m
3
/s) depending 

on the pressure in the water conveyance pipeline farm is 

given by: 

 

2Q n gH

 
 

Where 

n  - number of sprinklers; 

μ  - discharge coefficient, μ = 0.85; 

ω  - sectional area of the outlet nozzle, m
2
; 

H  - pressure MPa (Table-1). 

 

Table-1. Estimated SM water supply data depending on the pressure in the pipe-line. 
 

No. 
Water pressure, 

H, MPa 

SM "Kuban-LS" SМ "Mini Kuban-FS" 

Flow rate, Q, l/s 

1 0.10 17.40 10.40 

2 0.15 21.30 12.74 

3 0.20 24.70 14.75 

4 0.25 27.50 16.40 

5 0.30 30.10 19.45 

6 0.35 32.50 20.60 

7 0.40 34.80 21.80 
 

Note: the water flow rates are selected at the normative pressure. 

 

Water delivery by the head pump station is 

intended for the service of 22 sprinklers and is 900 l/s at a 

pressure of 1 MPa. Total water withdrawal by all SM, 

providing irrigation of the area is 1.157 l/s. Consequently, 

planning of the number of concurrently working here SM 

must be limited to a coefficient of 0.7 water needs of their 

total number on the irrigation system. When the water 

needs of concurrently working SM is lower than the 

standard power supply of the pump station it is 

synchronized with the demand for irrigation water. It is 

more difficult to implement the synchronization process of 

water pressure in the water-supply pipeline with a 

standard, especially if the irrigation system uses SM with 

different regulatory pressure. Thus, for example, we 

consider a closed irrigation system, where the rain 

structure corresponding to agronomic requirements is 

formed when machine inlet pressure is from 0.20 MPa 

("Farmer Kuban-K") to 0.70 MPa ("Frigate-K"). 

Therefore, the work of SM with regulatory pressure at the 

inlet to the pipeline feeding canal of the machine is within 
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0.20-0.35 MPa, and together with SM "Frigate-K" is in 

need of excess pressure reduction. It was provided by SM 

cover latches on the water supply hydrant. 

According to the monitoring, with a large number 

of concurrently working SM the water pressure in the 

pipes of the irrigation system falls below that required by 

technical specifications for normal spraying of water into 

the rain. As there is no mechanism to increase the pressure 

in the irrigation system, except reducing the number of 

concurrently working SM, the research task was to 

determine the maximum allowable pressure drop data of 

water at the entrance to the SM, below which the quality 

of rain does not meet the requirements. 

The research has shown that the departure of 

sprinklers’ inlet pressure below 0.80 from the norm, the 

watering quality was reduced to unsatisfactory due to the 

deterioration of sprinklers working conditions (Table-2). 

The data in Table-2 shows that the volume of 

water supply in the feeding canal zone was reduced by 23-

30% when pressure fell to 0.75 of the norm, and other 

characteristics of the SM work changed as well. First of 

all, the rain intensity decreased by 15-20%. Consequently, 

at the duration of irrigation in accordance with these 

technical specifications of SM, the actual rate of irrigation 

machine "Kuban-LS" was 51.2 mm, "Mini Kuban-FS" - 

48 mm instead of the estimated irrigation norms, such as 

60 mm, i.e., it was decreased by 15 and 20%, respectively. 

Such departures from the estimated irrigation norms cause 

violation of requirements of watering rules, necessitate 

earlier dates for the next watering, use of refined 

indicators of irrigation water arrival in water balance and 

other hydrological calculations. 

 

Table-2. SM data at normal and reduced water pressure. 
 

Controlled 

parameters 

of the SM 

work 

Kuban-LS Mini Kuban-FS 

normal 
80% of 

normal rate 

75% of 

normal rate 

departure 

from the 

norm, % 

normal 
80% of 

normal rate 

75% of 

normal rate 

departure 

from the 

norm, % 

Pressure, 

MPa 
0.28± 0.03 0.22 ± 0.03 0.21 ± 0.03 25 0.35 ± 0.02 0.28 ± 0.02 0.26 ± 0.02 26 

Water 

consumption, 

l/s 

30.0± 2.0 26.0 ± 2.0 23.0 ± 2.0 23 20.0 ± 1.0 16.0 ± 1.0 14.0 ± 1.0 30 

Length of 

rain swath, m 
315 305 300 5 191 184 180 6 

Rain intensity  

mm/min 
0.48± 0.05 0.45 ± 0.05 0.41 ± 0.10 15 0.50 ± 0.05 0.46 ± 0.05 0.40 ± 0.10 20 

Irrigation 

period rate, 

60 mm, ha 

125 133 146 17 120 130 150 25 

Effective 

irrigation 

coefficient, 

EIC 

0.82 0.75 0.62 22 0.85 0.77 0.65 26 

 

CONCLUSIONS 

The obtained results allow us to draw the 

following conclusions: in maintaining normal water 

pressure at the inlet of feeding canal belt, SM "Mini 

Kuban-FS" and "Kuban-LS" provide a spray of rain on the 

irrigated area that meets the agronomic and environmental 

requirements with an efficient irrigation coefficient of 

more than 0.75. Decrease in water pressure up to 0.80 

from the norm somewhat reduces the intensity of rain and 

irrigation efficiency coefficients up to 0.75-0.77, but 

remains within acceptable to agronomic requirements EIC 

≥ 0.75. However, there is need to adjust the duration of 
irrigation to feed the estimated irrigation norm. This 

allows watering with the necessary adjustments for the 

duration of irrigation supply and irrigation settlement 

rules. When the water pressure in the water bearing zone is 

below 0.80 of normative watering SM "Mini Kuban-FS" 

and "Kuban-LS" do not meet agro-technical and 

environmental requirements in terms of the feed water 

flow rate, the length of the rain swath and irrigation 

efficiency coefficient. Therefore, it is necessary to 

organize monitoring of water pressure, able to prevent 

irrigation at a pressure below 0.80 of the norm on 

irrigation systems, especially during the concurrent 

operation of several SM, in order to ensure the quality of 

irrigation.  
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