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Abstract. This article studies the ameliorative condition of lands in Shieli irrigation massif by analyzing the volume 
of salts ingression into soil along with irrigation water and salt outcrop from the soil in sewer waters. The paper 
presents materials with experience of flushing saline on the area of 71.15 hectares, which gave positive results in 
water-and salt regime of soil. 
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Introduction 

In the Shieli district of Kyzyl-orda region in 
2013, the area of irrigated land was 31,118 hectares. 
Out of that area, the area of irrigated land with utility 
systems is 25,801 hectares, and the total area of fields 
is 22,736 hectares. [1] 

Weather conditions. The Shieli district is 
characterized by hot summers and very cold winters. 
The favorable period for crop planting continues 
from April to mid-October. The hottest month is July; 
the coldest months are January and February. 

Within the area, except for some years, 
rainfalls are very rare. Atmospheric precipitation 
occurs in winter and spring. 

According to the data from the Shieli 
Weather Stations, the amount of precipitation this 
year was 164.7 mm. The highest temperature was 
+27℃ and the lowest temperature was 4.80℃; the 
average temperature being +13.30℃ [2, 3]. 

The main source of water for irrigation of 
agricultural crops in the Shieli area is the Syrdarya 
River. The main part of the river water intake 
originates in the Tomenaryk town through the trunk 
channel Novy Shieli. Through this channel, 
agricultural land in Akmaya, Kodamanov, 
Begezhanov, Zhuantobe, Bestam and other farms is 
irrigated. Through the Kamystyayak channel, farms 
in villages Bidaykol and Jahanev are irrigated. 

In the area, the water supply into the 
channels starts on the third week of April. Water 
supply to the fields starts in May and continues until 
August 25. 

Hydrogeological and ameliorative 
conditions of the irrigated lands are a complex 
system, i.e., they depend on soil salinity, water 
supplied to crops and the level of ground water. [4, 5] 

Through pipes located in irrigated areas, 
groundwater level and salinity indicator were 
identified. The ameliorative condition of the irrigated 
land in farms was considered unsatisfactory only in 
certain farming lands, due to their lowland and 

highland location, a change was noticed in soil 
mechanical composition. 

Soil salinity index depends on 
mineralization of irrigation water and groundwater. 
In the autumn of this year, a rapid drop of the 
groundwater level has been observed. This was 
caused by the fact that the water level of the Syrdarya 
River was lower, and the groundwater level in 
irrigated land dropped rapidly. 

 
Methods 

Chemical composition of soil and water was 
determined in the laboratory. I.e., content of (PH), 
total nitrogen (N), ammonium and nitrate nitrogen, 
sulphates (SO4), chlorides (Cl) was determined by the 
method developed by Y.Y. Lurye and A.I. Rybnikova 
[2]. However, content of calcium (Ca) and 
magnesium (Mg) was determined using a complex-
metric method, content of potassium (K), sodium 
(Na) was determined using a photometer, and air 
chemical humidity (chemical oxygen demand) was 
determined using the dichromate method. 

Soil chemical composition was determined 
twice a year, in spring and in autumn. Samples of soil 
at a depth of 60 cm were taken every 10 cm, and 
further to the depth of 100 cm, each 20 cm in 3 
repetitions.  

Soil moisture was determined by the drilling 
and the thermostatic method. 

The norm of salt flushing was determined by 
the equation of V.R. Volobuyev [6]: 
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where: M is the norm of flushing, 

m3/hectare; 
Sn  is the amount of salts in 1 meter thick 

layer of soil, %; 
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S0  is restricted (limited) value of salt in 1 
meter thick layer of soil, %; 

α  is the amount of water for flushing 1 ton 
of salts from soil. In terms of Kyzyl-Orda, according 
to the data from Zh. Baymanov, this figure is equal to 

0.50=α . [7] 
In conditions of the experiment, flushing is 

performed twice, 2300 m3 of feed water each. The 
period between the first and second flushing is 5 
days. 

The mount of salt collected in the soil is 
found by multiplying irrigation norms by the amount 
of salt ingress with water. And the amount of salt 
withdrawn from the soil is determined by multiplying 
the volume of sewage water by its salinity. 

In our experimental plot with the area of one 
check of 0.5 hectares, amount of water supplied to 
the check was 1150 m3/hectare, i.e., 1150000 liters of 
water should be supplied. Water-transmitting 
capability of the channel is 100 l/s. 
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Then on 1 limit-flushing operation we shall 
spend 3.2 hours. And the entire plot of 71.15 hectares 
is washed out for 19, or 454.4 hours/24 days. This is 
one-time flushing. Water is released again every 5 
days. The entire flushing process takes 38 days. 

 
Main part 

The experiments were made on 71.15 
hectares of Bidaykol agricultural land plots in Shieli 
region (Fig. 1). We called these plots B-71-8, i.e., 
here B stands for Bidaykol, 71 is the area of the 
irrigated plot and 8 stands for the number of the well 
in the irrigated plot. Crops in locations where we 
carried out the experiments are located in the 
southwestern part of the Bidaykol irrigated 
cultivation farm. Well No. 8 is the closest to it. 49 
hectares of alfalfa and 22 hectares of silage maize 
were planted on our experimental arable farm field. 
[1, 2] 

About 24 sewage pipes are installed in the 
farm. Since they were installed in 1980, at the 
moment only 18 of them are operating. Using the 
data obtained from these pipes and our own data from 
water studies, we determined land salinity indicators.  

 

 
 

 
 

Fig. 1. Hydrogeological and ameliorative 
conditions of experimental plot B-71-8 (the 
Bidaykol irrigated farm field) 

 
While in March (2013) the groundwater 

level was 2.64 m, its salinity was 3.52 g/l, in June, 
the groundwater level was 1.40 m, its salinity was in 
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the range of 2.55 g/l, and in October, the groundwater 
level was 2.38 m, its salinity was 3.00 g/l. 

In irrigated agriculture, cereal and forage 
crops are mainly cultivated. Here, the main crop, rice, 
as well as grain maize, early crops, several kinds of 
alfalfa, etc., are cultivated. (Fig. 2) 

 

 
 

Fig. 2 Main crops cultivated at Bidaykol 
agricultural farms 

 
Table 1. Data on experimental land plot B-71-8 in 
terms of water intake, water supply to crops 
during the vegetation period (2013) and 
precipitation in the area according to the data 
from the Shieli Weather Station (2012-2013) [1, 2, 
3] 

Indicators Experimental 
plot B-71-8 

Water intake (planned), mln.m3 1.11 
Water supply to fields (planed), mln.m3  1.01 

Water intake (actual), mln.m3 0.90 
Water supply to fields (actual), mln.m3 0.68 
Amount of water sent to the drainage, 

mln.m3 
0.18 

Performance 0.82 
Precipitation (2013, average per year), mm 164.7 

 
Also, the discharged water is driven via 

drainage P-5-3-1. Fig. 3 shows the total amount of 
salts in the soil plot used for the experiments.  

In order to improve the salt regime for years 
2011-2013, soil flushing was undertaken for two 
consecutive years. At the beginning, in the plot of 
71.15 hectares, the initial amount of salts in the soil 
was 1.757% by weight of dry soil. Flushing was 
made jointly with Bidaykol economic institution. 

Soil was flushed, and salt-and-water regimes 
were studied on land plot of 71.15 hectares. 

The aim is the establishing of water-salt 
regimes of cultivated land under optimal conditions. 

 
Fig. 3. Indicators of salts in the soil of 
experimental plot B-71-8  
 

To achieve this goal, the following works 
were performed: 

definition (by laboratory methods) of soil 
chemical composition before the experiment; 

definition of the amount of water taken for 
irrigation of crops, and its salinity; 

definition of the amount of drainage water 
and its salinity; 

crop yield from irrigated fields; 
chemical composition of soil and water was 

defined in a specially equipped laboratory of the 
regional committee for Environment protection and 
biological resources. [8,9,10] 

On 71.15 hectares of agricultural land, 
checks were prepared in advance. The area of each 
check was 250*20 m2. The total number of checks 
was 144, including two checks that were considered 
worthless lands. 

Before flushing with this amount of water, 
the following work was performed: 

grading the land plot; 
preparation of a protective belts at the height 

of 0.25 m; 
preparation of trapezoidal Thompson 

drainage system in order to normalize the checks' 
water supplying channel system; 

definition of common indicators of salt in 
one meter thick layer of soil before flushing, in 
March, 2012; 

in accordance with results of laboratory 
analysis, the overall content of salts in the one meter 
thick layer of soil amounted to 1.757% by weight of 
dry soil. 

General flushing results are presented in 
Table 2. 

Fig. 4 shows the table image as a histogram. 
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Fig. 4. Dynamics of plot flushing norms 

 
As it is seen from Table 2 and Fig. 4, the 

initial amount of salts in the experimental plot B-71-8 
of the Bidaykol agricultural farm where the study 
was performed was 1.757% by weight of dry soil. 
With these indicators, it was hard to get a good 
harvest from this area. The salt content indicator 
beneficial for plants should be within the range 0.3 to 
0.5%. Within 2 years, thanks to normal flushing, salts 
content reduced from 1.757% to 0.422%. Yield of 
alfalfa and silage maize grew. According to the data 
for the autumn of 2011, from the 2600 hectares of 
alfalfa in the Shieli region (while the total area of the 
region is 24,081 ha), 10 kg/hectare yield was 
obtained. In the calculation of this index, the 49 
hectares of alfalfa of our experimental plot amounted 
to the yield of 0.19 t/hectare, and for silage maize, 
the area of 172 hectares amounted to the harvest of 
65.8 c/hectare in calculating this indicator. 22 
hectares of silage maize in our experimental plot 
amounted to the yield of 8.41 t/hectare. 

These figures changed after flushing several 
times. While in year 2012 from our experimental plot 
with 49 hectares of alfalfa (at that time the total 
planting acreage was 31118 ha) we obtained the yield 
of 0.28 t/hectare, and from 22 hectares of silage 
maize we obtained the harvest of 14.36 c/hectare, in 
2013 the yield amounted accordingly to 0.33 
t/hectare and 17.75 t/hectare. 

These data made it possible for us to 
calculate the water-and-salt regime of the considered 
irrigated plot. [11.12.13] 

 
Conclusion 

Elements of the water balance: 
2. The volume of water supplied to the 

experimental plot B-71-8 was 0.67 m³/sec; 
3. Expenditures for water absorption from the 

main channels were calculated in the amount of water 
received. 

 

 
Table 2. Indicators of flushing norms for 2 years 
at experimental plot B-71-8 of the Bidaykol 
agricultural farm, % 
 

 
 

=Fk  amount of water (water intake) x 

efficiency (1-efficiency channels) m³/sec; 

  0.150.8210.85 =x=Fk  mln. m³ 

4. According to Soyuzgiproris data, 
incoming and outgoing ground water have been 
calculated as equal. 

5. According to weather station data, 
for years 2012-2013 the amount of atmospheric 
moisture amounted to 164.7 mm.[²] 

6.  

0.12
1000000

117184.05
 71.1510 164.7mm ==haхх  

m³/sec 
7. According to the data of the 

Hydrogeology institute, the amount ∑Z of 
evaporation is equal to known indicator of 
evaporation of plants and water movement 

Ftotal - total area of 71.15 hectares; 
Fal - total area of alfalfa 49 ha; 
Fsm - total area of silage maize of 22 

hectares; 
Frfl - area of rain-fed lands of 0.15 ha; 
Zal - evaporation of water from the surface 

of lands occupied by 12 hectares of alfalfa; 
Zsm - evaporation of water from the 0.80 

hectares of silage maize; 
Zrfl - evaporation of water from rain-fed 

lands of 0.08 ha; (Table 4) 
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Table 3. Water balance 
Elements of water 
balance 

1 hectare 
thousand m³ 

Total mln. 
m³ 

1 2 3 
Incoming 

Supplied water  0.67 
Atmospheric 
moisture 

 0.12 

Water absorbed by 
MK 

 0.15 

Total  0.94 
Consumption 

Amount of 
evaporation 

0.085 0.25 

Drainage water  0.18 
Vertical absorption  0.30 
Total  0.73 
Balance  0.21 

 
8. Drainage-and-drainage water 

amounted to 0.18 mln. m³ 
9. In rice fields, vertical water 

absorption according to the Soyuzgiproris institute is 
0.30 thousand m³/hectare. 

Raising the groundwater on all irrigated, 
rain-fed cultivated fields in the water balance: 

0.02
0.1771.15

0.21
=

x
=dH m 

 
Elements of salt balance: 
1) Changes of soil salinity is 

determined by the following formula: 

     німколатмсісуар S+SS+S+S=Z

 
Sорош  is the amount of salts coming with 

the waters of the channel 0.67 x1.30 = 0.87 thousand 
tons; 

Sвпит  is the amount of salts coming with 
absorbed water 0.15 x 1.30 = 0.19 thousand tons; 

Sатм  is the amount of salts coming with 
atmospheric moisture 0.12 x 0.85 = 0.10 thousand 
tons; 

Sкол  is the amount of salts coming through 
the drainage waters 0.18 x 3.88 = 0.70 thousand 
tons; 

S урож  is the amount of salts brought out 
with crop yield of 0.41 thousand tons  (Table 4) 
 
 

 
Table 4. Salt balance 

Elements of salt 
balance 

Amount of salts. thousand 
tons 

1 2 
Incoming 

With irrigation water 0.87 
With assimilated water 0.19 
With atmospheric 
moisture 

0.10 

Total 1.16 
Consumption 

With drainage water 0.70 
With yield  0.41 
Total 1.11 
Balance 0.05 

 
According to these two tables, the amount of 

water coming to the experimental plot was 0.94 mln. 
m³, and the water flow was 0.73 mln. m³. The 
difference of 0.21 mln. m³ of water is lost. In case of 
1.16 thousand tons of salt coming to soil, and 1.11 
thousand tons of salt outgoing, the difference of 0.05 
thousand tons of salt remains in the soil. 

 
Conclusion 

So, at present, in order to further improve 
the water-and-salt regime of soil, it should be flushed 
every year. Flushing is the most effective in autumn 
and early spring. During these seasons, water level in 
the Syrdarya River is higher, and the amount of salt is 
lower. 
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