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Relationship between land use changes, soil 
degRadation and landscape functions

Matthias Röder and Ralf-uwe syrbe

introduction

Landscape changes can be divided into two main groups, related to ecosystem stability. 
On one hand there are changes which do not break stability conditions; on the other 
hand there are those that will start to cause an ecosystem crash. In practice it is often 
not easy to distinguish between these two because of a the lack of detailed knowledge 
abaut the systems involved.

Most investigations of landscape changes deal with changes of land use and 
landscape elements. In this way, both important anthropogenic impacts as well as 
resulting visible changes can be considered. But visible changes are only symptoms 
of landscape dynamics and do not describe this process. Most of other landscape 
components also change because of anthropogenic influences. There will also be a lot 
of functional changes, because of the fundamental interconnection between structure 
and function. These functional changes can be used to describe and to assess extensive 
landscape changes (e.g. Bork et al., 1995; Bastian & Röder 1996 and 1998; Röder 
1998).

Changes of both land use and landscape elements can be relatively easily 
analysed with said of topographical maps and air photos, but there are fewer useful 
data sources to establish the variability of other landscape components. This applies 
especially to the analysis of soil degradation. Commonly, soils are assumed to be 
relatively stable geocomponents, and soil maps are considered to be valid in middle 
European landscapes for long periods of time. Recent studies of processes such as soil 
erosion on fields and acidification of forest soils have shown these assumptions to be 
invalid. Consequently, some permanent soil monitoring areas have been established. 
However, these are mostly inadequate (in terms of  their number, representation and 
time of existence) to extrapolate to wider areas.

Scientific approach

The investigations of the Saxon Academy of Sciences in the Upper Lusatian Heath 
and Pond Landscape biosphere reserve (Saxony), deal with the change of landscape 
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balance assessed with landscape functions and natural potentials. We hope to find 
suitable indicators to allow landscape conditions at monitoring scales.

Past studies by Bastian and Röder (1996 and 1998), Röder (1998) in Western 
Lusatia (Saxony) show that it is helpful, but insufficient, only to analyse the changes 
of land use and landscape elements several times and to interpret functional changes. 
Previous estimates of relatively stable soil have to be reconsidered, as well as the 
necessary physical, material and biological data of other landscape components. 
Therefore, two agriculturally used test areas within the biosphere reserve were selected, 
which seemed to be suitable for successful proof of soil degradation.

Figure1. Location of the Kreba and Kleine Spree test areas in the Upper Lusatian Heath and Pond 
Landscape biosphere reserve.

All documents of the German Soil Inventory for Taxation (Kreba 1951/52, Kleine 
Spree 1937/38 and 1950/51) have been evaluated and taxonomic soil units (soil types) 
derived. A computer could not be used for this task because of significant problems in 
the transformation program. New sampling by drilling and ditch cutting, complemented 
by some laboratory analysis, were used for the evaluation of actual soil condition. The 
established cases of soil degradation have been classified, mapped and interpreted, and 
related to their consequences for landscape balance.

This paper discusses only the Kreba test area, because of editorial limitations. 
This area (5.9 km2) consists of agriculturally used fine-grained sandy gley soils, mostly 
originated from river terraces during the last ice age. Locally, some humic gleys, bog 
gleys and bogs are found. Rare areas of sand dunes and flat convex parts of terraces 
are characterised by initial podzolisation. All sandy soils are very poor, containing less 
than 5% silt and clay.



239
Relationship between land use...

Anthropogenic influences

The Kreba test area has been used for agriculture for centuries. Apart from the period 
of first settlement, the most serious interventions in soils took place in the last 50 
years. The most important changes are drainage, hydraulic engineering, the removal of 
landscape elements and changes of farming practices.

Within 1952 and 1960, independent farmers were replaced by cooperatives and 
big-area farming began. The whole area was drained during the 1960s and 70s. At the 
same time, the natural drainage system was piped or straightened, coppices and tracks 
were removed and grassland was converted into fields (Figure 2). This meant that 700 
farmland areas were unified into 15 fields and a few grasslands. Coppices disappeared 
completely. Only in the 1980s were two hedges planted for wind protection.

Figure 2. Land use changes in Kreba between 1938 and 1988.
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It is not only land use that has changed significantly, but also farming practices. 
Intensified farming requires big machines, more fertilizers and pesticides. The rotation 
of crops depended on governmental instructions until 1990; now it depends on market 
and promotion programmes. That is why rotation of crops has unfortunately developed 
and a 50% reduction of organic fertilizer use (Großert 1999) have occurred. Also, large 
areas of drained sandy soils have to be sprinkled in dry periods because of the threat of 
fertility loss.

Table 1: Change of two-dimensional and linear landscape elements
in the Kreba test area 

    1938   1998
 fields 4,34 km2 5,24 km2

 grassland 0,94 km2 0,56 km2

 forests 0,38 km2 0 km2

 settlements 0,09 km2 0,14 km2

 ponds 0,18 km2 0 km2

 other 0,01 km2 0 km2

 streets / tracks 41,5 km 10,9 km
 running waters 28,1 km 6,8 km

Such anthropogenic influences on soils are not only a local phenomenon. Similar 
problems caused by intensive agricultural production occur in many other regions. The 
resultant soil degradation is often underestimated.

Soil degradation

At Kreba, the drainage, re-allocation of land, hydraulic engineering and farming 
changes cause significant soil degradation, such as podzolisation, erosion by wind, loss 
of humus and bog destruction in the span of a few decades. These are discussed here.

Figure 3 shows the soil changes that were ascertainable by soil taxonomy at 
Kreba between 1951/52 and 1998 (topography from 1982). Besides, acidic immissions 
are responsible for soil chemical changes (pH < 5), but evidence is lacking because 
there is no data for earlier periods times. Compaction seems not to be a problem in 
sandy soils.

Loss of humus in upper horizons of sandy soils
The content and kind of humus in upper soil horizons depend on several 

factors. Apart from farming, soil texture and moisture, climate and relief are also to be 
considered. Biological activity and many soil functions (e.g. sorption, filter function, 
resistance to erosion, biotic yield potential, water retention) decisively depend on 
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humus. As a result of the groundwater recession by drainage, the cut of organic 
fertilising in half and intensified ploughing, humic gleys and bog gleys disappeared 
almost completely. At the time of the German Soil Inventory for Taxation, sandy soils 
on the fields examined normally contained 2 - 4 weight-% humus. In 1998, this value 
was reduced below 2 weight-%, within an average of upper soil horizons between 
0,3 and 0,4 meter. The material burned out amounts to 2,7 up to 3,6 weight-%. Often 
the depth of ploughing has reached the second soil horizon, which is why the upper 
horizon is completely mixed and the loss of humus is accelerated. The humus loss of 
all mineral soils in the test area can roughly be estimated at between 20000 to 30000 t, 
but lion’s share is related to former gley soils (one third of the whole area) with more 
than 50 t/ha loss.

Missing biomass in soils is compensated by the use of fertilizers, and so plant-
available nutrients have accumulated not only in soils, but also in infiltrated water and 
groundwater. Finally, the intensified erosion by wind eutrophicates nearby biotopes.

Figure 3. Soil degradation in Kreba between 1951/52 and 1998.
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Destruction of bogs
The decomposition of peat overlying sand soils led to the disappearance of peat 

gleys and thin layered bogs during the last 50 years. Thick bogs have been subject 
to strong decomposition. The reasons for this are drainage and deep ploughing. In 
1951/52, 53 ha of peat gleys and thin layered bogs were mapped by the German Soil 
Inventory for Taxation. Now only 7 ha are left, and in a very bad condition (no plant 
structures are visible). For bogs used as grassland, oxidised horizons below the base are 
characteristic. Intact bogs need permanent wetness and a reducing environment for peat 
to be conserved. The development of oxidised horizons below the peat base is a certain 
indicator for progressive peat destruction.

Progressive podzolisation of former sandy gleys
In 1951/52, about 400 ha of the sandy soils in Kreba was extensively affected 

by groundwater. Now these gley soils are reduced to a quarter (see Figure 3). The rest 
of these soils have changed their soil moisture balance to the infiltration type, forming 
podzol-gleys and regosol-gleys. Because of the low humus content in the upper soil 
horizon, and also mobilised iron as a result of the groundwater recession, mostly 
the ferric podzol type occurs. The change of soil moisture type from groundwater-
determined to infiltration type initiates an intensive shift of material. The estimation of 
this shift is possible only with the aid of analogies because of missing data.

soil erosion by wind
Erosion by wind is one of the main problems of landscape ecology in Kreba. 

Drainage, removal of landscape structures and humus decomposition add their negative 
effects to erosion of sandy soils and decomposed bogs in the fields. During erosion 
events, a lot of material transported by sandstorms can often be seen.

There is still lack of physically-based methods to evaluate the erosion by wind. 
In recent years some advances have been made (e.g. Neemann, 1991; Funk, 1995; 
Funk & Frielinghaus, 1997), but the short-time variability of wind, soil moisture 
and vegetation, and the problems of determining accumulation and erosion areas, 
complicate the development of quantitative models. Besides, erosion by wind is not a 
problem of local sites only - a lot of important parameters (e.g. wind) are modified by 
structures outside the areas examined.

Mostly empirical methods are used to assess the danger of soil erosion by 
wind (e.g. AG Bodenkunde, 1982; Marks et al., 1992), considering the data available 
for examination. Because of this, interconnections between processes are simplified; 
accumulation and some important areal features are not considered; and vegetation is 
reduced to land use type.

At Kreba the method of Schmidt in Marks et al. (1992) was used. Necessary 
data for mineral soils are the texture of the upper soil, humus content and the ecological 
moisture degree; and for bogs, the kind and degree of decomposition of peat. Figure 4 
shows the change in the danger of erosion by wind between 1951/52 and 1998, in 
addition to the erosion-preventing land use types. The influence of historical structures 
(tracks, balks, streams, copses) is obvious to see, but methodical consideration is 
lacking.
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Figure 4. Wind erosion danger in Kreba.

Although the method used does not allow quantification of the erosion process, 
it is sufficient, together with local data on climate and land use, to work out measures 
for landscape management.

functional consequences

Changes of soils intervene in many ecosystem functions. For example: filtering, 
buffering, and transformation functions; erosion resistance; fertility; water balance 
(evaporation, runoff); local climate (temperature, air humidity); and biotic components 
(habitats). All of these are strongly influenced. Below, such functional changes are 
shown with the help of some typical landscape indicators, without any implied claim of 
completeness.

Water balance and local climate
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The proof of water balance changes in Kreba is done by calculation for the years 
1951/52 and 1998. To eliminate climatic variations, both the average preci-pitation 
and the potential evaporation are treated as constants at these times. Firstly, minima 
and maxima of real evaporation have been calculated, related to very wet and very 
dry soils, with the ABIMO program (Glugla & Fürtig 1997). Next, a ratio was used to 
calculate the interim values, considering capillary rise and effective root-depth of crops 
during the vegetation period.

The water balance change caused by soils only could be derived with reference 
to grain (fertility 30 dt/ha). With that result, the real evaporation in Kreba has been 
reduced from 357 mm/y (60,5 mm/ha*y-1) in 1951/52 to 325 mm/y (55 mm/ha*y-1) 
in 1998. The total runoff increased from 56 mm/y (9,5 mm/ha*a-1) to 88 mm/y (15 
mm/ha*a-1) at the same time.

The water surplus does not reach the groundwater, but flows away through the 
drainage system. Naturally, different areas contribute different values to water balance 

Figure 5. Change of total runoff in Kreba.
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changes. Figure 5 shows the areal distribution of total runoff in „Kreba” under the 
conditions described above.

Although there are no data to compare, it is certain that air temperature and 
humidity have also changed. Higher maxima of temperature and lower air humidity 
are reasons for more heat stress of vegetation in summer time, and both cause feedback 
effects. From the point of view, the water balance calculation in Kreba has been 
proved to be a practicable way to register water balance changes. In contrast, landscape 
functions like groundwater recharge and runoff regulation, as used by Bastian & Röder 
(1999) and Röder (1998), are tools that are too rough for this task, and do not allow 
consideration of the local problems (e.g. drainage) of the test area.

soil functions
Related to this issue, the change of specific parameters (like field capacity, 

sorption ability, filtering capacity), and change in soil functions (like groundwater 
protection, denitrification ability and biotic yield potential) have been evaluated. 
Denitrification ability and biotic yield potential will be discussed.

Denitrification ability has bean assessed with Syrbe (1994), involving the 
parameters soil texture, humus content, groundwater level and land use, with the help 
of fuzzy sets. Digital land use data was available for 1939 and 1993.

Conversion of grassland into fields and humus decomposition in the upper soil 
are combined reasons for deterioration of denitrification ability. Very low and low 
values of denitrification ability now dominate in most parts of the fields. Not only 
the humus lost, but also changes the oxidation environment, reduce the capacity for 
denitrification. The rest of the wet humic soils contain high and very high values only.

Nevertheless, the results of evaluation show that slow and small changes of soils 
and their use can heavily modify denitrification. Quantities of fertilizers, which seemed 
to be appropriate in the past, prove to be too high for future use. The nitrogen surplus 
pollutes groundwater and surface water too much, so such intensive agri-cultural use is 
not sustainable.

Changes of biotic yield potential have been evaluated with Glawion in Marks et 
al. method (1992). The whole area is treated as if it were fields. The Glawion method 
is based on 13 separate factors of an influence, connected by the minimum principle, 
i.e. each area gets the value of the most negative factor. Common negative factors in 
Kreba are natural nutrient, useable field capacity, groundwater level, and soil texture. 
The most significant changes concern the ground-water level.

The evaluated changes of biotic yield potential between 1951/52 and 1998 
are limited to some small areas (together about 50 ha), in which natural fertility has 
increased moderately by drainage from „very low” to „low” values. The reason for this 
underestimation is the roughness of the method, especially its scaling. Real yields can 
not be compared with the natural fertility, because of their dependency on fertilizers.

Vegetation
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The assessment of changes in vegetation is done with the model of potential 
natural vegetation (PNV) by Olaf Bastian. The results are published in this book, too.

conclusion

Soil degradation is an important aspect within the assessment of landscape change. 
The degradation processes, caused mostly by anthropogenic influences, happen faster 
than is commonly known. Its analysis by means of comparison of historical maps and 
actual investigations must be reduced to common parameters for all sources. Drainage, 
land use change and change of farming conditions initiate soil changes, which have 
immediate substantial effects that are obvious after a few years and which will 
degrade soils within a few decades. As a result of that, ecosystem functions are heavily 
influenced (e.g. soil functions, climatic functions, habitat function).

Figure 6. Denitrification ability in Kreba.
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Soil conservation and spatial planning should consider this ecosystem inter-
connection in future. At Kreba, intensive agriculture is not defensible today, considering 
federal ecological standards in Germany. On the other hand, intensive agriculture is 
partly necessary to produce enough food, but its effects on ecosystems can be predicted 
with the help of indicators such as landscape functions. So it is possible to work out 
measures for minimisation of ecological effects.

Summary

This study deals with soil degradation caused by drainage, farming conditions and land 
use change within a test area situated in the Upper Lusatian Heath and Pond Landscape 
biosphere reserve (Saxony), and its effects on agricultural ecosystems, assessed with 
the aid of landscape functions. The soil degradation of sandy gleys is characterised by 
advanced podzolisation, loss of humus in upper soil horizons and intensified erosion by 
wind. Bog soils have disappeared or are subject to strong decomposition. Results   of 
this soil degradation, occurring over only a few decades, are profound modifica-tions 
of soil functions, water balance, local climate and vegetation. Therefore, the impacts of 
soil degradation on agricultural ecosystems should be better investigated.
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