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The soil-terrain modelling has been widely de-
veloped in the last few decades. Topography is 
one of the main pedogenetic factors identified by 
many soil scientists (Dokuchaev 1892; Jenny 
1941; Gerrard 1981). The McBratney’s Scorpan 
model (2003) has been together with other methods 
as geostatistics, a background for pedometrical 
methods development. Pedometrics represents 
a large set of quantitative tools, models, and ap-
proaches describing soil variation, heterogeneity, 
and behaviour in landscape.

Quantitative information on the relief is often 
used in the soil studies including modelling and 
prediction of the soil properties (Moore et al. 

1993), whose range is relatively wide. The properties 
most often investigated are: thickness of horizons 
(McKenzie & Ryan 1999; Florinsky et al. 2002), 
soil depth (Odeh et al. 1995; Penížek & Borůvka 
2006), particle size distribution (Odeh et al. 1995), 
the amount of skeleton, humus content (McKenzie 
& Ryan 1999), moisture or hydromorphic features 
(Mummery et al. 1999). The terrain attributes can 
be directly used for studying the relationship with 
the soil properties, another possibility is to use 
the terrain units based on the classification and 
integration of the terrain characteristics.

Quantitative topographic data have been used in 
the form of digital terrain models (DTMs) for the 
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past two decades (Moore et al. 1993; McBratney 
et al. 2003). DTM considers both simple elevation 
data and many variables (Wilson & Gallant 
2000) – primary terrain attributes (slope, curvature, 
aspect, specific catchment area) and secondary 
(derived) ones (TWI – topographic wetness index 
as the most common).

One of the most extended practical applications 
concerning the terrain modelling is the utilisation 
of DTM in pedological studies on soil erosion and 
its prediction (e.g. Moore et al. 1993; McBrat-
ney et al. 2003). DTM is widely used mostly in 
the prediction of erosion vulnerability of an area. 
Thus, DTM is often a part of the model of the 
soil loss by erosion (Wischmeier & Smith 1978; 
Odeh et al. 1995; Martínez-Casasnovas et 
al. 2002). Recently, it has been applied in studies 
regarding the statistical dependence of the soils 
properties changes on the terrain characteristics 
(McKenzie & Ryan 1999; Florisky et al. 2002; 
De Gryze et al. 2008). The slope, curvature, and 
TWI are the most frequent predictors derived 
from the auxiliary data, all greatly influencing 
the surface runoff (Pennock 2003; Wilkinson 
& Humphreys 2006; Zádorová et al. 2008).

Besides the water erosion, the tillage erosion is a 
process that significantly influences the soil mass 
translocation. The tillage erosion has been studied 
for last two decades (Van Oost et al. 2005). In last 
years, a few simulation models were created focused 
on the connection between the tillage erosion and 
topography. The most relevant are SORET (De 
Alba 2003) and WATEM (Van Oost et al. 2005), 
all based on the algorithms derived from DTM.

This paper is focused on complex terrain analysis 
and soil characterisation by means of pedometrical 
methods for the study of erosion and sedimentation 
processes on the selected field with a long-term 
tillage practice.

Material and Methods

Study area

A detailed research was carried out on the study 
plot (strip part of an agricultural site, area 4 ha) in 
Chrášťany cadaster (Figure 1). The terrain on the 
relatively small study plot is highly fragmented. 
The main slope is divided by two main lateral val-

Figure 1. Map of the study area
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leys representing the lines of concentrated runoff 
emptying into a wide colluvial fan. Geologically, 
three main units neighbour on the study plot (Basic 
geological map of the Czech Republic 1:25 000). 
The eastern part of the plot is formed by loess 
and loess loam, while the Paleozoic complex of 
Český Brod (schist, claystone, conglomerate, chert) 
emerge in the western part. The two side chan-
nels are composed of delluvio-fluvial gravel and 
sand (Figure 2). The elevation between the side 
branches is formed on quaternary alluvial terrace. 
The soil unit variation corresponds to various par-
ent rocks. Haplic Luvisol and Chernozem, eroded 
on the steeper slopes, are the dominant soil types. 
The parcel is under long-term tillage.

Methods

The plot was investigated by soil sampling based 
on irregular networks of borings (80 borings, depth 
1 m, gouge auger Eijkelkamp). Each boring was lo-
cated by DGPS device. In the field, the samples were 
analysed for the following morphologic features: 
soil profile stratigraphy, soil type, soil depth, humic 
horizon depth, soil colour (according to Munsell 

charts), physical characteristics (texture evalua-
tion, soil skeleton %). From each core, soil samples 
were taken for analysis. The samples were analysed 
for the grain size distribution, organic C content, 
carbonates content, and pH in calcium chloride 
(Sparks 1996). In the representative slope posi-
tions, three pits were digged up to a depth of 1.2 m. 
The samples from each horizon were analysed, in 
addition to the characteristics above also for CEC 
and percent base saturation (Sparks 1996).

The terrain properties were obtained from the 
digital terrain model (DTM). The DTM was derived 
by ordinary kriging interpolation procedure from 
dense DGPS measurements. 150 DGPS measure-
ments in centimetre vertical resolution were col-
lected. The digital terrain model and its derivations 
(slope, curvature, hydrological indexes) were calcu-
lated using integrated algorithms implemented in 
the ArcGIS 9.2 software, and by dedicated scripts 
in Ilwis 3.2. software (Hengl et al. 2003).

Results and discussion

Detailed analyses of the soil properties distribu-
tion and erosion – sedimentation situation on the 
study plot using digital terrrain model were car-
ried out. In addition to the relief factor, extremely 
various geological conditions on the site and the 
considerable impact of tillage erosion must be 
taken into account when discussing the results.

Using the digital terrain modelling, the lines 
of concentrated runoff and parts of slope pre-
disposed for the soil loss and accumulation were 
evaluated. For the determination of erosion and 
sedimentantion relations within the slope system, 
the following morphometrical properties were 
investigated (Figure 3): slope, plan and profile 
curvature, topographic wetness index (TWI), 
stream power index (SPI), sediment transport 
index (STI) (Florinsky et al. 2002; Hengl 2003). 
Especially the hydrologic properties, represent-
ing the water and particles movements, relatively 
clearly delimitated the potential area of the mate-
rial loss and accumulation. The areas of increased 
accumulation, delineated especially by high values 
of TWI in combination with the negative plan 
curvature (Penížek & Borůvka 2006; Seidel & 
Mäckel 2007; Zádorová & Penížek 2008) are 
concentrated in the concave lateral valleys and in 
the deluvial cone in the slope base (Figure 4). It 
was proved that the upper slopes showed a high Figure 2. Geological map of the study plot
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erosional vulnerability due to the higher slope 
and convex curvature. Increases of the soil depth 
and other characteristics (Corg content, pH, clay 
content) are an expected feature proved in other 
studies (Florinsky et al. 2002; Papiernik et al. 
2008; Zádorová et al. 2008).

The terrain sampling and analyses results showed 
several facts corresponding relatively well with the 
predictive model. In Figure 5, the soil properties 
distributions (humic horizon depth, Corg, clay 
content, pH) interpolated by ordinary kriging 
method are presented. The soil depth obviously 
increases in concave parts of the slope, especially 
in the lateral valleys where the humic horizon 
depth reaches up to 1 m and the accumulated 
Chernozems and colluvial soils develop (Figure 4). 
An intensive accumulation in side valleys, caused 
mostly by a decrease of the runoff power with the 
change of slope, has been noted in several studies 

(Lal 2001); Shmidt & Rodzik 2006; Zádorová 
et al. 2008). In the parts with convex curvature 
and a higher slope, the soil profile is influenced by 
accelerated erosion which results in A–C profile 
(Regosols) development (Figure 5a).

Considering the clay content changes within 
the slope, a high increase is reported at the con-
nection spot of two lateral valleys. On the con-
trary, at the colluvial cone on the slope base, a 
clay content decrease is evident (Figure 5b). The 
fan surface is visibly covered with a thin layer of 
mineral material (silt), accumulated after inten-
sive rainfall episodes. Terhorst (2000) identifies 
similar colluvial layers on the valley floors in the 
south-west Germany loess region. In addition, 
this fact results in a relatively low organic carbon 
content in lower parts of the slope.

A sudden accumulation episode of the mineral 
material in history is clearly visible in the profile 

Figure 3. Digital terrain model (DTM) 
derivations

(a) slope

(b) plan curvature

(c) topographic wetness index (TWI)

(d) sediment transport index (STI)
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stratigraphy of pit 3, where two humic horizons are 
separated by 5 cm thick layer of sand (Figure 6). 
The layer has not been interfused into the plough 
layer which means that the material can have been 
accumulated before the start of the tillage prac-
tices. Upon this stratum, which probably buries 
the original humic horizon, a humic colluvial layer 

(depth 0.4 m) has developped due to an intensive 
water and tillage erosion. The distribution of pH 
results from both soil loss and geological variation 
of the parent material (Figure 5c). In the upper 
parts, the subsoil is exposed and soil pH varies in 
the dependence on parent rock acidity (Papiernik 
et al. 2008).

Figure 4. Material redistribution prediction 
and humic horizon depth relation

Figure 5. Soil properties distribution

(a) humic horizon depth

(b) clay content

(c) pH in calcium chloride
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Conclusions

Modern pedometrical methods were used for the 
description of the soil cover structure and properties 
variation on a study plot with extremely complicated 
geological and pedological conditions. Three different 
types of parent rock and intensive erosion caused 
by long-term tillage practices resulted in a high soil 
unit diversity. Using digital terrain modelling, the 
areas of potential soil accumulation and soil loss were 
evaluated. The storage areas are concentrated in the 
concave lateral valleys and colluvial cone at the slope 
base. The terrain sampling and laboratory analyses 
confirmed the results of DTM analysis as the deepest 
humic horizons (70–100 cm) were found in the above 
mentioned parts of the study plot. The character of 
the accumulated material differs significantly. In 
the side valleys, the particle size distribution moves 

towards a finer textural composition, while the base 
part of the slope is overlaid by a thin layer of coarse 
material, probably accumulated after intensive rainfall 
events. The intensity of human-caused erosion is 
evident from the profile stratigrafy of the base slope 
colluvial soil, where the original soil is buried under 
a 40 cm deep colluvial horizon. The distribution of 
the soil properties, such as organic carbon content, 
pH, and texture is, besides erosion, highly influenced 
by geological conditions of the site.

The observed profile stratigraphy and soil depth 
correspond with DTM analysis results, while the 
prediction of specific soil properties is more com-
plicated, especially due to a high impact of diferent 
parent materials. In this particular case study, the 
research based on the combination of the digital 
terrain modelling and detailed terrain sampling 
analysis showed that even in the case of very vari-
able geological conditions, the prediction of the 
soil cover structure as influenced by the relief and 
water erosion is possible. 
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