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Abstract: On the basis of data on soil and environmental conditions of gray-meadow saline soils, for the
efficient use of water resources in the irrigated areas there were developed methods to improve environmental
reclamation measures against deep loosening and optimal flushing rates at the experimental site. There were
also determined environmental factors characterizing the risk level in the settlement layer of the ground - soil.
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INTRODUCTION ecological activities. This occurs as a result of ignoring

Currently there are defined widely distributed saline evolution, as well as  hydrogeological,  hydrochemical
soils, studied the salts composition and soil formation and geochemical changes in ecological and meliorative
facts depending on the geochemical and hydrogeological works.
conditions, the irrigation technology. There are developed On the basis of the studied data on soil and
resource saving ways of the saline soils reclamation, such environmental conditions for the gray-meadow and dark
as flushing, drainage, deep tillage, sorbents, the use of brown carbonate soils, as well as insufficient moisture
chemical reclamation and fitomelioration. It’s necessary to supply in the presence of high thermal resources, which
develop the most efficient control technology of water requires the need to regulate the water regime of the root
and salts motion in the irrigated soils in land reclamation zone in the studied years on the distribution of
and operating conditions. This requires the use of precipitation, surface and supply sources discharge
physical and mathematical models that provide the according to the ecosystem parameters. The solution of
opportunity to assess the salt content in soils and a number of important geoecological and reclamation
quantitative description of the laws of their motion and problems deals with the need for reliable quantitative
distribution in the ground-soil root zone. prediction of plant productivity under different climatic

To restore the soil properties the adaptive complex of conditions and modes of supply. The main problems are
reclamation measures is required, that is the complex, the following: the basis for decisions on the rational use
adapted to the natural conditions and providing of the biosphere resources, the environmental protection
functional stability of the soil cover. It aims to create the measures, the development of saline and irrigated lands
optimal reclamation regime. There have been presently water-saving technologies, improvement of land
developed the main frames of reclamation regime reclamation systems substantiation, etc.
components regulation and the measures providing the The Aim of research is to create the conditions to
establishing of the optimal reclamation regime on the improve the soil-forming process allowing the expanded
reclaimed land and the favorable ecological situation reproduction of soil fertility in the geoecosystem process.
within the agricultural landscape. It requires keeping the automorphic mode of soil

Soil contamination in salinization is mainly  due  to formation, to maintain groundwater at a sufficient depth
the human anthropogenic activity, inappropriate work to prevent the possibility of soils secondary salinization
management in land improvement, agrotechnical at the minimum expenses of irrigation water.

the laws regulating the natural balance and soils
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MATERILAS AND METHODS The main parameters of the systematic horizontal

To justify the water-salt regime of the geoecosystems the groundwater level (GWL) after exsiccation, the
saline soils there were done the comprehensive studies on pressure between drains, groundwater flow to the drains
the following technologies [1-3]: and collectors. Water flow to the drain on both sides is

The First Method: Field plowing, planning, rollers
installation, cutting the temporary sprinklers and drainage Q  = 4kh l/R (1)
on the background of the constant deep open drainage.
Water flushing in checks. Checks size is from 0.25 to 1.0 where Q - water flow to the drain, m ; k filtration rate,
ha. m/day;  h  -  groundwater  pressure   between  drains, m;

The Second Method: There is no field plowing, but the R - distance between drains, m.
immediate deep tillage in a continuous manner (in 0.5 m). The water inflow to the drain a hectare per the time
Depending on the water and physical properties, the unit is defined by the following equation [4]:
condensed layers salinization depth, it varies at 1.0 - 3.0 m.
There are also used temporary sprinklers and drainage at
a distance of 40-100 m with the depth of 0.8-1.0 m. So, the (2)
deep loosening is carried in the direction of a sprinkler
and perpendicular to the temporary drainage, leaving the where q - a drainage flow module in the groundwater
distance of 10-15 m., sometimes parallel, depending on the pressure, m /ha. Then, having the value of the water
place slope. movement actual speed V  of the ground - soil, one can

The Third Method: Plowing, layout. Organic fertilizers following formula [2-3].
(manure) are used as 20-3 0 t/ha, then there is a deep one-
rack-mount loosening. In this case, the tractor movement
must be parallel to the loosened strip. Soil moisture (3)
should not exceed the smallest moisture capacity.
Otherwise it will seal the loosened layers [3-4]. where N  - flushing rate (net) m /ha, V  - filtration rate in

The main methods of hydrochemical regime saturated layers, m /day.
regulation - the impact on groundwater levels with various
activities (irrigation, flushing, soil loosening in drainage). RESULTS AND DISCUSSION
Water - physical and physical - chemical processes
directly affect the formation of water - salt, heat and food Water and physical properties of  the   area  soils
regimes in the settlement layer of the ground-soil. This is were studied at 16 experimental sites. 11 of them have
because as a result of irrigation and flushing with the use non-saline types of soils. 5-highly saline soils and
of drainage the conditions of formation of incoming and solonchaks, requiring flushing in the development
outgoing elements of water - salt balance, salts stocks, process and are combined with the experimental sites to
infiltration speed, moisture movement changes, study soils salt leaching.
evaporation, groundwater outflow and others change The upper humus horizon, intertwined with plants
dramatically. The use of the complex of ecological and roots is of the smallest density. The upper humus horizon
meliorative measures allowed superseding leachable toxic has the following density, depending on the soil type
salts from the layer. (t/m ) meadow and marsh 0.86-1.34; meadow 0.99-1.46;

While studying the salts transportation mechanism, gray-meadow 1.34- 1.48; meadow-gray 1.27-1.44; light gray
proper regulation of water - salt and food modes, it is l.2 -1.26, light chestnut 1.44-1.56.
necessary to determine the following values - the salts Air containing porosity  in   the  meter layer  varies:
solubility, rocks leaching, soils and groundwater 10-24% in the light chestnut soils, 13-22% in the gray soil,
evaporation, the convective diffusion, filtration flow salts 11-28% in the meadow-gray soils, 22-30% in the gray-
transfer, ion - salt balance in the system of solution - solid meadow soils, 18-28% in the meadow soils, 12-24% in the
phase, displacement of the pore solutions, etc. meadow and marsh soils.

drainage are the distance between drains, the position of

defined by the formula [1-3]:
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Table 1: The impact of flushing rates on the salts leaching from the soil at the experimental site of “Zhanaminsky”,% from weight
Flushing rates m /ha Soil layer, m HCO CO Cl SO Ca Mg Na +K Salts contents% Toxic salts,%3 - - - 2 +2 +2 + +

3 3 4

Before flushing 0.4 0.074 0.226 0.272 0.818 0.040 0.022 0.525 1.77 1.65
1.0 0.058 0.019 0.236 0.709 0.033 0.014 0.465 1.53 1.43
1-2 0.036 0.006 0.220 0.323 0.033 0.017 0.244 0.88 0.81

6000 0.4 0.077 0.023 0.155 0.352 0.015 0.008 0.284 0.91 0.87
1.0 0.069 0.026 0.067 0.300 0.013 0.007 0.206 0.69 0.56
1-2 0.037 0.006 0.131 0.245 0.013 0.005 0.197 0.64 0.60

8000 0.4 0.078 0.025 0.075 0.210 0.020 0.008 0.162 0.58 0.52
1.0 0.069 0.029 0.050 0.200 0.008 0.004 0.160 0.52 0.39
1-2 0.039 0.009 0.103 0.209 0.008 0.003 0.176 0.56 0.51

In the study of the salts transportation mechanism solution (CaSO , CaCO, MgCO ), as well as in exchange
the following parameters are paid attention to: the salts reactions of the soil solution with the absorbent soil
solubility, rocks leaching, water evaporation from the soil complex (formation of Na SO , NaHCO  and other
profile and groundwater levels, the convective diffusion, compounds). The quantity of the formed secondary salts
filtration flow salts transfer, ion - salt balance in the varies and depends on the saturation degree of AUC with
system of solution - solid phase, displacement of the pore sodium and magnesium, the volume of the flushing water
solutions, etc. filtered through the soil [7].

The research results in the study of the salts Primary salt leaching is the process of the soil
transportation mechanism in the left bank Tentek area and desalinization and the secondary salt removal - the
application of technological flushing schemes considering process of its desolonetzization. Sulphate saline soils
the infiltration flow speed and the use of the constant desalinization and desolonetzization happens more
drain are given in Table 1 [2-3, 5-6]. difficultly, more slowly and to big expenses of water in

According to the research results, the following comparison with the chloride saline soils. When flushing
flushing rates calculated by the above formulas (1-3) were it is necessary to strive to create a managed process of
received. The data presented in the table show that the moisture and salts movement in the ground-soils, in which
flushing rates depend on the water and physical you can quickly saturate the soil with the necessary
properties of soils and interdrain space. amount of water, to detain it for the time needed to align

In the development of ecological and reclamation the solution concentration in the diffusion process and
measures there were considered such factors as the then quickly dump it into the drainage network. It is
accumulation of toxic substances, the effects of important that during the soil moisture delay evaporation
accumulated harmful substances. Accordingly, for each was not excessive. The presence of water-stable
type of irrigation and flushing, methods for preventing the macrostructure on the gray soil surface contributes to the
accumulation of toxic  substances  have  been  developed. high rate of soil saturation with water and sharply
At considered types of watering it is also necessary to accelerates the process of salts leaching from the
take the moisture reserves in the root zone into account, underlying nonaggregated layers.
carry out sowing of certain crops. The greatest effect of We carried soluble salts leaching from the soils
the proposed activities will be achieved in case the treated with the GPAN polymer in the  field  conditions.
ecological and reclamation activities are carried out with To do this, there were chosen two equal courts measuring
the deep loosening. 5 x 5 m, which have been diked by the rollers of 35 cm high

Important are the data on the leaching  intensity in and 50 cm wide at the base. These sites were filled inside
the  flushing  of  various  anions  and  cations of salts. with the square metal templates, the lower end of which
The research shows that chlorine is quickly and was deepened to 10 cm from the surface. The height of the
completely leached in the flushing process, the template above the soil surface was 35 cm.
significantly slower and less - is the sulfuric acid anion The area of each section within the template was 10
and the slowest and in small quantities - calcium. m² (3.17 x 3.17). The upper 20 cm layer of the site 2 was

The author of the paper defined that not only easily treated with the GPAN polymer  at  the  rate  of  0.05%
soluble salts of the soil solution are leached in the from the soil weight. It  was  also  the  place  where
flushing process, but also the secondary salts. They are samples were collected every 20 cm to the depth of 100
formed upon transition of part of almost insoluble salts to cm.  The  control  site  I   was  flushed  without use of  the

4 3
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Table 2: Soils mechanical composition of the site 1,%
Fractions size, mm
----------------------------------------------------------------------------------------------------------------------------------------------- Physical clay

Depth, m 1-0.25 0.25-0.1 0.1-0.05 0.05-0.01 0.01-0.005 0.005-0.001 0.001 0.001 mm
0.0-0.2 0.16 0.14 41.3 15.0 8.2 23.15 9.55 42.1
0.2-0.4 0.60 1.85 34.6 21.2 4.15 29.3 9.42 42.4
0.4-0.6 1.50 1.75 37.3 16.4 9.3 25.1 9.92 43.5
0.6-0.8 0.45 0.50 36.5 22.5 7.4 22.6 9.80 41.5
0.8-1.0 0.53 0.47 41.4 19.3 9.4 21.5 9.73 40.5

Table 3: Environmental factors characterizing the danger level in the ground-soil settlement layer
Ground-soil salinity degree
-------------------------------------------------------------------------------

 1 Indicators Low Average High
0 Area, ha 100 100 100nt,

2 Initial salinity, So,% 0.35 0.5 1.4
3 Porosity, n, in fractions 0.45 0.45 0.45
4 Soil density, T/m 1.43 1.43 1.433

5 Initial mineralization, g/l 3 3.5 5
6 Expelled salts T/ha, S=100 h  So 25 29 60
7 Ground-water level (GWL), h, ; 3 3 3
8 Water volume till GWL, W , m /ha W =10 • n• h 13500 13500 13500GWL GWL

3 4

9 Flushing rate net, N , m /ha 5000 6000 8000nt
3

10 Flushing rate gross, N , m /ha 6000 7200 9600br
3

11 Salts Stock in HS, S , kg/ha 40500 47250 67500 gw

12 Admissible mineralization in soil solution C = S+S / W + N g/l 3.4 3.7 5.5gw GWL br,

13 Water inflow from channels Q, m /sec 0.1 0.1 0.13

14 Flushing time, t=N • / 86400  Q, day 68 82 109nt nt

15 Transit water volume share dumped to the river in the flushing process
V N • 86400 • Q•t 0.85 0.85 0.85T= nt nt/

16 Flushing period precipitation P, m /ha 450 600 8003

17 Moisture saturation in the settlement layer, W , / a; 3150 3150 3150n
3

18 Evaporation in the course of flushing, E  m /ha 1000 1200 1600O
3

19 Flushing water volume share from CDS: q =(N +P- W -E )/ N 0.22 0.31 0.42k nt n O br

20 Salinization chemistry, chloride (x) x x x
21 Environmental factors E= 1-Exp(-Cò V • q ) 0.47 0.62 0.86T k

22 Danger level Moderately dangerous dangerous Very dangerous

GPAN  polymer. The area was filled with water at the rate It was found that in the conditions of WSP and PE
of 6.000, 8.000 m³/ha, after flushing samples were taken for application the content of exchangeable sodium was
the analysis. reduced by 35-38% by the end of the vegetation period.

The site mechanical structure where the soluble salts The establishment of the soils ability to hold water
were leached from the soil was average loamy for the available to plants depends on the certain properties. Any
whole meter thickness (Table 2). The content of physical additional amount of water from rainfall or irrigation,
clay ranged between 40.5 - 43.5%. On granulometric ground-water level increase (GWL) greater than this value
structure fractions of small sand prevailed, the content of is redundant and can disrupt the soils hydrological
which is in the range of 34.6 - 41.3%. The content of silt balance. Depending on soil permeability relief, lithology
exceeded 9.92%. and hydrography, water excess may be infiltrated into the

Consequently, the technology was applied in the ground-water, go into the area water logging, which
work with the use of water-soluble polymers (WSP) and affects the natural landscape, environment, ecological and
polyelectrolytes (PE) for the saline soils reclamation and economic activity, as well as soil fertility that is the a
improvement of physical and chemical properties of soils contamination factor. The analysis of the calculations
with heavy mechanical composition [7,10]. The influence presented in Table 3 shows the quantitative assessment
of such polymers as polyacrylamide, methacrylic acid and of the environmental situation: the danger level (very
methacrylamide copolymer and  others  was  considered. dangerous, EC 0.62-0.86) [8-11].



World Appl. Sci. J., 26 (9): 1234-1238, 2013

1238

This technology was developed and implemented at REFERENCES
the pilot production site “Zhanama” of Taldykorgan
oblast with the strong sodium - saline soils, sulphate- 1. Averyanov, S.F., 1978. Salinity Control of Irrigated
sodium salinity type. On the basis of experimental Lands. M.: Kolos, pp: 288.
research done in conditions of Tentek area of 2. Seytkaziev, A.S., 2000. Determination of Flushing
Taldykorgan oblast and Tasotkul area of Zhambyl oblast Rates. 7 Science and Education of the South
there was developed water saving flushing technology in Kazakhstan, N2: 20-22.
complex reclamation with the use of chemical meliorants 3. Seytkaziev, A.S. and A.E. Baizakova, 2003. The
( phosphogypsum) in combination of organic fertilizer and Regime of Groundwater, Confined to the River
deep loosening of ground-soil density layers [2-3, 6-7]. Basins. Reclamation Issues, 2(5-6): 93-98.

The results of the water-saving flushing technology 4. Besednov, N.A., 1958. Saline Soils Reclamation - M.:
implementation show that it is economically expedient to Selkhozgiz, pp: 148.
use 5-6 times flushing with the single rate of 800- 1000 5. Seytkaziev, A.S. and I.I. Ortykov, 2002. Soils
m /ha on the background of the regular  drainage   with Desalination Method // Proceedings of Intercollegiate3

the use of the temporary one with the drain space ranging Research Works. Moscow, pp: 68-72.
40-100 m and the depth of 1.2 m At the same time the total 6. Seytkaziev, A.S. and A.I. Musayev, 2010. Saline Soils
leaching rates were 5000-6000 m /ha. Productivity Improvement Methods.3

Compared to the existing flushing technology this Hydrometeorology and Ecology, pp: 163-173.
technology has produced the following effects: 7. Harnraev, S.S. and Kh. Artykbaeva, 1984. Salts

Flushing water saving was 35-40% of the total Soils. Tashkent, pp: 128.
consumption; 8. Atmospheric Air Hygiene Guiding, M., Medicine,
Soil desalination in the root zone was 1.5-2.0 times 1976. pp: 416.
larger than in conventional technology; 9. Hachaturyan, V., 1990. Ecological Substantiation of
Short flushing period in one season, more profitable Agricultural Reclamation II Volume of Agricultural
salt leaching and evaporation cost reduction; Science, 5(404): 43-48.
It was found that in the conditions of WSP and PE 10. Assanov, A.A. and K.K. Shilibek, 2005. Sulfur
application the content of exchangeable sodium was Suspension Stabilization Method /7 A Provisional
reduced by 35-38% by the end of the vegetation Application for the RK Patent N 16285, pub.
period; 14.10.2005, Bull. X2 10.
It is recommended to have such flushing technology 11. Seytkaziev, A., S. Zh. Salybaev, A.E.  Baizakova and
for at least three years and grow   the  appropriate K.M. Muzbaeva, 2011. Environmental Assessment of
salt-tolerant crops on the flushed according to the the Saline Land Productivity Improvement in the Arid
irrigation flushing regime. Zones of the Republic of Kazakhstan, Taraz, pp: 274.

The effectiveness of the saline soils flushing directly Salybaev, 2011. Simulation of Degraded Soil Water,
depends on soil preparation and especially on the depth Salt and Heat Regimes. Taraz, pp: 356.
and method of plowing. The saline soils flushing rates are 13. Seitkaziev, A.S. and K.L. Budantsev, 2002. Simulation
among the main soil -ecological and agrotechnical of Soils Water-Salt Regime in the Saline Land.
practices that ensure increasing of agricultural crops. Proceedings of Intercollegiate Research Works in
Therefore, the optimal rates, flushing cycles and the ways Hydraulic Engineering Special Construction,
of soil preparation for leaching of saline soils are of great Moscow, pp: 72-79.
practical importance in improving agricultural crops 14. Kazakov, V.S., 1988. Recommendations for the Soil
productivity and ecological state of the irrigated Deep Loosening in Irrigated Lands, Moscow, pp: 40.
ecosystems. The recommended technology development 15. Seytkaziev, A.S., Yu.I. Vinokurov and L.A.
is the saline and compacted soil restoration on the basis Alzhanova, 2010. Environmental Assessment of
of deep tillage and temporary drainage (0.8-1.0 m). Saline Soils Reclamation Regime in Irrigated

Accumulation and Leaching from the Structuralized

12. Seytkaziev, A.S., K.M. Muzbaeva and S. Zh.

Geosystems. International Research Journal, The
World of Science, Culture and Education, IWEP, SB
RAS, Barnaul, 1(20): 100-102.


