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SUMMARY           

The crucial aim of the present studies is to show the significant role of the mathematical 
modeling of leaching and application of the magnetic methods for the identification of the 
heterogeneities of the agronomic indicators of soils. The studies were performed at the 
territory of the monitoring fields of NSC "Institute of Soil Science and Agrochemistry 
Research named after O.N. Sokolovsky". The area is the Forest-Steppe at the Kharkiv region. 
The predominant soils are typical chernozemz and podzolic chernozemz (in Sokolovskiy 
classification). The main parameter to find the correlation with soil physical parameters was 
magnetic susceptibility MS (χ). The section A is characterized by low values of potential soil 
losses. At the same time for the section B, the potential washout significantly exceeds the rate 
of the natural soil formation. The results showed no relationship between MS and 
macronutrient content (ρ = 0.05…0.27). The relationship between MS and Sorg content is 
much higher (ρ = 0.45… 0.57). The relation between Sorg and mineral nitrogen content is 
medium. 
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Introduction 
Agricultural technologies as well as targeted agro-technological measures attract the characteristics of the 
soil in each part of the land. Such characteristics are determined by both classical soil formation factors 
(relief, soil-forming rock) and anthropogenic impact. 
 

Anthropogenic impact is a result of tillage, reclamation, agrochemical measures as well as geodynamics 
and neotectonics (Ivanik et al., 2019; Shevchuk et al., 2019). Furthermore, the impact of the natural 
processes and the movement of matter within the landscape are essential. At the areas of the agrarian 
lands, the accelerated water erosion causes the soil organic matter loss which outweighs its natural 
formation (Montgomery, 2007). Among the most important factors of the soil erosion formation are man-
made impact, tillage, and anti-erosion systems and field infrastructure. 13 million hectares of arable land 
in Ukraine need additional erosion protection (Kutsenko, 2016). There are lands where erosion reaches 
90-100%. Often, these lands are characterized by slightly lower fertility and require additional agronomic 
measures. For their successful implementation of the eroded lands to the agriculture, the determining of 
the actual erosion of the soil as well as the boundaries of soil contours are required. To solve this task, the 
large-scale soil survey or similar observation are important. The end users of the erosion cartograms are 
agricultural enterprises, which use the concept of "precision farming". 
The most common is the linear soil erosion, which forms the systems of streams on the soil surface. The 
next step is the soil substance removement. Then the organic matter of the topsoil deposit at another land 
plot. Such movements format the heterogeneity of the agronomic indicators of the soil. There are lots of 
gaps in the understanding of the soil deposition and the heterogeneity of the agronomic indicators of the 
soil, which require more studies and data.  
 

There are several methodological approaches for the localization of agronomic soil heterogeneities. Most 
of them are based on measuring the physical properties of the soil: agrophysical, optical, electrical, and 
magnetic methods. The basement for the magnetic methods attracting is the methodology of the 
geological mapping and modeling by geophysical data (Maslov et al., 2001; Menshov et al., 2014; 
Pigulevskiy et al., 2016; Tyapkin et al., 2014; Vyzhva et al., 2010). The optical and magnetic methods 
provide greater density, and accuracy of the determination (Górka-Kostrubiec et al., 2016; Kruglov and 
Menshov, 2017). Among other methods, the significant role play the interpretation of the results of 
mathematical modeling of erosion processes (USLE and WEPP). The joint use and combining of the 
research methods are important, which are the effective approaches to eliminate of the errors caused by 
incorrect consideration of the action of anti-erosion measures, poor cartographic basis, and differences in 
agronomic measures (Kutsenko and Kruglov, 2010). Recently, the algorithm of the erosion detecting 
involved the combinations of erosion modeling and magnetic studies. The detailed definition of the 
spatial distribution of inhomogeneities is difficult according to its high cost and complexity in the 
application of traditional agrophysical and agrochemical methods with the selection of a dense network. 
One of the ways to solve the problem is to use modeling of the formation of inhomogeneities of soil 
characteristics and mapping of their values base on the obtained magnetic model (Menshov et al., 2012a, 
2012b). 
 

Thus, when building the model of the formation of inhomogeneities of the soil we need to nvolve the data 
of the the lithological conditions, geomorphological characteristics of the territory, land management 
scheme, crop rotation, and agricultural technology. 
The crucial aim of the present studies is to show the significant role of the mathematical modeling of 
leaching and application of the magnetic methods for the identification of the heterogeneities of the 
agronomic indicators of soils. 
 

Methods 
The studies were performed at the territory of the monitoring fields of NSC "Institute of Soil Science and 
Agrochemistry Research named after O.N. Sokolovsky" (Fig. 1). The area is the Forest-Steppe at the 
Kharkiv region. The predominant soils are typical chernozemz and podzolic chernozemz (in Sokolovskiy 
classification). The 48 soil samples were collected at two sites. The first site was located at the slope and 
the second one was located at the watershed (Fig. 1). The data visualization was performed in QGis. 
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We determined the content of organic carbon, mass-specific magnetic susceptibility (MS), labile 
phosphorus and potassium (by the method of Chirikov and Machigin), pH and mineral nitrogen for all 
samples. Potential soil loss was determined for the studied areas using the USLE model (Wischmeier and 
Smith, 1978). The results of the modeling in the form of cartograms are presented in Fig. 2. The 
protective effect of vegetation is estimated as 0.6. At the time of sampling, corn was grown on the plots. 
The standard STATISTICA package was used for statistical processing of research results. Methods of 
soil sampling according to DSTU 4287:2004 and determination of humus content according to DSTU 
4289:2004 were used. 

 
Figure 1 Location of plots and scheme of soil sampling: 1 – non eroded soil; 2 – eroded soil 
 

Magnetic methods were applied according to the technology described in (Evans and Heller, 2003). The 
main parameter to find the correlation with soil physical parameters was magnetic susceptibility χ. 

 

Results 
The section A is characterized by low values of potential soil losses (see Fig. 2). At the same time for the 
section B (See Fig. 2), the potential washout significantly exceeds the rate of the natural soil formation. 
We express such behavior by the satisfactory effect of anti-erosion forest strips.  
In order to assess the distribution of the values of the studied indicators, the standard deviation and the 
coefficient of variation were determined. The results are presented in Table 1.The variability of the values 
of the content of labile forms of trace elements does not depend on the course of erosion processes. The 
coefficient of variation of these indicators in the non-eroded area is even higher than in the eroded area.  
The variability of the studied indicators is average. Only in the non-eroded area, we registered some 
indicators which are higher. The least variable indicators are pH and mass-specific magnetic 
susceptibility. 
 

The situation is completely different for indicators related to the relief factor: Sorg and MS. In this case, 
their variability in the eroded area is much higher than in the non-eroded area. For Sorg the differentiation 
is close to 5 times. 
In addition, we studied the relationship between agronomic indicators of soils amd magnetic 
susceptibility. We determined for each study site the Spearman correlation coefficient (ρ). The results 
showed no relationship between MS and macronutrient content (ρ = 0.05…0.27). The relationship 
between MS and Sorg content is much higher (ρ = 0.45… 0.57). The relation between Sorg and mineral 
nitrogen content is medium. These results are somewhat controversial to the data described in (Jakšík et 
al., 2016; de Souza Bahia et al., 2017).  
We obtained a higher degree of the relation between magnetic susceptibility, humus content (soil organic 
matter) and the results of the soil erosion modeling for podzolic chernozem soil. 
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Figure 2 Potential soil loss at the territory of the experimental plots (t/ha): a – not eroded soil, b – 
eroded soil 
 

The new results, described in this example, confirmed our previous findings (Kruglov, 2012; Menshov 
and Sukhorada, 2012). From the other hand, the significant relationship between MS and the content of 
mobile forms of trace elements in this study was not found. 
 

Table 1 Variability of values of agronomic indicators of soil and MS 
Statistical 
indicator 

 
NH4NO3 
mg/kg 

P2O5  
mg/kg 

K2O 
mg/kg 

P2O5 

 mg/kg 
K2O 

mg/kg 
 

pH 
 

Сorg% 
МS, 10-

8  m3/kg 
By Chirikov By Machigin 

Eroded soil 
Mean 126.712 47.18 96.02 47.25 351.88 4.79 1.87 64.49 
St. dev 14.08 11.79 12.63 7.08 39.05 0.16 0.35 3.42 
Coef. of 

variation 
11.11 24.99 13.15 14.97 11.10 3.36 18.99 5.30 

Not eroded soil 
Mean 129.55 115.90 155.85 41.67 281.66 6.14 3.08 81.69 
St. dev 39.99 25.91 29.23 16.22 32.92 0.45 0.10 2.82 
Coef. of 

variation 
30.87 22.36 18.75 38.92 11.69 7.30 3.39 3.46 

 

Conclusions 
Our results demonstrated that the non-uniformity of the content of mobile forms of trace elements is 
practically not related to erosion processes. 
The erosion processes are directly correlated with the distribution of Sorg and magnetic suceptibility.  
The degree of relationship between MS content C in the soils of the study area require svereal next 
investigations to perform the recommendations to use CU in the interpolation or extrapolation of values 
at the local level. We suggest that such kind of findings is controlled be the differences in pedogenesis 
and soil use way. Thus, tillage with soil mixing (plowing, deep disking) exclude the layer-by-layer 
difference of the MS values of the arable horizon. 
 
 



Monitoring’2020   

 

 

XIV International Scientific Conference “Monitoring of Geological Processes 

and Ecological Condition of the Environment” 

10–13 November 2020, Kyiv, Ukraine 

 

References 
De Souza Bahia, A. S. R., Marques, J., La Scala, N., Pellegrino Cerri, C. E., Camargo, L. A. [2017] Prediction 

and mapping of soil attributes using diffuse reflectance spectroscopy and magnetic susceptibility. Soil 
Science Society of America Journal, 81(6), 1450-1462. 

Evans, M., Heller, F. [2003] Environmental magnetism: principles and applications of enviromagnetics. 
Elsevier. 

Górka-Kostrubiec, B., Teisseyre-Jeleńska, M., Dytłow, S.K. [2016] Magnetic properties as indicators of 
Chernozem soil development. Catena, 138, 91-102.  

Ivanik, O., Shevchuk, V., Tustanovska, L., Yanchenko, V., Kravchenko, D. [2019] Paleogeography and 
neotectonics of Kaniv dislocations (Ukrainian Shield, Ukraine) in the Neogene-Quaternary period. 
Historical Biology, 1-9. 

Jakšík, O., Kodešová, R., Kapička, A., Klement, A., Fér, M., Nikodem, A. [2016] Using magnetic susceptibility 
mapping for assessing soil degradation due to water erosion. Soil & Water Res., 11, 105-113. 

Kruglov, O. [2012] Characteristics of the distribution of the magnetic susceptibility of typical chernozems on 
the slopes. Visnyk Kharkivsʹkoho natsionalʹnoho ahrarnoho universytetu, 4, 66-69. (in Ukrainian). 

Kruglov, O., Menshov, O. [2017] To the soil magnetic susceptibility application in modern soil sciencе. 16th 
EAGE International Conference on Geoinformatics-Theoretical and Applied Aspects. Kiev. 

Kutsenko, M.V. [2016] Theoretical bases of soil protection against erosion in Ukraine. Kharkiv. (in Ukrainian). 
Kutsenko, M.V., Kruglov, O.V. [2010] About developing of the computer technology for the universal soil loss 

equation (USLE). Geoinformatics, 4, 85-89. (in Ukrainian). 
Maslov, B.P., Prodaivoda, G.T., Vyzhva, S.A. [2001] Mathematical modeling of elastic wave velocity 

anisotropy in a cracked geological medium. Geophysical Journal, 2(20), 191-212. 
Menshov, A.I., Sukhorada, A.V. [2012] Soil magnetism in Ukraine. Naukovyi Visnyk Natsionalnoho 

Hirnychoho Universytetu, 1, 15-22. 
Menshov, O., Kruglov, O., Sukhorada, A. [2012a] Informational content of the soil magnetism indicators for 

solving agrogeophysical and soil science tasks. Scientific Bulletin of the National mining University, 3, 
7-12.  

Menshov, O., Kruglov, O., Vyzhva, S., Nazarok, P., Pereira, P., Pastushenko, T. [2018] Magnetic methods in 
tracing soil erosion, Kharkov Region, Ukraine. Stud. Geophys. Geod., 62, 681- 696. DOI: 
10.1007/s11200-018-0803-1 

Menshov, O., Kuderavets, R., Chobotok, I. [2014] Magnetic field and magnetic susceptibility investigation at 
the hydrocarbon extraction areas in Carpathian Foredeep. EAGE Geoinformatics-13th International 
Conference on Geoinformatics-Theoretical and Applied Aspects, 61-65. 

Menshov, O., Sukhorada, A., Homenko, R., Kruglov, O. [2012b] Ultradetailed Environmental Magnetic 
Investigations in Ukraine. Near Surface Geoscience 2012-18th European Meeting of Environmental 
and Engineering Geophysics, European Association of Geoscientists & Engineers, 306.  

Montgomery, D.R. [2007] Soil erosion and agricultural sustainability. Proc. Nat. Acad. Sci., 104, 33, 13268- 
13272. 

Pigulevskiy, P., Svistun, V., Slobodyaniuk, S., & Kyryliuk, A. [2016] Studying of modern flooding of 
southwestern part Krivbass by geophysical methods. 15th EAGE International Conference on 
Geoinformatics-Theoretical and Applied Aspects, European Association of Geoscientists & Engineers, 
1, 1-6. 

Shevchuk, V. V., Ivanik, O. M., Tustanovska, L. V. [2019] Geodynamic conditions of natural hazards within 
Middle Dnieper region (based on structural-morphometric analysis). Monitoring 2019, European 
Association of Geoscientists & Engineers, 1, 1-5. 

Tyapkin, O.K., Pigulevskiy, P.I., Bilashenko, O.G. [2014] Formalization of geoecological mapping by 
geological-geophysical data. Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2, 93-99. 

Vyzhva, S.A., Deineko, S.I., Demidov, V.K., Astashkina, O.A. [2010] Dynamic geologic-geophysical model of 
chalky layer and dispersible soils on territory of the RNPP site. 9th EAGE International Conference on 
Geoinformatics-Theoretical and Applied Aspects, European Association of Geoscientists & Engineers, 
184.  

Wischmeier, W.H., Smith, D.D. [1978] Predicting rainfall erosion losses; a guide to conservation planning. 
Washington: Department of Agriculture, 537.  


