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The study discusses the influence of land use changes on relief development in a
small loess catchment with medium denivelations, located in the Lublin Upland
(SE Poland). The denudation rates in the past were determined by field analysis of
the soil profiles, and its present-day rate was calculated by the caesium-137
method. An attempt to determine the changes of the soil erosion rate during the
620 year period of land cultivation was undertaken. The mechanism of develop-
ment of the anthropogenic relief forms and their influence on the changes in inten-
sity of the episodic surface runoff was also analysed. A considerable influence of
the field pattern, tillage direction and location of country roads on the intensity of
geomorphological phenomena was observed.

Key words: SE Poland, loess catchment, soil erosion, anthropogenic relief, denu-
dation balance, episodic processes

INTRODUCTION

Eolic loess covers with diversified relief cover 30 % of the Lublin Upland
area (SE Poland). In the areas where the relative height is up to 30 m, they are
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further diversified with shallow closed depressions and denudation troughs. In
the areas with bigger denivelations, dry erosion-denudation valleys are pre-
dominant (Maruszczak 1961). The natural plant communities there is a mixed
forest with underlying podzolic soils with a O-Ah-Eet-Eetg-Bt;-Bt,-C-Cc, pro-
file, 150-160 cm deep (Turski and Stowinska-Jurkiewicz 1994). These rela-
tively fertile soils were taken over for plant breeding. At the moment, forests
cover only about 10 % of their surface area. The period of intense settlement
and agricultural activities in this area dates back to the 15th century when, di-
rectly after the union between Poland and Lithuania, these border areas became
safe (Myslinski 1958). When the first granges were founded in the 16th century,
the cultural landscape already covered 40-50 % of this region (Maruszczak
1988).

Climatic conditions are typical for the temperate zone. The mean annual air
temperature is about 7.5°C; temperature of the hottest month, July, is about
18°C, and the coldest month, January, about -4°C. Total annual precipitation
ranges from 550 to 600 mm; the mean monthly precipitation sum is the highest
in July (80-90 mm). However, the highest monthly totals can be observed from
April to October (Kaszewski et al. 1995). Snow cover lasts for 70-80 days on
the average; and every few years snowy winters give rise to runoff and erosion
due to spring thawing. Torrential rains resulting in considerable erosion damage
are less frequent (Maruszczak 1968, Rodzik et al. 1998).

Natural conditions and agricultural land use made the loess upland areas in
the Vistula and Bug interfluve the most susceptible to soil erosion in Poland. A
special predisposition for the development of anthropogenic forms of relief such
as agricultural terraces and road gullies can be observed there (Reniger 1950;
Ziemnicki 1968). In the places where denivelations exceed 60 m, bottoms and
sides of many valleys are cut by gullies that are also considered effects of hu-
man intervention into the natural environment (Maruszczak 1961 and 1968).
Neither the mechanism of development of anthropogenic forms, nor their role in
the functioning of the geographical environment, has been sufficiently studied
yet.

STUDY AIMS AND METHODS

The studies undertaken by the authors aimed at determining the influence of
land use changes on the functioning of the catchment as a geosystem. A direct
impulse to undertake geomorphological research in the Gutanéw catchment was
a heavy rainfall that took place close to Garbéw on September 16 1995. It was
found that due to anthropogenic conditions, erosion was the biggest in this re-
gion and the eroded material was accumulated in the valley bottom in the form
of fanes and accumulation covers. Mapping of erosion and accumulation forms
in a small catchment of about 20 ha, allowed balancing of erosion effects
(Rodzik et al. 1996). Development of the erosion forms that were then created,
was observed in the following years after periods of thawing and heavy rains.

In order to determine geomorphological predisposition in the development of
the contemporary erosion processes, mapping of the natural and anthropogenic
forms was carried out. Analysis of evolution of the anthropogenic relief forms
allowed assessment of changes in the directions of the surface runoff. Changes
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in the geological-soil conditions were evaluated by determining soil erosion de-
gree in 30 representative soil profiles which allowed us to calculate the mean
rate of erosion from the very beginning of the agricultural utilization period. A
field method of soil profile analysis was applied (Zachar 1982).

In order to evaluate dynamics of the contemporary slope processes, espe-
cially of the surface erosion of soils in the studied catchment, a method with
isotope application was used; '*’Cs redistribution is related to the physical side
of erosion processes (Richie and McHenry 1990). Applying a modified, simpli-
fied model of mass balance (Zhang et al. 1990), quantitative characteristics of
the slope processes in various morphodynamic zones of the catchment were de-
termined. Only the caesium-137 coming from Chernobyl was used. It made as-
sessment of denudation intensity in the period from 1986 to 1998 possible.

Analysis of the historic geodetic plans supplemented with interviews with
field owners was also carried out. It allowed us to learn about changes in the
land use, and pattern of country roads, baulks, fields and directions of tillage in
the last several decades. It allowed us to assess their influence on the surface
runoff conditions, intensity of geomorphological processes and relief transfor-
mations. The studied catchment was treated as a model of a loess area with a
medium relief in the Lublin Upland.

CHARACTERISTICS OF THE STUDIED CATCHMENT

The studied catchment is located in the northern part of the loessy Naleczéw
Plateau, which is a mesoregion situated in the north-west corner of the Lublin
Upland (SE Poland). The loess cover, formed mainly during the last glaciation
(the Vistulian glaciation), is 10 m thick (Harasimiuk and Henkiel 1976). This
part of the Plateau has a rolling loess relief with average denivelations of up to
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Fig. 1. Localisation of the area under investigation
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50 m (Fig. 1). Its main forms are complicated systems of dry erosion-
denudation valleys with the side inclinations of up to 15°, diversified with slope
troughs.
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Fig. 2. Contemporary conditioning of the geomorphological processes development in
loess catchment at Gutanéw

A. Land use and changes of the agrarian structure in the Gutanéw catchment in the XX century

1 — built-up areas, 2 — green lands (meadows), 3 — orchards, 4 — arable fields, 5 — roads used: a)
for several hundred years, b) for tens years, 6 — borders of the agricultural parcels: a) after integra-
tion of lands in 1931, b) after agricultural reforms in 1945, c) after division of succession in 1962
years, 7 — tillage direction: a) before division of succession, b) after division of succession

B. Geomorphological sketch of the study area

A. Natural elements of the relief: 1 — interfluves (< 5%), 2 — slopes of interfluves (5-10 %), 3 —
sides of valleys (> 10%), 4 — bottom of the main valley, 5 — bottom of the trough-like valleys, 6 —

denudative troughs; B. Anthropogenic elements of the relief: 7 — agricultural scarps, 8 — road gul-
lies, 9 — road troughs, 10 — road terraces, 11 — road dikes
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The study area included a natural catchment of a trough-like valley and slope
denudation trough (Fig. 2B). These forms cut the slopes and the system of flat
interfluves that tower above the flat bottom of the main valley located at the
height of about 190 m a.s.L. The inclination of the valley sides is 5-13°, and of
the slopes of the interfluves 3-5°; the slightly rolling interfluves situated at the
level of 213220 m a.s.l. are diversified by low hills and closed depressions.
Denivelations in the area of the studied catchment reach up to 30 m. Such con-
ditions do not favour development of gullies. Agricultural treatment made soil
cover diversified as a result of erosion. The typical arable podzolic soils of the
region with a characteristic A,-Et-Bt;-Bt,-BC-C-Cc, profile were preserved on
the flat interfluve area (Turski and Stowinska-Jurkiewicz 1994). On the slopes
they have undergone considerable erosion. Hence, their profiles are reduced to
the lower horizons. In the terrain depressions, they were built up with diluvia.

The studied catchment is an agricultural one. Arable land covers 98 % of the
surface area. The remaining part is covered with buildings and communication
tracks. Cultivated fields cover 96 % of the catchment; permanent greenland
(meadows) 1.5 %, and orchards only 0.5 % (Fig. 2A). Winter cereals, spring ce-
reals and root crops (i.e. potatoes and sugar beets) occupy an equal share of the
cultivation area. In crop rotation, individual fields are often sown with grass and
function as greenland for a few years. During the study period, berry plantations
were founded on some of the plots (currant, aronia).

Only small individual farms with the mean area of about 5 ha can be found
in the above area. They are divided into plots of 0.2 to 1.0 ha. Such an agrarian
structure favours a dense net of baulks and ground service roads. The fields are
lined perpendicularly to the main valley which results in the downslope tillage
on its sides, and contour tillage on the sides of the trough-like valley that enters
the main valley (Fig. 2).

Taking into account scarce population in this area before the 15th century,
we can assume that the catchment has been utilized for agriculture for about 600
years. Gutanéw was mentioned in the 15" century Dtugosz’s chronicle under
the year 1380 (Myslinski 1958). Also the village and the grange were described
in some later historical documents (Sulimierski and Chlebowski 1880-1902).
The location of the oldest part of the village buildings and the grange makes us
believe that cultivation direction was similar to today’s (W-E) and, apart from a
few details, it has not undergone any significant changes until today. However,
the field pattern of today was formed as late as the 20™ century when a lot of
bigger fields were broken up into smaller units. In the part of the catchment lo-
cated on the peasants’ plots north of the road, the field pattern was formed as a
result of field integration in 1931. In the southern part located in the grange
area, the fields were delineated during the land reform of 1945. The fields that
were then formed were afterwards divided as a result of bequest divisions. The
current pattern (Fig. 2B) has been functioning without any changes since the
beginning of the 60-ties.

CONTEMPORARY INTENSITY OF SOIL EROSION

The highest intensity of soil erosion was observed on the convex and diver-
gent slopes of the valley and above these slopes in the area of similarly exposed
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fragments of watershed ridges (Fig. 3). Total soil erosion and uncovering of car-
bonate loess occurred in the places where downslope cultivation was practiced,
already at the inclination of 5°. Whereas in the places where contour cultivation
was applied, it occurred only when the inclination was 10°. Since decalcifica-
tion depth in the natural conditions is 1.6 to 1.9 m on the slopes, it can be as-
sumed that in the border cases, the thickness of the removed soil layer is bigger
than 2 m. The remains of the soil profile were preserved on the less exposed
valley sides and in the area of the watershed ridges and exposed elements of the
interfluve slope. Erosion is slightly smaller on the slopes and culminations of
the interfluve area, that is 0.5 to 1.0 m (Tab. 1). Soil erosion degree is also re-
flected in the content of clay fractions (<0.02 mm) in the arable layer. In the
podzolic soils, it is the highest in the Bt; horizon and gradually decreases with
depth. A considerable or total reduction of the soil profile took place on the 30-
40 % of the total area of the studied catchment which is typical for the small
loess catchments of the Naleczéw Plateau (Maruszczak et al. 1984, Turski et al.
1991).

It has been assumed that the remaining part of the catchment (located outside
the main valley) where denudation was weaker, has a levelled balance. The area
where accumulation is not so intense corresponds approximately to the area
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Fig. 3. Examples of changes of the topographic surface in “Gutanéw” catchment caused
by land use (A — A’, B — B’ — cross-sections localised in Fig. 2A)

1 — primary surface, 2 — surface ca. 50 years ago, 3 — recent surface, 4 — ravines and evorsive pot-
holes, 5 — decalcification soil horizon
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where erosion is characterized as weak. Bulk material removed from the catch-
ment was estimated at 80 000 m® (about 136 000 tons), and lowering of its sur-
face at > 40 cm. The mean annual denudation in the studied catchment is 0.65
mm for the whole period of agricultural utilization (620 years), whereas in the
area of the most eroded slopes, it is 3.3 mm on the average, with a maximum of
4 mm/year (Tab. 1).

Tab. 1. The denudation intensity in the agricultural loess catchment at Gutanéw

Fraction Denudation
D <0.02 mm Ar Contempo Mean Sum
egrees in plough ca -
of erosion Landforms soif{,ori%on (%] rary ¥'Cs (620 years [m]
[%] method [mm*year™]
[mm*year™]
very side of valley 38 5-10 -5.5 -3.3 -1.5+25
strong  and ridge-like
watersheds
strong ridge-like 43 10-15 -4.0 -2.0 -1.0+ 1.5
watersheds
= and side of
o valley
“  moderate slope of 46 10 - 15 -3.0 -1.2 -05+1.0
2 interfluves
m and tops
weak interfluves 55 15-20 -1.5 -0.5 -<0.5
and slope of
interfluves
lack of interfluves 53 25-30 - - -
erosion
Deluvial bottom of the 46 15-20 - +0.5 +<0.5
accumulation trough
Average for deluvial 46.8 95 -1.5 -0.65 -0.4
catchment catchment
Proluvial main valley 42 5 +15.0 +3.0+50 +2.0+3.0
accumulation bottom

Intensity of present-day denudation in the described catchment in the period
1986-1998 was evaluated using the caesium technique. On the basis of the spa-
tial variability in total "’ Cs activity mass balance of soil material within the
catchment has been established (Ritchie and McHenry 1990, Klimowicz et al.
2001, Zgtobicki 2001). The simplified mass balance model (Zhang et al. 1990)
was applied for the quantitative analysis. The mean rate of lowering of the ex-
posed interfluve parts reached 1.5 mm, slopes of interfluves — 3.0 mm, water-
shed ridges — 4.0 mm, and valley sides — 5.5 mm per year (Tab. 1). Thus, the
contemporary denudation rate of the cultivated loess slopes in this region (about
5 mm/year) is similar to that obtained by the geodetic measurements (Mazur
1972, Patys and Mazur 1998). It is 66 % higher than the multi-year mean. The
contemporary denudation rate of the whole catchment is 130 % higher than the
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multi-year mean; average lowering of the surface of the catchment was 1.5 mm/
year in the years 1986-1998. Acceleration of the erosion rate in the whole catch-
ment in relation to the slopes results from a bigger surface area covered by ero-
sion nowadays, mainly due to the levelling and eroding of some small concave
forms that gathered diluvia before (Fig. 3). Erosion of the diluvia on the slopes
with a long cultivation history was also observed by Klimowicz (1993); conclu-
sions by the latter author on the decreasing rate of soil erosion with the increas-
ing soil cultivation time were not confirmed.

It can be assumed that such a high soil erosion rate had lasted for about 30
years when a fundamental change in the soil cultivation methods took place.
Agricultural mechanization in this area was delayed compared to the state
owned farms. However, despite the broken-up field structure, horses was re-
placed by tractors, and machines took over sowing and harvesting. Application
of machines causes considerable soil shifting also during contour cultivation
(Orzechowski 1962). By taking into consideration land use and cultivation con-
ditions, the future denudation rate can be assessed on the basis of the multi-year
mean and current denudation.

Soil erosion rate lower than the average certainly occurred in the first period
of soil cultivation. The latter period was characterized by a three-field cereal
crop rotation (winter, spring and fallow) and development of a grange type of
economy. Simple tools were primarily used for soil cultivation in this area
(plough, lister). These tools did not turn the furrow-slice (Myslinski 1958). This
period lasted from around 1380 to the end of the 16th century. With an exten-
sive tillage and relatively good soil protection cover made by cereals, stubble,
and weeds in the fallows, soil erosion was not very intense. It can be assessed at
< 0.5 mm /year for the whole catchment and > 2.5 mm per year for the most de-
nuded slopes.

In the next period, from the beginning of the 17th century to about 1830, soil
erosion developed at a similar rate. Destructive wars and frequent by armies
passages together with a general economic stagnation, stopped implementation
of new systems and techniques of soil cultivation in agriculture (Maruszczak
1988).

A considerable increase in the soil erosion rate took place in the 19th century
due to the implementation of new cultivations (root plants) and application of
crop rotation and generally improved agricultural tools. In the studied region,
the above changes started about 1830, with a delay in relation to the western
parts of the country (Willaume 1964). In intense soil cultivation, a plough with
a mouldboard started to become popular, then a cultivator and an iron harrow.
Frequency of cultivation treatments increased as root crops that substituted pre-
vious fallows required soil loosening even a few times a year. It considerably
increased cultivation erosion as well as washing. We may estimate that the de-
nudation rate was then doubled up to 1 mm per year for the whole catchment
and almost 5 mm per year for the most denuded slopes. The above confirms the
studies by Ziemnicki (1949) who assessed the mean multi-year erosion rate for
4-5 mm per year for the whole loess slope. In the above period, carbonate loess
was exposed on the slopes that were most susceptible to erosion.
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DEVELOPMENT AND FUNCTIONING OF THE ANTHROPOGENIC
FORMS OF RELIEF

The last period in the studied catchment is characterized not only by the ac-
celerated rate and extension of denudation, but also by the qualitative changes.
They were conditioned by the overlapping of some unfavourable features of the
field and country road pattern and such factors as: total soil erosion on some of
the slopes (Fig. 3), intensification of slope processes, and an increase in the in-
tensity of road usage. New, dynamically developing forms of relief were gener-
ated (Fig. 2B). They influenced contemporary functioning of the geosystem of
the studied catchment mainly by the changes in the direction of the surface run-
off (Rodzik et al. 1996).

Quick scarp formation on the oldest baulks parallel to the contour lines and
cutting the gentle slope forms on the sides of the trough-like valley can be ob-
served. In the upper part of the valley, on the convergent slopes, these are culti-
vation scarps where accumulation predominates, and in the lower part of the
valley, where the scarps undercut the divergent slopes, erosion is predominant.
Uncovering of the carbonate loess appeared to be especially important in the
place where the scarp undercuts the convex form in the left valley side, above
its bottom. Runoff along the furrow under the scarp shifted the valley axis just
near the scarp (Fig. 3) which resulted in the formation of a small step in the lon-
gitudinal profile of the valley bottom. It is a well predisposed place for strong
erosion as a few erodogenic factors overlapped here, that is exposition of the
carbonate loess, increase of inclination and concentration of the surface runoff
(Fig. 4A).

Country roads are also quickly transformed as they are more and more often
used. Already in the previous period the number of new farms and fields in this
area increased. The number of road passes also increased as a result of yield in-
crease due to the application of artificial fertilisers. The number of vehicles also
increases continuously, especially passenger vehicles. It resulted in an increase
of erosion intensity in the country roads and formation of some new forms of
not only erosion but also accumulation, such as diluvial causeways and road ter-
races (Fig. 2B), which forced deposition of material delivered on the bottom of
the main valley from its sides and tributary valleys (Fig. 4B). These diluvial
forms are formed as a result of accumulation of material washed off the roads
located on the slopes onto the road sections located in the valley bottoms
(Rodzik 1998).

The most important factor in the influence of the road formations in the stud-
ied catchment, is creation of a new partial catchment C that is drained by the
road running parallel to the axis of the trough valley and cutting through the
slope of the main valley. There was also a change in the direction of drainage of
the slope trough cut through by this road. The above phenomenon was influ-
enced by the crosswise division of the field next to the trough and road, and the
change in the direction of its cultivation to perpendicular to the road that took
place in the 50-ties (Fig. 2A). As a result, a road trough was formed (Rodzik
2000). It was accompanied by the intensification of accumulation on the road in
the slope trough axis. The quickly growing road terrace (Fig. 2B) directed the
runoff from the trough along the road to the main valley side (Fig. 4A). The
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concentrated runoff from this catchment resulted in a quick development of a
road gully with the length of about 250 m and up to 3 m depth.

.
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Fig. 4. Influence of the agriculture on the effects of torrential rain on 16 September
1995 in the Gutanéw catchment (after Rodzik et al. 1998)

A. Direction of the overland flow: 1 — watershed of the examined catchment, 2 — watersheds of
partial catchments, 3 — ground roads, 4 — balks and rills directing overland flow, 5 — major flow
along the main valley bottom, 6 — concentrated flow conditioned by the surface relief, 7 — concen-
trated flow conditioned by the anthropogenic factors, 8 — main directions of the sheet flow, 9 —
coupling of the erosion factors (complete soil erosion, big linear flow, increase of the slope); A —
catchment of the trough-like valley, B — area ,,added” by the road flow, C — catchment of the road
gully, D — catchment of the slope trough

B. Distribution of the erosion and accumulation processes: 1 — borders of the catchment, 2 — ra-
vines and erosional-evorsive potholes, 3 — erosive rills, 4 — erosive and transport episodic chan-
nels, 5 — fields of erosive rills, 6 — detachments and rockfalls on the escarpments, 7 — proluvial

covers, 8 — deluvial fans
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Probably since 1945, when the road was built, the process of its incision into
the slope with no soil on it, has been taking place. The rate of road incision was
not very high in the beginning as the road was partially sodded, and the catch-
ment was limited to this road only. In the topographic map from 1974, the gully
does not appear. Its depth then probably did not exceed 1 m which determines
the upper limit of the annual deepening for 3.5 m. It is marked on the 1986 map,
which suggests that during this period it underwent a considerable development.
It dates formation of the C catchment to the 70-ties and relates it to the develop-
ment of mechanization in agriculture. The rate of the gully incision was then
doubled in the deepest sections to 7.5-8 mm a year. Such a development scheme
of the road gully was confirmed by the interviews with the locals.

Detachment of the C catchment from the catchment of the trough valley (A)
did not decrease erosion in its bottom as the B catchment occurring on the inter-
fluve was attached to it by the runoff through the road trough (Fig. 4A). It
should be stressed that in the natural conditions, the runoff on the interfluve is
stopped by small depressions. It can be supposed that the way roads and baulks
direct the runoff, influences intensification of the soil erosion on the interfluve
areas. A significant change in the runoff took place in the recent period in the
area of the D catchment. The baulk that intersects the slope trough diagonally in
this place, collects the runoff form its upper parts. It results in a diagonal inter-
section (along this baulk) of the concave form on the valley side (Fig. 4).

INFLUENCE OF ANTHROPOPRESSION ON THE EPISODIC
PROCESSES

During the study period, surface runoff was observed a few times in a year
during thawing, torrential and heavy rains, or even hail. Three episodes of run-
offs were so intensive that special treatment was necessary to remove the results
of erosion caused by them. The biggest erosion was caused béf a torrential rain
with the total precipitation sum of > 50 mm on September 16" 1995 (Rodzik et
al. 1996). Slightly less damage resulted from the thaw of 1996 and a torrential
rain of 1999 as they took place before the harvest. Country roads and the soil
loosened by the skimming or scarifying appeared to be especially susceptible to
all the erosion processes. Only the sodded areas and stubble appeared to be re-
sistant (Tab. 2).

On the interfluve, torrential rains did not cause any substantial damage, even
in the loosened soil. On the slopes of the interfluves, soil particles were de-
tached by the rainsplash and underwent surface washing. It is difficult to esti-
mate the extent of this phenomenon. In the places where runoff was intense, a
net of rills with the width and depth of usually a few centimetres was formed.
Strong rainsplash, intensive linear and sheet wash were observed on the valley
sides, and a dense net of rills was formed. After the torrential rain of September
1995, the total volume of rills in the studied catchment was 59 m® (Tab. 3).

Concentrated runoff in the bottom of the trough valley built a form with a
considerable width of 1-2 m and small depth defined as an episodic channel
(Teisseyre 1991) or an ephemeral summer gully (Nachtergaele and Poesen
1999). The layer of arable soil from the first ploughing carried out earlier, with
the total volume of 60 m®, was then torn away. With a short-term runoff, bottom
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erosion was limited by the “ploughing feet”. This barrier was only overcome in
the place where all the erodogenic factors were combined under the scarp (Fig.
4) where evorsion hollows with depths of 1.5 m and widths of up to 3 m and the
total volume of 32 m’ developed as a result of headward erosion. Outside the
trough valley bottom, an intense linear erosion and evorsion occurred in the bot-
tom of the road gully that was strongly cut along almost all its length. The
strongest cut was observed in the lower section with the bottom inclination of
about 7-8°, where one of the potholes reached the depth of over 3 m (Fig. 3). It
should be stressed that on the pothole walls in the bottom of the valley and the
gully, traces were visible of previous erosion in the form of pockets filled with
diluvial material.

Tab. 2. Influence of plant cover and relief on the geomorphological processes
within the model “Gutanow” catchment during heavy rainfall 16.09.1995
(modified from Rodzik et al. 1998)

Plant Stubble field
cover Grassland Sugar beats  Potatoes Scarified  Ground roads
Relief winter crop  spring crop soil
forms
Interfluve — — rainsplash — rainsplash  rainsplash  rainsplash,
washing
Slope of rainsplash, rainsplash, rainsplash, rainsplash,
the inter- — — washing washing washing washing washing,
fluve rill erosion
Sides of the transport, transport, washing,  rainsplash, rainsplash, washing,
valleys  landslide*’  washing * rill erosion, rill erosion washin,  head-cut and
piping*’ rill erosion  rill erosion
Denudative rainsplash, washing,
troughs transport washing X washing X washing, accumulation
rill erosion
Bottom of transport, transport,
the trough-  transport transport X washing X head-cut X
like valley and chan-
nel erosion
Bottom of  transport, rill erosion,
the main  accumula- X X accumula- X X transport,
valley tion tion accumulation

intensity of the process (big and moderate) is marked by print: (—) lack or low intensity of proc-
esses, (x) not registered within the described catchment, (*) process on the scarps

With high frequency of surface runoff, cultivated scarps or gully scarps can
undergo piping. The above process is usually initiated by the tunnels made by
rooting animals. Water falls into them by the grooves ploughed out parallel to
the scarp. If the field above the scarp is sodded, intensive infiltration starts de-
velopment of minute landslide forms — soil slips. During the present research, a
change in the utilization of the field above the highest scarp in the catchment
took place. This caused a change in the type of processes on the scarp (Fig. 5).
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Fig. 5. Influence of the changes of tillage on geomorphological processes during torren-
tial rains: A. September 1995, B. July 1999

1 — agricultural scarps, 2 — tillage direction, 3 — sheet flow, 4 — concentrated flow, 5 — infiltration,
6 — detachments and rockfalls, 7 — evorsive potholes, 8 — pipes, 9 — erosive episodic channels,
10 — transport episodic channels

Material eroded from the catchment is deposited in the bottom of the main
valley. Below the outlet of the erosion forms, alluvial fans dammed by the road
causeway running along the bottom of the valley, are formed at the foot of the
slope. Together they build a diluvial road terrace. During the biggest runoffs,
most of the material is deposited in the very bottom of the valley in the form of
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covers dammed by the transversely located diluvial road causeways and main
longitudinal runoff (Fig. 4I). The thickness of the covers exceeds 20 cm at pla-
ces, and their volume reaches 300 m?, as in September 1995.

Tab. 3. Denudative balance of the model Gutanéow catchment after heavy rainfall
on 16 September 1995 (after Rodzik et al. 1998)

Catchment A+B C D Main valley Total

(see Fig. 4 A) (14.5 ha) (1.9 ha) (3.3ha)  bottom (0.6 ha)  (20.3 ha)
Erosive channels [m3] 60 — — — 60
Ravines and potholes [m3] 32 84 10 — 126
Rills [m’] 28 8 22 1 59
Total linear erosion [m] 120 92 32 1 245
Surface wash ¥ [m’] 55 2 29 1 87
Total erosion [m3] 175 94 61 2 332
Accumulative covers [m’] — — — 300 300
Fans [m’] 5 1 1 25 32
Total accumulation [m3] 5 1 1 325 332
Balance [m®] -170 -93 -60 +323 0
Mean denudation [mm)] -1.2 -4.8 -1.8 +54.0 -1.7Y
Real denudation [mm)] 3.09  -152.07 2.0 +108.0

a) calculated from balance of erosion and accumulation, proportionally to denudated areas, b) re-
calculated by area of A+B+C+D (19.7 ha), c) recalculated by valley sides and bottoms of trough-
like valleys, d) recalculated by road gully bottom area

Occurrence of '*’Cs was found in the profile of the proluvial deposits up to
the depth of 60 cm. The above isotope occurred in the atmosphere from the trial
nuclear explosions at the beginning of the 60-ties (Richie and Mc Henry 1990).
Taking into consideration the rate of vertical migration, it can be calculated
that the average rate of accumulation in the bottom of the valley is about 1.5
cm/year in the last 35 years. In the very catchment, accumulation is only small.
Only in the axes of the troughs, small fans are formed as a result of the runoff
blocked by the roads and baulks. The fans make the cultivated scarps and road
terraces higher. In the bottom of the trough valley, high longitudinal depression,
and direction of cultivation together with the pattern of boundary strips do not
favour accumulation, and condition strong erosion (Fig. 4). The size of scattered
accumulation in the catchment area as such is difficult to evaluate.

In the denudation balance of the studied catchment during the torrential rain
mentioned above (Tab. 3), the volume of accumulation forms was determined
as a sum of the total material eroded from the catchment (325 m?). If this mate-
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rial was then evenly distributed over the whole surface of the catchment, it
would form a layer 1.7 mm thick, i.e. slightly more than the average annual de-
nudation calculated by the caesium method When calculated as a unit denuda-
tion, the value reaches 28 t/ha (2800 t/km?). The fact that more than half of the
eroded material was removed from the road gully and the bottom of the trough
valley makes the authors draw a conclusion that during episodic phenomena,
the process of material removal from the catchment, that is longitudinal trans-
port is predominant. Continual processes, first of all tillage erosion, are mainly
responsible for the transverse transport of the material from the slopes to the
valley bottom.

CONCLUSIONS

When the loess areas of the Lublin Upland were deforested and started to be
cultivated, a considerable intensification of geomorphological processes oc-
curred in the conditions of a transient climate of the temperate zone. Surface
soil erosion that reduces soil profile at the slopes and builds them up in depres-
sions and valley bottoms, is predominant. After a few hundred years of cultiva-
tion, the soil became totally eroded on the divergent and convex slopes, and car-
bonate loess was exposed. With contour cultivation, the above process was ob-
served on the slopes with the inclination of > 10°, but in the places where culti-
vation was downslope, at the inclination of > 5°.

Soil erosion leads to a gradual levelling of the relief and makes the slopes
more gentle. The most exposed slopes were lowered by over 2 m (3.3 mm a
year), and the bottom of the dry erosion-denudation valley was built up by 2-3
meters. Differences in height in the studied catchment, decrease by more than
10 %. In total, the average lowering of the slopes and interfluves reached 0.4 m,
and the rate of annual denudation — 0.65 mm.

With an increase in the intensity of soil cultivation and application of more
and more modern techniques of tillage, the rate of soil erosion was also increas-
ing. For a long time, the mean denudation rate of the slopes and interfluves was
kept at the level of 0.5 mm per year. Only in the 19" century, it doubled when
the modern crop rotation method was applied together with the introduction of
root plants and improved tools. Further denudation increase was due to mecha-
nization in agriculture. A changed pattern of fields and more intensive utiliza-
tion of country roads also favoured erosion. When the microforms of relief were
smoothed out, considerable erosion covered bigger and bigger areas. The results
of application of the "*’Cs technique showed that in the last 15 years mean an-
nual denudation of the catchment was 1.5 mm. Lowering of the most eroded
slopes has been calculated at 5.5 mm.

Changes in the land use as well as field and country road patterns resulted in
the qualitative changes in relief. Erosion within the country roads on the slopes
cause formation of troughs and road gullies. Accumulation on the roads in the
bottoms of depressions results in the formation of diluvial terraces and road
causeways. Accumulation road forms force deposition of the material that is
transported along the axes of the valleys. Changes of the fields above the culti-
vation scarps into greenland may cause dangerous sliding of the scarps that are
usually endangered with piping. Human activities may cause overlapping of
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such erodogenic factors as: exposure of the carbonate loess, runoff concentra-
tion, runoff direction towards the slopes with an increased inclination. The ef-
fect of the above is intensification of the linear erosion and evorsion during epi-
sodic runoffs which, in turn, results in gully development.

During extreme phenomena, the process of material removal from the catch-
ment by the longitudinal transport is predominant. Almost 40 % of the material
that is then moved, comes from the dissections and evorsion hollows. Their de-
velopment is conditioned by the course of country roads and baulks. With a
more favourable location of roads and baulks, spectacular erosion forms could
not have been formed. If an additional, simple protective treatment of sodding
was applied to the trough valley bottom, the episodic channel that functions
there, would have a transport and not an erosion character. Such treatments
would decrease erosion by a total of as much as almost 60 %, and transverse
transport would be dominant in the catchment.

LITERATURE

HARASIMIUK, M., HENKIEL, A. (1976). Wptyw budowy geologicznej i rzezby pod-
foza na uksztattowanie pokrywy lessowej w zachodniej cze$ci Ptaskowyzu Natgc-
zowskiego. Annales Universitatis Mariae Curie-Sktodowska, sec. B, 30, 55-80.

KASZEWSKI, B. M., MRUGALA, S., WARAKOMSKI, W. (1995). Klimat. 1: Tem-
peratura powietrza i opady atmosferyczne na obszarze Lubelszczyzny (1951-1990).
Srodowisko przyrodnicze Lubelszczyzny. Lublin (Lubelskie Towarzystwo Nauko-
we).

KLIMOWICZ, Z. (1993). Zmiany pokrywy glebowej w obszarze utworéw lessowych i
lessowatych w zalezno$ci od okresu uzytkowania i rzezby terenu. In Rozprawy ha-
bilitacyjne Universitetu Marii Curie-Sktodowskiej, 47. Lublin (Universitet Marii Cu-
rie-Sktodowskiej).

KLIMOWICZ, Z., ZGLOBICKI, W., DEBICKI, R. (2001). Protection problems of an-
thropogenically transformed solis defined on the basis of classic and ceasium-137
method. Zentrum fur Agrarlandschaft- und Landnutzungsforschung Berichte, 47,
59-64.

MARUSZCZAK, H. (1961). Le relief des terrains de loess sur le Plateau de Lublin.
Annales Universitatis Mariae Curie-Sktodowska, sec. B, 15, 93-122.

MARUSZCZAK H. 1986; Tendencje sekularne i zjawiska ekstremalne w rozwoju
rzezby matopolskich wyzyn lessowych w czasach historycznych. Czasopismo Geo-
graficzne, 57, 2, Warszawa, 271-282.

MARUSZCZAK, H. (1988). Zmiany srodowiska przyrodniczego kraju w czasach his-
torycznych. Przemiany Srodowiska geograficznego Polski, Wroctaw (Ossolineum),
pp- 109-135.

MARUSZCZAK, H., MICHALCZYK, Z., RODZIK, Z. (1988). Warunki geomor-
fologiczne i hydrogeologiczne rozwoju denudacji w dorzeczu Grodarza na Wyzynie
Lubelskiej. Annales Universitatis Mariae Curie-Sktodowska, sec. B, 39, 117-145.

MAZUR, Z. (1972). Zmiana rzezby uprawnych zboczy lessowych w Elizéwce. Annales
Universitatis Mariae Curie-Sktodowska, sec E, 27, 169-180.

MAZUR, Z., PALYS, S. (1992). Erozja wodna w zlewni lessowej na LubelszczyZnie w
latach 1956-1991. Annales Universitatis Mariae Curie-Sktodowska, sec E, 47, 219-
229.

MYSLINSKI, K. (1958). Z dziejéw rozwoju wsi lubelskiej w XIV i XV wieku. Rocznik
Lubelski, 1, 37-56.



55

NACHTERGALE, J., POESEN J. (1999). Assessment of soil losses by ephemeral gully
erosion using high-alitude (stereo) aerial photographs. Earth Surface Processes and
Landforms, 24, 693-706.

ORZECHOWSKI, J. (1962). Obserwacje pracy ciagnikéw, ptugéw i siewnikow na
zboczach. In Obraczka, R., ed. Melioracje przeciwerozyjne, Lublin (Wyzsza Szkota
Rolnicza), pp. 307-340.

PALYS, S. (1985). Zmiany w rzezbie i pokrywie glebowej w terenie lessowym objetym
zabiegami przeciwerozyjnymi. Z badan nad erozjg gleb, Zeszyty Problemowe Poste-
pow Nauk Rolnicznych, 292, 39-63.

PALYS, S., MAZUR, Z. (1998). Zmiany rzezby na erodowanych lessach na terenie za-
bezpieczonym i kontrolowanym. Bibliotheca Fragmenta Agronomica, 4A/98, Ol-
sztyn, 295-305.

RENIGER, A. (1950). Préba oceny nasilenia i zasiegdéw potencjalnej erozji gleb w
Polsce. Roczniki Nauk Rolniczych, 54. 1-59.

RITCHIE, J. C., Mc HENRY, R. (1990). Application of radioactive fallout cesium-137
for measuring soil erosion and sediment accumulation rates and patterns: a review.
Journal of Environmental Quality, 19, 215-233.

RODZIK, J. (1998). Drogowe waly deluwialne i ich rola w rzezbie obszaréw lesso-
wych. In Pekala, K., ed. Gtowne kierunki badan geomorfologicznych w Polsce. Stan
aktualny i perspektywy, 1: IV Zjazd Geomorfologéw Polskich, Lublin 3-6.06.1998.
Lublin (Universitet Marii Curie-Sktodowskiej), pp. 429-431.

RODZIK, J. (2000). Influence of ploughing direction on the development of road inci-
sion (on the example of loess aeras of the Lublin Upland, SE Poland). In Book of
Abstracts, International Symposium on Gully Erosion Under Global Change, Leu-
ven, Belgium, 16-19.04.2000. Leuven (Catholic University of Leuven), p.109.

RODZIK, J., JANICKI, G., ZAGORSKI, P., ZGLOBICKI, W. (1998). Deszcze nawal-
ne na Wyzynie Lubelskiej i ich wptyw na rzezbe obszaréw lessowych. Geomor-
fologiczny i sedymentologiczny zapis lokalnych ulew. Dokumentacija Geograficz-
na, 11, 45-68.

RODZIK, J., JANICKI, G., ZGLOBICKI, W. (1996). Reakcja agroekosystemu zlewni
lessowej na epizodyczny sptyw podczas gwaltownej ulewy. Prace Naukowe, 1, 211-
214.

SULIMIERSKI, F., CHLEBOWSKI, B. (1880-1902). Stownik geograficzny Krolestwa
Polskiego i innych krajow stowianskich, 10. Warszawa (Naktadem F. Sulimierskie-
go 1 W. Walewskiego).

TEISSEYRE, A. (1991). The deluvial (slopewash) system: a proposal. Bulletin Polish
Academy of Sciences, Earth Sciences, 39, 381-388.

TURSKI, R., PALUSZEK, J., SLOWINSKA-JURKIEWICZ, A. (1991). Wpiyw rzezby
terenu na stopien zerodowania i wtasciwosci fizyczne gleb lessowych. Erozja gleb i
Jjej zapobieganie. Lublin (Wydawnictwo Akademii Rolniczej).

TURSKI, R., SLOWINSKA-JURKIEWICZ, A. (1994). Gleby wytworzone z lessow.
Lublin (Lubelskie Towarzystwo Naukowe).

WILLAUME, J. (1964). Wies lubelska przed uwtaszczeniem. Lublin (Wydawnictwo
Lubelskie).

ZACHAR, D. (1982). Soil erosion. Developments in soil science, 10. Amsterdam (Else-
vier).

ZGLOBICKI, W. (2001). Dynamika wspotczesnych procesow stokowych w potnocno-
zachodniej czesci Wyzyny Lubelskiej w Swietle wynikow badan metodq cezowqg
(77Cs). Maszynopis pracy doktorskiej, Zaktad Geologii, Universitet Marii Curie-
Sktodowskiej, Lublin.

ZHANG, X. B., HIGGITT X. B., WALLING D. E. (1990). A preliminary assesement
of the potential for using caesium-137 to estimate soil loss in the loess Plateau of
China. Hydrological Sciences Journal, 35, 243-252.



56

ZIEMNICKI, S. (1949). Zagadnienie przemieszczania gleb pod wpltywem wody i préba
zapobiegania tym zjawiskom na lessach glebokich. Annales Universitatis Mariae
Curie-Sktodowska, sec E, 4, 266-350.

ZIEMNICKI, S. (1968). Melioracje przeciwerozyjne. Warszawa (Pafistwowe Wydaw-
nictwa Rolnicze i Lesne).

Grzegorz Janicki,Jan Rodzik, Wojciech Zgtobicki

GEOMORFOLOGICKY EFEKT ZMIEN VYUZIVANIA KRAJINY
(PRIKLAD SPRASOVEJ OBLASTI V OKOLI GUTANOWA)

Vyskum denudac¢nych procesov sa uskutoCnil v sprasove] oblasti, vyuZivanej
polnohospodarsky 620 rokov. Studované tizemie je situované na okoli Gutanéwa
v Lublinskej vrchovine (obr. 1). Pre tcely $tidia danej problematiky bolo vybrané malé
povodie s rozlohou 20 ha. Povodie predstavuje suchi erézno-denudac¢ni dolinu s
korytovym zarezom na jednom z jej svahov. Reliéf povodia je zvlneny, s energiou do
30 m a sklonmi do 13°. Pédy reprezentuji podzoly s réznym stupfiom postihnutia
eréziou.

Polia v Studovanom povodi patria malym sikromnym farmam. Ich velkost je 0,2 —
1,0 ha. Stcasnd textdra poli a ciest vznikla v obdobi 1930-1960 ako vysledok scelo-
vania poli, pozemkovej reformy a dedi¢ného delenia. Svahy hlavnej suchej doliny st
kultivované po spadnici, svahy bo¢nej korytovej doliny po vrstevnici. Medze na vrstev-
nicovo obhospodarovanych svahoch maji podobu kultivaénych stupiiov. Koncentracia
odtoku na pol'nych cestach, podliehajiicich zmyvu a erézii, vedie k vzniku dvozov a vy-
mol'ov na svahoch a akumulaénych terds a vyvysSenych ciest v dnach dolin (obr. 2).

Stav pddnej pokryvky, ktord je miestami tplne erodovand, sved¢i o znacnej intenz-
ifikacii eréznych procesov (obr. 3). Pddne profily v povodi ukazujd, Ze najexpono-
vanejsie svahy boli zniZené o viac ako 2 m (3,3 mm ro¢ne). Dno suchej er6zno-denu-
dac¢nej doliny bolo pokryté niekol’ko metrov mocnou vrstvou sedimentov. Denivelacie
v povodi sa takto zniZili o viac ako 10 %. V priebehu celého hodnoteného obdobia
zniZenie svahov a chrbtov predstavovalo 0,4 m, a teda priemerna hodnota ich denudicie
za rok vykazovala 0,65 mm (tab. 1).

Merania koncentricie izotopu *’Cs ukdzali, e v priebehu poslednych 15 rokov
doslo k zvySeniu priemernej intenzity denudécie v povodi aZ na 1,5 mm ro¢ne, pricom
najvyssie hodnoty zniZovania povrchu vykazovali rozvodné chrbty (4,0 mm) a svahy
dolin (5,5 mm) (tab. 1). Uvedené ddaje su v silade s hodnotami intenzity denudicie
obrabanych svahov na sprasi, nameranymi geodetickymi metédami v podobnych tze-
miach. Nasledkom mechanizicie pol'nohospodarstva a zvySenia intenzity vyuZivania
ciest bola akceleracia erézie. V skorSom obdobi, konkrétne v 19. storoc¢i, bol ndarast
intenzity denudacie podmieneny prechodom od trojpolného systému k striedaniu plo-
din, zavedenim okopanin a pouzivanim novej, kvalitnejSej pol'nohospodarskej techniky.

Priebeh ciest a medzi zna¢ne pozmenil prirodzené podmienky povrchového odtoku
pocas extrémnych zrazok a topenia snehu. Je to zvlast’ viditené pocas takych lejakov,
aké sa vyskytli v septembri 1995, kedy koncentracia odtoku na cestdch a na medziach
presiahla kritickd hranicu. Kombindcia viacerych erodogénnych faktorov zaprféinila
silnd er6ziu a vznik erézno-evorznych depresii o hlbke viac ako 1 m. Najsilnejsia erd-
zia, zapriCinend pripojenim dalSieho parmalneho povodia nasledkom zmeny textury
susediacich poli, sa vyskytla na dne tvozu (obr. 4), kde hibka kritiavovych hrncov
dosahovala do 3 m.

Vyskyt a intenzita takych erdéznych procesov, akymi st napr. plo$ny splach a
struzkova erézia, boli podmienené najmid pddnymi pomermi, rastlinnou pokryvkou
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alebo agrotechnologickymi postupmi. Pol'né cesty sa ukazali ako vel'mi nachylné na
erdzne procesy, podobne ako to bolo v pripade ploch s odstrdnenou drnovou pokryvkou,
¢i ploch rozrytych. Iba zatrdvnené partie alebo strniskd po ozimindch sa ukézali
rezistentné (tab. 2). Na skladoch vrstevnicovych poli sa v podmienkach ¢astého
povrchového odtoku zvykne vyskytovat' sufézia. Ak sa pole nad skladom zatravni,
sklad sa zosunie (obr 5).

.....

vislosti s prehradenim odtoku vertikdlne narastajicimi telesami pol’nych ciest. ObJem
kuzelov a proluvidlno-deluvidlnych pokrovov predstavuje 225 m’. Keby bol uvedeny
materidl rovnomerne rozloZeny po celom dzemi povodia, vytvdral by 1,7 mm mocnud
vrstvu (tab. 3), t. j. trochu mocnejSiu ako je priemerné ro¢na hodnota denudicie,
stanovend na zdklade cezmvej metddy. V prepocte na jednotku plochy to znamena
odnos 28 t/ha (2800 t/km?). Skutoénost, Ze viac neZ p010V1ca materidlu bola Vynesena
z uvozov a dna bocnej korytovej dolmy, umoZiiuje vyslovit' zdver, Ze pocas
epizodickych udalosti dominuje v povodi pozdlZzny transport. PrieCny transport
materidlu zo svahov na dno doliny je prevazne vysledkom sekuldrnych procesov, akym
je erdzia z orania (tab. 1).



