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SUMMARY

Soil magnetic susceptibility (MS) is used as an objective indicator of soil development. The
application of this method is becoming increasingly relevant given the current progression of
soil degradation processes. This study analyzes key trends in the spatial distribution of soil
MS across major landscape types and demonstrates the potential of the method for ecological
and economic land assessment. Using examples from natural and anthropogenic landscapes
of the Left-Bank Ukraine, the study highlights the effectiveness of MS in erosion research,
identifying soil formation processes, and conducting comprehensive environmental
assessments of landscapes.
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Introduction

Soil magnetic susceptibility (x, MS) has been used as an indicator of pedogenesis. Significant
variability in MS values within a specific landscape indicates the development of diverse processes,
often of a degradational nature (Maher et al., 2003). Magnetic studies of soils have evolved from the
initial concept of a "diagnostic tester" to a comprehensive paradigm of "landscape mirror." The MS
value ranges have been established for each soil type (Jordanova, 2016, Menshov et al., 2021;
Menshov, 2023). However, the assessment of specific sets of soil magnetic characteristics remains a
subject of debate. This study excludes a large number of so-called "technogenic" landscapes, where
pedogenesis has been predominantly shaped by human intervention and is not representative of other
cases (e.g., urban soils, soils of industrial sites, and highly polluted areas). A set of descriptive
statistics for the distribution of soil magnetic susceptibility (MS) values can often indicate the
ecological and economic characteristics of a land plot. Differences in these values among landscapes
with varying land use are determined by the inherent nature of these geocenoses. Changes occur in
both vertical and lateral directions, with the gradient of such changes generally depending on the
influence of the dominant soil-forming factor (Kruglov et al., 2021). Identifying patterns within such
statistical indicators would not only allow for conclusions about the current state of landscapes but
also reveal the most probable pathways of their development (de Jong et al., 1998). The soil magnetic
studies require to attract the geophysical data about deeper geological structures for proper
interpretation (Pihulevskyi at al., 2021; Pigulevskiy & Svistun, 2024).

The aim of this study is to analyze the main trends in the spatial distribution of soil magnetic
susceptibility (MS) across major landscape types and to demonstrate the potential of this method for
ecological and economic land assessment.

Method

We have analyzed a significant amount of soil magnetic data obtained from landscapes or their
significant parts, which are different in origin and use. The studied landscapes are mainly located in
the northern part of the left bank of Ukraine. Sampling was carried out either by a system of catenary
profiles or by an irregular network from the top layer of soil (or from the arable layer for agricultural
land).

The mass-specific magnetic susceptibility was determined in the laboratory using the KLY-2
capameter (Evans and Heller, 2003). The main statistical characteristics were determined for the
collected samples. The soils of the study area is represented by the entire range of zonal soils: typical
chernozems, podzolised and ordinary, dark grey and grey podzolised soils, meadow chernozem and
meadow soils. The study was performed using the organic carbon (C) content determination
according to DSTU 4289:2004. A total of 59 samples of soil C values from natural and agricultural
areas were analysed.

Results and Discussion

The magnetic susceptibility of the soils of the studied area is determined by the type of soil formation,
which in turn is determined by the ratio of the influence of its main factors: climate, relief, soil-
forming rock, organic world and time. A separate factor that affects the distribution of soil magnetic
susceptibility is human economic activity. The main difference between natural and agricultural
landscapes is the presence of a land management system, i.e. the organization of land for agriculture.
Agricultural land is divided into arable land, perennial plantations and pastures. For the purposes of
this study, unused (natural) areas and pastures were not differentiated, as the level of economic
pressure on them is currently minimal. In our previous studies, we described the distribution of MS
values of soils in a river valley. In most of the studied landscapes, there is a tendency to increase the
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MS values with the increase in the isometric position of the sampling point. The exceptions are
internal drainage areas (steppe saucers, drainage basins) and areas of wide watershed plateaus. The
minimum MS values (0.1-1x10® m?*kg) are typical for sub-aquatic and super-aquatic natural
landscapes. The maximum values recorded in uncontaminated soils were related to arable land in the
southern part of the study area and reached 130x107® m3/kg.

The absolute value of soil MS does not give a complete picture of its main characteristics. At the same
time, we made an attempt to study this characteristic in conjunction with another important
environmental characteristic of soils - their humus content. The results are shown in Fig. 1. The
triangular markers correspond to soils of forest genesis on sandy loam bedrock. Dark-colored oval
markers are soils of meadow genesis on alluvial deposits.
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Figure 1 Relationship between MS and humus content of soils.

As shown in Fig. 1, soil MS in combination with data on organic content can be an indicator of soil
formation type. If we take the ratio of MS to organic content of meadow soils as conditional 1, then
for soils of steppe genesis it will be in the range of 2.5-3.5 and for forest soils 5.0-6.0.

The range of soil MS values in natural and agricultural landscapes is significantly different. In natural
landscapes, this indicator can vary within the entire possible range - from almost zero to maximum
values. In contrast, agricultural landscapes, which are represented by individual fields or groups of
fields, are artificially limited land plots formed on the basis of similar soil and topographic conditions
in order to maintain fertility and optimize agronomic use.

As a result, the range of MS values in typical agricultural landscapes is much narrower than in natural
landscapes. The average values of this indicator usually correspond to the first or second quartile of
the distribution of values typical for natural landscapes. The coefficient of fluctuation of soil MS
values in agro-landscapes is usually lower (about 0.5) than the corresponding indicator for natural
landscapes (over 1.0).

The range of MS values in typical agricultural landscapes is much narrower than in natural
landscapes. The average values of this indicator usually correspond to the first or second quartile of
the distribution of values typical for natural landscapes. The coefficient of variation of soil MS values
in agrolandscapes is usually lower (about 0.5) than the corresponding indicator for natural landscapes
(over 1.0). In particular, soil washout by water flows leads to the movement of fine particles that may
contain ferromagnetic minerals. Excessive moisture contributes to the development of reducing
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conditions, which can cause dissolution and leaching of iron oxides, reducing their concentration in
the soil profile. Halomorphic processes, in particular salt accumulation in soils of saline landscapes,
can affect the stability and transformation of ferromagnetic compounds, which is also reflected in the
values of magnetic susceptibility. Thus, the analysis of variability of MS values can be an effective
method for diagnosing soil processes and assessing their spatial heterogeneity within the studied
landscapes.

The study analyzed the variance of magnetic susceptibility (MS) values of soils of eroded arable land.
It was found that the coefficient of variation of this indicator varies within 20-75%, which indicates a
high spatial heterogeneity of the magnetic properties of the soil cover in eroded areas. A tendency to
increase the variability of the MS with an increase in the number of runoff troughs and slope length
was found, which may be associated with increased erosion processes and redistribution of
ferromagnetic particles (Kruglov et al., 2023).

On non-eroded arable land, the coefficient of variation of the MS is much lower and varies within 2-
20%, indicating a more homogeneous distribution of soil magnetic characteristics. The minimum
values (2-6%) were recorded on slopes with a slope angle of 0.6-1.5% of one exposure, which may
indicate the stability of the soil cover and the absence of significant perturbations.

On watershed plateaus with slopes of 0-0.6%, the coefficient of variation varies between 6.0-15.0%,
which is explained by the lower intensity of surface flushing, but possible local changes in the content
of ferromagnetic particles due to microrelief features. The maximum values within this range are
typical for lands with complicated hydrological conditions, where periodic waterlogging contributes
to the redistribution of iron oxides and changes in the magnetic properties of the soil.

The studied soil layer (0-30 cm) formed in landscapes of different genesis is characterised by
significant differences in the vertical distribution of magnetic susceptibility (MS) values. It has been
established that these differences are largely determined by changes in redox and microbiological
conditions formed under the influence of agricultural tillage. Fig. 2 shows the main trends in changes
in MS values over time under the influence of basic tillage.
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Figure 2 Changes in soil MS in the 0-30 cm layer under the influence of ploughing.

The study was conducted on a typical chernozem background, and the main agrotechnical measure
used was shelf ploughing to a depth of 25-27 cm. The horizontal axis of the graph (X) shows the time
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elapsed since the operation, which allows us to trace the dynamics of changes in magnetic
susceptibility in the process of post-treatment soil transformations.

As we can see, the soil MS in the first weeks is almost homogenised by its tillage. During the first
weeks, there is a decrease in absolute values, starting from week 3, the absolute values increase.
Approximately from week 20, the absolute values begin to decrease, while differentiation of values
between individual layers is observed. By week 50, the values of the tilth layer MS vertically acquire
the features inherent in undisturbed soils. The latter variant differs slightly (£ 2 %) from the natural
untreated (forest belt) analogues.

Conclusions

Hence, soil MS data is an indicator of erosion, environmental features of both soil and the landscape.
The differences of MS values in typical agricultural landscapes is less than in natural landscapes.
Comparison of MS layers of transects on arable land and natural lands (chernozem soils) differs only
in the arable horizon.
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