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RESUMO

Quando a irrigagdo da terra na zona arida, um dos elementos obrigatérios para manter o equilibrio
entre sais e agua é a lavagem do solo. Atualmente, os padrées de lavagem sao calculados e recomendados
para diferentes solos. No entanto, esses calculos sdo baseados principalmente em dados experimentais. Para
aumentar a eficiéncia da lavagem, e também para economizar 4gua de irrigacdo, é necessario investigar o
mecanismo de dessalinizacdo do solo durante a lavagem. Neste artigo, propomos um método para calcular a
taxa e o grau de dessalinizagéo de solos com base na andlise do movimento de particulas de sais. O principal
elemento de célculo é a velocidade e o alcance das particulas de sais em solugdo. Este método permite
justificar e determinar a tecnologia de lixiviagdo de solos salinos. O artigo apresenta os resultados da aplicagao
de métodos de modelagem matematica ao exemplo da margem esquerda do Macico de Irrigacéo de Tentek. A
base da modelagem foi colocada na equagéo basica da transferéncia de sais, com o célculo dos coeficientes
incluidos nela de acordo com os dados reais. Como resultado, as taxas liquidas de lavagem foram obtidas para
as terras salinas, dependendo das propriedades fisico-quimicas dos solos do macico investigado.

Palavras-chave: solo, aguas subterrdneas, salinidade, irrigacéo.
ABSTRACT

When irrigation of land in the arid zone, one of the mandatory elements for maintaining the water-salt
balance is soil washing. At present, washing standards are calculated and recommended for different soils.
However, these calculations are based mainly on experimental data. To increase the efficiency of washing, and
also to save irrigation water, it is necessary to investigate the mechanism of desalinization of the soil during
washing. In this paper, we propose a method for calculating the rate and degree of desalination of soils based
on the analysis of the motion of salt particles. The main calculation element is the velocity and range of the
particle’s salt in solution. This method makes it possible to justify and determine the technology of clock
leaching of saline soils. The paper presents the results of applying mathematic modeling methods to the
example of the left-bank Tentek Irrigation Massif. The basis of the modeling was laid the basic equation of salt
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transfer with the calculation of the coefficients included in it according to the actual data. As a result, net wash
rates were obtained for saline lands, depending on the physicochemical properties of the soils of the
investigated massif.

Keywords: soil, groundwater, salinity, irrigation.
AHHOTALUUA

Mpv opolieHun 3eMernb B apuAHOW 30HE OOHUM U3 0Bs3aTenbHbIX 3NEMEHTOB NOAAEpPXKaHUs BOOHO-
cornesoro GanaHca SIBNSieTCA NpPOMbIBKAa Mo4YBbl. B HacTosilee Bpemsi Ofisi pasfMyHbIX MOYB pacCcUUTaHbl U
pPEeKOMeHOOBaHbl MPOMbIBHbIE HOpMbl. OpgHako 9TM pacyeTbl GasvpyloTca rmaBHbiM  o6pasoMm Ha
3KCMEepUMEHTanbHbIX AaHHbIX. [N noBblleHUs 3MEKTMBHOCTU MPOMbLIBKA, @ TakKe 3KOHOMUWU MONUBHOWA
BOObl HEOGX0OMMO WCCreaoBaTb MeXaHWM3M pPacCONEeHUs MOYBbI MPU WX MpoMbiBaHuM. B gaHHoW paGote
npeanaraeTcs MeTon pacyeTa CKOPOCTM U CTENeHM ONpecHeHMsl NMoYB Ha OCHOBE aHanusa [ABWXEHWUs YacTuu
conu. Mpy 3TOM OCHOBHbLIM PacYeTHLIM 3NIEMEHTOM SAIBIISETCA CKOPOCTb M AanbHOCTL Npobera YacTulbl Conu B
pacTBope. [laHHOI MeTon No3BonisieT 060CHOBaTE M ONPEeAENUTb TEXHOSOMMIO TaKTOBbLIX MPOMbIBOK 3aCONEHHbIX
noys. B paGoTe npenctaBneHbl pe3ynbTaTbl MPUMEHEHUS METOAOB MeTaMaTUYecKoro MOAENUpPOoBaHUS Ha
npuMepe neBobepexxHOro TeHTEKCKOro MaccuBa OpolueHus. B ocHoBY MoaenupoBBaHMSI ObINIO MOMOXEHO
OCHOBHOE YpaBHEHWe CcorenepeHoca ¢ pacyeToM BXOAALWMUX B HEFO k03DPULIMEHTOB N0 haKTUYECKUM AaHHbIM.
B pesynbTtate Gbinv NonyYeHbl 3Ha4EHUS1 HETTO NMPOMBIBHOM HOPMbl Ha 3aCOJIEHHbIX 3EMIISIX B 3aBUCMMOCTU OT

(PM3NKO-XMMUYECKUX CBOMCTB NOYB UCCreayeMoro MaccumBa.

KnioueBble cnoBa:royea, 2pyHmosasie 800bl, 3aCONIEHHOCMb, OPOWEHUE.

INTRODUCTION

A huge problem for agriculture in irrigation
is the salinization of soils. Low agricultural
potentials of soil in warm regions are very saline.
20% of the irrigated land in the world is grown
under irrigation and aggravates the problem,
which leads to secondary salinization (Blaylock,
1994). Salts accumulate in the soil when there is
little precipitation from the soil profile to leach
ions, which leads to soil salinity (Glick, 2007).

Shallow groundwater is the main factor
affecting migration, accumulation, and isolation of
soil salt. With the subsequent impact on the
growth, development, and distribution of
vegetation in groundwater, it can easily lead to
variability in the water content of water and salts
(An et al, 2001; Yin et al, 2015). The
hydrological cycle and the physical processes of
soil water are closely related to soil water and the
transfer of groundwater, which is an important
area of research (Jie et al,, 2011; Zhang et al.,
2013; Chaudhuri and Ale, 2014). The conditions
of water and salt in the soil are affected by the
hydraulic connection between groundwater
(Nippert et al., 2010; Xie et al, 2013). In the
development of the dynamic law for soil water,
soil salt and groundwater, there are means and
methods of research (Deng et al, 2015;
Wichelns and Qadir, 2015; Jordan et al., 2004).
The understanding of soil water and groundwater
and their interrelationships led to increased

research in the hydrological cycle (Ruan et al.,
2008; Wu et al., 2009; Ibrakhimov et al., 2007).
Groundwater reaches the soil layers with a
capillary ascending flow and then can penetrate
into the soil water cycle. To understand the
migration of soil water and salt, as well as
groundwater, studies were conducted from
single-processor analysis to complex multi-
process analysis (Wu et al., 2009).

Excessive salinity or insufficient saltwater
irrigation can lead to water and salt stress
combinations that can lead to secondary
salinization and a number of environmental
problems (Ruan et al., 2008; Wu et al., 200). The
watering of saline waters, their dynamics and the
distribution of soil salts have been extensively
studied (Glick, 2007; Ruan et al, 2008;
Ibrakhimov et al., 2007; lbrahimi et al., 2014;
Duan et al, 2015). Distributions of soil salts
during watering saline waters have been solved
dynamic models with water salt (Ruan et al,
2008).

Agricultural land is estimated by scientists,
worldwide 20% of the total number of cultivated
and 33% of irrigated suffer from high salinity.
Irrigation with salt water and poor cultural
practices, low precipitation at a rate of 10% per
year, growing areas of saline soils. By 2050, it is
estimated that more than 50% of the arable land
will be saline (Jamil et al., 2011).

At the present time, the geography of the
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distribution of saline soils has been established.
The composition of salts is studied depending on
the factors of soil formation, geochemical and
hydrological conditions, the technology of
irrigation regimes. Resource-saving directions of
amelioration of saline soils have been developed:
washing, drainage, deep loosening, the influence
of sorbents, chemical and phytomelioration of
lands. At the present stage, the more economical
technologies for controlling mass transfer, water
and salts on irrigated soils under meliorative and
operational regimes become relevant. To solve
this problem, it is worthwhile to develop a set of
physicomathematical problems that will describe
the laws of their movement and distribution in the
root layer of soils, quantify the content of salts in
the soil.

When irrigation of land in the arid zone,
one of the mandatory elements for maintaining
the water-salt balance is soil washing. At present,
washing standards are calculated and
recommended for different soils. However, these
calculations are based mainly on experimental
data. To increase the efficiency of washing, and
also to save irrigation water, it is necessary to
investigate the mechanism of desalinization of
the soil during washing.

Water reclamation includes the production
process such important components of the
ecosystem as soil, water and plants closely
associated with water, energy and substance
flow. Soil degradation, destruction of natural
landscapes, decrease in productivity of reclaimed
lands, depletion, and pollution of aquatic
ecosystems put forward ecological aspects of
water reclamation development in a number of
priority areas.

Water is often the source of pollution on
irrigated lands. Used for watering from
contaminated water bodies.

In this regard, in the development of
agriculture, it is necessary to form an
environmentally sound strategy for the
implementation of integrated land reclamation.
Comprising the following basic principles:

- optimization of moisture supply of
agricultural crops with the maximum use of
natural moisture reserves and minimum irrigation
water costs;

- rational scientifically grounded use of
water for reclamation;

The study of soil processes makes it

possible to obtain a more complete picture of the
properties of the soil itself. On the one hand, the
soil properties determine the soil process, on the
other — the soil processes form new soil
properties.

Pollution of soils in the form of salinization
is mainly due to man's anthropogenic activity,
with improper work on land improvement,
agrotechnical and meliorative measures. This
occurs as a result of ignoring the implementation
of interrelated laws that regulate the natural
equilibrium of soil evolution, as well as
hydrogeological, hydrochemical and geochemical
interactions in conducting environmental and
meliorative work.

On the basis of data on the soil and
ecological conditions of the chernozem-meadow
and dark chestnut carbonate soils, there is a
need to regulate the water regime of the root
zone, as the main factor of moisture and salt
transfer in the aeration zone of soils.

The solution of a number of important
geo-ecological and meliorative problems is
related to the need for reliable quantitative
prediction of plant productivity under different
climatic conditions and dietary regimes. The main
problems are as follows: rationale for decisions
on the rational use of the resources of the
biosphere. Activities on environmental protection,
development of the water-saving technology of
saline and irrigated lands, improving the
justification of land reclamation systems, etc.

The purpose of creating conditions for
improving the soil-forming process ensuring the
possibility of extended reproduction of soil fertility

in the process of geoecosystem. For this
purpose, it is necessary to maintain the
automorphic  regime  of soil  formation,

groundwater to maintain at a sufficiently great
depth to prevent the possibility of secondary
salinization of soils at the minimum cost of
irrigation water.

The main task of washing saline soils is
desalinization of the root layer with a minimum
amount of water. Washing the soils with an
excessive washing rate can reduce their fertility
and worsen the meliorative-ecological state of the
irrigated massif studied.

MATERIALS AND METHODS

The most cost-effective means of
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combating saline soils is the creation of a
downward flow of water in the root zone.

To regulate the water and salt regimes of
soils during the development of saline and
salinized irrigated lands and to prevent them from
secondary salinization, a correct choice of
irrigation regime and techniques for agricultural
crops and a set of agrotechnical measures is
necessary.

To justify the leaching norms, the
following dependencies must be taken into
account: the quality of the irrigation water of the
cultivated crop, the number of irrigation, the
uniformity of water distribution during irrigation,
the water-permeability of the soil layer, and the
drainage of the irrigation mass under study.

The results of studies on the mechanism
of salt transfer in the conditions of the left bank of
the Tentek Massif and the testing of technologic
schemes for washing, taking into account the rate
of infiltration flow with the use of permanent
drainage against the background of temporary
storage, are presented in Table 1.

The introduction of the experience of
washing saline soils (soda-sulfate and sulfate-
soda salinization) was carried out on the territory
of Zhanaminskiy LLP in the Alakul District of the
Taldykurgan Region. The total area of the
experimental plot was 35 hectares (Figure 1).

The washing technology was carried out
in the following sequence.

To substantiate the water-salt regime of
saline soils of geo-ecosystems, complex studies
were conducted on the following technologies:

The first way. Plowing of the field, layout,
arrangement of platens, cutting of temporary
irrigation and drainage on the background of
permanent deep open drainage. Flushing water
in checks. The area of checks is from 0.25 to 1.0
hectares.

The second way. Plowing of the fields is
not performed, a deep loosening is carried out in
a continuous way (in 0.5 m). Depending on the
water-physical  properties, the depth of
salinization of the compacted layers, it varies at a
distance of 1.0-3.0 m. In addition, temporary
irrigation and temporary drainage are cut at a
distance of 40-100 m with a depth of 0.8-1.0 m.
Deep loosening is carried out, thus, in the
direction of the irrigator and perpendicular to the
temporary drainage, leaving a distance of 10-15
m sometimes parallel, depending on the slope of

the terrain.

The third way. Plowing is underway,
planning. Organic fertilizers (manure) are
introduced 20-30 t/ha, then deep uniaxial

loosening is carried out. In this case, the tractor
must be moved in parallel with the loosened strip.
The moisture content of the soil should not
exceed its lowest moisture capacity. Otherwise,
the already loosened layers will be compacted.

The main methods for regulating the
hydrochemical regime are the effects on the
groundwater table by various measures
(irrigation, washing, loosening of soils on the
background of drainage). The formation of water-
salt, heat and food regimes in the calculated soil
layer is directly affected by water-physical and
physicochemical processes. The main
parameters of systematic horizontal drainage are
the distances between drains. The groundwater
level (GWL) after draining, the pressure between
the drains, the flow of groundwater to the drain
and the collector. The inflow and flow of water to
the drain from both sides are determined by the
Equation 1 (Yin et al, 2015; Jie et al, 2011;
Zhang et al., 2013; Chaudhuri and Ale, 2014):

Q, =4kh’l/R (Eq. 1)

where Q is the drain of water to the drain,
m?k is the filtration coefficient, m/day;h — head of
groundwater between drains, m;l— the length of
the drain, m; t — duration of washing, day; R —
the distance between drains, m.

The inflow of water to the drain per
hectare per unit of time is determined by the
Equation 2:

g, = % (Eq. 2)
where qo, is the drainage module at a
given head of groundwater, m%ha.

Then, for a known value of the actual
water velocity Vf of the soil, it is easy to
determine the net wash rate of saline soils
according to the following Equation 3 (An et al.,
2011; Yin et al., 2015; Jie et al., 2011; Zhang et
al., 2013; Chaudhuri and Ale, 2014; Nipper et al.,
2010; Xie et al., 2013):

N, = ot

T 4 (Eq. 3)
Where N, — washing rate (net), m%ha; V;
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— the speed of filtration in saturated layers,
m/day.

In the types of irrigation under
consideration, it is first of all necessary to take
into account the moisture reserves in the root
zone, to sow certain crops. The greatest effect of
the proposed activities will be achieved if the
ecological and ameliorative measures are carried
out against a backdrop of deep loosening.

To improve the ecological condition of
lands and efficient use of water resources in
irrigated areas, and also with the use of
hydrothermal soil regime, it is possible to
establish total water consumption with minimum
water consumption, and wash the salinity of the
soil by the following washing Equations 4 and 5
(Nippert et al., 2010; Xie et al., 2013; Deng et al.,
2015):

Ns=100H - y - Bus (Eq. 4)

N, = NTexp(— g I_Qj, (Eq. 5)
Equating the Equations (4) and (5), we
obtain Equation 6:

Ng =100Hy - Gyp + _T;e.\;t?: i R :
- (Eq. 6)

Where Ng — general washing norms,
m®ha; H — calculated soil layer, m; Ng — water
saturation, m*ha; ¥ — soil density, t/m*N; —

warm water for washing, m*ha; s — the lowest

moisture capacity of the soil, %; Ng— washing
rates for displacement of salts from the calculated
layer, m®ha; g — intensity of evaporation in

fractions;l_e — the change in the index of the
hydrothermal regime under the influence of

irrigation or washing norms (I_? = R/[L(Oc +N, )])

(Yin et al., 2015; Jie et al., 2011; Nippert et al.,
2010; Xie et al, 2013; Deng et al, 2015;
Wichelns and Qadir, 2015); N, — single wash rate
depending on the mechanical composition of
soils, m¥/ha.

RESULTS AND DISCUSSION:

Water-physical properties of the soil of the
massif were studied at 16 experimental sites, 11
of them are characterized by non-saline varieties
of soils. A 5-strongly saline soils and salt

marshes, which require the development of
flushing and combined with experimental sites to
study the salinity of soils.

The lowest humidified horizon, bound by
the roots of plants, has the lowest density. The
upper humus horizon has the following density,
depending on the variety of soils (tm®%): meadow-
marsh 0.86-1.34; meadow areas 0.99-1.46; gray-
green meadow 1.24-1.42; meadow-gray-green
1.21-1.44; sierozems are light 1.2-1.26; light
chestnut 1.44-1.56.

The airborne porosity in the meter layer
fluctuates: in light chestnut soils 10-24%, in
serozems 13-22%, in meadow-serozem soils 11-
28%, in serozem-meadow soils 22-30%, in
meadow soils 18-28 %, in meadow-bog soils 12-
24%.

By the result of studying the water-
physical properties of soils, it is established that
they belong to medium loamy and loamy to the
level of groundwater and sandy loamy sand
deposits are introduced by the wind. The fields
are flat, enough to align long-base plans.
Previous crops were sugar beet, corn.

According to the analysis of mineralization
of irrigation water is 1.5-2 g/l, it can be used only
on heavily saline lands, and it is unsuitable for
irrigation. The outflow of ground and groundwater
is absent, therefore it is necessary to build a deep
horizontal (3.0-3.5 m) or closed drainage. Without
this, it is impossible to lower the level of
groundwater, which ranges from sowing to
harvesting from 0.8-1.5 m, that is very close to
the surface of the earth.

To accelerate the leaching of harmful salts
with washing water, in addition to the drainage
located at a depth of 3.5 m at a distance of 100-
150 m from each other, temporary drains were
cut at a depth of 0.8-1.2 m at a distance of 50-80
m and a deep loosening of 0.8-1.0 m the leaching
of salts increased 2.5-3.0 times, the removal of
wash water by 30-35% was accelerated. the
washing time was reduced by a factor of 3,
compared with conventional technology.

On reclaimed lands, especially where
there is a danger of salinization. It is necessary to
regulate water-salt and food regimes in order to
improve the hydrochemical conditions of growing
plants. Especially, this acute problem is revealed
when carrying out complex hydro technical
measures, such as washing the soil against the
background of drainage. Recently, mathematical
models have been widely used in melioration,
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which makes it possible to predict the water-salt
regime of soil soils for the period of washing and
operation of irrigated lands. For the prediction of
the water-salt regime for the operational period,
the main obstacle is the lack of reliable
experimental data, obtained for soils with different
water-physical properties. In this paper, we
present the results of applying mathematical
modeling methods to the example of the left-bank
Tentek Irrigation Massif.

The results of studies on the mechanism
of salt transfer in the conditions of the left bank of
the Tentek Massif and the testing of technologic
schemes for washing, taking into account the rate
of infiltration flow with the use of permanent
drainage against the background of temporary
storage, are presented in Table 1.

The introduction of the experience of
washing saline soils (soda-sulfate and sulfate-
soda salinization) was carried out on the territory
of “Zhanaminskiy” LLP in the Alakul District of the
Taldy-Kurgan Region. The total area of the
experimental plot was 35 hectares.

Before plowing the fields, phosphogypsum
(6-8 t’/ha) was added to the soil in combination
with organic fertilizers (20-30 t/ha). They made
plowing of the field to a depth of 30-35 cm with a
plant plow (PPN-40). For the processing of
compacted soil layers loosening was carried out
on the depth of 60-70 cm using the RN-80B
ripper. The layout of the field was made by the
long-term planner P-2.8.

The device of rollers of washed checks
with a height of 35-40 cm was carried out with the
help of rollers KZU-0.3D and cutting of temporary
irrigators-trenchers KZU-0.3 with a trailer DT-75;
cutting of the temporary drone with a depth of 1-
1.2 m — a ditch digger (MK-16) with tractor K-701
(Blaylock, 1994; Glick, 2007; An et al., 2011; Yin
et al., 2015; Jie et al., 2011; Zhang et al., 2013;
Chaudhuri and Ale, 2014).

Washing was done around the clock. To
ensure the effectiveness of washing irrigation and
taking into account the soil filtration coefficient,
the washed areas were broken into checks. The
size of the checks depends on the slope of the
planned field and the properties of the soils. The
area of checks is from 0.125 to 1.0 hectares. The
temporary drains were cut at a distance of 25 to
50 m. Group temporary drains were constructed
with distances of 200-300 m. Checks were filled
with water until a layer of 10-12 cm was created.

Washing began from the middle of the

interdigitation and moved to the drains. Water
from the temporary sprinkler was fed
automatically to each check. The interval
between two single irrigation constituted the
following relationships: at a single rate of 800-
1000 m*/ha (sizes of checks 0.125-0.5 hectares)
of soil light loamy — 3-4 days; at medium loamy —
5-6 days and with heavy loamy soil — 7-8 days.

Practice shows: plowing with loosening
accelerates the washing season, then in the
usual way, 2.5-3 times, respectively, and
preserves the fertility of the soil from the removal
of all mineral and organic substances. And also,
promotes rapid movement of  soluble
concentrations of harmful salts in the calculated
layer. The tractor, passing through the loosened
strip, simultaneously covers the upper layers of
the soil, which facilitates the introduction of
dissolved salt concentrations.

At the same time, soil fertility is preserved,
water-physical properties of soils are improved.
Consequently, for the regulation of water-salt and
alimentary regimes, while maintaining and
restoring soil fertility, the most effective and
active means is a deep loosening of soils on
unfavorable lands.

Deep loosening and temporary drainage
is an effective tool for gypsum and heavy loamy
solonchak soils. In LLP them. A. Sukhanbaev of
the Zhambyl region, applying this method,
washing was carried out with a rate of 5-8
thousand m%ha in gray-earth meadow medium
loamy soils (Table 2).

To restore washed fields or unfavorable
lands, they need to be enriched with organic
substances, especially manure and green
fertilizer. Green fertilizer is a constantly
renewable source of organic matter; it helps fight
against weeds and plant diseases, helps to
reduce soil salinity, and protects the soil from
erosion.

To obtain a positive effect after a deep
digestion, it is necessary to apply organic fertilizer
in a liquid form, because the deep layers are poor
in nitrogen, the amount of which is 1.5-3 times
less than other nutrients.

The introduction into the soil before or
after washing manure or compost in an amount of
20-30 t/ha sharply increases the biological activity
of the arable horizon. The carbon dioxide
released from the decomposition of organic
substances of manure facilitates the transfer of
soil phosphates into soluble forms, and the
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enrichment of the surface layer with carbon
dioxide significantly improves air nutrition of
plants. Removal of salts from soils during
irrigation recommended by warm water is
presented in Table 2.

Removal of salts from soil with
recommended watering with warm water (Glick,
2007; Deng et al., 2015; Wichelns and Qadir,
2015; Jordan et al., 2004; Ruan et al., 2013; Wu
et al., 2009; lbrakhimov et al., 2007; Ibrahimiet
al., 2014; Duan et al., 2015; Jamil et al., 2011) is
given in Table 3, so the purpose of increasing the
efficiency of washing the soils on the site is cut
large and small furrows by alternating them, with
the bottom of large furrows covered with a film of
waterproof material. A surface of the wash area is
covered with a transparent film stretched on a
rigid frame. The latter is in the form of a cycloid
whose lower axis of bending coincides with the
axes of small furrows. Large furrows are
periodically filled with mineralized waters, which
are heated by the sun's rays and evaporate in the
form of drops of non-mineralized water. They
settle on the surface and overlap the films along
the inner cycloidal surface of the level difference;
they are filtered toward large furrows, thereby
washing the soils.

With the irrigation and washing of saline
soils, the salts are removed from the calculated
layer. With the filtration waters, salts that are
washed from the soils enter the groundwater. and
then into the riverbeds. Evaporation from the
surface of groundwater was determined by the
method of water balance and processing of the
material carried out in the study. She showed that
the relationship between the evaporation of
groundwater and the depth of occurrence of their
level has an exponential pattern (Deng et al.,
2015; Wichelns and Qadir, 2015; Jordan et al.,
2004; Ruan et al., 2008).

Analysis of the water-salt balance of
irrigated geosystems (the Tasotkelsky and
Tentek Massifs) shows that with the existing
technology of meliorative measures of optimal
desalination of soils it is difficult to reach the
required level of toxicity threshold. Therefore,
more advanced reclamation methods are needed
on the basis of new technical and technological
means.

The results of the study are to determine
the features of the studied landscapes, the soil
types of which are gray-meadow and grayish,
solonetzic,  solonchaks. To  study the
hydrochemical regime of soils, differential

formulas for the transfer of salts and moisture
were used. On the basis of this formula, optimal

washing rates for saline soils have been
established.
At present, the following important

questions are present in soil melioration, which
are considered still unresolved and require
special research to justify their values. They are
as follows: determination of evaporation values
from the surface of groundwater, the forecast of
the salt regime in the irrigation period, the
establishment of values for the critical level of
groundwater level.

Evaporation from the surface of
groundwater is the most important factor of
salinization and water logging of soils. Therefore,
the quantitative determination of its values for
soil, having different water-physical properties is
of great scientific importance.

To study evaporation from the surface of
groundwater in each experimental area, five
sites, devoid of vegetation, were identified. These
sites differed in the salt content of soil and
groundwater salinity. Conducted in the Tentek
irrigation array in 1989-2001. The results show
that a certain salinity of the soils corresponds to a
certain mineralization of groundwater. If the
average content of salts in the upper root zone of
soils is not more than 0.30%, then in such places
the groundwater salinity varies from 2 to 5 g/l. In
the case where the mean value of salt is in the
soil 0.35; 0.6; 1.0; 1.5; 2% mean values of
mineralization of groundwater, respectively, is
1.5;2.0; 3; 5and 10 g/l

Studies on the study of evaporation from
the surface of groundwater were carried out in an
experimental production plaza in July-August,
after the third or fourth irrigation of sugar beet.
The level of groundwater during the study period
ranged from 0.9 to 3.8 m from the surface of the
earth.

The data obtained are included in Table 3.
From Table 3 and Figure 2 that the highest
values of evaporation from the groundwater
surface are observed when the groundwater level
lies at a depth of more than one meter from the
ground surface, and the lowest values are at a
depth of about 2 m for the soils of group | and
about 3 m for the remaining groups of soils.

The processing of the materials carried
out in the table showed that the connection
between the evaporation of groundwater and the
depth of their level has an expansionary
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character and obeys the Equation 7 (Jordan et
al., 2004; Ruan et al., 2008; lbrakhimov et al.,
2007; Ibrahimi et al., 2014; Duan et al., 2015;
Jamil et al., 2011):

E =E|1-
" (Eq.7)

where E4 — evaporation of groundwater,
m; E, evaporation surface of the soil, m; H —
depth of groundwater; Hw,c — water-lifting
capacity of the soil, m; n— a parameter that takes
into account the water-physical properties of soils
(n=0.7-1.5).

The evaporation of groundwater (Ey) is
determined by Equation 8, and the evaporability
of the soil surface (E,) is determined in the
dependence of N.N. Ivanova (8) in Central Asia:

Eo=0.0018 (25+t)%(100-a) (Eq. 8)

Wher t — is the air temperature, 'C; a —
relative humidity, %.

CONCLUSIONS:

This technology was developed and
implemented at the experimental production site
of “Zhanama” in the Taldykurgan region, which
has strongly soda-saline soils, and the type of
salinity is sulfate-soda.

The results of the introduction of water-
saving washing technology show that it is
economically expedient to carry out rinsing 5-6
times with a single rate of 800-1000 m%nha
against the background of permanently operating
drainage with the use of a temporary with an
inter-distance of 40-100 m and a depth of 1.2 m.
At the same time, the total washing rates were
5000-8000 m%ha.

In comparison with the existing washing
technology, this technology has the following
effects:

- savings of washing water amounted to
35-40% of the total flow;

- desalination of soil in the root zone is
1.5-2.0 times more than in conventional
technology;

- acceleration of washing in a short time in

one season, more favorable salinity and reduced
costs for evaporation.

It is recommended to carry out such a
washing technology for at least three years and
to cultivate in the washed fields appropriate salt-
tolerant crops, taking into account the irrigation
regime.

The efficiency of leaching of saline soils is
directly dependent on soil preparation and, in
particular, on the depth and method of plowing.
Wash standards of saline soils are one of the
main soil-ecological and agrotechnical measures
that ensure the increase of agricultural crops.
Therefore, the optimal setting of the norm. the
tactics of washing irrigation and the ways of
preparing the soil for conducting irrigation on
saline lands is of great practical importance in
increasing the yield of agricultural crops and
improving the ecological state of irrigated
geosystems.
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Figure 2. Stock of salts in the soil, depending on the depth of groundwater (1 - very strongly saline; 2
- highly saline; 3 - medium saline; 4 - slightly saline; 5 - not saline)
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Table 1. Effect of wash rates on leaching of salts from the soil in the experimental
section “Zhanaminskiy”, % of the mass

Flushing Soil I
norms, layer, HCO; COj; Cl SO, Ca™ Mg™ Na'+K* c° o
m*/ha m 2 o2
c .Q
29 3
ES &
0.4 0.0744 02255 02721 08183 0.0399 00223 05249 17740  1.6502
e 1.0 0.0581  0.0185 0.2361 0.7085 0.0327 0.0136 0.4655 1.5302 1.4321
S % 1.0..20 00361  0.0056 0.2201 0.3230 0.0331 0.0170 0.2441 0.8801  0.8102
[O))
m <
0.4 0.0765  0.0231 0.1551 0.3522 0.0146 0.0079 0.2841 0.9134  0.8660
1.0 0.0685  0.0258 0.0671 0.3002 0.0128 0.0068 0.2060 0.6903  0.5580
6000 1.0.20 00370 00061 0.1310 0.2450 0.0130 0.0045 0.1970  0.6402 0.6001
0.4 0.0777  0.0251 0.0752 0.2095 0.0204 0.0076 0.1622 0.5781  0.5202
1.0 0.0694  0.0290 0.0497 0.2001 0.0084 0.0036 0.1601 0.5202  0.3901
8000 1.0..20 0.0387  0.0088 0.1025 0.2090 0.0079 0.0032 0.1715 0.5570 0.5142
Table 2. Determination of the washing norm of a meter layer of soils
Mechanical Density of soil Least Saturation Single wash
composition Y, tm® moisture standards Ng rates Np,
. 3 3
capacity S g,  M“/ha m°/ha
%
1 2 3 4 5
Light 1.33 16 2100 800
Medium 1.45 22 3200 1100
Heavy 1.52 26 3950 1300
PrecipitationOp,m3/ha Intensity of  Hydrothermal Warm  water for General washing

230
250
270

evaporation

fractions, g

0.13

0.15

0.20

in  Coefficient,R

2.45

2.42

2.39

washing Nr, m¥ha

3500

3500

4850

norms Ng m%ha

10
5600
6700

8800
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Table 3. Dependence of salt content on evaporation from the surface of groundwater

(t/ha, %)

Mineralization Initial Groundwater table, m

of salinity,

groundwater, (0-1m)

g/l 05 075 1.0 15 20 30 35 40

% t/ha Evaporation from the groundwater surface, m®

Clayey 1143 754 495 213 90 15.7 6.34 2.5

1.5 0.3 44 1.715 1131 0.743 0.320 0.135 0.024 0.0095 0.0038
0.497 0.321 0215 0.093 0.039 0.0068 0.0055 0.0011

2 05 80 2286 1508 0990 0426 0.180 0.031 0.013  0.0050
0.829 0.547 0.359 0.154 0.065 0.011 0.0046 0.0018

3 0.6 87 3.429 2.262 1.485 0.639 0.270 0.047 0.019 0.0075
0.994 0.656 0431 0.185 0.078 0.014 0.0055 0.0022

4 1.5 218 4572 3.016 1.980 0.852 0.360 0.063 0.0254 0.010
2.486 1.640 1.077 0.463 0.196 0.034 0.014 0.0054

5 2 290 5715 377 2475 1.065 0450 0078 0.032 0.0125
3.315 2.187 1.436 0.618 0.261 0.046 0.018 0.0073
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