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Abstract. Relevance. The change of certain environmental factors (water or wind erosion, anthropogenic component) leads
to changes of the structure and properties of the soil body. Coastal area soil can already be affected by erosion, which can also
negatively affect the quality of water, because washout of the soil particles from the organic-rich upper part of the soil profile
can lead to an acceleration of eutrophication processes. Moreover, the recreational activity of these territories increases the
anthropogenic load on the soil cover, thereby aggravating soil degradation. That is why the importance of a comprehensive
study of the soil disturbance problems caused by erosion and anthropogenic factors is beyond doubt. Aim. To analyze the
behavior of the magnetic and humus profiles during soil cover degradation due to water erosion. Object. Soil profiles of the
coastal area of Lake Kandrykul (Republic of Bashkortostan). Materials and methods. Magnetic susceptibility was measured
using MFK-1A Kappabridge (AGICO). The hysteresis parameters of the studied sedimentary deposits were determined using
a coercive spectrometer (J_meter), the Tyurin method was used to determine the level of humus in the soil. Results.
According to the magnetic susceptibility data, the studied soil profiles can be divided into accumulative (soil profiles 2, 6, 7,
10) and eluvial-illuvial (soil profiles 1, 3, 4, 8, 9) types of distribution of magnetic components. According to the Day-Dunlop
diagram, the magnetic grains of the samples of the studied soil profiles belong to the category of pseudo-domain particles.
Conclusions. Studying magnetic susceptibility and humus level helped us to determine soil profiles as accumulative and
eluvial type of magnetic components and humus distribution. We proved that the ferromagnetic component makes the main
contribution to the magnetic susceptibility. The method of coercive spectrometry has shown that magnetic grains in the
studied soil profiles are pseudo-domain particles, which may indicate their pedogenic origin.
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AHHoOTanusa. AkmyaasHOCcmb. B mocyiejHUe HECKOJIBKO AECATUIETHH J0CTAaTOYHO OCTPO CTOUT MpoGJieMa paspyLieHHs
MOYB M3-3a NMPOLECCOB 3P03UU. 3MeHeHHe TeX WM MHbIX GAKTOpPOB NPUPOJHOH Cpejbl (BoJHAs UM BETPOBas 3po3us,
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AHTPOINOreHHAs COCTABJSAIOLIAA) NPUBOAUT K U3MEHEHHUIO CTPYKTYPhl U CBOMCTB NMOYBeHHOro TeJja. [louBbl, pacnoJioxeH-
Hble B IPU6PEKHBIX TEPPUTOPHUAX aKBATOPUH, y>Ke alpUOpPU MOTYT HUCNBITHIBATh BO3/1€HCTBHE 3PO3UOHHBIX IPOLECCOB, YTO
TaK)Xe HEraTUBHO MOXET OTPa)KaTbCsA Ha KayeCTBe BOJbl B aKBATOPHAX, BeJlb CMbIB I0YBEHHbBIX YACTHUI] C BepXHeH, 6oraToi
OpraHMYeCKHMH BellleCTBaMH, 4YaCTH MOYBEHHOro Npodu/Isa MOXKeT NMPUBECTH K YCKOPEHHUI0 NpoleccoB 3BTpodukanuu. K
TOMY e peKpeallMOHHAast aKTUBHOCTb JAaHHBIX TEPPUTOPHUH TOJBKO YBeJUYMBAET aHTPONOTeHHY0 Harpy3Ky Ha O4YBeHHbIN
MIOKPOB, TEM CaMbIM yCyTy6.iss IPOLecchl Jlerpajanuu no4s. TakuM 06pa3oM, BaXKHOCTb BCECTOPOHHETr0 U3y4yeHHUs Npob.ieM
JlerpaZialiiy Mo4B M3-3a IPOLeCCOB 3PO3UHU U aHTPONOreHHOTro paKTopa He BbI3bIBaeT coMHeHUH. Llesb. U3yueHue cTeneHH
Jlerpajialiy NoYBeHHOr 0 IOKPOBa MPY BO3MOXHBIX IIpolieccax NpoTeKaHUsi BOAHON 3pO3HHU C UCNIO/Ib30BaHUEM KOMILJIeKca
COBpeMeHHbIX MeTO/|0B MarHUTHOI'0 aHa/IM3a, BKJIIYAIMX MarHUTOMETPUIO U KO3PLUTUBHYIO CIEKTPOMETPHIO, a TaKKe
onpejesieHUe COlep>KaHUs TYMyCOBOTO BEIECTBA B JaHHbIX o4YBaX. 06ekm. [louBeHHble TPOPUIN IPUOPEKHON K 03epy
Kanapeikyap (Pecny6ivka Bamkoptoctan) Tepputopud. Memodsl. MarHuTHasi BOCPUUMYHUBOCTD MOJIyY€eHa C UCII0JIb30-
BaHueM MFK1 A Kappabridge (AGICO). F'ucTepe3ucHble mapaMeTphl UCCAeyeEMbIX TIOYBEHHBIX Npoduiel OblIN onpesesie-
HBI C TTOMOILbI0 KO3PLMTUBHOTO clieKTpoMeTpa (J_meter). [lis onpeseseHus rymyca B ouBe NpuMeHsiics MeTo TopuHa.
Pe3yasmameul. 1o JaHHBIM MarHUTHOW BOCIPUMMYKBOCTH U ONpe/ieJIeHUI0 COJlep>KaHUs TyMyCOBOI0 BellleCTBA U3y4eHHble
MOYBEeHHbIE MPOPUIN MOXKHO pa3fieJINTh Ha aKKYMYJISATUBHBIN (podusu 2, 6, 7, 10) ¥ 3/110BHAJIbHO -UJLIIOBUA/IbHBIN (IpO-
¢unum 1, 3, 4, 8, 9) Tunkl pacupesesieHUs MAarHUTHBIX KOMIIOHEHTOB U rymyca. CorsiacHo guarpamme /[|3s-/laHsiona, MarHUT-
Hble 3epHa 06pa3L0B U3yYEHHbIX IOYBEHHbIX MPOdUIeH OTHOCATCH K KaTETOPUHU NCEBJJO0IHOJOMEHHBIX YacTUL. BblgodbL
[TIo pe3sysbTaTaM M3MepeHUH MarHUTHON BOCIPUMMYMBOCTH M aHAJN3Y COZep>KaHUs I'YMyCOBOTO BellleCTBa M0Ka3aHo, YTO
M3y4YeHHble 0YBEHHble NPOOUIH ONpPEeJEsATCI aKKyMyJ/IITUBHBIM U 3JII0BUAJbHO-UJIJIIOBUAJIBHBIM TUIIOM pacnpefesie-
HUSl MarHUTHBIX COCTaBJSIOLIMX U rymyca. [lokasaHo, yTo ¢eppoMarHuTHasE KOMIOHEHTA BHOCUT OCHOBHOH BKJIaZ B Mar-
HUTHYIO0 BOCIIPUUMYHMBOCTb. MeTOAOM KO3PLUTUBHOHN CIIEKTPOMETPHUHU NOKa3aHO, YTO MarHUTHbIE 3epHa B UCCIeAyeMbIX
MNOYBEHHBIX NPOPUIAX NPeCTABJISAIOT CO60H ICEBJOOLHOLOMEHHbIE YAaCTHIIbl, YTO MOXET FOBOPUTbH 06 WX NeJJOreHHOM
MPOUCXOXKJEeHHM.

KioueBbie cjioBa: l'IpI/Iﬁpe)KHbIe IMO4BbI, 3BTpO(1)I/IKaLU/IH 03epa, MarHeTu3M I104B, 3p0O3Ud II04YB, MArHUTHAA BOCIPpUHNMYU-
BOCTb, KO3PLUTHUBHAadA CIIEKTPOCKOIIUA, MOYBEHHBIN rymyc

BaarogapHocTu: PaGoTa BbINOJIHEHA 3a CYET CPEACTB CyOCHAMH, BbliesleHHON KasaHckoMy de/ilepasibHOMY YHUBEPCUTETY
JUUIs1 BBITTOJTHEHUS TOCYaPCTBEHHOr0 3a1aHus1 mpoeKT Ne FZSM-2023-0023 B chepe Hay4YHOU /1esITeIbHOCTH.
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BepcuTeTa. MHXXUHUPUHT reopecypcoB. — 2025. - T. 336. - Ne 2. - C. 17-25. DOI: 10.18799/24131830/2025/2 /4596

Introduction erosion dramatically worsens the agrochemical
Soil is the most important natural resource on Earth.  characteristics of soil, reducing humus, nitrogen,
The quality of life of all living things, like plants, phosphorus and potassium level. According to
animals, humans, depends on soil quality and of its N.M. Zholinsky, IN. Korableva, N.N. Nuzhdin,
condition. climate change, especially an increase in average
One of the urgent problems today is soil erosion annual temperature, affects the increase in erosion
that affects degradation of the soil cover under the processes formed on arable agrarian landscape [3].
impact of such natural factors as water and wind [1, 2]. Usage of magnetic methods in the study of both
Water erosion often occurs in the coastal areas of water and wind erosion has been widespread mainly
reservoirs, especially during high water season, and abroad. For example, P. Nazarok and co-authors in
leads to the movable topsoil ablation. Therefore, the  their research state that the indicator of soil magnetic
soil structure is destroyed, nutritious matters are  susceptibility can be used as a diagnostic criterion of
washed out into the reservoir in the form of suspension  soil erodibility [8]. Also Z. Ding and co-authors
[3]. This, in its turn, accelerates the processes of studied the characteristics of magnetic susceptibility
reservoir eutrophication and disrupts the natural under various types of land-use in an area subject to
organo-mineral balance of the soil. wind and water erosion. They made a conclusion that
At the same time, the shores of lakes are actively — magnetic susceptibility can be used as an indicator to
used as a resting-place by a large number of people; study soil redistribution in areas subject to erosion [9].
this not only exacerbates the problem of soil erosion, Despite the fact that scientific literature has a large
but also increases the degree of anthropogenic impact number of manuscripts on soil erosion [1, 2, 4] and
on soils. Therefore, the issues of soil degradation due  even manuscripts on using magnetic susceptibility for
to the impact of erosion are extremely relevant today  study soil erosion [8-10], there is almost no data on the
and are being studied by scientists from all over the study of erosion of reservoir coastal areas by using
world. For example, the soil erosion as a global coercive spectrometry and soil humus state
problem of our time was emphasized in the scientific  determination.
literature [4-7]. Moreover, in [1] it was stated that
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Materials and Methods

The aim of the research is to analyze the behavior
of magnetic and humus profiles during investigation of
the soil cover degradation degree of the coastal
territory of Kandrykul Lake due to water erosion.

To achieve the research aim, the following tasks
were set: to build a graph of the magnetic susceptibility
and humus values distribution of the studied soil
profiles; to determine the contribution of
dia/paramagnetic  (yp) and ferromagnetic  (xf)
components to magnetic susceptibility; to obtain
coercive spectra of isothermal magnetization.

The area of our research is the territory on the shore
of the second largest lake of Republic of Bashkorto-
stan — Kandrykul. It lies in a lobe between two low
northeastern spurs of the Bugulma-Belebeevskiy
upland in the basin of the Usen river. The lake basin is
embedded in Ufa sandstones, clay and marly rocks,
below which lie Kungur gypsum and anhydrite [11].

The object of our research is the soil profiles of the
western riparian land of Lake Kandrykul. The
vegetational cover of the studied territory includes
groves of broad-leaved oak, birch and oak-birch trees
and meadow steppe. Along the coastline of the lake
there has been taken 10 soil profiles in total with depth
of 120 cm (Fig. 1). 12 soil samples were taken from
each profile in layers of 10 cm.

Due to the great difference of parent rocks and the
diversity of flora in the research area, there can be

W3obparkeHunst © Maxar Technologies, 2021,KapTorpadnyeckune gaHHblie © , 2021

Fig. 1.
Puc. 1.

Sampling scheme
Cxema om6opa npo6

found many types of soil: peat-bogie and slimy-gley
types of soil on the north-eastern side of the first lake
terrace and calcareous chernozems on the northern.
Dark gray cryptopodzol soils are common for the
terraces of the southeastern part of the lake drainage
area. On the western terraces there are chernozem-like
meadow soil with signs of gleyzation [11].

The preliminary preparation of soil samples was
carried out in accordance with SS ISO 11464-2015
Soil Quality [12]. The multifrequency magnetic
susceptibility meter AGICO MFK1-FA was used to
measure magnetic susceptibility x. Prior to this, all
samples were ground in an agate mortar.

Coercive spectra can be used to determine the
contribution of the dia/paramagnetic (yp) and
ferromagnetic (yf) components to the magnetic
susceptibility. Coercive spectra of isothermal
magnetization in the magnetic fields of up to 0.5 T
were obtained wusing a coercive spectrometer
(“J_meter”) [13, 14], which allows separate recording
of remanent and induced magnetization at room
temperature. Samples were magnetized from their
natural state. The following parameters were derived
from the magnetization curves: saturation remanent
magnetization (Jrs), saturation magnetization corrected
for the paramagnetic component (Js), bulk coercive
force corrected for the paramagnetic component (Bc),
coercivity of remanence (Bcr).

100 m
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The humus level was determined by the Tyurin
method [15].

The obtained data was processed by using MS
Excel and Grapher program.

Results

The magnetic properties of all substances on our
planet, including soil, are reflected in their ability to
magnetize in an external magnetic field. An important
indicator of magnetic properties is magnetic
susceptibility that shows the ratio between the
magnetization of a substance and its magnetic field
intensity. The magnetic properties of soil mainly reflect
the combination of primary and secondary minerals
and organic matter of soil solid phase. Soil magnetic
susceptibility  changes during its  formation,
transformation and migration of iron compounds. This
suggests that magnetic susceptibility reflects soil
formation and can be considered as a diagnostic
indicator.

The humus state of soil is a set of morphological
features, total reserves and organic matter properties
and processes of its creation, transformation and
migration in the soil profile [16].

The characteristics of magnetic properties and the
humus level not necessarily to be functionally
dependent on each other. However, it is worth
considering that the uniform behavior of these
parameters values profile curves may partly be
mediated by the contribution of biogenic organo-
accumulative surface horizons organic matter to the
creation of optimal conditions for heterotrophic
microorganisms that synthesize magnets [17].

The shape of the curves of humus and magnetic
susceptibility along the depth of the profile in Fig. 2-4
shows that the distribution of these parameters is
significantly inhomogeneous. The behavior of the
curves in Fig. 2 is more typical for the eluvial-illuvial
type of profile curves — with the removal of organic
matter, clay, sesquioxides, magnetic minerals from the
upper horizons and their accumulation in the illuvial
horizon with a gradual decrease in their content
approach to the soil-forming rock [16]. It can be
assumed that soil drainage and movement of finely-
dispersed particles with prevailing water currents are
taking place in this area.

The graphical analysis in Fig. 3 shows that the
distribution curves of the humus content along the
depth of the profile are characterized by an
accumulative type of distribution, which means the
maximum accumulation of organomineral substances
from the surface with a gradual decrease in their
content with depth [16]. It can be assumed that the
washing of the soil column in these profiles occurs
only to a certain depth, below which there is a
constantly dry dense layer, which leads to a weak
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differentiation of these soils and the appearance of a
pronounced accumulative type of humus distribution.
A slight difference in the behavior of the curves (not a
homogeneous but a more ladder-shaped decrease of the
humus with depth) is possibly due to different
granulometric composition of soil horizons or the type
of soil-forming rock. In this way according to the
profile humus level curves, the presented soil profiles
are mainly characterized by an accumulative type.
However, in profiles 1, 4 and 5 we can see obvious
movement of humus components deep into the profile,
which indicates its eluvio-illuvial nature.
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According to the magnetic susceptibility curves, they
can be divided into accumulative (2, 6, 7, 10 profiles)
and eluvio-illuvial (1, 3, 4, 8, 9 profiles) types of
magnetic component distribution. The fifth profile is
difficult to attribute to any type of magnetic components
distribution. The accumulative magnetic susceptibility
distribution means the pedogenic origin of magnets [18].
In this case, the maximum number of magnetic
components is located in the upper part (0—-20 cm) of the
soil profile, whereas it is difficult to attribute profiles
of a mixed type to the accumulative and eluvial-illuvial
type of distribution of magnetic minerals, since they
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are concentrated throughout the profile and their
decrease is observed only from a depth of 60-80 cm. In
profiles 2 and 6, the maximum humus content drops to
a depth of 15-20 cm, probably due to being in
proximity to recreational areas (picnic areas).

The contribution of various components of

superparamagnetic (ysp) and ferrimagnetic (yf)) was
estimated by using coercitive spectrometry. According
to the results obtained, the main contribution to the
magnetic susceptibility is made by its ferrimagnetic
component (xf) (Fig. 5), while the contribution of the
diamagnetic and superparamagnetic components is

magnetic susceptibility (dia- and paramagnetic (xp), much lower.
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Analysis of Bc, Bcr, Js, Jrs magnetic hysteresis
parameters that depend on the composition,
concentration of the magnetic fraction, shape and size
of the magnetic grains was conducted to determine the
magnetic rigidity and the domain state of the grains of
the magnetic fraction [19] (Fig. 6).
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The Bcr/Be and Jrs/Js ratios depict the prevailing
grain size and the ratios between magnetic fraction and
different domain structures. According to the Day-—
Dunlop diagram [20], magnetic minerals of the studied
soil samples fall into the category of pseudo-single-
domain particles. Getting into the area of pseudo-
single-domain particles suggests that the magnetic
components of the studied soils are present in the clay
fraction.

Discussion

Being near the lake, the soil cover of the studied
territory is formed in conditions of a wide variety of
flora, different geomorphology of the area that cause
its heterogeneity.

According to P.R. Slezkin, “humus-forming agents”
are fixing in the soil due to gradual accumulating in the
soil profile in the form of water extract of the plant
litter [21]. According to B.R. Grigoryan, soil humus
content is a set of morphological characters that
consists of total reserves, organic matter properties and
its creation, transformation and migration in the soil
profile [16]. The studied meadow chernozemic soil can
be characterized as a type of low humus content. The
maximum value of humus is not typical for this type of
soil and is about 6% on the topsoil (0-30 cm) in the
accumulative type of profiles, and about 4.5% at a
depth of 50-60 cm in the eluvio-illuvial. Grigoryan
considers that humus content in various chernozems
ranges from 6 to 12% [16]. As the surface soil layers
(top soil) are organo-mineral horizons of humus
accumulation during the growth of plant litter, they can
protect the soil from water or wind erosion [16].
However, being also an active recreational zone,
Kandrykul Lake coastal territory is under strong
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pressure on the vegetation cover of the topsoil.
Consequently, this leads to the plant litter destruction
and increases the risk of erosion, which definitely
affects the humus content.

Besides, expert M. Martynova and co-authors think
that the highly dispersed structure of the topsoil, where
there is plant litter destruction by compaction, leads to
losses of humus by the soil [22].

The transformation and migration of iron
compounds during the soil-formation change soil
magnetic susceptibility. 1t means that magnetic
susceptibility reflects soil-formation and can be
considered as a diagnostic indicator [23]. As for the
results of magnetic susceptibility within the research
area, some magnetic profiles behave like humus
profiles. There is both an accumulative type of profile
magnetic components distribution, which demonstrates
a gradual decline in the magnitude of magnetic
susceptibility (profiles 2, 6, 7, 10), and a mixed type
(profiles 1, 3, 4, 8, 9), which is characterized by the
magnetic component transformation into the upper and
middle layers of the soil, where their accumulation
occurs.

The presence of more magnetic components in the
topsoil could also be explained as consequence of
anthropogenic impact, because the indicator of
magnetic susceptibility can also be an indirect indicator
of technogenic soil pollution [24, 25]. However, due to
M. Evans, the accumulative type of magnetic
susceptibility distribution in virgin soil obviously
implies the pedogenic origin of magnetic components
[26]. The particles of pedogenic magnets, as a rule, are
determined by fine-dispersed grains, which cause
bioinert interactions [26]. According to the obtained
coercive spectra measurement data, both accumulative
and eluvio-illuvial profiles are characterized by the
contribution of the ferrimagnetic component to the
magnetic susceptibility and the predominance of
pseudo-single-domain particles. This also means that
fine-dispersed mineral components were formed as a
result of structural transformations of iron minerals that
emerged in the soil from the parent rock. Thus, the low
humus level can be correlated with possible soil
erosion, because magnetic profiles demonstrate the
accumulation of magnetic components mainly in the
clay fraction, which may be the result of a subsurface
structure  substance transformation of magnetic
minerals of the soil-forming material. Consequently,
the elevated values of magnetic susceptibility are not
the result of an anthropogenic factor, but a
consequence of pedogenesis.

Conclusion

By using the complex of modern methods of
magnetic analysis and humus content analysis we
studied soil profiles of the coastal area of the Lake
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Kandrykul. It was found that the studied soil samples
have an accumulative and eluvio-illuvial type of
magnetic components and humus distribution. More
than that, it was established that the ferromagnetic
component of magnetic susceptibility in the studied
soil profiles affects its growth. It was also established
that magnetic components are present mainly in the
clay fraction of the studied soil profiles.

The research shown that the control of soil cover
humus level is one of the important tasks of ecological
soil monitoring since it can be used to judge the impact
of erosion processes occurring in the soil. Thus,
outwash, destruction and re-accumulation of soil
material due to erosion affects not only the soil
disturbance and changes in the properties of soil

profiles, but also enriched with organic matter soil
material that accumulates in the upper part of the
sediment beds; this can accelerate reservoir
obliteration. Therefore, to control this process,
monitoring studies can be carried out by using
magnetic methods and by analyzing the soil humus
level. Also, in order to slow down erosion, it is
necessary to carry out special reclamation work of
protecting the soil cover.

It is intended in the future to study soil samples and
separate <2.5 pum specimens using the differential
thermomagnetic analysis to gain more information on
the magnetic and mineralogical features of the studied
soils.
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