


ENVIRONMENTAL MANAGEMENT 
IN PRACTICE: VOLUME 2 

Methods of environmental management, and especially the 'tools' of environmental management, are increas
ingly being relied upon worldwide to deliver a degree of sustainability in all human activities. A thorough 
understanding of the nature, capabilities and limitations of these 'tools', as well as the conditions under 
which they can be best applied, is essential for students, researchers and practitioners within the field of 
environmental management. 

Environmental Management in Practice presents three comprehensive volumes containing the most up-to-
date research and practical applications in the field. Spanning the four main aspects of environmental manage
ment: instruments, compartments, sectors and ecosystems, this three-volume work contains over sixty 
contributions from leading specialists in each field and offers the first major source of contemporary inter
national research and application within environmental management in practice. 

Volume 1: Instruments for Environmental Management, focuses on the instruments and tools currently avail
able to the environment manager. A theoretical background to the instruments is given together with an 
overview of those instruments that are in common use today, with particular attention to the physical, 
economic, legislative and communication instruments. 

Volume 2: Compartments, Stressors and Sectors, deals with the problems that occur in the three 'compart
ments' of the environment - namely, air, water and soil. The contributors also address the socio-economic 
sectors of industry, traffic, energy, agriculture and tourism. 

Volume 3: Managing the Ecosystem, focuses on those ecosystems in which human intervention has been or 
continues to be predominant, specifically within cities and rural areas. 

Packed with accessible and up-to-date information, these three volumes provide a comprehensive overview 
of environmental management for those studying, researching and practising in the field. 

Bhaskar Nath is Director of the European Centre for Pollution Research, London. Luc Hens is Professor 
and Head of the Human Ecology Department at the Free University of Brussels. Paul Compton is an 
environmental and demographic consultant. Dimitri Devuyst is Co-ordinator of the programme of 
Environmental Impact Assessment in the Department of Human Ecology, Free University of Brussels. 
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PREFACE AND ACKNOWLEDGEMENTS 

Environmental management draws its knowledge 
base from across the spectrum of disciplines - the 
natural, social and medical sciences, the humanities 
and engineering. It aims to maintain a harmonious 
relationship between the environment and human 
society, and in its approach to this adopts a holistic, 
interdisciplinary stance. Since value judgements are 
an integral part of environmental management, it is 
as much an art as a science in its methodology and 
application. 

The growth of interest in environmental manage
ment is relatively recent. It reflects a widely held 
perception of accelerating environmental deteriora
tion caused by the pressure of human activities, as 
evidenced by worsening problems of pollution and 
the destruction of natural landscapes and habitats. 
These concerns can be traced back to the 1960s, 
when the interconnectedness of nature was vividly 
demonstrated by the way in which seemingly benign 
activities such as the chemical control of pests could, 
by diffusing through the food chain, produce adverse 
environmental effects in regions ostensibly untouched 
by man's activities. 

As our knowledge of the global environment has 
grown, other worrying effects have come to light. The 
emission of greenhouse gases is linked to global warm
ing and climate change. Although we do not fully 
understand the probable effects of this, it may well 
result in greater temperate aridity and so jeopardise the 
world grain supply, with potentially disastrous conse
quences. Moreover, resultant changes in sea level 
could submerge major coastal sites of population. 

There is also the well-established connection 
between CFC emissions, the depletion of upper 

atmosphere ozone, and increased ultra-violet radia
tion at the planet's surface. This has negative impli
cations not only for human health but also for the 
well-being of other species. Likewise, the destruction 
of the tropical rain forest is seen as a grave threat to 
biodiversity and the world's gene pool. The fact that 
these hazards are the subject of internationally agreed 
measures of amelioration (albeit implemented with 
variable commitment by individual countries) testi
fies to the potential gravity of global warming, ozone 
depletion and loss of biodiversity. 

These global issues also raise concerns at the level 
of ecosystems. The effects of modern agricultural 
practices on environmental quality are a case in point. 
Pesticide and fertiliser residues pollute the ground
water; animal and plant habitats are destroyed as 
hedgerows are removed and wetlands drained in the 
interest of intensive cultivation; soil structure is 
broken down, creating problems of soil erosion. Now, 
in addition, intensive rearing of plants and animals is 
even causing concern for the safety and wholesome-
ness of the food produced. Populations are no longer 
willing to accept assurances from experts that geneti
cally engineered crops are safe, or that it is right to 
feed natural herbivores, such as cattle, protein sup
plements derived from the rendered remains of other 
animals. 

Of course it is not only agriculture that is prob
lematic. Urban living and its associated activities can 
be just as destructive of the environment; not least, 
the creation of built environments where residential, 
commercial and industrial areas and communications 
infrastructures either obliterate or radically change 
pre-existing landscapes and ecosystems. Moreover, 
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urban systems depend upon the mobility of people 
and goods for their effective functioning, and so 
create the traffic problems associated with further 
detrimental effects on the environment. The prob
lems caused by excessive use of energy and natural 
resources in production and consumption, and their 
implications for future generations, also have to be 
tackled. Measures to ensure effective waste disposal 
and the curbing of air and water pollution are vital 
for the maintenance of environmental quality. 

When viewed over a longer time-scale, however, 
the environmental picture is somewhat less gloomy. 
For example, popular coverage might lead one to 
suppose that human activity is the only cause of 
climatic change: the evidence does, after all, appear 
compelling, with the atmospheric content of the 
major greenhouse gas, carbon dioxide, having risen 
progressively since the start of industrialisation in the 
seventeenth century. But the record also shows that 
the world's climate has fluctuated markedly both in 
the recent geological and even historical past, and 
scientists still disagree on whether the rise now 
observed in global temperature should be attributed 
solely to greenhouse emissions. That this rise may be 
part of a natural progression readily absorbed by 
global systems cannot be ruled out at this stage. 

It is also worth bearing in mind that ever since the 
domestication of plants and animals and the discovery 
of fire, human beings have moulded their natural 
surroundings to suit their purposes. During the 
medieval period, for instance, much of the forest that 
once covered the continent of Europe was destroyed 
(a process analogous with the present destruction of 
the tropical rain forest), without any apparent 
harmful consequences in the long term. Moreover, 
it was the agricultural and industrial revolutions that 
created those environmental conditions we consider 
'natural' and with which we are comfortable. It is 
debatable, in other words, whether any truly natural 
landscapes and ecosystems remain - they have all 
to a greater or lesser extent come under human 
influence. 

For most of human history our attitude to the 
environment has been purely exploitative: nature was 
there to be conquered, and the resource endowment 
to be used in the furtherance of human development. 
Little or no attention was paid to the possibility of 

detrimental environmental impacts - indeed, in most 
instances these were simply not appreciated because 
the complex relationships and linkages of environ
mental systems were not understood. It is only in 
this century that this attitude - of man as the 
conqueror of nature - has changed (indeed in Eastern 
Europe it persisted, with disastrous consequences, 
right up until the demise of communism). We now 
think more in terms of stewardship, whereby humans 
owe a duty of care to the environment, and in terms 
of sustainability. However, it is still invariably the case 
that when choices have to be made economic self-
interest wins the day. 

The broad scope of environmental management 
creates its own particular problems. The information 
on which it relies is scattered across disciplines 
isolated from one another by the traditional bound
aries that demarcate major branches of academic 
endeavour. It follows from this that relevant advances 
in the natural sciences may not be appreciated by 
those working from a social science perspective, and 
so on. It is therefore a major objective of this book 
to bring together the expertise found within the 
diverse fields of environmental management, with 
the aim of providing an accessible overview of its 
content and methods. The treatment is biased 
towards environmental management as practised at 
the regional level - the so-called meso-scale. Global 
issues such as climate change and loss of biodiversity 
lie outside the scope of this book and so receive only 
incidental mention. 

The idea for this book came initially from the 
involvement of the four editors in environmental 
training programmes in Eastern Europe, and a book 
was duly published by the Free University of Brussels 
Press in 1993. This publication is a revised, improved 
and extended edition of that earlier version and is 
presented in three volumes. The theoretical princi
ples of environmental management are illustrated 
with the use of up-to-date examples and case studies, 
and self-assessment questions are included to aid 
students who may wish to use it as a textbook. It 
should also be of interest to policy-makers and 
researchers seeking information about the manage
ment of today's environmental problems. 

Volume 1 considers the instruments for environ
mental management under four main headings 
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- predictive and scientific instruments; economic 
instruments; legal instruments; and instruments for 
environmental communication and education. It not 
only covers relatively long-established instruments of 
management, such as environmental impact assess
ment and risk assessment, but also introduces more 
recently developed approaches such as material flow 
analysis and life-cycle assessment. Volume 1 aims at 
up-to-date, comprehensive coverage and includes 
discussion of such important topics as the concept of 
sustainable development, environmental legislation in 
the European Union and the USA, and the manage
ment of environmental conflict. 

Volume 2 is devoted to the environmental man
agement of compartments, stressors and sectors. It 
covers the impact of population and the way environ
mental information is processed and interpreted 
through the filter of human culture. Soil, air and 
water are the environmental compartments referred 
to in this volume. They are subject to stress through 
over-use and pollution, and the manner in which 
these stressors should be managed constitutes a major 
strand of enquiry. The sectors referred to are agri
culture, forestry, industry, transport and tourism, and 
how these should be managed in the interests of 
preserving environmental quality. 

The theoretical and practical considerations 
involved in the appropriate management of major 
natural ecosystem types - wetlands, tropical forests, 
desert areas, the coastal margin, river and inland 
water environments - are discussed in Volume 3. 
These are, of course, 'natural' ecosystems only in a 
relative sense; the question of management arises 
precisely because of human impacts. Of equal impor
tance are those environments created entirely by 
human activities, and in recognition of this Volume 
3 also deals with rural and urban environments, as 
well as human ecosystems under threat, and the 
management of archaeological sites. 

The three volumes of this textbook contain over 
sixty chapters written by more than eighty authors. 
This large project would have been impossible 
without the support and active contributions of many 
colleagues whose names are not mentioned in the 
individual chapters. We would like to thank especially 
the secretarial staff of the Human Ecology Depart
ment, Free University of Brussels (VUB) for their 

excellent work; especially Mr Glenn Ronsse, who was 
responsible for the final formatting and overall secre
tarial management of the project. Sincere thanks are 
due to the peer reviewers of the chapters. 
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Ghent, Belgium; J. Matilla, Dauphin Island Sea Lab, 
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INTRODUCTION 

Paul A. Compton 

Part 1 of this volume introduces readers to the strate
gies employed in the management of the three 
environmental compartments of soil, air and water, 
and defines the major problems involved. The 
stressors that operate on these compartments arise 
from the growth and activities of the human 
population. Management strategies must therefore 
seek to reconcile the needs of the human population 
for environmental resources with the preservation of 
environmental quality. Many of these strategies are 
designed to combat the adverse consequences of 
pollution, and the management of solid waste dis
posal and noise pollution are also discussed here. 

The proper management of soil, air and water is 
integral to the well-being of the human population. 
Our food is dependent upon maintaining the soil in 
good heart. Water is not only needed for personal 
consumption and hygiene but also to support the 
basic activities of society, including the proper func
tioning of settlements, industry and agriculture. 
None of these can be taken for granted and their 
management is becoming increasingly complex and 
costly. As for air, this is ubiquitous and treated as a 
free good, but here, too, it is obvious that air quality 
cannot be left to look after itself and that proper 
measures of pollution control go hand in hand 
with healthy living. The importance of air, soil and 
water is not, of course, to be measured solely against 
the yardstick of human well-being; they are also the 
environmental compartments within which ecosys
tems exist. The sensitivity of ecosystems to alterations 
in their environmental surroundings as a result of 
human activities is well known and profound changes 
have already been recorded. 

The aim of soil management is the preservation of 
soil structure and fertility. As Cruickshank shows in 
his chapter, these are maintained, in the absence of 
human intervention, through the processes of nature. 
But agriculture disturbs the natural chain of events 
and good husbandry is needed to prevent soil de
terioration and erosion. What constitutes good hus
bandry varies according to climate, topography and 
underlying geology. Agricultural practice is therefore 
a function of environmental conditions and his
torically humans have adopted a range of different 
strategies to maintain the soil in good condition. In 
tropical areas, for instance, the device of 'slash and 
burn' was used, whereby the soil is cultivated for a 
short time and then abandoned to allow fertility and 
structure to recover naturally. Fallow periods were 
also part of traditional agricultural practice in Europe, 
which evolved later into systems of mixed farming, 
with crop rotation, periods of temporary grass, and 
the return of animal waste to the land to maintain 
soil structure and fertility. 

Pressure of population and the quest for greater 
production and profitability have, however, made 
these 'environmentally friendly' forms of agriculture 
unattractive to modern farmers. Sometimes the 
response has been to extend farming to uncultivated 
areas; but since this has invariably been done with 
only the haziest prior knowledge of local environ
mental conditions (which have subsequently turned 
out to be marginal for agriculture) the extension of 
cultivation to such areas has usually been accom
panied by the adoption of inappropriate farming prac
tices. In the case of the US Dust Bowl in the 1930s, 
and as we are currently seeing in the Amazon rain 
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forest, these activities have resulted in rapid deterio
ration of soil fertility, the breakdown of soil structure 
and rapid erosion of the soil, in which the top layers 
are literally washed or blown away. 

The other response has been the intensification of 
existing farming, in which soil fertility is maintained 
through the use of artificial fertilisers. Combined with 
the application of other chemicals to control weeds 
and pests, this has led to the adoption of virtual cereal 
monocultures in many temperate regions. The 
problem here is not one of maintaining soil fertility 
(which is actually enhanced through the use of chem
icals) but the adverse effect on soil structure of the 
abandonment of mixed farming systems. The use of 
heavy machinery on the land compacts the subsoil, 
and the absence of farm animals from these arable 
systems means that organic matter is no longer 
returned to the top soil. Subsoil compaction impedes 
drainage, leading to increased runoff; this together 
with the breakdown of the structure of the top soil 
again leads to enhanced rates of soil loss through the 
erosive action of wind and water. 

The management of water resources and the moni
toring of air quality overlap in the sense that both 
are concerned with pollution control. They also share 
a common set of principles for controlling pollution, 
either by setting maximum permitted emission levels 
for different sources of pollution or by establishing 
minimum standards of air or water quality. The 
former approach is associated with direct regulation 
and the latter with indirect regulation, in which 
economic mechanisms and incentives may play a 
leading role. 

However, as Pescod and Younger show, the 
management of water resources involves a much 
broader remit than that of merely controlling pollu
tion. Basic to this is an understanding of the hydro-
logical cycle which describes the transport of water 
in its various forms from atmosphere, to earth's sur
face, to groundwater and its return to the oceans. 
Water resource management is also concerned with 
ensuring the availability of adequate water resources 
for human use. As consumption goes on rising, 
society is increasingly coming up against the limits 
set by water availability. Consequently conservation 
is now a pressing issue in many countries. Although 
the use of water for industrial purposes may well have 

declined in recent decades, this has been more than 
offset by rising domestic use and the use of water in 
agriculture. 

There is also the matter of climate change to be 
taken into account. For instance, the climate of 
Western Europe now appears to have entered a phase 
of lower rainfall, with drier winters and therefore 
inadequate recharge of the groundwater table. Hence 
the need for conservation through measures such as 
wastewater reclamation, artificial recharge and proper 
pricing structures is not an exclusive feature of areas 
subject to drought, but also occurs in areas where 
rainfall might otherwise appear to be adequate. A 
strong case can be made for building grid systems 
that enable water to be moved from water surplus 
to water deficit areas in similar manner to the trans
port of electricity. The desalination of sea water may 
also become a more attractive proposition. 

Although Christolis et al. focus on the technical 
aspects of air monitoring and management, they also 
introduce the reader to the general aspects of air 
pollution and the impact on human health and the 
environment. Emphasis is placed on monitoring 
because the effective management of air quality 
depends, above all, on the availability of regular and 
reliable information. Much has, of course, been 
accomplished over the last few decades in the 
improvement of air quality. A reduction in the emis
sion of particulates has accompanied the shift away 
from the burning of coal as an energy source towards 
the use of cleaner fuels; the classic urban smog is 
now a thing of the past. Sulphur dioxide emissions, 
a major cause of acidification, are also coming under 
more effective control as power stations install tech
nology to remove the sulphur produced during the 
generation process or switch to the use of more effi
cient and cleaner gas turbines. 

But offsetting these improvements is the increase, 
resulting from the growth of road traffic, in pollu
tion involving nitrogen oxides, carbon monoxide and 
hydrocarbons . This is now perhaps the most pressing 
air quality issue awaiting resolution. Not only does 
it damage the built environment, but it is also 
hazardous to human health: it is associated with 
diseases of the respiratory system, and contains car
cinogens. However, the efficient working of modern 
societies is almost totally dependent upon the motor 
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vehicle, and it seems unlikely that the problem of 
road traffic pollution can be solved in the foreseeable 
future. It is bizarre, to say the least, that govern
ments should be attempting to curb car usage 
through piling on additional costs at the same time 
as they actively compete to encourage the multi
nationals to locate new vehicle manufacturing plants 
within their borders, in the interests of boosting 
employment opportunities and export earnings. One 
might be tempted to believe that this is prompted 
more by the need to raise general revenue than by 
a desire to improve environmental quality. 

When excessive, noise, like air pollution, may fall 
into the category of environmental stressor. In the 
workplace it may become an issue because of its 
adverse effects on the health of the workforce. But 
of more concern here is the effect of noise in the 
broader environmental context. Obvious instances 
are the noise generated around airports and along
side arterial motorway routes, where the environ
mental impact results in general loss of amenity as 
expressed in terms of depressed property values. 
These matters, along with measures of noise control 
and the legislative framework regulating noise in 
the European Union, are discussed by Marc Van 
Overmeire and his co-authors. 

Alfons Buekens' chapter is a comprehensive treat
ment of waste management. The aim of waste 
management is the safe disposal of waste without 
causing harm to the environment. This requires the 
separation of hazardous from non-hazardous waste 
and a thorough understanding of the consequences 
and implications of the various methods of disposal. 
For instance, landfill sites should be selected with 
regard to geological conditions so as to prevent the 
leachate infiltrating the groundwater table. Care is 
also needed when operating such a site so as to 
minimise the production of methane gas during 
the process of material breakdown. Similarly, care 
should be exercised in the location of incinerators and 
appropriate technology employed so as to avoid the 
release of toxic substances into the atmosphere. But 
attention is increasingly being redirected away from 
the mechanics of disposal and towards reducing the 
amount of waste produced by the use of economic 
and other instruments. Within this, recycling is an 
obvious and attractive strategy, although this needs to 
be thought through carefully: the overall amount of 
energy expended in implementing some of the most 
obvious candidates for recycling, such as glass and 
paper, may well be greater than in traditional methods 
of disposal. 



SOIL MANAGEMENT 

James G. Cruickshank 

SUMMARY 

Soil management is presented as a selective review of the practices and problems of managing certain elements of soil, such 
as the physical survival of soil, soil conservation, soil structure, soil water, soil organic matter and plant nutrients in soil. 

Soil is introduced as a central part of the natural environment, and is itself a complex, sensitive and reactive system. 
Soil management is seen as the management of a vital environmental resource within the framework of the whole 
natural environment, and particularly within ecological and economic constraints for sustained agricultural production. 
The broadening of this concept of soil management into a soil protection policy is considered with reference to the 
European Soil Charter (1972) and the European Soil Protection Policy (1987). Europe is taken as the geographical 
context of this chapter, and the present as the time and technological context for this review of soil management. 

The chapter starts with soil reclamation as exemplified by Dutch polders and Danish heathlands, but devotes more 
space to the physical conservation of soil against the erosive forces of wind and running water, giving examples from 
areas in Europe. The management of soil water examines the availability of water to plants, and demonstrates how 
drainage or irrigation may improve soil water status. Soil structure and soil organic matter are described and, more 
importantly, discussed as soil properties critical for the development and maintenance of a fertile soil for agricultural 
production. Chemical fertility is seen as the need to supply chemical nutrients in amounts close to the requirements 
of plants, but avoiding levels reaching a pollution state in soil. The contemporary chemical problems in Europe of soil 
acidification, salinisation and metal contamination in soil are considered briefly in conclusion. The review of soil manage
ment is selective in topics and restricted to European examples. 

A C A D E M I C OBJECTIVES 

This chapter shows that soil management entails management of land for optimal and sustained agricultural production. 
It is possible to have soil management for other land uses, notably for horticulture and forestry. Soil management involves 
the adoption of certain management practices that are understood to be designed to improve the condition of the soil 
for agriculture, and to allow the land to sustain long-term production. Subsidiary aims include defining the differences 
between soil management and other, similar concepts such as soil protection and soil conservation; placing soil manage
ment in a context of time and space and showing that ecological and economic constraints limit practices and achieve
ments of soil management for agriculture. To achieve these aims, it is proposed to show how selected management 
practices contribute to better management and so improve the condition of soil for crops and livestock enterprises. 

CONCEPTS 

Soil is central to the natural terrestrial environment. 
No part of the environment is more important than 
any other, either in economic or ecological terms, 
but soil has the most linkages to other parts of the 
total natural environment. The interaction of other 
elements of the environment at any one place is 

expressed in the character of the soil. In itself, soil 
is a very complex environment, highly variable over 
space because it is produced by the interaction of 
environmental factors at any one point in space. 

Soil is a three-dimensional mantle of organic and 
inorganic material over most of the earth's land 
surface. It is a multi-function medium, providing a 
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rooting place for the anchorage and growth of plants, 
a habitat for soil flora and fauna, an environment for 
the decay of organic litter, a reservoir and drain 
for soil water, a store and supply of plant nutrients, 
a sink and pathways for pollutants, a foundation for 
buildings and roads, as well as being a vital natural 
resource for agriculture. Soil functions as an open 
system of many parts. To modify one part of the 
soil system, possibly through management, may 
create changes in other parts of the system. All parts 
are interconnected and interactive as defined in an 
open system. Frequently, mistakes of bad manage
ment occur simply because of lack of understanding 
of the functioning of the soil system and, conversely, 
recovery may also be due to the resilience of its 
system character. 

Management of soil for agriculture has the joint 
aims of growing crops for profit and of maintaining 
or even improving soil fertility. Both must be within 
the long-term constraint of sustaining agriculture 
for future generations. Good management can make 
constructive improvements to soil fertility, such as 
long-term drainage and irrigation works, maintaining 
levels of organic matter by introducing manure, 
building terraces and barriers for soil conservation, 
as well as short-term measures such as the use of 
artificial fertilisers, chemical herbicides and pesticides. 
All these management practices are merely man
ipulations of the natural soil system, and always and 
everywhere on earth, soil management is constrained 
by natural, ecological controls. But it is usually a 
concern for economy that prevents the creation 

Figure 1.1 The soil system and the environment 
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of an artificial agricultural system (Davies et al., 
1993). 

During the past century in Russia and the United 
States, and over the last 50 years elsewhere in the 
developed world, soils have been surveyed, sampled, 
analysed and mapped to provide a record of their 
character and distribution. In Europe, many coun
tries have used soil maps as a guide to form secondary 
classifications of land quality for agriculture, and as 
guidance for potential land use. Soil maps have also 
been used in soil management to help advise on types 
of drainage, irrigation needs, risk of erosion and in 
particular soil properties that limit crop production 
(see Hodgson, 1991). 

The concept of soil management has been enlarged 
in recent years to become a soil protection policy 
that recognises all the various users and managers of 
soil and the impacts they have. This is an extension 
beyond the concept of soil management for agricul
ture alone and also includes industrial and domestic 
activities that release pollutants which eventually 
enter and can damage the soil system. A European 
Soil Charter was adopted as long ago as 1972 and 
now includes elements that were developed in a soil 
protection policy by 1987 (see Barth and L'Hermite, 
1987). Attention is still on the soil, but the condi
tion of the soil is now evaluated in terms of quality 
for current and possible uses, soil degradation by 
erosion, acidification, salinisation and compaction, 
the soil's chemical buffering capacity, and the soil's 
resilience and sensitivity to stress (usually of an 
extreme, chemical nature). The source of damaging 
pollutants is often very distant from their impact in 
the soil, and that is why a soil protection policy has 
to be adopted internationally and the condition of 
the soil monitored frequently. 

In this chapter, soil management will be discussed 
in terms of contemporary agricultural policies and 
their impact on soil. The geographical context will be 
Europe, mainly Western, Northern and Eastern 
Europe, and the time focus will be on present and 
possible future land uses and farm practices inter
acting with soil. The past cannot be totally ignored, 
because some of the best examples of good soil man
agement can be found in traditional agriculture of the 
last two centuries, following scientific developments 
in the eighteenth century. The beneficial effects of 

grass were discovered and so a high proportion of 
grass was included in crop rotations. Nutrients and 
organic matter came from animal manures and weeds 
were controlled by cultivation. At the end of the 
twentieth century, large-unit monocultures prevail. 
Large machines are used on the land, and chemical 
solutions have been found for nutrient supply and the 
control of weeds. Management reflects a massive 
change in technology. 

R E C L A M A T I O N OF SOIL 

Reclaimed soils have been brought into agricultural 
production from a previously unused, unproductive 
state, or even from a non-existent state. A great 
variety of types of land are involved, with reclama
tion possibly their only common feature (Harris 
et al., 1996). Likewise, a variety of soil management 
techniques are used for reclamation and subsequent 
maintenance. Reclaimed soils include land formerly 
below the sea, such as polders, mountain and upland 
areas (see Volume 3, Chapter 5, 'Upland and moun
tain environments'), unstable sand both as coastal 
sand dunes and inland heaths, marshland above sea 
level which requires extensive drainage, deserts, very 
steep slopes which have to be terraced and the land 
of industrial spoil or tips. Most of these are areas of 
large size and in hostile natural environments. The 
extreme environmental conditions mean that state 
intervention in the reclamation operation, through 
massive, initial grants and subsidies to farmers, is 
necessary for success in bringing land into agricultural 
production. Only two examples will be mentioned 
here. 

The collective word 'polders' normally refers to the 
Polders of the Netherlands where reclamation from 
the sea has taken place on the largest scale and over 
the longest time (from the seventeenth century 
onwards or earlier). However, polders exist in many 
other countries bordering the sea, particularly in 
Germany, France, Italy, Ireland and Great Britain. 
In some cases, having become masters of the tech
nology from work done at home, Dutch engineers 
started reclamation as early as the seventeenth century 
in areas outside the Netherlands. So polders are 
found extensively in the coastlands of Europe, but 
only where the submarine soil has been worth 


