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Abstract

ČERMÁKOVÁ OLGA, JANEČEK MILOSLAV, JINDROVÁ ANDREA, KOŘÍNEK JAN. 2014. 
The Impact of Farming and Land Ownership on Soil Erosion.  Acta Universitatis Agriculturae et Silviculturae 
Mendelianae Brunensis, 62(5): 883–890.

The aim of this paper was to compare two methods of farming, especially their eff ect on water soil 
erosion. The examined methods were (1) large-scale farming, where more than 50% of the land 
was leased, and (2) small-scale farming, where the land was almost exclusively privately owned. 
The research area was 8 cadastres in the district of Hodonín, South Moravia, Czech Republic. In these 
cadastres 48 land blocks representing both large-scale and small-scale farming (i.e. owners and tenants) 
were chosen. The long-term average annual soil loss caused by water erosion (G) was calculated using 
the erosion model USLE 2D and ArcGIS 10.1. The nonparametric Mann-Whitney test was used 
for the statistical evaluation of the data. The diff erence between the soil loss (G) on land blocks farmed 
by small producers (owners) and large producers (tenants) was signifi cant (p < 0.05). Diff erences 
between the values of the cropping-management factor (C) were not statistically signifi cant (p = 0.054). 
Based on the analysis of other variables in the USLE equation it can be stated that a continuous slope 
length, conditioned by the size of land blocks, played an important role in the amount of soil loss 
caused by water erosion. Above all, to protect the soil from erosion and maintain soil quality it is 
necessary to reduce the size of land blocks farmed by tenants and improve the crop rotation systems.

Keywords: water soil erosion, erosion control, intensive agriculture, land ownership, crop rotation, 
South Moravia

INTRODUCTION
Soil erosion is one of the main problems caused 

by using inappropriate methods of intensive 
farming. Currently, more than 50 % of arable land is 
threatened by water erosion in the Czech Republic 
(Janeček et al., 2012). The result of water erosion 
is not only a reduction of the topsoil layer, but 
also a deterioration of the physical and chemical 
properties of the soil leading to the reduced 
availability of nutrients for growing plants.

Land use and land cover are factors, which 
signifi cantly aff ect surface runoff  and also soil 
erosion (Kosmas et al., 1997; Schiettecatte, 2008; Leh 
et al., 2011). This paper deals with the issue of soil 
erosion in connection with large-scale farming 
as well as small-scale farming. It can be assumed 
that the method of farming is closely linked with 
the type of user. Owners will use diff erent farming 

methods in comparison with tenants. A major 
role in the changes of land ownership was made 
by the collectivization of agriculture in the 1950’s. 
Changes in the use of land in the Czech Republic 
in the years 1938–1998 was demonstrated by 
Sklenička (2002) in a study performed in North 
Bohemia. 

This paper should help to clarify the issue 
of intensive large-scale farming on leased land, 
which was cultivated with traditional agricultural 
practices by its owners before collectivization. 
The implementation of anti-erosion crop rotations is 
diffi  cult in practical terms and almost does not apply 
in large-scale farming as it is not in their economic 
interest. However, the importance of anti-erosion 
crop rotations is unquestionable in terms of both 
soil and biodiversity protection, as well as in terms 
of landscape-formation (Cudlinová et al., 1999).
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Kvítek et al. (1997) and Vašinová et al. (2012) agree 
that the most important factors aff ecting the amount 
of water fl owing out of basin are:
• the percentage of arable land in the basin,
• the block size of the arable land and their locations 

in the fi eld,
• the layout, size and diversity of perennial crops 

(meadow, forest) in the landscape,
• the depth of the soil profi le and grain size.

Kvítek et al. (1997) also pointed to the problem 
of ignorance and disregard for basic approaches 
to water retention (e.g. ploughing sloping land or 
shallow soil, the poor design of grassing measures 
or the bare paths of concentrated runoff ), errors 
in the use of agricultural technologies (creating 
pathways for concentrated runoff  on slopes made 
by a tractor’s tracks) and missing the regular 
maintenance of existing erosion control measures. 
Also Soukup and Hrádek (1999) reported in their 
thesis that there was a connection between crops 
cultivated, tilling methods used on the land 
and the retention capabilities of the basin. The eff ect 
of crop rotations and tilling methods in relation 
to soil erosion has also been examined (e.g. Kwaad 
et al., 1998; Benediktas and Genovaite, 2003; Fiener 
and Auerswald, 2007; Watson and Evans, 2007; 
Prasuhn, 2012). Other similar studies have been 
performed e.g. Van Rompaey et al. (2007) who 
demonstrated the infl uence of changes in the spatial 
distribution of land cover and land block size on soil 
erosion. Erosion on large blocks of arable land 
were also discussed by Černý Pixová and Sklenička 
(2011) and soil conservation in connection with land 
ownership was examined by Lee (1980) in the USA. 

MATERIAL AND METHODS
The aim of this paper was to compare two methods 

of farming in terms of their eff ects on water soil 
erosion. The examined methods were (1) large-scale 
farming, where more than 50% of the land blocks 
were leased, and (2) small-scale farming, where 
the land blocks were almost exclusively privately 
owned (more than 90%).

The main questions defi ned for the evaluation 
and comparison of these two farming methods were:
1) Does a signifi cant diff erence between the values 

of the long-term average annual soil loss (G) 
exist?

2) Does a signifi cant diff erence between the average 
values of the cropping-management factor (C) 
exist over fi ve-year period?

3) Does a signifi cant diff erence between the values 
of continuous slope length (ld) exist?

Study Area
Based on a survey of cadastres potentially 

threatened by water erosion (VÚMOP, 2012) 
8 cadastres in the district of Hodonín, South 
Moravian region, Czech Republic were selected. 
Specifi cally, these were the Lipov, Kněždub, 

Kuželov, Tvarožná Lhota, Malá Vrbka, Hrubá Vrbka, 
Hroznová Lhota and Tasov cadastres. In these 
cadastres at least twenty percent of the area was from 
the moderately to extremely threatened categories. 
This region was chosen because in addition to large-
scale farming on rented land, a number of farmers, 
who practice small-scale farming on their own land 
still exist there.

The Selection of Research Land Blocks 
and Data Collection

Based on a fi eld survey and the analysis of digital 
maps 48 land blocks on gentle slopes were selected. 
Half these land blocks represented large-scale 
farming and half small-scale farming, respectively 
owners and tenants (Fig. 1). For the purposes 
of this paper the term „land block“ means 
a continuous area of agricultural land farmed by 
one user and almost exclusively with one crop. 
To obtain comparability the land blocks for each 
type of farming was selected so that they did not 
signifi cantly diff er in their average steepness (S) or 
in the value of soil erodibility factor (K). Therefore 
farm owners and tenants were not disadvantaged 
by the natural conditions, on which they have only 
a little or no infl uence.

The input data for the purpose of evaluating 
erosion was obtained by a fi eld survey and digital 
maps. Values of the cropping-management 
factor (C) and the conservation practices factor 
(P) were determined according to fi eld survey 
and information obtained from farm owners 
and tenants. Crop rotations (or sequences of crops) 
were detected for the fi ve-year period (2008–2012). 
The values of C factor for orchards and vineyards 
without grassland were determined by comparing 
vegetation canopy and agricultural technologies 
used with C factor values   listed in the Table 
of C  factor values (Tab. I) in the Methodology 
(Janeček et al., 2012). The average value of C factor 
determined for vineyards without grassland was 
0.55 and 0.35 for orchards without grassland. 
The values of other factors of USLE equation were 
determined using digital maps and in accordance 
with the applicable Methodology (Janeček et al., 
2012):
• the soil erodibility factor (K) from the VÚMOP 

(2013) (scale 1:5 000),
• the boundaries and size of land blocks from 

the Land Parcels Information Systems – LPIS (Mze 
CR, 2013, scale 1:1 000),

• the steepness (S) was calculated from the digital 
terrain model in ArcGIS 10.1 by Slope function. 
The digital terrain model was created based 
on 3D contours from ZABAGED® (ČÚZK, 2013, 
scale 1:10 000) and based on the layers of water 
courses and bodies of water from the freely 
available database DIBAVOD (VÚV TGM, 2013, 
scale 1:10 000). It was created by using the Topo To 
Raster function.
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Data Analysis
The long-term average annual soil loss (G) was 

calculated using the USLE 2D erosion model 
(Desmet et Govers, 1996) and ArcGIS 10.1 (ESRI, 
2010). USLE 2D is an empirical erosion model, 
which is based on the universal equation of the long-
term average annual soil loss USLE (Wischmeier 
and Smith, 1978).

The main input data to USLE 2D is the digital 
terrain model (DTM) and „parcel“ grid, which 
represent boards of investigated land blocks 
determined by surface runoff  interruption. 

The interruption may be caused by a road network, 
watercourses, forests, anti-erosion channels or other 
erosion control measures. Thus the layer of “parcels” 
is a grid, in which each raster element is classifi ed 
as an integer value. A value of 0 means that the LS-
factor is not calculated for this area and the surface 
runoff  is interrupted, while values greater then 0 
indicate agricaltural land, where the LS-factor is 
calculated.

Vector input data was fi rst converted in ArcGIS 
10.1 to raster format. In addition, data was 
reclassifi ed and adjusted using map algebra tools, 

1: Map showing research land blocks by ownership

I: Overview of the results of the statistical tests

SMALL-SCALE FARMING
(OWNERS)

LARGE-SCALE FARMING 
(TENANTS)

Variable Average Average P

G (t/ha/year)  4.34  13.07 0.000*

C factor 0.17 0.26 0.054

C factor (without grassland) 0.20 0.31 0.022*

ld (m) 123.52 686.49 0.000*

land block size (ha) 0.32 21.52 0.000*

LS factor 2.62 4.61 0.000*

S (o) 5.96 5.96 0.910

 range from-to range from-to P

K factor 0.28–0.38 0.26–0.38 0.282

Note: * – signifi cant diff erence between values  obtained for small-scale farming (owners) and large-scale farming (tenants)
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so that in the fi nal „parcel“ grid agricultural land 
had a value of 1, and other land had a value of 0. 
USLE 2D so	 ware works only with data in Idrisi 
format (.rst), therefore the „parcel“ grid and DMT 
was transfered via ASCII format to .rst format by 
LS-Converter 1.0. In the USLE 2D the topographic 
factor (LS factor) was calculated for each cell 
of the raster. Of the possible methods of LS factor 
calculation the variant Flow direction – Multiple 
fl ow and LS algorithm (McCool, 1989) was chosen, 
which uses the RUSLE method (Renard et al., 1993). 
The fi nal raster was further modifi ed by the MEAN 
3×3 fi lter to eliminate excessively high values 
of the LS factor. The value of the long-term average 
annual soil loss (G) according to the USLE equation 
(Wischmeier and Smith, 1978) was obtained using 
the Raster Calculator tool as a multiple of grids 
with values of factors LS, R, C, K, P. A constant 
value 40 MJ.ha− 1. cm.h−1 for R factor was applied 
in accordance with the valid methodology (Janeček 
et al., 2012). From these values the average value of G 
was calculated using the Zonal Statistics tool.

Statistical analysis of the data was performed 
in SPSS Statistics 21 (IBM, 2013). The normality 
test results showed that most of the observed 
indicators did not have a normal distribution, so 
a nonparametric Mann-Whitney test was used. 
This test was used to detect whether there were 
any signifi cant diff erences between the variables 
such as the LS factor, the steepness (S), the size 
of land blocks, continuous slope length (ld), 
C factor and the long-term average annual soil 
loss (G) of the two farming methods investigated. 
The diff erence between K factor values was tested 

with Fisher’s exact test, because the data was 
categorical and the conditions for using Chi-square 
test were not meet. The reciprocal dependence 
between the studied factors were also determined 
using Spearman’s correlation coeffi  cient, separately 
for each farming method.

RESULTS
The non-parametric Mann-Whitney test showed 

signifi cant diff erence between the long-term 
average soil loss (G), where the average was about 
3 times higher in the case of large-scale farming 
(see Tab. I). The average value of G for owners was 
4.34 t/ha/year and the average value of G for tenants 
was 13.07 t/ha/year. The diff erence between the 
cropping-management factor (C) of large-scale 
farming (tenants) and small-scale farming (owners) 
was not demonstrated (p = 0.054). However, 
when the value for permanent grassland was 
removed, the statistical analysis of the diff erence 
between the C factor was signifi cant (p = 0.022). 
The diff erence in the continuous slope length length 
(ld) was demonstrated and the average of ld was about 
5.5 times greater in the case of large-scale farming. 
According to the Spearman correlation coeffi  cient 
it can be stated that continuous slope length played 
an important role in soil loss (rs = 0.521, p < 0.01). 
It was conditioned by the size of the land blocks 
(rs = 0.733, p < 0.01), where the average size was 
nearly 70 times greater in the case of large-scale 
farming (see Tab. I). The diff erence between the LS 
factor was also demonstrated and the results that 
are listed in Tab. I show that this diff erence was 

75%

21%

4%

Percentage of landuse
(Tenants)

arable land

grassland

vineyard
without
grassland

33%

12%
4%13%4%

13%

21%

Percentage of landuse
(Owners)

arable land

grassland

vineyard without
grassland

vineyard with
grassland

orchard without
grassland

orchard with
partial grassland

orchard with
grassland

2: Comparison of land use by farming owners and tenants
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mainly due to the diff erence in slope length (L). 
A signifi cant correlation was demonstrated between 
C factor and soil loss (G) in the case of small scale-
farming (rs = 0.887, p < 0.01) and large-scale-farming 
(rs = 0.676, p < 0.01). The average steepness was 5.96º 
for both farming methods and the K factor did not 
diff er signifi cantly either (see Tab. I). This fact is 
consistent with the requirements for site selection 
(see Methodology).

 The fi eld survey found out some facts about land 
use and also the crops cultivated by land owners 
and tenants. Fig. 2 shows that a greater diversity 
of landuse was observed in the case of owners, 
while in the case of tenants cropland represented 
75% of landuse. A greater diversity of cultivated 
crops on arable land was observed on rented land 
(see Fig. 3). However, the situation was diff erent 
with regard to the percentage of crops, because 
with tenants corn for grain or silage and winter 
wheat represented 61%, while the crops that 
owners cultivated were more evenly represented. 
The focus on tillage practices in particular, showed 
some diff erences in the agricultural technology 
used. Owners generally used smaller machines 
in comparison with tenants. Owners o	 en applied 
rotation of winter and vernal crops with ploughing 
in the autumn. No-tillage rotation of winter crops 
prevailed with tenants and the soil was only 
harrowed a few times. These fi ndings are refl ected 
in the change of the C factor (see Tab. I).

Erosion control measures applied by tenants 
were anti-erosion channels and the planting 
of inter-crops (Phacelia sp., Sinapis sp.), but these were 
rarely observed. In the case of owners the erosion 
control measures were observed most frequently, 
for example erosion control grassing of orchards 
and vineyards (at least partial), anti-erosion channels 
and furrows and contour ploughing.

DISCUSSION
In view of the fact that the land blocks selected 

for purposes of this research had approximately 
the same steepness and similar soil properties 
characterized by K factor, the results showed, 
that the diff erence in soil loss was mainly due to 
the size of land blocks, i.e. the size of continuous 
slope length (ld). The value of ld was on average 
70 times greater for the land blocks used by 
tenants (large-scale farming) compared with 
the land blocks farmed by owners (small-scale 
farming). Additionally, the longer side of the land 
blocks researched were generally oriented against 
the contour direction and the tillage was also 
carried out against the contour. This fact points 
to the inappropriate consolidation of land blocks 
in history and the subsequent lack of organizational 
and technical erosion control measures aimed 
at reducing the slope length and rational use 
of agricultural technology. The irrational size of land 

28%

7%

5%

17%

22%

15%

6%

Percentage of crops
cultivated on arable land

(Owners)

vegetable

potatoes

feeding beet

winter wheat

spring barley

lucerna

clover

15%

18%

28%

10%

9%

4%
1% 11%

4%

Percentage of crops
cultivated on arable land

(Tenants)

maize for grain

maize for silage

winter wheat

oilseed rape

spring barley

winter rye

sunflower

lucerna

phacelia, mustard
(intercrops)

3: Comparison of crops cultivated on arable land by farming owners and tenants.
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blocks of arable land was also pointed out by Černý, 
Pixová and Sklenička (2011).

The diff erence in the average value of C factor 
was not as substantial. Although, the average value 
of C factor was on average approximately 1.5 times 
greater in the case of tenants compared to owners. 
At this point it is necessary to take into account 
the diff erent interests of small-scale producers 
and large-scale producers. Small-scale producers 
mainly concentrated on growing crops intended 
for use in animal husbandry and growing root crops, 
whereas large-scale producers subordinated their 
selection of crops more to market demand (e.g. 
maize grown for industrial purposes), the selling 
price and the subsidies available (e.g. growing 
erosion control intercrops and oilseed rape). As 
the preferences connected with selection of crops 
cannot be controlled easily, eff orts to reduce 
the value of the C factor should be focussed on. 
This would mainly be the application of agro-
technical measures involving for example the use 
of crop residues or the modifi cation of sowing 
and harvesting times. For example Pokladníková 
and Dufková (2004) found, that for winter cereals 
harvest time is most important. 

The fi eld survey proved some irrational 
farming practices, which were detected especially 
in the case of tenants. Above all, poor or missing 
crop rotation systems, high frequencies of the same 
crops on the same fi eld, overall low diversity 
of cultivated crops and also oversized landblocks 
could be highlighted. These facts are related to 
the need for higher incomes for farmers (especially 
large producers) and the current demands 
of the commodity market. This situation could be 
improved by systematic long-term planning, as 
supported by Dogliotti et al. (2014).

The USLE 2D erosion model which was used 
in this research is o	 en used in the Czech Republic 
and has been applied for example to create a map 
of potential vulnerability of arable land by water 
erosion in the Czech Republic (VÚMOP, 2000), 
to make recommendations for management 
on arable land blocks (Žížala and Kristenová, 
2012), for creating maps of the soil erosion threat 
and sediment transport in the Czech Republic (Krása 
et al., 2001) and updates (Krása et al., 2008). However, 
it should be noted that the quality of the fi nal output 
from USLE 2D depends on the quality of the digital 
data inputs. The condition for obtaining the most 
accurate results is an especially good quality digital 
terrain model, but also suffi  cient detail and accuracy 
of the other input data (a map of BPEJ or K factor, 
the borders of land blocks and the value of the C 
factor). In this research a DMT based on a 3D 
contour of ZABAGED® with a scale of 1:10 000 

and with a basic interval of 5, 2 or 1 meter, 
depending on the nature of terrain, was created. 
The size of the land blocks researched would have 
made it preferable to use a more accurate dataset, 
for example the stereoscopically evaluated digital 
terrain model from Geodis Brno company. However, 
the high accuracy of this model makes it very costly, 
and therefore it was not used in this research. 
The case of digital relief models 4G and 5G from 
ČÚZK was a similar situation. Both of these models 
were not yet available for the research area during 
the period of this research. Future research should 
therefore focus on the employment of the above 
mentioned data from ČÚZK in a similar research 
project.

CONCLUSION
This research proved some diff erences between 

the two compared methods of farming and land 
ownership. In large-scale farming (tenants) 
a signifi cantly higher average value of the soil loss (G) 
was detected. The average value of G for owners was 
4.34 t/ha/year and the average value of G for tenants 
was 13.07 t/ha/year. The diff erences between 
the values of C factor were not statistically signifi cant 
although small producers showed, on average, 
a better value of C factor compared to tenants. 
Based on the analysis of other variables in the USLE 
equation it can be stated that a continuous slope 
length (ld) conditioned by the size of land blocks 
played an important role in the amount of soil loss 
caused by water erosion. Value of ld was on average 
70 times greater for the land blocks used by tenants 
compared with the land blocks farmed by owners. 

Focus on landuse and cultivated crops showed 
a greater diversity of landuse in the case of owners, 
while in the case of tenants cropland represented 
75% of landuse. A greater diversity of cultivated 
crops on arable land was observed on rented land. 
However, the situation was diff erent with regard 
to the percentage of crops planted, because with 
tenants corn for grain or silage and winter wheat 
represented 61%, while the crops that owners 
cultivated were more evenly represented. Thus, 
the fi eld survey proved some irrational farming 
practices, which were detected especially in the case 
of tenants. Above all, poor or missing crop rotation 
systems, high frequencies of the same crops 
on the same fi eld and oversized landblocks could be 
highlighted.

The facts presented lead to the recommendations, 
that it is necessary to reduce the size of land blocks 
farmed by tenants and to improve the crop rotation 
systems in order to protect the soil from erosion 
and maintain soil quality.
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SUMMARY
This thesis was aimed at evaluating the impact of farming methods and land ownership on water soil 
eroion. The main goal was to compare two methods of farming: (1) large-scale farming, where more 
than 50 % of the land was leased, and (2) small-scale farming, where the land was almost exclusively 
privately owned (more than 90%). The research area was 8 cadastres in the district of Hodonín, 
South Moravia, Czech Republic. In these cadastres 48 land blocks representing both large-scale 
and small-scale farming (i.e. owners and tenants) were chosen. They were chosen based on a fi eld 
survey and an analysis of digital maps and had approximately the same steepness and similar soil 
properties characterized by K factor. Data about crop rotations, tilling methods and erosion control 
measures employed on land blocks was collected by the fi eld survey. Other data was obtained from 
digital maps. The long-term average annual soil loss caused by water erosion (G) was calculated using 
the erosion model USLE 2D and ArcGIS 10.1. The digital terrain model, which was the main input to 
USLE 2D, was based on 3D contours of ZABAGED® (1:10 000). The statistical analysis was carried out 
in SPSS Statistcs 21. The nonparametric Mann-Whitney test was used for the statistical evaluation 
of the data. The diff erence between the soil loss (G) on land blocks managed by small producers 
(owners) and large producers (tenants) was signifi cant (p < 0.05). The average value of G for owners 
was 4.34 t/ha/year and the average value of G for tenants was 13.07 t/ha/year. Diff erences between 
the values of the cropping-management factor (C) were not statistically signifi cant (p = 0.054). Based 
on the analysis of other variables in the USLE equation it can be stated that a continuous slope 
length (ld) conditioned by the size of land blocks played an important role in the amount of soil loss 
caused by water erosion. The value of ld was on average 70 times greater for the land blocks used by 
tenants compared with the land blocks farmed by owners. Greater diversity of landuse was observed 
in the case of owners, while in the case of tenants cropland represented 75% of landuse. A greater 
diversity of cultivated crops on arable land was observed on the rented land. However, the situation 
was diff erent with regard to the percentage of crops planted, because with tenants corn for grain or 
silage and winter wheat represented 61%, while the crops that owners cultivated were more evenly 
represented. Above all, to protect the soil from erosion and maintain soil quality it is necessary to 
reduce the size of land blocks farmed by tenants and improve the crop rotation systems.

Acknowledgement

This paper was supported by the Internal Grant Agency of the Faculty of Environment (No. 20134276).

REFERENCES
BENEDIKTAS, J. and GENOVAITE, J. 2003. Erosion-

preventive crop rotations for landscape ecological 
stability in upland regions of Lithuania. Agriculture, 
Ecosystems & Environment, 95(1): 129–142.

CUDLINOVÁ, E., LAPKA, M. and BARTOŠ, M. 
1999. Problems of agriculture and landscape 
management as perceived by farmers 
of the Sumava Mountains (Czech Republic). 
Landscape and Urban Planning, 46: 71–82. 

ČERNÝ PIXOVÁ, K. and SKLENIČKA, P. 2011. 
Ekonomicky neodůvodněná nadměrná velikost 
produkčních bloků orné půdy [Research Report]. 
Praha: ČZU v Praze.

ČÚZK. 2011. ZABAGED® – Základní báze geografi ckých 
dat, výškopis – 3D vrstevnice. Digitální data ESRI 
Shapefi le, 1:10 000. [Received: 2013, June 21].

DESMET, P. J. J. and GOVERS, G. 1996. A GIS-
procedure for automatically calculating the USLE 
LS-factor on topographically complex landscape 
units. Journal of Soil and Water Conservation, 51(5): 
427–433.

DOGLIOTTI, S., GARCÍA, M. C., PELUFFO, S., 
DIESTE, J. P., PEDEMONTE, G. F., SCARLATO, 
M., ALLIAUME, F., ALVAREZ, J., CHIAPPE, M., 
ROSSING, W. A. H. 2014. Co-innovation of family 

farm systems: A system approach to sustainable 
agriculture. Agricultural Systems, 126: 76–86.

ESRI. 2010. ArcGis ArcInfo 10.1. for Desktop. 
[So	 ware]. [Used: 2013, June 3].

FIENER, P. and AUERSWALD, K. 2007. Rotation 
eff ects of potato, maize, and winter wheat on soil 
erosion by water. Soil Science Society of America 
Journal, 71: 1919–1925.

IBM. 2013. SPSS Statistics 21 [So	 ware]. [Used: 2013, 
October 29].

JANEČEK, M. ed. 2012. Ochrana zemědělské půdy před 
erozí, metodika. Praha: Česká zemědělská univerzita 
v Praze.

KOSMAS, C., DANALATOS, N., CAMMERAAT, 
L. H., CHABART, M., DIAMANTOPOULOS, 
J., FARAND, R., GITIERREZ, L., JACOB, A., 
MARQUES, H., MRTINEZ-FERNANDEZ, J., 
MIZARA, A., MOUSTAKAS, N., NICOLAU, 
J. M., OLIVEROS, C., PINNA, G., PUDDU, R., 
PUIGDEFABREGAS, J., ROXO, M., SIMAO, A., 
STAMOU, G., TOMASI, N., USAI, D. and VACCA, 
A. 1997. The eff ect of land use on runoff  and soil 
erosion rates under Mediterranean conditions. 
CATENA, 29(1): 45–49.

KRÁSA, J., DOSTÁL, T. and VRÁNA, K. 2001. Mapa 
erozní ohroženosti půd a transportu sedimentu v České 
republice [Research Report]. Praha: ČVUT v Praze 
and VÚV TGM Praha.



890 Olga Čermáková, Miloslav Janeček, Andrea Jindrová, Jan Kořínek

KRÁSA, J., DOSTÁL, T. and VRÁNA, K. 2008. 
Revidovaná podrobná mapa ztráty půdy 
pro území ČR. In: Sborník z 15. ročníku mezinárodního 
sympozia GIS. Nová aula. Kongresové centrum 
VŠB-TU Ostrava, 27.–30. 1. 2008. Ostrava: VŠB-TU, 
1–11.

KVÍTEK, T., MAZÍN, V. and FIŠEROVÁ, E. 1997. 
Využití půdního fondu ČR ve vztahu k retenci 
vody v krajině. In: Mezinárodní vědecká konference 
Povodně a krajina 97. Brno, 1997. Brno: ICID, 12–16.

KWAAD, F. J. P. M., VAN DER ZIJP, M. and VAN 
DIJK, P. M. 1998. Soil conservation and maize 
cropping systems on sloping loess soils 
in the Netherlands. Soil and Tillage Research, 46: 13–
21.

LEE, L. K. 1980. The Impact of landownership 
factors on soil conservation. American Journal 
of Agricultural Economics, 62(5): 1070–1076. 

LEH, M., BAJWA, S. and CHAUBEY, I. 2011. Impact 
of land use change on erosion risk: An integrated 
remote sensing, geographic information sytem 
and modeling methodology. Land Degradation & 
Developement, 22(3): 359–372.

MCCOOL, D. K., FOSTER, G. R., MUTCHLER, C. 
K. and MEYER, L. D. 1989. Revised slope length 
factor the Universal Soil Loss Equation. Transaction 
of the ASAE, 32: 1571–1576.

MZE ČR. 2013. LPIS – Veřejný registr půdy, půdní bloky. 
Digitální data ESRI Shapefi le, 1:1000. [Online]. 
Available at: http://eagri.cz/public/app/lpisext/
lpis/verejny/. [Accessed: 2013, May 7].

POKLADNÍKOVÁ, H. and DUFKOVÁ, J. 2004. 
Stanovení protierozního účinku plodin 
na základě fenologických podkladů. In: Sborník 
abstraktů z konference posluchačů postgraduálního 
doktorského studia MendelNet ’04 Agro. MZLU v Brně, 
Agronomická fakulta, 1. 12. 2004. Brno: MZLU 
v Brně, 26–27.

PRASUHN, V. 2012. On-farm eff ects of tillage 
and crops on soil erosion measured over 10 years 
in Switzerland. Soil and Tillage Reserch, 120: 37–146.

RENARD, K. G., FOSTER, G. R., WEESIES, G. A., 
MCCOOL, D. K. and YODER, D. C. 1993. Predicting 
soil erosion by water: a guide to conservation planning 
with Revised Universal Soil Los Equation (RUSLE). 
Washington, D. C.: U.S. Department of Agriculture. 

SCHIETTECATTE, W., D’HONDT, L., CORNELIS, 
W. M., ACOSTA, M. L., LEAL, Z., LAUWERS, N., 

ALMOZA, Y., ALONSO, G. R., DIAZ, J., RUIZ, 
M. and GABRIELS, D. 2008. Infl uence of landuse 
on soil erosion risk in the Cuyaguateje watershed 
(Cuba). CATENA, 74(1): 1–12.

SKLENIČKA, P. 2002. Temporal changes in pattern 
of one agricultural Bohemian landscape during 
period 1938–1998. Ekológia (Bratislava), 21(2): 181–
191.

SOUKUP, M. and HRÁDEK, F. 1999. Instrukce 
pro optimální regulaci povrchového odtoku z povodí. 
Praha: VÚMOP, v.v.i.

VAN ROMPAEYA, A., KRÁSA, J. and DOSTÁL, T. 
2007. Modelling the impact of land cover changes 
in the Czech Republic on sediment delivery. Land 
Use Policy, 24: 576–583.

VAŠINOVÁ, K., VÁCHAL, J., PÁRTLOVÁ, 
P. and VÁCHALOVÁ, R. 2012. Zvýšení hodnoty 
faktoru erozní účinnosti deště R ve vztahu 
k návrhu protierozních opatření. Littera Scripta, 
5(2): 305–315.

VÚMOP. 2000. Mapa potenciální ohroženosti orné půdy 
vodní erozí v České republice. [Online]. Available at: 
http://ms.sowac-gis.cz/mapserv/dhtml_eroze/. 
[Accessed: 2014, April 9].

VÚMOP. 2012. Přehled procentuální ohroženosti 
zemědělského půdního fondu v katastrálních územích 
Jihomoravského kraje [Research Report]. Praha: 
VÚMOP, v.v.i.

VÚMOP. 2013. Mapový podklad BPEJ, K faktor. 
Digitální data ESRI Shapefi le, 1:5 000. [Received: 
2013, June 16].

VÚV TGM. 2013. DIBAVOD – Digitální báze 
vodohospodářských dat. Digitální data ESRI 
Shapefi le, 1:10 000. [Online]. Available at: http://
www.dibavod.cz. [Accessed: 2013, May 10].

WATSON, A. and EVANS, R. 2007. Water erosion 
of arable fi elds in North-East Scotland, 1985–2007. 
Scottish Geographical Journal, 123: 107–121.

WISCHMEIER, W. H. and SMITH, D. D. 1978. 
Predicting Rainfall Erosion Losses – A Guide to 
Conservation Planning. Agriculture Handbook. 
Washington, DC: US Department of Agriculture.

ŽÍŽALA, D. and KRISTENOVÁ, H. 2012. Využití 
geoinformačních vrstev při řešení vodní eroze 
půdy. In: GIS Ostrava 2012 – Současné výzvy 
geoinformatiky. Nová aula VŠB-TUO Ostrava, 23.–
25. 1. 2012. Ostrava: VŠB-TUO, 1–8.

Contact information

Olga Čermáková: cermakovao@fzp.czu.cz
Miloslav Janeček: janecekm@fzp.czu.cz
Andrea Jindrová: jindrova@pef.czu.cz
Jan Kořínek: korinekj@fzp.czu.cz



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


