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INTRODUCTION

At a high level of abstraction, sustainability aims at maintaining or even 
improving ecological, social and economic conditions for future generations and 
therefore includes ecological, technical, social and economic dimensions, as well 
as the dimension of time [World Commission on Environment and Development, 
1987].

Sustainable environment means the framework within which the sustainable 
use of natural resources is possible. In the following, the role of soil in a sustainable 
environment will be explained. Therefore, the first question is: Which functions 
do soils have in a sustainable environment?

THE SIX MAIN FUNCTIONS OF SOIL AND LAND

Soils have at least six different functions for the social and economic develop
ment of humankind, which can be distinguished into three more ecological 
functions and three others directly linked to human activities defined as technical, 
industrial and socio-economic functions [Blum 1998 a, b].

The three ecological functions are:
1 ) Production o f biomass, ensuring food, fodder, renewable energy and raw materials.

These well-known functions are the basis of human and animal life:
2) Filtering, buffering and transformation capacity between the atmosphere, the 

ground water and the plant cover, strongly influencing the water cycle at the air 
surface as well as the gas exchange between terrestrial and atmospheric systems, 
and protecting the environment, including human beings, against the contamination 
of ground water and the food chain.
This function becomes increasingly important, because of the many solid, 

liquid or gaseous, inorganic or organic depositions, on which soils react through 
mechanical filtration, physical or chemical absorption and precipitation on its 
inner surfaces, or microbiological and biochemical mineralization and metabo-
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lization of organic compounds [Blum 1996]. These biological reactions may also 
contribute to global change through the emission of gases from the soil into the 
atmosphere, because globally the total pool of organic carbon in soils is three times 
higher than the total organic carbon in the above-ground biomass and twice as high 
as the total organic carbon in the atmosphere. Under this aspect, soils are a central 
link in the biotransformation of organic carbon and continually play a role in 
releasing C 02 and other trace gases into the atmosphere. These gases are very 
important for processes of global change, which in this case involve large-scale 
feedback of many localized small-scale processes. As long as these filtering, 
buffering and transformation capacities can be maintained, there is no danger to 
the groundwater or to the food chain. However, these capacities of soils are limited 
and vary according to the specific soil conditions.

3) A biological habitat and gene reserve, with a large variety of organisms.
Soils contain more species in number and quantity than all other above-ground 

biota together. Therefore, soils are a main basis of biodiversity. Human life is 
extremely dependent on this biodiversity, because we do not know if we will need 
new genes for maintaining human life from soils in the near or the remote future. 
Moreover, genes from the soil become increasingly important for many technolo
gical, especially biotechnological and bioengineering processes.

In addition to these three ecological functions, soils have three other functions 
more linked to technical, industrial and socio-economic uses:

4) They are the spatial base for technical, industrial and socio-economic structures 
and their development, e.g. industrial premises, housing, transport, sports, recre
ation, dumping of refuse etc.
One of the main problems in this context is the exponential increase of urban 

and peri-urban areas, including transport facilities between them. This is not only 
true for Europe, but also for other continents, and especially for countries in 
development in Africa, Latin America and Asia.

5) Soils are a source of raw materials, e.g. clay, sand, gravel and minerals in general, 
as well as a source of energy and water. Raw materials are the basis for technical, 
industrial and socio-economic development.

6)Last but not least, soils are important as a geogenic and cultural heritage, forming 
an essential part of the landscape in which we live, concealing and protecting 
paleontological and archaeological treasures of high value for the understanding of 
our own history and that of the earth.

In view of the soil as an absolutely limited resource which cannot be extended 
or enlarged, the use of these six main functions of soil and land, which is often 
concomitantly in the same area becomes the key issue of sustainability. Under 
holistic aspects soil or land use can be defined as the temporarily or spatially 
simultaneous use of all these functions, although they are not always complemen
tary in a given area.
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SUSTAINABILITY, INTERACTION AND COMPETITION 
BETWEEN SOIL FUNCTIONS

For understanding the role of soil in a sustainable environment, it is necessary 
to define all the interactions and competitions which exist between soil functions 
and their uses. In this context, three different categories of interaction and compe
tition can be distinguished:

1. Exclusive competition between the use of soil for infrastructural development, as 
a source of raw materials and as a geogenic and cultural heritage on the one hand, 
and the use of soil for biomass production, filtering, buffering and transformation 
activities and as a gene reserve, on the other hand.
This becomes evident by the sealing of soil through urban and industrial 

development, e.g. the construction of roads, of industrial premises, houses, spor
ting facilities or when soils are used for the dumping of refuse, all this being known 
as the process of urbanization and industrialization, thus excluding all other uses 
of soil and land, see Figure 1. In this context, the exponential increase of 
urbanization on a world-wide level is one of the main indicators for irreversible 
soil losses, which means unsustainability in soil and land use in the long run.

FIGURE 1. Sealing of soils and landscapes by urban and industrial development (Baar region in 
south-western Germany)
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The process of sealing of soils is still very prominent in most of the European 
countries and leads to severe soil losses.

2. A second category of competition exists through intensive interactions between 
infrastructural soil and land uses and agriculture and forestry as shown by Figure 
1, the scale of which indicates the intensity of interference, which significantly 
contributes to the problem of soil contamination and pollution, because all these 
linear and point sources are loading local soils with contaminants on three different 
pathways: through atmospheric deposition, on waterways and through terrestrial 
transport, see Figure 2.
Figure 2 illustrates the many possible interactions between infrastructural soil 

and land use on the one hand, and agriculture and forestry on the other hand. This 
is especially true for densely populated areas in Europe and other regions of the 
world. In this context, it also seems necessary to point out that soils are the last 
but one sink for many inorganic and organic depositions, the last one being the 
bottom of the oceans. In Figure 2, different forms of loads can be distinguished: 
inorganic and organic depositions from traffic and transport and from urban and 
industrial activities. Most of these loads, such as severe acidification, pollution by 
heavy metals and other elements, pollution by xenobiotic organic compounds, 
deposition of non-soil materials, severe salinization and alcalinization are more or 
less irreversible, because soils act as a sink [Blum 1998 с]. Irreversibility is defined 
as the non-reversibility by natural forces or technical remediation measures within 
100 years, a time span which corresponds to about four human generations.
Only few processes of soil degradation, such as superficial compaction or the 
contamination by biodegradable organics or by small amounts of heavy metals, 
can be regarded as reversible by technical measures, or natural remediation, e.g. 
bioturbation and bio-accumulation processes. Some of the adverse effects of 
transport, urbanization and industrialization on agricultural and forest soils are 
exemplified by Blum [1998 с].

3. A third form of competition also exists among the three ecological soil uses 
themselves, as shown in Figure 3.
Waste and sewage sludge deposition on soil as well as intensive use of 

fertilizers and pesticides, in addition to the deposition of air pollutants (compare 
Figure 2) may have a negative influence on the groundwater and the food chain, 
surpassing the natural capacity of soils for mechanical filtering, chemical buffering 
and biochemical transformation. This is specifically true for high input agricultural 
systems. In this context, it should be remembered that agriculture and forestry not 
only produce biomass above the ground, but also influence the quality and quantity 
of the groundwater production underneath, because each drop of rain falling on 
the land has to pass the soil before it becomes groundwater.

Such problems are well-known for many parts of the world, where contamina
tion of the groundwater as drinking water though nitrate, pesticides and other 
chemical compounds from the use of fertilizers, pesticides and the deposition of 
sewage sludge and waste compost are analyzed. When the groundwater is used as
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FIGURE 2. Soil contamination and pollution through excessive use of fossil energy and raw ma
terials

FIGURE 3. Competition between the production of biomass and groundwater and the mainte
nance of biodiversity, due to pollutive depositions and the use of fertilizers and plant protection 
products
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drinking water, the competition between the production of food and fibre on one 
side and the production of ground water on the other side is a competition between 
the satisfaction of human basic needs. In many areas of the world, especially in 
Europe, conventional agricultural production becomes increasingly controlled by 
quality standards for drinking water. It is easier to transport and sell food and 
fodder than to do the same with the necessary amount of drinking and household 
water.

WHAT IS THE ROLE OF SOIL IN A SUSTAINABLE 
ENVIRONMENT?

Sustainability in the use of soil seems only possible by a temporal and/or spatial 
(local or regional) harmonization in the uses of the cited six soil functions, 
excluding or minimizing irreversible uses, e.g. sealing, excavation, sedimentation, 
acidification, contamination or pollution, salinization and others. This definition 
includes the dimensions of space and time.

Summarizing, the role of soil in a sustainable environment is to provide 
different functions for the well-being of humans. However, the necessary harmo
nization of the uses of the six soil functions is not a scientific question, but a 
political one, which means that all people living in a given area or space have to 
decide which soil functions they may use at a given time (by a top-down or 
bottom-up approach). Scientists only have the possibility to develop scenarios and 
to explain which causes and impacts may occur when different options are 
exercised. Those scenarios can be condensed into indicators, which may help 
politicians and decision makers as well as people living in a certain area to choose 
the right options.

THE USE OF INDICATORS FOR THE DEVELOPMENT 
OF SOIL AND LAND USE POLICIES, 
THE DSR AND DPSIR APPROACHES

In the last years, the Organization of Economic Cooperation and Development 
(OECD) has developed a framework to address agri-environmental linkages and 
sustainable soil and land use by the Driving Force-State-Response (DSR) Frame
work [OECD, 1998]. In this framework, environmental, economic and social as 
well as other driving forces are described, aiming at understanding the state of soil 
and land and giving a basis for responses to soil problems by steering the driving 
forces.

In this concept, driving forces describe the cause of changes in environmental 
conditions of soil and land, e.g. as agri-environmental indicators for agricultural 
land. The state describes the effects on soil use and the responses describe possible 
actions to be taken, in order to respond to the changes in the environment, in the 
sense of new soil policies, modifying and controlling the driving forces.

Indicators used in this context should have the following characteristics:
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-  policy relevance: this means that data should be more demand (issue) than 
supply (data)-driven and indicate important political features;

-  analytical soundness: indicators must be based on science and reveal cause- 
response relationship in a clear way;

-  easy interpretation: indicators should be easily understandable for stakehol
ders, e.g. farmers, citizens, as well as for decision makers and politicians;

-  measurability: indicators should be feasible and cost-effective in data collec
tion, processing and dissemination.

In recent years, within the context of environmental protection efforts by the 
European Environment Agency (EEA) the DPSIR framework approach was 
developed, which can be also applied to soil. This framework includes driving 
forces (D), pressures (P), state (S), impact (I) and responses (R), and is easy to use 
by politicians and decision makers [EEA 1999]. For example, in the agricultural 
context, a driving force can be the lowering of prices for agricultural commodities 
on local markets, thus decreasing the income of farmers. The pressure coming out 
of that is nutrient mining, because the farmer has no money to replace nutrients 
by fertilizers, which he cannot afford to buy. This leads to soil degradation by 
nutrient depletion, and in extreme cases also to soil erosion (state), if no anti- 
erosive measures under slope conditions can be taken due to a lack of funds. The 
direct impact is a change in soil function, which means a decrease in soil fertility 
and a decrease in biomass production. An indirect impact can be changes in 
population size and distribution in rural areas, due to low income. The responses 
should not be to remediate the state of the soil or to alleviate the pressure itself, 
e.g. through furnishing fertilizers to local farmers, but it should be directed towards 
improving market conditions and maintaining reasonable market prices for agri
cultural commodities. In this case, the response would be an economic and social 
response and not a technical response.

CONCLUSIONS

In the next century, the role of soil in a sustainable environment will be much 
more critical than ever before, because we have reached the cross-roads of conflicts 
between the uses of different functions, with severe environmental problems in 
many areas. Soil use therefore will occur under quite different ecological, technical 
and socio-economic conditions than in the centuries before. This is not only due 
to increasing competition for space, e.g. through the growth of urbanization and 
industrialization with all its socio-economic and environmental impacts, especial
ly in Europe, but also through increasing and severe competition between biomass 
production on one side and ground water production on the other side, including 
problems of biodiversity and global change, e.g. through the extinction of species 
and through the emission of gases from soils into the atmosphere.

Therefore, a new concept of soil and land use is needed in order to maintain a 
harmonized use of functions of soils for a sustainable development.

This holistic approach to the role of soil in a sustainable environment may be 
helpful in order to define the specific ecological, socio-economic and technical 
problems, thus enabling science to develop more comprehensive scenarios for 
sustainable development in the next century. The use of indicators can help in this 
endeavour because they can be used in a framework which is understandable for
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those who have to take initiative in order to solve the problem. These are 
politicians, decision-makers and administrators. The DSR and the DPSIR appro
ach seem to be a reasonable tool in order to alleviate soil and land management 
problems and to create better environmental conditions in the future.

SUMMARY

Based on the definition of sustainability and sustainable environment, the 
competitive use of the six main functions of soil is identified as the main cause of 
environmental problems. Therefore, sustainability can only be reached by the local 
and/or temporal harmonization of land and soil use, based on indicators.
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