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The Fergana Valley is a region critically important for food safety in Central Asia. The human-altered soils in Fergana are
considered a key component of the transboundary region between sub-boreal and sub-tropic climatic zones. As the results of
the investigation of irrigated chloride-sulfate saline soils near the surface showed the deep petrocalcic and petrosalic horizons
at various depths with extremely low water and air permeability. The chemical, pedogeochemical, and biogeochemical
properties of soils, the content of macroelements, trace elements, lanthanides and radionuclides, and the general geochemical
characteristics of desert zone soils were investigated and determined. The background contents of the mentioned elements
were recognized. The irragic, salic, gleyic, and gypsic horizons in soils were identified by WRB 2015. They can be used
as reference horizons for biogeochemical studies and soil management activities. The irragic, gleyic, carbonate-gypsum
horizons, evaporation, oxygenic, and other geochemical barriers were studied and revealed. The processes of accumulation,
migration, and differentiation of chemical elements in solum as well as in parent materials occur with the joint effects of
exogenous, endopedogenic, and artificial factors. These fluxes of elements, in turn, are affected by the nature of soils and
parent materials. In this process, unexplored elements form only scattering fluxes. During the vegetation season, as well as
the leaching period, considering the various horizons features will help to save significant amounts of irrigation water.
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Nowadays, as a result of the soil degradation
processes of arable land, e.g. alternation of desert-
ification and moistening, water and wind erosion,
salinization, and pollution, thousands of hectares
were abandoned. About 40% of irrigated land
has some human-induced kind of salinization. At
the same time 7 million hectares of the country
are facing degradation, and every year 25 mil-
lion hectares of agricultural land have trends of

conversion to a gradual desert status. As a result,
these facts are reflecting in different barriers of
geochemical terrains, therefore, the assessment of
the processes of accumulation and differentiation
of chemical elements belong to the urgent issues.
The study of the chemical and geochemical char-
acteristics of saline soils (respecting the pedo-geo-
chemical point of view), and having unfavourable
poor water and air permeability is one of the most
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crucial issues for agricultural practice in irrigated
areas (Arboev et al. 2019). This issue is especially
important for the Fergana Valley region which can
be considered as a key food safety factor in Central
Asia. The total agricultural land area of the Fer-
gana Valley is about 1,289.1 hectares, including
1,188.6 thousand hectares of irrigated lands. This
land suffers from soil wind erosion and various
stages of salinization.

Intensively irrigated soils of the Fergana Valley
are formed from the parent materials of alluvial,
proluvial, and alluvial-proluvial genesis. The ori-
gin of these sediments is associated with the pro-
cesses of weathering and re-sedimentation, which
results in significant changes in the elemental and
mineralogical composition of parent materials and
horizon sequences in solum. At the same time,
massive rocks of adjacent mountains ridges of the
region sharply change their element’s composi-
tion and turn into a crushed, clayey textured mass.
Thus, the geochemical state of soils and agroeco-
systems in the Fergana Valley are quite temporally
dynamic and spatially heterogeneous. Soil-form-
ing materials of the Central Fergana consist of al-
luvial-proluvial sediments; and their genesis can
be associated with lacustrine deposits of the Fer-
gana Valley, as well as with the fluvial activities of
the rivers Sokh, Isfara, Shakhimardan, and other
rivers flowing from the south of the Fergana Val-
ley. Primary salinization of soil is caused by the
presence of salts in the parent materials. Second-
ary salinization is normally affected by irrigation
practices and evaporation processes of salinized
waters from deeper soil layers to superficial ones.

There are two key soil and environmental prob-
lems of the Fergana region: 1) wind erosion and
soil protection against it: 2) the soil protection
against salinization and discharge problems caus-
ing by waste collector-drainage waters.

Due to wind erosion and the collector-drainage
water discharge, a huge amount of chemical ele-
ments, ions, and their compounds have been leach-
ing from the soil.

In the context with the above mentioned, the
evaluation of Fe, Ca, Mg, Na, Ba, K, Sr, and other
macro-and microelements, toxic metals and met-
alloids such as Yb, Li, Sr, Cs, Au, Sc, La, Sm, Sn,
U, Th in a system of vegetation-soils-parent ma-

terials (soil type Calcisols) is a quite urgent issue
for current basic and applied studies. This allows
a better understanding of these soils behaviour
and can set an appropriate system of agricultural
practices management. In this context, the study
of typomorphic as well as paragenetic groups of
elements in individual soil samples and parent ma-
terials can be recognise as of great scientific and
practical importance.

Previously, only a few investigations of soils
and their anthropogenic dynamics were published.
Mirzahzanov et al. (1993) reported about sandy
texture soils of the Fergana region and their rec-
lamation after an anthropogenic intervention. The
soil hardpan was described for the Fergana region
by Isakov (1982). General problems of soil salini-
zation and modelling of this process were discussed
by Stulina et al. (2005), Smalley et al. (2006), and
Evett et al. (2007.) The problems of groundwater
dynamics in the context of salinization were re-
ferred by Karimov et al. (2014) and Kenjabaev et
al. (2020). Not only the secondary salinization can
be considered an environmental problem of Fer-
gana valley, but also accelerated the development
of wind erosion (Kulikov et al. 2020). In adjacent
areas of Central Asia, the issue of irrigation affect-
ing the soil salinity was also investigated, e.g. in
Kyrgyzstan (Djenbaev et al. 2012; 2016; Arboev
et al. 2019; Kulikov et al. 2020), Kazakhstan (Ar-
tamonova et al. 2014; Baishenova et al. 2016), and
the Tuva region (South of Russian Siberian part)
(Dubrovskiy et al. 2007).

Some papers (Orlov & Bezuglova 2000) pres-
ent the migration of trace elements with the notion
of migration factors, ion characteristics, the form
of the elements, and its properties, etc. Also, other
features like alkaline-acidic and redoxi-morphic
conditions, water and temperature terms, pressure,
the activity of organisms were taken into account.
In some works (Bashkin 2008) the biogeochemical
cycle of elements in various spheres was stated,
where special attention is paid to the cycle of car-
bon, hydrogen, silicon, oxygen, nitrogen, calcium,
phosphorus, iron, etc.

Soils of the central part of Fergana valley were
investigated by Pankov (1957), Besedin (1981),
Komilov and Isakov (1992), Mirzazhanov et al.
(1993), Smalley et al. (2006), Yuldashev et al.
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(2013). Currently, the biogeochemistry of these
soils is still poorly investigated. In the arid zone,
the compilation of soil-geochemical maps indicat-
ing the migration of chemical elements into geo-
chemical barriers was carried out by Glazovskaya
(1974), Perelman (1989), and other authors. Soil
type Calcisol (Evapocrustic, Salic, Gypsic, Yer-
mic) (WRB 2015) is formed in Central Fergana
under intensive irrigation, saline, having soil hori-
zons of salts accumulations at different depths re-
quire systematic study from a pedogeochemical
point of view. The general sequence of the bench-
mark soil profile is A-BCA-PCA-Cca. The des-
ignation “CA” after horizon index in the capital
means secondary calcium carbonate accumulation,
while “ca” in lover case indicates lithogenic calci-
um carbonate.

The crucial goal of the study is to determine and
evaluate the pedogeochemical and agrogeochemi-
cal qualitative properties of irrigated and saline
soils having features characterized by horizons re-
lating to arid zone (petrocalcic, petrogypsic) in the
central part of the Fergana Valley.

MATERIAL AND METHODS

The study sites

The objects of investigation are newly developed,
newly irrigated, old-irrigated meadow soils of
the Central Fergana formed on alluvial, alluvial-
proluvial deposits, having a saline, evaporative, and
crusted horizons at different depths of a soil profile.

The map of the study sites is shown in Figure
1. Soil irrigation in the studied regions has a long-
term history. The content of chemical composition
in irrigation waters is provided in Table 1.

The climate of the Fergana valley is classified
as a “Fergana climatic district” with subtropics
conditions, which is mainly characterized by the
raw data, derived from the meteorological stations
of Kuva, Fergana, and Kokand. The key generalized
climate data for the Fergana valley are provided in
Table 2.

The hydrological conditions are classified as an
arid subtropical climate with deficit type of soil wa-
ter regime. The evaporation in the soils of Fergana
valley is about 1,800 mm, so, the hydrological re-

Table 1

Average long-term chemical compositions of irrigation waters [g/L]

SOhd 2- - - 2- 2+ 2+ + +
residue CO, HCO, Cl SO, Ca Mg K Na
1.140 0.000 0.075 0.09 0.650 0.148 0.082 0.035 0.052
Table 2
Annual average temperature / annual rainfall
Meteorological Month § &
station ! ~§
1 ‘ 11 ‘ 111 ‘ v ‘ v ‘ VI ‘ VII ‘ VIII ‘ IX ‘ X ‘ XI ‘ x| <&
Air temperature [°C]
Kuva 24 | 1.1 | 8.0 | 160 | 21.2 25.2 26.6 24.6 19.5 19.1 | 5.5 0.2 13.6
Fergana 24 | 08 | 7.6 | 156 | 20.6 25.0 26.9 25.2 19.8 12.8 | 8.6 | 0.4 13.7
Kokand 24 | 95 | 1.7 16.1 21.3 25.1 26.8 25.0 19.9 13.0 | 7.1 0.3 14.5
Precipitation [mm]
Kuva 20 18 27 19 18 10 5 3 2 12 20 18 172
Fergana 19 23 30 20 17 9 5 2 3 13 22 19 182
Kokand 13 11 17 12 11 7 3 2 1 8 13 11 109
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gime is classified as an evaporation one. The water
penetration rate into the soil is very high and ranges
in about 390—400 mm/min.

Sampling strategy

The soil samples has been taken from 32 sam-
pling plots on the territory of Yazyavan (10 samples),
Ulungar (samples 11), and Mingbulak (11 samples)
administrative regions of the Central Fergana region.
These regions are located in one geochemical prov-
ince, including all elementary and geochemically
sub-ordered areas. The total area of an investigated
irrigated land is about 20,000—22,000 ha. Each soil
profile has been sampled from 5—6 depths.

Laboratory analyses and methodology

The morphogenetic, comparative-geographical
analysis according to V.V. Dokuchaev was used as
the primary soil survey approach. The soils were
categorized with the WRB international soils classi-
fication system (IUSS Working Group WRB 2015).
Also, our research is based on the systematic pedo-
geochemical methods proposed by Glazovskaya
(1974, 1977); Perelman (1989); Bashkin (2008).
The fine earth samples were prepared by the crush-
ing of soil mass and passing it through a 2 mm sieve.
Soil chemical analyses were performed according to
the routine methods normally used in soil science
(Arinushkina 1970): total carbon (Tyurin’s method),
pH (conductometric method). Total nitrogen, phos-
phorous, and potassium content was determined

Figure 1. Location of the study area and the soil section of the meadow salinized soil. A Google Earth image (Section 7A:

according to the Maltseva and Grisenko method
(1964). It means, 2 g of fine earth was put into a
flask and amended by 5 ml of H,SO, and HCIO,
mixture. After 30 min of reaction, the mixture was
boiled on the electric stove. The mixture was poured
into the measuring flask and passed through the fil-
ter. A 2 ml aliquot was taken and poured into a 50 ml
flask and further amended by Rochelle’s salt. Then
the mixture was neutralized by sodium hydroxide,
the final solution was used for colour-metrical de-
termination of the oxides with a colouring reagent
(Nessler solution.)

The neutron activation method was used for el-
emental analysis at the Institute of Nuclear Phys-
ics, ANRUz (Kuznetsov 1974). The Microelement
software was applied for statistical processing using
the methodology by Kuziev et al. (2004), Kuziev
and Sektimenko (2009.) The figures, diagrams, and
some mathematics were processed with Macrome-
dia Flash and Microsoft Excel software. On the base
of analytical data following indexes have been cal-
culated: Cartlegde potential (CP), Clarke concentra-
tion (CC), and dissipation factor (DF).

RESULTS AND DISCUSSION

The soil particle size distribution analysis (Table
3) is a critically important feature for the interpre-
tation of salt movement and salinization evolution

TA

40°33'50"" N, 71°43'21" E; section 6A: 40°38"46"" N, 71°43' 10" E; section 8A: 40°42'49"" N, 71°41' 15" E).
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over time. All the soils showed the essential content
of the loess-derived silt fraction: 0.05—0.01 mm,
which can confirm the combination of aeolian and
fluvial genesis of parent materials. Deeper soil hori-
zons are more clayey textured in comparison with
topsoil, which indicates a possibility of the forma-
tion of geochemical barriers. The skeletal fraction
was not measured; the sand fraction is presented by
fine fractions of sand. This indicates a deep degree
of exogenous transformation of the soil mineral
phase.

In the Central Fergana with desert conditions,
with an average high degree of mineralization and
weak drainage of saline groundwater, saline soils
with a low humus content and C: N ratio is low (Ta-
ble 4). Total values of organic carbon in fine earth
are also low, which is typical for this region (Tur-
daliev & Yuldashev 2015). Calcaric soils with pet-
rocalcic horizons are formed (Karimov ef al. 2014).
Also some petrocalcic horizons at different depths
were revealed. The depth of the hardpan horizons
varies at the subsoil in the direction from the south to
the north parts of Fergana Valley (Turdaliev & Yul-
dashev 2015, 2016; Turdaliev et al. 2019a, b; Tur-

daliev & Askarov 2019). In the irrigated soils of the
Mingbulak region, this depth is about 93—111 cm,
and in the Yazyavan region, 32—55 cm, in the
Ulugnor region, 18—33 cm. The distribution of
hardpan horizons has a mosaic and discontinuous
character. The soil texture of these soils is mainly
sandy and loamy. A characteristic feature of these
soils is a visible absence of humus in the hardpan
horizons and cementation (Turdaliev & Yuldashev
2016). Under these conditions, i.e. in arid regions,
characterizing by a weak degree of natural drain-
age, and even a low content of salts in groundwater
leads to salt accumulation, hence to soil salinization.
Under irrigated conditions, the salt content in irri-
gation water in the amount of 1—1.5 g/L serves as
an additional source of salt accumulating in soils. In
this case, salt balance and its quality are disturbed.
However, the simple salts affect the energetics state
of soils and key physical, chemical, and biogeo-
chemical soil properties. Also, various biogeochem-
ical processes in soils are strongly affected by salts
(Komilov & Isakov 1992; Evett et al. 2007; Tur-
daliev et al. 2019b; Kenjabaev et al. 2020). There
is a need to mention that the period of salinization

Table 3

Particle size distribution in the studied soils [%]

Particle size fractions [mm
Section No. I?sglt]h fm] Clay <0.01
>0.25 0.25-0.1 | 0.1-0.05 |0.05-0.01]0.01-0.005/0.005-0.001| <0.001
0-28 3.52 33.80 21.43 8.40 8.26 9.39 15.20 32.85
28-36 3.60 21.47 19.20 30.77 8.20 5.36 11.40 24.96
TA 36-93 21.40 15.49 18.10 17.11 7.10 13.10 7.70 27.90
111-140 11.30 15.20 18.10 15.20 16.90 12.20 11.10 40.20
200180 10.27 13.10 25.20 11.33 12.80 13.10 14.20 40.10
0-18 4.02 27.80 19.10 27.11 6.35 5.46 10.16 21.97
18-32 6.71 19.40 17.20 32.37 5.26 11.26 7.80 24.32
6A 55-80 22.30 16.10 19.21 18.58 6.14 10.31 7.36 23.81
80140 12.10 14.20 15.50 30.70 6.20 10.20 11.10 27.50
140-200 11.30 14.10 26.20 2.04 14.66 15.80 15.90 46.36
0-18 6.04 28.10 23.15 22.74 6.35 7.41 6.21 19.97
33-83 7.71 17.10 22.20 31.31 6.41 9.12 7.15 22.68
8A 83121 20.10 15.10 20.50 25.74 5.05 7.15 6.36 18.56
121-157 18.10 13.20 16.48 26.20 6.35 10.31 9.36 26.02
157-202 11.20 17.20 24.60 12.57 9.60 10.71 14.12 3443
0-40 4.20 21.48 16.12 17.40 7.10 15.34 18.36 40.80
40-55 7.10 21.45 21.10 20.07 6.28 14.20 9.80 30.28
9A 55-89 15.30 19.20 19.20 19.00 5.90 13.10 8.30 27.30
89143 13.60 10.15 21.80 31.10 8.80 7.15 7.40 23.35
143-212 10.20 15.20 17.00 10.18 14.67 13.25 19.50 47.42
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harms the growth and yield of wheat in irrigated
soils (Francois et al. 1994; Stringer et al. 2010). By
irrigation induced salinization is significant not only
for the Central Fergana but for numerous regions of
the world (Umali 1993). Our data can be compara-
ble with the data from Egyptian (Ali ef al. 2001) and
Indian researchers (Sajjad et al. 1993).

One of the most difficult issues in the study of
micro-and macro-elements in soils is the correct di-
agnostics of material traces of migration, depending
on the properties of soils and micro-, macro-ele-
ments (Table 5). It can be seen from the above that
there is no direct relationship between the ionic radi-
us, the Cartledge potential, and the ordinal number,
the ionic radius. Taking into account their properties
in our soils the studied elements have the following
distribution series:

Fe Ca K

Mg Na Sr Ba Rb
> > —
2.19 ~ 2.05 1.48

1.0 006 039 01 0.008

and comprise the background concentrations for
soils mentioned.

It was shown that the elements pairs Na-Mg, Ca-
Fe, Ba-Sr, Na-Ca, Mg-Fe, Rb-Ba, and Na-Fe can be
correlated with each other, that is why they could be
considered as paragenetic elements (Table 6), thus
their accumulation and relocation within horizons
are connected.

It should be emphasized that the correlation
coefficients between the Cartledge potentials

mg/kg
180

160
140
120
100
80
60
40
20

O —

and average content of elements Na', Mg*, K",
Ca*, Fe*', Rb", Sr*, Ba*" is moderate positive =
(0.46). The Clarke contents of these elements in
profile 6A depend on their properties and form
the following series: Fe> Na> K> Rb> Mg> Ca>
Ba> Sr. The difference in the radial distribution of
elements between the petrocalcic horizons and the
solums (without petrocalcic features) are following:
Sr> Mg> Ca> Na> K> Rb> Fe> Ba (for section 6A),
Rb> Fe> Ba> Na> Sr> Mg> K> Ca (for in profile
9A — without petrocalcic features). The geochemical
distribution of elements in the soil and petrocalcic,
deep horizons are presented in the Figure 2.

The background content of these trace elements
are as follows:

Ni Ct As Co Sc Cs Sb HF W BrTa Cd Hg Au
W12 165 1132 825 73 639 421 38 298 091082 056 028 00012

Between some of these elements, such as Sc
and Cr, Cs and Hf, Cd and Sb, Co and Ni are posi-
tive correlation (r = 0.5-0.97). There are observed
inversed relations between As and Ba, Ta and Hg
contents (r=0.11-0.25). The Clarke concentrations
and scattering of these elements are related to their
background content.

In the radial geochemical distribution of the
studied elements, the general regularity in soils and
petrocalcic horizons is preserved, with some excep-
tions (Figures 3—6). Deviations from the general

Sc Cr Co Ni As Br Cd

H(0-28cm ®93-111cm

Sb Cs Hf Ta W Au Hg

140-200 cm

Figure 2. Section 6A — Geochemical distribution of the trace elements content in the petrocalcic hardpan horizons
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pattern are typical for W, Br, Mo, Hg, Ta, Ni, Cr, Co,
Au, Sc, As, Cs in the petrocalcic horizon of section
6A, where KK is greater than unity. The migration
of lanthanides and radioactive elements has a spe-
cial character. The valence and ionic radius are close
according to these indices of the Cartledge poten-
tial. Their valence is mainly 3+, and their ionic radii
fluctuate in the range 0.88—1.08 A°, the Cartledge
potential is 2.14—4.54.

Background concentrations in the soils investi-
gated 10—4%:

SmEuTbeLuThU

e e Soe 4
3043 4312 1836 379 0.81 045 1837 020 124 049

Cartledge potential (CP):

Lu
>—>
3.75

Th U

2.78 2.88

2.14 294 303 309 3.37

Clarke concentrations (CC) and dissipation factor
(DF) are dependent on background concentrations

Section 6A, 32—55 ¢cm, DF:

Lu Nd Tb_ Sm Eu S La " Ce, Th S 8] Yb .
1.81 1.51 1 48 1.36 1.33 1.24 1.22 1.19 1.12
Section 7A, 93—111 cm, DF:

18] Eu La Tb Yb Ce Lu Sm Th Nd
212 158 093 084 0.51 048 047 044 0.42 038

Section 8A, 1833 c¢cm, DF:

Sm

1.42

Nd
S
1.39

Tb
—_—
1.37

Ce
1.36

Yb
1 14"

Th Eu 6] La Lu

203 17 1,57 1.53 1.50

The law correlation between the background
contents in the hardpan and other soil horizons and
the Cartledge potentials (R=-0.63), this is obviously

Table 4

Key chemical properties of the studied soils

Section | Depth TOC TN .
No. [cm] pH 6] | % | ©N
0-28 | 72 | 071 | 0135 | 526
28-36 | 73 | 064 | 0127 | 5.04
o | 36793 | 73| 024 | 0055 | 436
93-111| 74 | 014 | nd nd
111-140 | 7.6 | 019 | 0.031 | 6.13
140-180 | 7.6 | 0.12 | 0.025 | 4.80
0-18 | 74 | 054 | 0.110 | 4.90
18232 | 74 | 042 | 0.089 | 471
o | 3255 | 75 | 005 | nd nd
55-80 | 7.6 | 016 | 0.035 | 457
80-140 | 7.5 | 0.5 | 0.021 | 7.14
140-200 | 7.4 | 012 | 0019 | 631
0-18 | 73 | 047 | 0095 | 4.94
18-33 | 73 | 005 | nd nd
GA | 3383 | 74 | 036 | 0071 | 507
83-121| 7.4 | 0.18 | 0.035 | 514
121157 | 7.5 | 017 | 0.035 | 4.86
157-202 | 7.6 | 013 | 0019 | 684
0-40 | 72 | 088 | 0179 | 4.19
40-55 | 73 | 075 | 0.155 | 4.84
OA | 55-80 | 74 | 036 | 0071 | 507
89143 | 74 | 0.18 | 0.040 | 4.50
143-212 | 7.6 | 012 | 0.027 | 4.44

Note: TOC — total organic carbon; TN — total nitrogen

because the lanthanides are included in the group of
trace elements. In the hardpan horizons of soils, the
distributions of Ca and Cr have the same character,
except for La and Ce, as well as U and Sm, which in

Table 5

Chemical and geochemical features of the elements analyzed

Chemical element Na Mg K Ca Fe Rb Sr Ba
Ordinal number 11 12 19 20 26 37 38 56
Atomic mass 23 24.3 39 40 56 85,5 87.6 137
Valence 1+ 2+ 1+ 2+ 2+ 1+ 2+ 2+
Ion radius A° 0.98 0.74 1.33 1.04 0.80 1.43 1.20 1.38
Cartledge potential 1.02 2.70 0.75 1.92 2.50 0.70 1.67 1.45
Energy constant 0.45 2.10 0.36 1.75 1.125 0.30 1.53 1.35
SEt‘rleerZl;are in the crystal 48228 | 2,250.65 | 385.83 | 1,875.54 | 1,205.71 | 321.71 | 1,639.76 | 1,446.85
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CD
2.5

Sc Cr Co Ni As Br Cd Sb Cs Hf Ta w

Au  Hg

H(0-28cm ®M93-111cm ™140-200 cm

Figure 3. Section 7A — Geochemical distribution of the radial migration coefficients for the trace elements
(CD - Clark distribution)

Table 6

Correlation coefficients between the cation contents

| memseemr | ol el | coticeny | Numberol | Conelaion
+38 [%] [%]
Na and Mg
0.96‘ 1.0 ‘ 6.69 ‘ 0.32 ‘ 6.97 ‘ 33.44 ‘ 32 ‘ 0.72
Ca and Fe
2.05 ‘ 2.19 ‘ 1.88 ‘ 0.90 ‘ 9.29 ‘ 44.54 ‘ 32 ‘ 0.47
Ba and Sr
0.39 ‘ 0.10 ‘ 9.65 ‘ 0.46 ‘ 24.61 ‘ 118.04 ‘ 32 ‘ 0.23
Na and Ca
0.43 ‘ 0.52 ‘ 8.41 ‘ 0.15 ‘ 12.56 ‘ 85.01 ‘ 32 ‘ 0.63
Mg-Fe
0.25 ‘ 0.37 ‘ 9.24 ‘ 0.35 ‘ 11.41 ‘ 95.21 ‘ 32 ‘ 0.53
Rb-Ba
0.81 ‘ 0.75 ‘ 2.69 ‘ 0.75 ‘ 7.24 ‘ 75.12 ‘ 32 ‘ 0.67
Na-Fe
0.43 ‘ 0.37 ‘ 1.32 ‘ 0.41 ‘ 3.21 ‘ 56.12 ‘ 32 ‘ 0.67

Note: Mx — maximal rate; Mi — minimal rate; m — average error; 6 — square deviation; p — confidence level; v — variation

coefficient; n — number of samples; r — correlation coefficient
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some cases stand out from the rest.

The pedogeochemical barriers in the soil and
hardpan horizons of the studied soils are presented
in the Figure 7. The accumulation and migration
of elements in the petrocalcic horizons of irrigated
meadow soils in the Central Fergana can serve
as a model for similar desert soils (Turdaliev &
Yuldashev 2015).

The scheme of salt sedimentation in evaporation
barriers coincides with the depths of 0—28, 0—18,
0-33 cm, which can be schematically represented
(Figure 8).

CD
12

Sc Cr Co Ni As Br Cd Sb

In these barriers: petrocalcic and gypsum-
carbonate Clarke concentration of elements has the
following distribution pattern. Section 8A, depth
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following differences can be easily detected. Section
7A, depth 140—200 cm (oxidative barrier).
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Figure 7. A soil profile diagram of the geochemical barriers (F, — pedogeochemical barriers; F — evaporation; S-Ca — Arzyk-
Shokh; Ca-S — Shokh-Arzyk; Ca — carbonate; Ca, — low carbonate; A — aerobic; C, — gleyic)

Legend: Am — arable horizon; IT, — hardpan, Arzyk-Shokh; IT, — hardpan, Shokh-Arzyk; B — calcaric horizons; C — alluvial-
proluvial sediments, parent materials
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A 1L ICa Mg /K [INa [.1.1.1.0.1.1.1.1.1.] SO47/././HCO3 1./ COx™ 1./ CI
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Figure 8. Structure of the evaporation barriers in desert soils (Continuous line (

) designate the barrier;

double points (::::::::1) designate the dynamic area of soil gravimetric water; slate lines (///////////) designate the evaporation

barriers, located at various soil depths; A,B,C — soil horizons)

Presented data confirm that the pedogeochemi-
cal provinces are directly related to the properties of
geochemical barriers. For example, in the salinized
horizons of section 7a in S-Ca barriers Sr, Ba, Rb, as
well as Sb, As, Cd, Cs, Br, Hg and lanthanides and
radionuclides Yb, U indicate their provinces with
increased Clarke contents. Almost all investigated
soil horizons contain pedogeochemical provinces
for Sr, Cs, Ba, Sb, As, Yb, U, and other elements.

The high indices of the province are typical for
the horizon of 18—33 c¢cm, where the provinces of Sr,
Ba, Ca, Mg, Sb, As, Cs, W, Cd, Ni, Hf, Au, Hg are
observed. In addition to these cases, there are prov-
inces with a high content of Yb, U, Th, La, Eu, Nd.

It can be result from the above findings that the
provinces with increased content of several chemical
elements are associated with the barrier properties
of petrocalcic horizons. Pedogeochemical provinc-
es are also located depending on the location of the
barriers. Provinces with increased Sr, Sb, Ba, Yb, U
contents can be observed in all studied barriers.

CONCLUSIONS

Our findings show that the fluxes of chemical el-
ements and their compounds are connecting to all
studied genetic soil horizons, as well as hardpan
horizons and elementary areas, and create a single
geochemical area. These fluxes represent an integral
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system of interdependent chemical, biogeochemical
cycles of the studied elements. The processes of ac-
cumulation, migration and differentiation of chemi-
cal elements in the soil and hardpan’s horizons and
parent materials occur simultaneously in mutual
interaction of pedogenic, exogenous, endopedogen-
ic, and artificial factors. These fluxes of elements,
in turn, affect the nature of the substrate, i.e. soils,
hardpans, and parent materials.

Various evapo-crustic horizons of irrigated
seasonally over-moistened soils and their genetic
horizons (hardpans of various kinds) were investi-
gated. These horizons resulted from long-term irri-
gation activities and various agricultural practices.
They are gradually losing their basic properties and
demonstrate intensive and harmful degradation. The
close chemical composition and Clarke concentra-
tion, accumulation, differentiation in evapo-crustic
horizons at the depths of 93—111 cm, 32—55 cm,
18—-33 cm indicates similar genesis of these hori-
zons. The scattering and accumulation of chemical
elements in the blocks of elementary areas depend,
along with the properties of the area, on the proper-
ties of the elements themselves. In the studied soils,
with an increase in the atomic mass and charge of
elements, their scattering decreases, therefore, their
accumulation increases.

For soils investigated and for petrogypsic hori-
zons, the content of macro-nutrients Na, Mg, K, Ca,
Fe, Rb, Sr, Ba and trace elements Sc, Cr, Co, Ni,
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As, Br, Cd, Sb, Cs, Hf, Ta, W, Au, Hg, lanthanides
and radioactive elements La, Ce, Nd, Sm, Eu, Tb,
Yb, Lu, Th, U could be considered as background
concentration. Taking into account the depth of the
hardpan horizons and background content of chem-
ical elements, crops should be cultivated. It is also
recommended to consider the presence of the hard-
pan horizons zone in relation to remove the excess
water-soluble salts from the soil layer.
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