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Abstract: Soil organic carbon (SOC) and clay, as  indicators of soil fertility, are mainly used to determine the ability 
of soil to retain water and store the nutrients that are necessary for plant growth. However, the distribution of SOC and 
clay is influenced by topography and land-use. In the present study, the relationships between SOC, clay, altitude, and 
slope in the topsoil of two different districts in the Czech Republic including the Liberec (71 samples) and Domažlice 
(67 samples) districts were investigated. To analyse the relationships between slope and SOC, linear regression was 
used. Results showed that SOC content increased when slope, clay, or altitude increased; however, there were no signi-
ficant correlations between SOC and clay in both districts. Clay increased with decreasing slope, but clay and altitude 
were not correlated well in both areas. Then, study areas were divided into three land-use types including arable land, 
forest, and complex system of agriculture, parcels, and forests. Consequently, the correlations between SOC and slope 
and clay and slope were generally improved, indicating the importance of land-use on SOC and clay content. Additio-
nally, using multiple regression with several topographic factors can provide a better prediction of SOC and clay content 
in each land-use for both districts, indicating the complex effects of topography on SOC and clay.
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The largest global stock of organic carbon on land 
is estimated in the soil at 2 500 Pg to 2-m in-depth 
and is approximately twice as large as the atmospheric 
carbon stock (Adhikari et al. 2019). Soil organic car-
bon (SOC) is known as the main indication of soil 
quality and fertility because soil chemical properties 
such as pH and nutrients availability, soil physical 
properties such as structure and hydraulic conduc-
tivity, and soil biological activities such as microbial 
activity are substantially influenced by SOC (Nisha 
et al. 2007). 

Slope and altitude are two important variables that 
affect the intensity and frequency of erosion, and 
subsequently, SOC and clay contents (Wei et al. 2017; 
Khan et al. 2019; Baltensweiler et al. 2020). Additionally, 
the relationship between SOC and clay is vital for the 
investigation of changes in SOC stocks. Many studies 
revealed that SOC level increases with increasing clay 
content (Zhong et al. 2018; Gruba & Socha 2019). This 
is because clay particles adsorb great amounts of SOC 
and clay soils are less aerated, so the decomposition 
of soil organic matter (SOM) is low (Hartati & Sudar-
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madji 2016). Inadequacy of information on variation 
of SOC and clay contents with changes in slope and 
altitude in different land uses are major bottlenecks 
for predicting the SOC and clay contents.

This study aims to evaluate the relationship between 
slope, altitude, SOC, and clay content as well as the 
effects of land-use type on SOC stock. Moreover, 
similarities and/or differences in SOC and clay dis-
tribution in two different districts including Liberec 
and Domažlice districts, Czech Republic were in-
vestigated.

Literature review. Topographical factors, such 
as slope and altitude, and different land uses sub-
stantially influence SOM content by affecting soil 
erosion and geological deposition processes as well 
as by controlling soil water, and subsequently, plant 
litter production and decomposition (Birkeland 1984; 
Thai et al. 2021).

It has been shown that increasing slope increases 
flow velocity leading to an increase in erosion inten-
sity and frequency (Liu et al. 2015). In other words, 
a land with a steeper slope is expected to lose soil 
leading to SOC loss. However, Hontoria et al. (1999) 
reported a positive correlation between SOC and 
slope in Peninsular Spain. It indicates that in addi-
tion to slope itself, the position on the slope is also 
important, as at the upper parts erosion can cause 
SOC loss, while at the bottom of the slope, sedimen-
tation can lead to SOC increase.

The behaviour and distribution of SOC on the slope 
is modified by clay. Clay can control SOC dynamics 
by protecting SOM from decomposition. It has been 
shown that SOC content increases with increasing 
clay and finer soil (containing more clay content) has 
higher SOC content (Gao et al. 2014). Several studies 
have indicated that the prediction of SOC loss de-
pends on clay content. Olson et al. (2012) indicated 
that SOC can be predicted by flow dynamics when 
the clay content is low, however, SOC loss should 
be predicted by slope when clay content is high.

Altitude is another main factor that influences soil 
properties. Generally, SOC increases with increasing 
altitude (Griffiths et al. 2009). Altitude variation mainly 
affects climatic variables and vegetation types that 
have major impacts on SOC content (Zhu et al. 2010). 

It has been also found that different land use classes 
affect the soil quality indicators such as SOC and, 
to smaller extent, clay. This is because land use is one 
of the main factors controlling soil capacity to re-
tain water and nutrients as well as providing other 
ecosystem services (Wang et al. 2009; Ngatia et al. 

2021). Xiaojun et al. (2013) also reported that land 
use can affect SOC content even in a region with 
the same parent material and climate. They showed 
that different land uses (with different plant covers 
and soil management practices) had substantially 
different SOC contents.

Other researchers also found that changing grass-
land to cropland led to a significant soil degradation 
through loss of fine soil particles, SOC, and nutrients. 
However, SOC gradually increased after returning 
to grassland (Zhao et al. 2005; Wei & Fang 2009). 
Wiesmeier et al. (2012) also indicated that grassland 
soils had considerably more SOC content compared 
to that of forest and cropland soils in southeast Ger-
many. However, the differences between grassland 
and forest with cropland in this region were lower 
than the results observed from other researchers 
in central European countries (Gingrich et al. 2007; 
Martin et al. 2011; Wiesmeier et al. 2012).

MATERIAL AND METHODS

Study areas and sample collection. As shown 
in Figure 1, the study areas are Liberec (989 km2) 
and Domažlice (1 123 km2) districts that are located 
in the north and west parts of the Czech Republic, 
respectively. Liberec district is covered by 42.4% forest 
and 47.2% agricultural land while Domažlice district 
is covered by 38.2% forest and 53.0% agricultural 
land, indicating that Domažlice district is covered 
mostly by agricultural land and by a slightly smaller 
proportion of forest area than Liberec district (Miko 
& Hošek 2009). The third category considered in this 
paper, the complex systems of agriculture, parcels, 
and forests, forms less than 6% of the area in each 
of the two districts.

Figure 1. Location of  the Liberec (red) and Domažlice 
(green) districts in the Czech Republic
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As shown in Figure 2, simple random sampling 
design was used; the altitude of sampling locations 
ranged between 337 to 436 m for the Liberec district 
(71 samples) and 383 to 691 m for the Domažlice dis-
trict (67 samples). Composite samples were created 
from 3 subsamples from an area of several square 
meters at each location. These subsamples were col-
lected using a steel soil sample probe. Initially, each 
sample location was navigated by means of a handheld 
GPS tracker after clearance of debris (e.g. grasses, 
twigs, etc.) at each point. The probe was inserted 
in the mineral topsoil at the depth of 0–30 cm. This 
depth was selected because the 0–30 cm depth indi-
cates the plough depth and SOC estimation in this 
depth is an important factor in farm management. 
Organic horizons (forest floor) were omitted and not 
sampled to get corresponding layers from all land 
use types. It should be noted that the top 100 cm soil 

depth shows a rooting depth for many field crops 
(Adhikari et al. 2014). 

The soil was classified according to the Czech 
taxonomic soil classification system and WRB sys-
tem (Němeček & Kozák 2002; IUSS 2015). Six major 
reference soil groups were recognized in the Liberec 
district including Cambisols, Podzols, Gleysols, 
Stagnosols, Luvisols, and Fluvisols (Figure 3A). Five 
dominant reference soil groups were also observed 
in the Domažlice district: Cambisols, Gleysols, Stag-
nosols, Luvisols, and Fluvisols (Figure 3B).

Laboratory analyses and data processing. The 
debris, rocks together with plant roots were manually 
removed from the collected soil samples. For analy-
ses, the soil samples were air-dried, sieved to 2 mm, 
and thoroughly mixed. For SOC determination, the 
samples were further ground to pass the 0.25 mm 
mesh. Then, soil samples were analysed through 
the oxidimetric modified Tyurin method (Pospíšil 
1964). Clay content of each sample was measured 
using the hydrometer method (Elfaki et al. 2016). 
Terrain characteristics were calculated by system for 
automated geoscientific analyses (SAGA) software, 
(Ver. 7.2.0) (Conrad et al. 2015), using digital ter-
rain model 4G (DTM 4G) acquired from airborne 
laser scanning (ALS), also commonly known as light 
detection and ranging (LiDAR) with an original 
resolution of 5 × 5 m. Variables used in this study 
were altitude and slope. Both of these variables have 
the potential to contribute to SOC and clay spatial 
distribution. Land use categories were obtained from 
the database CORINE Land Cover 2018 (EEA 2018) 
at the resolution of 100 m. (Taghizadeh-Mehrjardi 
et al. 2014; Figure 4).

Figure 2. Distribution of sampling locations maps in Libe-
rec (A) and Domažlice (B) districts with altitudes
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Figure 3. Dominant reference soil groups 
in Liberec (A) and Domažlice (B) districts
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RESULTS AND DISCUSSION

Basic statistical terrain analysis
Statistical differences in mean values of SOC 

and slope were identified by one-way ANOVA us-
ing R (Ver. 3.5.1) (The R Foundation for Statistical 
Computing, 2018) and SPSS (Ver. 11) (SPSS Inc). 
Additionally, the correlation matrix between the 
selected variables (SOC, clay, slope, and altitude) 
was determined using the SPSS software package. 
Linear regression analysis was conducted using SPSS 
to identify the relationships between slope, SOC, and 
clay. The topographic parameters were used as inde-
pendent variables that were altitude and slope. Sum-
mary statistics for SOC, clay, and terrain parameters 
(altitude and slope) for sampling sites in the Liberec 
and Domažlice districts are presented in Table 1.

The relationship between slope and SOC content
Tables S1 and S2 in the Electronic Supplementary 

Material (ESM) present the correlation matrices for 
Liberec and Domažlice districts. Results show that the 
distribution of SOC varies with changing the slope (Li 
et al. 2016). Tables S1 and S2 show that r = 0.525 and 
P < 0.01 for Liberec district and r = 0.444 and P < 0.01 
for Domažlice district indicating that there were sig-
nificant correlations between slope and SOC for both 
study areas, which is consistent with observations from 
other studies (Nozari & Borůvka 2020, 2021). A positive 
correlation between slope and SOC means that there 
are bigger SOC contents on steeper slopes. Therefore, 
spots with steeper slopes shown in Figure 5 (slope maps 
produced by SAGA) may contain more SOC. 

Figure 6 also shows a positive linear relationship be-
tween slope and SOC for both districts (SOC increases 
with increasing slope). However, results from the linear 
model indicated that slope does not explain much the 
variation of SOC as the dependent variable (small R2). 

The relationship between slope and clay content
As shown in Figure 7, linear models between clay and 

slope showed a decreasing trend for both districts. This 
can be attributed to the greater transport of SOC and 
clay on steeper slopes due to the greater erosion. Also, 
clay content in the soil was relatively low based on this 
study dataset, which corresponds to the mostly granitic 
parent material, particularly in the Liberec district, as well 

Table 1. Summary statistics for soil organic carbon (SOC), 
clay, and terrain parameters (altitude and slope) for sam-
pling sites in  the Liberec (71 locations) and Domažlice 
(67 locations) districts

Variable Minimum Maximum Mean SD
Liberec district
SOC (%) 0.42 11.33 2.83 2.50
Clay (%) 2.70 24.32 8.58 3.46
Altitude (m) 239.7 719.1 412.6 98.3
Slope (radian) 0.005 0.534 0.081 0.091
Domažlice district
SOC (%) 0.00 9.33 2.83 2.39
Clay (%) 2.18 23.71 11.95 4.42
Altitude (m) 356.3 719.7 481.4 77.4
Slope (radian) 0.003 0.158 0.048 0.039

SD – standard deviation

Figure 4. Land-use maps for Liberec (A) and Domažlice (B) districts

(A)                                                                         (B) CORINE land-use
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as Podzols and Cambisols as dominant soil classes. This 
may explain why there was no significant correlation 
between slope components and clay. Additionally, loga-
rithmic, exponential, power, and polynomial functions 
were used, however, similar results were observed. 

The relationship between altitude and SOC content 
The correlations between altitude and SOC content 

were identified. Figure 8 shows that SOC increased 
with increasing altitude. These results showed that 
the average SOC concentrations increased with al-

Figure 6. Relationship between slope and soil organic carbon (SOC) (linear regression) in Liberec (A) and Domažlice (B) districts

Figure 7. Relationship between slope and clay (linear regression) in Liberec (A) and Domažlice (B) districts

Figure 5. Slope maps for Liberec (A) 
and Domažlice (B) districts
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titude, even after considering the effects of land-use 
and landscape position. This suggests that SOC 
is responding to climatic variables (the most likely 
temperature that decreases as altitude increases). This 
may also be confounded by the recent nature of land-
use change (i.e. agricultural lands at higher altitudes 
are more likely to have been recently converted) and 
higher levels of soil acidity at higher altitudes, which 
may decrease decomposition rates. Therefore, the ef-
fect of altitude on SOC obtained from this study may 
be due to the combined effects of increased leaching 
at higher altitudes (subsurface pH change) as well 
as soil acidification through reduced decomposi-
tion and the build-up of a high organic matter litter 
layer with organic acids. Similar studies showed that 
SOM and soil nutrients are significantly correlated 
with altitude (Wu et al. 2016; Massawe et al. 2017; 
Gebrehiwot et al. 2018). Additionally, the coefficient 
of determination (R2) between altitude and SOC was 
0.144 and 0.433 for Liberec and Domažlice districts, 

respectively, indicating that there was a moderate 
correlation between altitude and SOC. Borůvka et al. 
(2022) reported that the importance of environmental 
variables in the models for SOC stock prediction 
varies in different regions and altitudes.

The relationship between altitude and clay content
Figure 9 shows the correlations between altitude 

and clay content for both Liberec and Domažlice 
districts. The R2 value for the relationship between 
altitude and clay was 0.002 and 0.039 for Liberec 
and Domažlice districts, respectively, indicating 
that altitude and clay content were not correlated 
in both areas as shown in Figure 9.

The weak correlation between altitude and clay con-
tent can be attributed to different factors. Geological 
processes such as erosion can occur independently 
of altitude variations, leading to different clay content 
in areas at different altitudes solely based on local 
geological conditions, rather than being directly in-

Figure 8. Relationship between altitude and soil organic carbon (SOC) (linear regression) in Liberec (A) and Domažli-
ce (B) districts

Figure 9. Relationship between altitude and clay (linear regression) in Liberec (A) and Domažlice (B) districts
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fluenced by altitude. Additionally, although climate 
and parent material affect clay content, only climatic 
conditions (such as temperature and precipitation) are 
directly influenced by altitude. Moreover, there can 
be localized variations in clay content due to factors 
such microclimates, drainage patterns, and land-use 
practices that may not directly correlate with altitude. 
Finally, soil movement through erosion or runoff can 
cause spatial variations in clay content, irrespective 
of altitude, as landscape dynamics re-distribute clay 
particles (Gebrehiwot et al. 2018).

The relationship between SOC and clay content
As presented in Tables S1 and S2 in the ESM, the cor-

relation between SOC and clay was insignificant in both 
districts with r = –0.026 for Liberec and r = –0.108 for 
Domažlice districts. Additionally, clay content in the 
soil was mostly less than 20% as presented in Table 1, 
which could not have significantly minimized miner-
alization. On the other hand, soils containing lower 
content of clay may contain lower SOC content due 
to the high decomposition rate of organo-mineral 
fractions (Lee et al. 2009; Pronk et al. 2012). This can 
be due to the parent material in sampling locations 
(including granites, loamy glacial sediments, micaceous 
schist, and phyllites) because parent materials influ-
ence the organic matter stock. As an example, soils 
developed from inherently rich materials, such as ba-
salt, are more fertile and have higher SOC than soils 
formed from granitic materials which include fewer 
mineral nutrients (Straaten 2011; Hartati & Sudarmadji 
2016). Moreover, very acidic reaction of the soils under 
study can reduce the decomposition rate and thus 
lead to higher SOC content. In the present study, soil 
textural classes for the Liberec district included sedi-

mentary coarse-textured rocks, acid granites, similar 
rocks (coarse textured), polygenetic loams, and loamy 
glacial sediments. Similarly, soil textural classes for the 
Domažlice district included polygenetic loams, loamy 
glacial sediments, micaceous schist, phyllites (medium 
textured), and a small proportion of acid granites, 
and similar rocks (coarse textured). The high content 
of SOC in sandy soils particularly at higher altitudes 
under coniferous forests can be caused by reduced 
mineralization due to strong acidity, as it is typical 
for Podzols and some Cambisols.

Comparing observed and predicted variables 
(SOC and clay)

Based on the relationships found in this study, mul-
tiple linear models were constructed to predict SOC 
and clay contents from altitude and slope separately 
for the Liberec and Domažlice districts. Figures 10 
and 11 show the relationship (linear regression) be-
tween observed and predicted values for two variables 
including SOC and clay contents, respectively. Results 
indicate that although correlations between observed 
and predicted values were better in the Domažlice 
district than Liberec district, the correlation between 
observed and predicted SOC is much better than the 
correlation between observed and predicted clay 
content in both districts. This can be due to the low 
content and great variability in observed clay contents 
that decrease the possibility of creating a regression 
model with a strong correlation.

Data separation by  land use classes and model 
analysis

Generally, SOC is affected by land-use and increases 
with increasing altitude within land-use categories 

Figure 10. Relationship (linear regression) between observed and predicted soil organic carbon (SOC) content (A) and 
observed and predicted clay (B) in the Liberec District
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due to the convergent effects of temperature decrease, 
precipitation changes, acidification, and intactness 
of native ecosystems. To analyse the correlation 
between SOC and slope for Liberec and Domažlice 
districts in more detail, datasets were divided into 
three subsets based on the land-use including ar-
able land, forest, and complex system of agriculture, 
parcels, and forests (Figure 4). In the following sub-
sections, the relationship between slope and SOC, 
across three different land use classes, is evaluated. 
Additionally, a comprehensive comparison between 
the observed and predicted variables (SOC and clay) 
is conducted.

The relationship between slope and SOC content 
after data separation. As shown in Figures 12A 
through 14A, SOC and slopes for Liberec district 
were correlated at  arable land with R2 = 0.353 
at P < 0.05 (35 samples), at forest land with R2 = 0.140 

(22 samples), and at complex system with R2 = 0.598 
at P < 0.05 (14 samples). As shown in Figures 12B 
through 14B, SOC and slopes for Domažlice dis-
trict were correlated very little at arable land with 
R2 = 0.008 (35 samples), at forest land with R2 = 0.083 
(20 samples), and at complex system with R2 = 0.386 
(12 samples).

Comparing Figure 6 with Figures 12 through 14 
shows that the data separation improved the cor-
relations between SOC and slope in some subsets, 
confirming the effects of  land-use on SOC. The 
correlation for arable areas in the Liberec district 
increased more than that in the Domažlice district. 
This is because of the different effects of agricultural 
systems and management, tillage, slope, soil biology, 
and erosion on SOC. For instance, agricultural sys-
tems with conventional tillage in the Czech Republic 
have been affected over the years (Šíp et al. 2009). 

Figure 11. Relationship (linear regression) between observed and predicted soil organic carbon (SOC) content (A) and 
observed and predicted clay (B) in the Domažlice district

Figure 12. Relationship between slope and soil organic carbon (SOC) (linear regression) in arable lands in Liberec (A) 
and Domažlice (B) districts
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The results of the surface runoff speed corroborate 
the significant benefits of soil conservation tillage 
technology. Also, tillage typically reduces mean SOC 
content and homogenizes the horizontal and vertical 
distribution of SOC (Dornbush & Von Haden 2017). 
Additionally, the spatial distribution of biologically 
mediated soil ecosystem services is impacted by ag-
ricultural practices, changing SOC, because most 
of the soil biological communities are dependent 
on SOC substrates. A reduction in SOM decomposi-
tion and thus increased SOC concentration is due 
to an increase in acidity and consequent reduction 
of biological activities. Soil compaction is another 
problem due to intensive conventional farming. The 
original causes of the decrease in SOC are conven-
tional farming without using organic fertilizer or other 
SOM (Šíp et al. 2009). This shows the necessity 

for sustainable land management practices, mostly 
those that reduce erosion and build SOM. As shown 
in Figure 13, the correlation between SOC and slope 
in forests of the Liberec district was similar to the 
Domažlice district while both correlation values were 
low. This can be due to the effects of forest tree spe-
cies on soil layers. Generally, the soil of coniferous 
stands, which constituted the largest group in the 
forests group, contained significantly less stored 
carbon than the soil of other species, as a large part 
of SOC is stored in the forest floor that is not consid-
ered in this study. Also, carbon stocks can potentially 
be affected by soil disturbance events depending 
on forest type or topographic parameters.

It appears that changes in  SOC are affected 
by a range of soil-management practices relating 
to tillage management, a total of crop residues, fer-

Figure 13. Relationship between slope and soil organic carbon (SOC) (linear regression) in forest areas in Liberec (A) 
and Domažlice (B) districts

Figure 14. Relationship between slope and soil organic carbon (SOC) (linear regression) in complex systems in Libe-
rec (A) and Domažlice (B) districts
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tilizer, organic losses, and different crop rotation 
programs (Ghimire et al. 2012).

In complex systems, correlations were better than 
the arable land and forest. Francaviglia et al. (2019) 
showed that variated arable cropping systems and 
various management plans in selected European 
areas had positive effects on SOC.

Multiple linear regression models for SOC and 
clay content prediction. To achieve more appro-
priate results, multiple regressions were conducted 
on different land-use types to assess the relation-
ship between SOC and other environmental vari-
ables (altitude and slope) as well as the relationship 
between clay and other parameters (altitude and 
slope) in both districts. The results showed the mul-
ticollinearity between environmental variables and 
predicting SOC and clay with these variables using 
simple regression would not be reliable while using 
multiple regression could effectively improve the 
results. The results also illustrated that the multiple 
regression was significantly changed by dividing the 

study area into various land-use types because the 
distribution of SOC and clay varies with land-use. 
Similarly, Lettens et al. (2005) separated the regions 
into 289 landscape units and predicted the SOC stocks 
for each landscape unit in Belgium. They reported that 
SOC stocks were continuously influenced by some 
external characteristics, mainly land-use history and 
usual land management and climate.

Table 2 presents the distribution of SOC and clay 
as dependent variables, respectively, based on the 
altitude and slope for different land-uses and entire 
dataset in both districts. It can serve as a basis for 
multiple regression model for the selection of the 
predictors. For instance, multiple Pearson correlation 
coefficients of 11 different variables for arable land 
in the Liberec district are also presented in Table S3 
(in ESM). SOC was mostly positively correlated with 
altitude and slope, while clay was mostly negatively 
correlated with altitude and slope (Table 2).

Figures 15 through 20 show multiple regression 
(linear trend) of the relationship between observed 

Table 2. Regression coefficients of multiple regression models for soil organic carbon (SOC) and clay (dependent va-
riable) prediction based on altitude and slope (independent variables) in different land-uses and for the entire dataset

Source
Liberec district Domažlice district

arable forest complex entire dataset arable forest complex entire dataset
SOC
Altitude 0.421 0.142 –0.177 0.380 0.373 0.594 0.622 0.658
Slope 0.595 0.374 –0.306 0.525 –0.091 0.289 0.622 0.444
Clay
Altitude –0.019 –0.154 0.688 0.042 –0.161 –0.293 –0.257 –0.197
Slope 0.056 –0.061 –0.085 –0.025 –0.267 –0.599 0.180 –0.276

Figure 15. Linear trend of the relationship between observed values and values predicted by multiple regression for soil 
organic carbon (SOC) (A) and clay in the arable land (B) (Liberec district)
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and predicted SOC as well as observed and pre-
dicted clay for arable land, forest, and complex 
system in both districts. Results showed that the 
correlations obtained from multiple regression 

(linear trend) for separate land-uses were more 
significant (greater R2) compared to the correla-
tions obtained from simple regression (linear trend) 
without land-use separation. For instance, the re-

Figure 16. Linear trend of the relationship between observed values and values predicted by multiple regression for soil 
organic carbon (SOC) (A) and clay in the forest (B) (Liberec district)
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Figure 17. Linear trend of the relationship between observed values and values predicted by multiple regression for soil 
organic carbon (SOC) (A) and clay in the complex system (B) (Liberec district)
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Figure 18. Linear trend of the relationship between observed values and values predicted by multiple regression for soil 
organic carbon (SOC) (A) and clay in the arable land (B) (Domažlice district)
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lationship between observed and predicted SOC 
in the Liberec district improved with increasing 
R2 = 0.535 (Figure 10A) to R2 = 0.970 (Figure 17A) 
when considering only complex system. As another 
example, R2 value for the relationship between 
observed and predicted clay increased from 0.200 
(Figure 10B) to an impressive 0.914 (Figure 17B) 
by exclusively considering complex systems within 
the Liberec district.

CONCLUSION

From the results of this study, the following con-
clusions can be drawn:
(1) Although SOC content increases when slope 

or clay increase, the correlation between SOC and 
clay was not significant in both districts.

(2) SOC increases with increasing altitude, most 
likely due to the combined effects of increased 
leaching at higher altitudes and soil acidity lead-

ing to reduced decomposition. However, there 
was only a moderate correlation between SOC 
and altitude.

(3) Clay increases with decreasing slope for both 
districts.

(4) Clay and altitude were not correlated well in both 
areas, most likely due to the effects of erosion 
and runoff which transported sediments from 
higher altitudes and accumulated them in the 
lower parts of the basin. 

(5) The correlation between observed and predicted 
SOC is much better than the correlation between 
observed and predicted clay content in both dis-
tricts, due to the low content and great variability 
in observed clay contents.

(6) Multiple linear regression models based on topo-
graphical variables were constructed for SOC 
and clay content prediction separately for each 
district. A better correlation between observed 
and predicted values (SOC and clay) was observed 

Figure 20. Linear trend of the relationship between observed values and values predicted by multiple regression for soil 
organic carbon (SOC) (A) and clay in the complex system (B) (Domažlice district)

Figure 19. Linear trend of the relationship between observed values and values predicted by multiple regression for soil 
organic carbon (SOC) (A) and clay in the forest (B) (Domažlice district)
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in the Domažlice district than in the Liberec dis-
trict. This can be due to the low content and great 
variability in observed clay contents in Liberec 
district that decreases the possibility of creating 
a linear model with a strong correlation.

(7) Data separation by land-use types improved the cor-
relations between SOC and slope in some subsets, 
showing the significant effects of land-use on SOC. 

(8) Overall, it can be concluded that the variation 
of land uses was influential in SOC distribution 
of the study areas and should be taken into con-
sideration when evaluating the effects of future 
land use changes on SOC and clay content on a re-
gional scale. Additionally, a combination of slope 
and altitude could provide a better understanding 
of the effect of topography on SOC and clay.

REFERENCES

Adhikari K., Hartemink A.E., Minasny B., Bou Kheir R., 
Greve M.B., Greve M.H. (2014): Digital mapping of soil 
organic carbon contents and stocks in Denmark. PLoS 
ONE, 9: e105519.

Adhikari K., Owens P.R., Libohova Z., Miller D.M., Wills 
S.A., Nemecek J. (2019): Assessing soil organic carbon 
stock of Wisconsin, USA and its fate under future land 
use and climate change. Science of the Total Environ-
ment, 667: 833–845.

Baltensweiler A., Heuvelink G.B., Hanewinkel M., Walthert L. 
(2020): Microtopography shapes soil pH in flysch regions 
across Switzerland. Geoderma, 380: 114663.

Birkeland P.W. (1984): Soils and Geomorphology. New York, 
Oxford University Press.

Borůvka L., Vašát R., Šrámek V., Hellebrandová K.N., 
Fadrhonsová V., Sáňka M., Pavlů L., Sáňka O., Vacek O., 
Němeček K., Nozari S. (2022): Predictors for digital map-
ping of forest soil organic carbon stocks in different types 
of landscape. Soil and Water Research, 17: 69–79. 

Conrad O., Bechtel B., Bock M., Dietrich H., Fischer E., 
Gerlitz L., Wehberg J., Wichmann V., Böhner J. (2015): 
System for Automated Geoscientific Analyses (SAGA) 
2.1.4. Geoscientific Model Development, 8: 1991–2007.

Dornbush M.E., Von Haden A.C. (2017): Intensified agro-
ecosystems and their effects on soil biodiversity and soil 
functions. Soil Health and Intensification of Agroecosys-
tems, 2017: 173–193. 

EEA (2018): CORINE Land Cover (CLC) 2018, Version 20. 
Kopenhagen, European Environment Agency. Avail-
able at https://www.eea.europa.eu/data-and-maps/ data/
corine-land-cover-accountinglayers (accessed Oct 23, 
2020).

Elfaki J.T., Gafer M.A., Sulieman M.M., Ali M.E. (2016): Hy-
drometer method against pipette method for estimating 
soil particle size distribution in some soil types selected 
from Central Sudan. International Journal of Engineering 
Research and Advanced Technology, 2: 25–41.

Francaviglia R., Álvaro-Fuentes J., Di Bene C., Gai L., Re-
gina K., Turtola E. (2019): Diversified arable cropping 
systems and management schemes in selected European 
regions have positive effects on soil organic carbon con-
tent. Agriculture, 9: 261.

Gao G.L., Ding G.D., Zhao Y.Y., Wu B., Zhang Y.Q., Qin S.G., 
Bao Y.F., Yu M.H., Liu Y.D. (2014): Fractal approach to es-
timating changes in soil properties following the estab-
lishment of Caragana Korshinskii shelterbelts in Ningxia, 
NW China. Ecological Indicators, 43: 236–243.

Gebrehiwot K., Desalegn T., Woldu Z., Demissew S., Tef-
eri E. (2018): Soil organic carbon stock in Abune Yosef 
afroalpine and sub-afroalpine vegetation, northern Ethio-
pia. Ecological Processes, 7: 1–9.

Ghimire R., Adhikari K.R., Chen Z.S., Shah S.C., Dahal 
K.R. (2012): Soil organic carbon sequestration as affected 
by tillage, crop residue, and nitrogen application in rice-
wheat rotation system. Paddy and Water Environment, 
10: 95–102.

Gingrich S., Erb K.H., Krausmann F., Gaube V., Haberl H. 
(2007): Long-term dynamics of terrestrial carbon stocks 
in Austria: A comprehensive assessment of the time pe-
riod from 1830 to 2000. Regional Environmental Change, 
7: 37–47.

Griffiths R.P., Madritch M.D., Swanson A.K. (2009): The 
effects of topography on forest soil characteristics in the 
Oregon Cascade Mountains (USA): Implications for the 
effects of climate change on soil properties. Forest Ecol-
ogy and Management, 257: 1–7.

Gruba P., Socha J. (2019): Exploring the effects of dominant 
forest tree species, soil texture, altitude, and pH H2O 
on soil carbon stocks using generalized additive models. 
Forest Ecology and Management, 447: 105–114.

Hartati W., Sudarmadji T. (2016): Relationship between soil 
texture and soil organic matter content on mined-out 
lands in Berau, East Kalimantan, Indonesia. Nusantara 
Bioscience, 8: 83–88.

Hontoria C.R.D.J., Saa A., Rodríguez-Murillo J.C. (1999): 
Relationships between soil organic carbon and site 
characteristics in peninsular Spain. Soil Science Society 
of America Journal, 63: 614–621.

IUSS Working Group WRB (2015): World Reference Base 
for Soil Resources 2014, Update 2015. International Soil 
Classification System for Naming Soils and Creating 
Legends for Soil Maps. World Soil Resources Reports 
No. 106. FAO, Rome.

https://www.agriculturejournals.cz/web/swr/


217

Soil and Water Research, 18, 2023 (3): 204–218 Original Paper

https://doi.org/10.17221/105/2022-SWR

Khan H., Shafique M., Khan M.A., Bacha M.A., Shah S.U., 
Calligaris C. (2019): Landslide susceptibility assessment 
using Frequency ratio, a case study of northern Pakistan. 
The Egyptian Journal of Remote Sensing and Space Sci-
ence, 22: 11–24.

Lee S.B., Lee C.H., Jung K.Y., Do Park K., Lee D., Kim P.J. 
(2009): Changes of soil organic carbon and its fractions 
in relation to soil physical properties in a long-term fer-
tilized paddy. Soil and Tillage Research, 104: 227–232.

Lettens S., Van Orshoven J., van Wesemael B., De Vos B., 
Muys B. (2005): Stocks and fluxes of soil organic carbon 
for landscape units in Belgium derived from heterogene-
ous data sets for 1990 and 2000. Geoderma, 127: 11–23.

Li Z., Nie X., Xiaofeng Ch., Lin L., Liying S. (2016): Char-
acteristics of  soil and organic carbon loss induced 
by water erosion on the loess Plateau in China. PLoS 
ONE, 11: e0154591.

Liu D., She D., Shao G., Chen D. (2015): Rainfall intensity 
and slope gradient effects on sediment losses and splash 
from a saline–sodic soil under coastal reclamation. Cat-
ena, 128: 54–62.

Martin M.P., Wattenbach M., Smith P., Meersmans J., Jol-
ivet C., Boulonne L., Arrouays D. (2011): Spatial distribu-
tion of soil organic carbon stocks in France. Biogeosciences, 
8: 1053–1065.

Massawe B.H., Winowiecki L., Meliyo J.L., Mbogoni J.D., 
Msanya B.M., Kimaro D., Deckers J., Gulinck H., Ly-
amchai C., Sayula G., Msoka E. (2017): Assessing driv-
ers of soil properties and classification in the West 
Usambara mountains, Tanzania. Geoderma Regional, 
11: 141–154.

Miko L., Hošek M. (2009): The State of Nature and the 
Landscape in the Czech Republic. 1st Ed. Prague. Agency 
for Nature Conservation and Landscape Protection of the 
Czech Republic.

Němeček J., Kozák J. (2002): The Czech taxonomic soil clas-
sification system and the harmonization of soil maps. In: 
Micheli E., Nachtergaele F.O., Jones R.J.A., Montanarel-
la L. (eds.): Soil Classification 2001. European Soil Bureau 
Research Report No.7. Luxembourg, Office for Official 
Publications of the European Communities: 47–53.

Ngatia L.W., Moriasi D., Grace III J.M., Fu R., Gardner C.S., 
Taylor R W. (2021): Land use change affects soil organic 
carbon: An indicator of soil health. In: Environmental 
Health. IntechOpen.

Nisha R., Kaushik A., Kaushik C.P. (2007): Effect of indig-
enous cyanobacterial application on structural stability 
and productivity of an organically poor semi-arid soil. 
Geoderma, 138: 49–56.

Nozari S., Borůvka L. (2020): The effect of landscape slope 
on soil organic carbon in the Liberec district in the Czech 

Republic. International Journal of Advanced Science and 
Technology, 29: 3934–3942. 

Nozari S., Borůvka L. (2021): The effect of landscape slope 
on soil organic carbon in Domažlice district in the Czech 
Republic. In: Proc. Global Symposium on Soil Biodiver-
sity. Keep Soil Alive, Protect Soil Biodiversity. Rome, 
Apr 19–22, 2021: 317–322.

Olson K., Gennadiyev A., Zhidkin A., Markelov M. (2012): 
Impacts of land-use change, slope, and erosion on soil 
organic carbon retention and storage. Soil Science, 
177: 269Y278.

Pospíšil F. (1964): Fractionation of  humus substances 
of several soil types in Czechoslovakia. Rostlinná Výroba, 
10: 567–579.

Pronk G.J., Heister K., Ding G.C., Smalla K., Kögel-
Knabner  I. (2012): Development of  biogeochemical 
interfaces in an artificial soil incubation experiment; ag-
gregation and formation of organo-mineral associations. 
Geoderma, 189: 585–594.

Šíp V., Růžek P., Chrpová J., Vavera R., Kusá H. (2009): The 
effect of tillage practice, input level, and environment 
on the grain yield of winter wheat in the Czech Republic. 
Field Crops Research, 113: 131–137.

Straaten P.V. (2011): The geological basis of farming in Af-
rica. In: Innovations as Key to the Green Revolution 
in Africa. Dordrecht, Springer: 31–47.

Taghizadeh-Mehrjardi R., Minasny B., Sarmadian F., Malone 
B.P. (2014): Digital mapping of soil salinity in Ardakan 
region, central Iran. Geoderma, 213: 15–28.

Thai S., Pavlů L., Tejnecký V., Vokurková P., Nozari S., 
Borůvka L. (2021): Comparison of soil organic matter 
composition under different land uses by DRIFT spec-
troscopy. Plant, Soil and Environment, 67: 255–263. 

Wang G.X., Li S.N., Hu H.C., Li Y.S. (2009): Water regime 
shifts in the active soil layer of the Qinghai–Tibet Plateau 
permafrost region, under different levels of vegetation. 
Geoderma, 149: 280–289.

Wei W., Fang J. (2009): Soil respiration and human effects 
on global grasslands. Global Planetary Change, 67: 20–28.

Wei S., Zhan X., McLaughlin N.B., Chen X., Jia S., Liang A. 
(2017): Impact of soil water erosion processes on catch-
ment export of soil aggregates and associated SOC. Geo-
derma, 294: 63–69.

Wiesmeier M., Spörlein P., Geuß U.W.E., Hangen E., 
Haug S., Reischl A., Schilling B., von Lützow M. Kögel-
Knabner I. (2012): Soil organic carbon stocks in south-
east Germany (Bavaria) as affected by land use, soil 
type and sampling depth. Global Change Biology, 18: 
2233–2245.

Wu X., Zhao L., Fang H., Zhao Y., Smoak J.M., Pang Q., 
Ding Y. (2016): Environmental controls on soil organic 

https://www.agriculturejournals.cz/web/swr/


218

Original Paper Soil and Water Research, 18, 2023 (3): 204–218

https://doi.org/10.17221/105/2022-SWR

carbon and nitrogen stocks in the high-altitude arid west-
ern Qinghai-Tibetan Plateau permafrost region. Journal 
of Geophysical Research: Biogeosciences, 121: 176–187.

Xiaojun N., Jianhui Z., Zhengan S. (2013): Dynamics of soil 
organic carbon and microbial biomass carbon in relation 
to water erosion and tillage erosion. PLoS ONE, 8: e64059.

Zhao W.Z., Xiao H.L., Liu Z.M, Li J. (2005): Soil degradation 
and restoration as affected by land use change in the semi-
arid Bashang area, northern China. Catena, 59: 173–186. 

Zhong Z., Chen Z., Xu Y., Ren C., Yang G., Han X., Ren G., 
Feng Y. (2018): Relationship between soil organic carbon 

stocks and clay content under different climatic condi-
tions in Central China. Forests, 9: 598.

Zhu B., Xiangping W., Jingyun F., Shilong P., Haihua S., Shu-
qing Z., Changhui P. (2010): Altitudinal changes in carbon 
storage of temperate forests on Mt Changbai, Northeast 
China. Journal of Plant Research, 123: 439–452.

Received: July 18, 2022
Accepted: August 3, 2023

Published online: August 28, 2023

https://www.agriculturejournals.cz/web/swr/

