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Abstract
This paper examines the abundance, migration
dynamics, concentration, and distribution of
macronutrients in the genetic horizons of irrigated
light, typical, and dark sierozem soils in the Fergana
Valley. Differences in the clarke concentration,
clarke distribution, and radial migration coefficients
of macroelements were identified across sierozem
soil types. These geochemical properties were also
described as geochemical spectra.
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1 Introduction
Currently, considerable attention is being devoted
worldwide to scientific research addressing urgent
issues in soil science, including the agro-ecological
state of irrigated soils, their humus content,
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degumification, chemical composition, and related
matters. In particular, the chemical elemental
composition of soils holds significant theoretical
and practical importance for studying soil formation
processes, determining soil fertility, and identifying the
direction of various geochemical processes occurring
within them.

Understanding soil composition and the processes
taking place within it is especially complex and
important, as the compound and elemental
composition of soils is fundamental; indeed, most
elements of the periodic table can be found in soil.

2 Literature Review
The primary and fundamental characteristic of soil is
its elemental composition, which, in turn, determines
the genesis of the soil and its horizons, as well
as its fertility. It is well known that more than a
century has passed since Clarke values were first
developed. Considerable work has been conducted
on Clarke values of the Earth, soil, vegetation cover,
atmosphere, and biosphere, among which the studies
of A.P. Vinogradov [1] hold a prominent place.

A.E. Fersman emphasized in this regard that
“Geochemistry occupies a new constant of the world”
[2]. At present, the universal distribution of chemical
elements is known as the Clarke–Vernadsky law.

In studying the processes of migration and
accumulation of chemical elements in soils, the
geochemical barriers developed by A.I. Perelman
[3] are of great significance, as they explain the
sharp decrease in the rate of element migration over
short distances and the resulting increase in their
concentration.

Numerous researchers have conducted scientific
investigations aimed at studying the properties
of calcisols, including A.P. Vinogradov [1], V.V.
Dobrovolskiy [4], G. Yuldashev, Sh. Y. Eshpulatov [5],
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A.T. Turdaliev [6], M.M. Haydarov [7, 8], I.I. Musaev
[9, 11], among others.

3 Research Methodology
Field investigations were conducted in accordance
with V.V. Dokuchaev’s genetic–geographic,
profile–geochemical, morphogenetic, and stationary
methods. In the geochemical analysis of chemical
elements, the integrated methods of A.I. Perelman and
M.A. Glazovskaya were employed. The total contents
of macroelements in the soil were determined using
the neutron activation analysis method at the Institute
of Nuclear Physics of the Academy of Sciences of the
Republic of Uzbekistan.

4 Analyses and Results
The quantities of chemical elements in irrigated
calcisols and their various types may differ or
be relatively similar. The distribution of the
analyzed macroelements across soil layers—that is,
the differences among the genetic horizons of these
soil profiles—can be observed through the following
Geochemical Spectrum 1.

Figure 1. Diagram of Na, K, Ca, and Fe contents in irrigated
calcisols

Figure 2. Diagram of Rb, Sr, and Ba contents in irrigated
calcisols

The accumulation, migration, and differentiation
characteristics of these macroelements within soil
layers can be observed through their concentration
Clarke values, Clarke distributions, and radial
stratification patterns.

During the study, the Clarke concentrations of Na,
Mg, K, Ca, Fe, Rb, Sr, and Ba were determined for
light, typical, and calcisols of the calcisols region in
relation to the lithospheric Clarke values developed
by I.P. Vinogradov (1962), and they are presented in
Table 1 below.

Table 1. Clarke Concentrations of Macroelements in
Irrigated Calcisols

Profile No. Depth, cm Na K Ca Fe Rb Sr Ba
Dark Calcisols

Profile 2x

0–30 1,07 0,89 0,18 0,74 0,87 0,74 1,54
30–42 0,35 0,82 0,29 0,76 0,93 0,29 1,54
42–70 0,36 0,88 0,70 0,72 0,80 0,79 1,32
70-100 0,30 0,64 1,60 0,55 0,61 1,09 1,18
100-135 0,26 0,56 1,58 0,49 0,54 1,15 1,54
135–170 0,29 0,60 1,60 0,52 0,67 1,62 1,20

Typical Calcisols

Profile 4x

0–26 0,30 0,67 0,97 0,57 0,80 1,44 1,51
26–40 0,34 0,82 1,16 0,59 0,80 1,32 1,43
40–67 0,34 0,84 0,96 0,62 0,93 1,21 1,85
67–100 0,34 0,83 1,04 0,56 0,73 0,97 1,46

Light Calcisols

Profile 6x

0–36 0,42 0,74 1,27 0,58 0,87 2,18 1,85
36–42 0,38 0,72 1,23 0,54 0,80 0,35 1,69
42–86 0,38 0,74 1,28 0,59 0,87 1,97 2,00
87–113 0,37 0,75 1,32 0,58 0,80 1,68 2,00
113–120 0,37 0,88 1,21 0,64 0,93 2,15 2,15

As the data indicate, the concentration Clarke value
of strontium is highest in light calcisols, reaching up
to 2.18. It is followed by barium, which ranges from
1.18 to 2.15 across all soil types. Calcium also exhibits
Clarke concentration values greater than 1 in all layers
except the upper horizons of dark and light calcisols,
indicating accumulation of this element in those layers.

The concentration Clarke values of sodium, potassium,
iron, and rubidium are less than 1, showing that these
elements are not accumulated in the soil layers.

According to V.I. Vernadsky and other scholars,
Clarke distribution is considered the inverse of Clarke
concentration [10]. From this perspective, the Clarke
distribution of the studied soils was developed and is
presented in Table 2 below.
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Table 2. Clarke Distribution (Kt) of Macroelements in

Irrigated Calcisols
Profile No. Depth, cm Na K Ca Fe Rb Sr Ba

Dark Calcisols

Profile 2x

0–30 0,93 1,12 5,58 1,34 1,15 1,36 0,65
30–42 2,84 1,21 3,40 1,32 1,07 3,40 0,65
42–70 2,78 1,14 1,44 1,39 1,25 1,26 0,76
70-100 3,38 1,56 0,62 1,83 1,65 0,92 0,84
100-135 3,91 1,79 0,63 2,05 1,85 0,87 0,65
135–170 3,42 1,67 0,62 1,91 1,50 0,62 0,83

Typical Calcisols

Profile 4x

0–26 3,33 1,49 1,03 1,77 1,25 0,69 0,66
26–40 2,94 1,21 0,86 1,69 1,25 0,76 0,70
40–67 2,98 1,20 1,04 1,62 1,07 0,83 0,54
67–100 2,91 1,20 0,96 1,80 1,36 1,03 0,68

Light Calcisols

Profile 6x

0–36 2,36 1,34 0,79 1,72 1,15 0,46 0,54
36–42 2,60 1,39 0,81 1,84 1,25 2,83 0,59
42–86 2,60 1,35 0,78 1,69 1,15 0,51 0,50
87–113 2,69 1,34 0,76 1,72 1,25 0,60 0,50
113–120 2,72 1,14 0,83 1,56 1,07 0,47 0,46

According to the data in Table 2, the Clarke distribution
of Ca is highest in calcisols, reaching 5.58, while
sodium shows slightly higher values in the dark and
typical grey soil layers (3.33–3.91) compared to the
light grey soil layers (2.36–2.72). The lowest values
were observed for barium, as well as for strontium in
typical and light calcisols. In these cases, the Clarke
distribution of calcium in typical and light calcisols is
also less than 1.

The radial differentiation of all macroelements is
nearly uniform in the light and typical grey soil layers,
with slight variations observed only in the radial
differentiation of sodium and calcium in calcisols.

Overall, sodium, potassium, iron, rubidium, and
barium exhibit higher values in calcisols compared
to typical and light calcisols, while calcium is higher
in light calcisols than in calcisols. Strontium shows a
higher radial stratification coefficient only in typical
calcisols, with minimal variation in other cases.

If we examine sodium, its radial stratification
coefficient (Kr) fluctuates between 0.87 and 3.67 across
all layers of the studied soils, while the indicator for
potassium ranges from 0.81 to 1.49. For calcium, the
values vary between 0.11 and 1.11; for iron, between
0.85 and 1.45; for rubidium, between 0.81 and 1.40;
for strontium, between 0.16 and 1.48; and for barium,
between 0.79 and 1.28.

The geochemical spectrum formulas for the radial
stratification differentiation of macroelements in the
upper layer (i.e., the A horizon) of irrigated calcisols
are as follows.

Table 3. Radial Differentiation Coefficients (Kr) of
Macroelements in Irrigated Calcisols

Profile No. Depth, cm Na K Ca Fe Rb Sr Ba
Dark Calcisols

Profile 2x

0–30 3,67 1,49 0,11 1,42 1,30 0,45 1,28
30–42 1,21 1,37 0,18 1,45 1,40 0,18 1,28
42–70 1,23 1,47 0,43 1,38 1,20 0,49 1,10
70-100 1,01 1,07 1,00 1,05 0,91 0,67 0,99
100-135 0,88 0,93 0,98 0,93 0,81 0,71 1,28
135–170 1,00 1,00 1,00 1,00 1,00 1,00 1,00

Typical Calcisols

Profile 4x

0–26 0,87 0,81 0,93 1,02 1,09 1,48 1,03
26–40 0,99 0,99 1,11 1,06 1,09 1,36 0,98
40–67 0,98 1,00 0,92 1,11 1,27 1,24 1,26
67–100 1,00 1,00 1,00 1,00 1,00 1,00 1,00

Light Calcisols

Profile 6x

0–36 1,15 0,85 1,06 0,91 0,93 1,01 0,86
36–42 1,04 0,82 1,02 0,85 0,86 0,16 0,79
42–86 1,04 0,84 1,06 0,92 0,93 0,92 0,93
87–113 1,01 0,85 1,10 0,90 0,86 0,78 0,93
113–120 1,00 1,00 1,00 1,00 1,00 1,00 1,00

5 Conclusion
The soil cover represents a medium that balances the
chemical elements present within it, as well as those
entering and leaving the soil system. In this context,
soil functions not only as a powerful accumulator but,
in most cases, also as a substrate regulating migration
and accumulation processes.

In soils and their genetic horizons, chemical elements
migrate at varying rates and accumulate in different
quantities and at different depths, depending on
soil–climatic conditions, the intensity of redox
reactions, and other environmental factors.

Information obtained through the study of
accumulation, differentiation, andmigration processes
of chemical elements in soils can be effectively used in
the monitoring of irrigated soils, thereby contributing
to improved management and evaluation of their
agroecological condition.
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