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Abstract – Soil, together with water, is a basic resource for humanity, as it is stated in the first item of the European Soil Chart. Unlikely it has been thought for long time, soil is a limited resource, easily destroyable but not easily renewable at human life timescale, and therefore should be protected in order to preserve its fundamental functions, both biotic and abiotic. It is worth noting how the soil as a resource is poorly cared for under international conventions, in spite of its importance. The UN Convention on desertification (CCD), f. i., is based on regional development politics rather than sound scientific background, and it is disadvantaged by conceptual problems.
The problem of soil conservation is one of the great emergencies in the XXI century. Recent estimates indicate  losses of 20 ha/min/year soil, caused by different processes and mechanisms: wind and water erosion, deforestation and land degradation, salinisation, acidification, chemical contamination, etc. Rapid decline in quality and quantity of soil resource, and uncontrolled natural resources consumption, which affects about 33% of the Earth land surface, involving more than 1 billion people, stresses global agriculture with long term negative consequences. 

In the next twenty years, food security will emerge as a major global issue, forcing developed countries to provide more food, thus provoking imbalances in soil nutrient resources, soil pollution, land degradation, reduction of pedodiversity and biodiversity, increased occurrence of human health problems. 

New paradigms of soil science, therefore, are needed in order to encompass such dramatic global scenery. Soils are extremely important, f. i., in the global cycle of carbon. Nevertheless, consideration of soils was slow to emerge in the context of the UN Framework Convention of Climate Change (FCCC). Soil scientists could play an increasingly important role in understanding the global carbon cycle and to point out ways to reduce carbon dioxide levels in the atmosphere by storing carbon in ecosystems and producing bio-fuel. But the scientific community needs also to increase the visibility of soils in international environmental, social and political context.
During the last decades, the focus of societies has changed from agricultural production and forestry towards environmental issues. Soil science is increasingly targeting environmental and cultural issues, such as sustainable land use, ecosystems restoration, remediation strategies for contaminated soils, protection of the food chain and of ground water resources, protection of human health as well as protection of soil as a cultural and natural heritage.
In next years, these issues and other specific aspects, such as soil science for archaeological dating,  forensic soil science, and other applications to increasing social and economic demands, will gain importance to achieve the goal of soil and land conservation in a changing world.
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                                                        Man knows  better what he has above its head (the sky) 
                                                                                than what he has under its feet (the soil).

                                                                                                                  Leonardo da Vinci 

1. Introduction.
Talking of soil, people often refer to different concepts:
· a physical substrate for plants, in agriculture and forestry;

· a fastidious weathering cover of rocks and sediments, in geology;

· an areal for buildings and urban infrastructures, in architecture;

· a claim for catastrophic events, in engineering geology.

Instead, soil is a living natural body, not only for the billions of microorganisms that live within the soil, but also for the reactions (dissolution, precipitation, oxidation, reduction, weathering, hydrolisis, chelation) that occur at the interface rock-soil-biosphere, and are responsible for horizon differentiation. (fig. 1)
As declared more than thirty years ago in the European Chart of Soil (European Council, 1972), soil is a fundamental resource for humanity, and plays major functions, both biological (biomass producer, ecological filter, genic reserve, habitat for plants and animals, including humans) and abiological (physical substrate for infrastuctures, source of inert materials, cultural and historical sink).Therefore, its conservation and sustainable use is a major concern for decision makers and Public Authorities, as it was depicted by Ambrogio Lorenzetti (half of XIII century) in the paintings of good and bad land government in the Municipal Palace of Siena (Fig. 2), and it is suggested by the European Union (2002).  
Yet, as stressed by Jenny (1941, 1989), soil development is the result of a series of natural and anthropic processes which take place under the control of the factors of soil formation. With few exceptions, natural soils have horizons. In most cases, the typical “soil” has its distinct O, A, and B horizons, which provide evidence that this “soil profile” formed on a relatively stable location, and evolved on, within and concurrently with its landscape. By examining and analyzing  a soil profile and its position in the landscape, it is possible to acquire information about the succession of natural events that took place at a given site. It is something like a “phylogenesis” that drives soil evolution from soil profile to soil sequences and soil landscape (Fig. 3).  
In the same sense, soils exemplifying pedogenetic processes responsible for current soil formation  (e.g. humification, weathering, leaching, podsolization), or regulating delicate environmental equilibria (e.g. coastal dunes, wetland and badland areas, Fig. 4), 
or displaying a perfect harmony of different agricultural fields with the anthropogeographic landscape (Fig. 5) are of relevant interest, being “sites showing at best the natural processes” (Bini and Costantini, 2007). In this perspective, soils and soilscapes may be considered as worthy of conservation.
Soil is one of the fundamental resources for agricultural food production, life and the environment, and therefore its functions and quality must be maintained in a sustainable condition. Once its quality or functions are compromised, remediation can be extremely difficult and expensive (Barberis et al., 2000). However, since the regeneration of soil through weathering of underlying rocks requires a long time, soil must be considered as a finite and not easily renewable resource.

Intensive competition exists between the three ecological soil  and land functions, and the use of land for infrastructure and raw materials. Based on the shared experience, the ECC defined 8 main threats to land and soil (Montanarella, 2006), namely:

· Soil sealing through urbanisation and industrialisation;

· Soil contamination (local and diffuse);

· Erosion by water and wind;

· Compaction and other forms of physical degradation;

· Decline in soil organic matter;

· Loss of productivity and biodiversity;

· Salinisation and alcalinisation;

· Landslides and floods.

The impacts of these 8 threats on soil can be classified into irreversible damages and reversible ones, through a classification in order of urgency. Defining irreversibility, based on the time span of 100 years (about 4 human generations), sealing through urbanisation and industrialisation, intensive local and diffuse contamination, erosion by water and wind, compaction and landslides can be classified as irreversible, whereas decline in soil organic matter, loss of biodiversity, salinisation and alcalinisation can probably be handled as reversible damages.

The definition of sustainable use of soil resources as a spatial or temporal harmonisation of the different land uses in a given area, minimizing irreversible impacts, shows clearly that this is not a scientific but a political issue, which can be handled by top-down and bottom-up decisions (Blum, 2002).  

The concept of multiple soil function and competition is crucial in understanding current soil-protection problems and their multiple impacts on the environment. Accordingly, a conceptual assessment framework has been developed applying the DPSIR approach adopted by the EEA to soil issues (Fig.6) in the Directive on soil protection strategy (EUC, 2006). This approach requires the development of policy relevant indicators on soil issues which describe the interconnections between economic activities and society’s behaviour affecting environmental quality.  
The identification of suitable indicators, representing specific environmental matrix, is based on the utilisation of patterns able to relate the pressures to the status of the matrix and the impacts to the possible responses.

The DPSIR model describes the issues Driving forces, Pressures, States, Impacts and Responses. It permits to represent all the elements and relations that characterise environmental processes, putting them in relation with environmental policies.
The components of the DPSIR framework can be defined as follows:

· Driving Forces. A driving force” is a necessity. Example of primary driving forces are the needs for house, food and water, while examples of secondary driving forces are the need for mobility, entertainment and culture. For an industrial sector, a driving force could be profit and to produce at low cost, while for agriculture a driving force could be food production.

· Pressures. Driving forces lead to human activities such as infrastructure construction, or transportation, and result in meeting a necessity. These human activities exert pressures on the environment, as a result of production or consumption processes, which can be divided into three main types: excessive use of resources, change in land use and emissions. In agriculture, a pressure could be organic matter decline, which indicates loss of fertility.  
· States. As a result of pressures, the state of the environment, i.e the quality of the various environmental compartments in relation to their functions, is affected. The state of the soil is the combination of the physical, chemical and biological conditions, i.e. the soil quality.

· Impacts. The changes in the physical, chemical and biological state of the soil may have environmental and economic impacts. Changes in the state of the environment compartments may be referred to the functioning of the ecosystem, to the human health and to economic and social threats (e.g. decline in food production).

· Responses. A response by society or decision makers is the reaction of an undesired impact, and can affect any part of the chain between Driving Forces and Impacts. A response related to environmental pressures could be the development of national/local soil protection policy, or specific regulation concerning permissible heavy metal levels in soils.

Concerning soil, the problem of soil degradation is mainly driven by activities such as intensive agriculture or human population increase, which lead to pressures on the environment (e.g. emissions to air/water/land, urban development, or deforestation). As a consequence, these pressures directly affect the state of the environment, for example in terms of a degradation of the soil quality due to emissions of hazardous substances or topsoil loss due to erosion. Hence, information about these pressures on the environment are of great importance. Changes in the state may lead to impacts (changes in the population size and distribution, changes in crop yields), finally resulting in society’s responses, such as the reform of the Common Agriculture Policy or the UN-CCD Convention. In turn, these responses will again affect each part of the DPSIR assessment framework
Applying the DPSIR model to soil, the state of soil (chemical) degradation could be for example a nutrient depleted soil; a driving force could be the insufficient market conditions for farmers (low prices); the pressure could be to supply nutrients replacing those lost with harvesting; the direct impact could be a considerable loss of fertility, leading to continuously lower harvests, and an indirect effect could be changes in population size and distribution, because people have to move to other, more friendly areas. The responses to this problem could be economic (e.g. changing market conditions, so that farmers receive enough income and replace nutrients), or technique (e.g. distribution of fertilisers to farmers) or legal (e.g. public incentives forcing farmers to  select new crops), cross-linking cultural, social and economic drivers to technical and ecological drivers (Blum, 2006). 
To face the approach to such a complex problem, four different issues are selected, which represent particular soil aspects, broadly correlated:

1) soil quality - it concerns the summation of soil intrinsic properties, that best characterise it as a natural matrix able to perform numerous and well-known functions. Soil quality definitions currently follow two concepts: the first is the “capacity of the soil to function”, and the second is “fitness for use”. Capacity to function refers to inherent soil properties derived from soil forming factors as defined by the CLORPT equation (Jenny, 1941); fitness for use is a dynamic concept and relates to soils as influenced by human use and management.

2) Physical degradation – It considers the degradation aspects of the soil matrix that risk to determine both a soil loss and a deterioration of part of its functions (loss of structure, compaction, decline in organic matter, etc.), as a consequence of processes that could be considered irreversible, at least in the human temporal scale. Human activities such as agriculture, industry, urban development and tourism give rise to soil degradation, the extent of which is determined, among other things, by the physical, chemical, and biological properties of the soil. The most severe causes of soil degradation in terms of irreversibility are erosion, desertification and soil pollution.

3) Diffuse contamination – it considers those qualitative soil aspects that could be progressively compromised by inappropriate soil use, in ways that do not respect the natural recovery times. The diffuse contamination affects the soil functions most in its buffering, filtering and transforming capacity. Currently the most important problems are soil acidification, mainly due to emissions from vehicles, power stations and other industrial processes. High concentration of heavy metals may occur due to high natural contents or to anthropic influences, causing threats to the food chain. Nutrient surplus is mainly due to overapplication of fertilizers, with high phosphorous and nitrogen contents leading to eutrophication of groundwater and waterways through soil erosion or surface run-off. 

4) Local contamination – it considers one of the most serious concerns of last decades, the increase of  strong soil contamination by human activities on well-defined areas. Local contamination is characteristic of regions where intensive industrial activities, inadequate waste disposal, mining, military activities or accidents pose a special stress on soil (Bini and Reffo, 2004; Bini et al, 2008). If the natural soil functions of buffering, filtering and transformation are overexploited, a variety of negative environmental impacts arise. Therefore, restoration interventions are needed, in order to restore soil functionality. Modern civilization is dependent on the managed exploitation of natural ecosystems: the challenge for future is to reconcile the demand of human development with the tolerance of nature. 
2. The Great  Emergencies of XXI Century 
2.1 The main aspects of soil degradation
Several natural and anthropic causes, in different economic sectors, play an important part in contributing to soil degradation. Mineral natural enrichment, mine cultivation, forest fires, soil acidification/alcalinisation, fertiliser and pesticide application to agricultural soils, urban waste disposal, industrial activities, are the most common causes of soil degradation. Soil sealing and erosion are considered a major concern of  irreversible soil losses, in relation to the time needed for soil to regenerate itself. Estimates related to the last decades indicate soil losses due to erosion of 20 ha/min/year, i.e. 200 square kilometres each year (up to 22% of the emerged land affected), with an economic cost of 15 Mld $/year. 

Soil degradation due to local and diffuse contamination is another important threat to the agriculture over the long term even though the share of affected areas seems relatively small. Moreover, it can be reversed, if adequate measures are taken, such as clean-up and remediation plans. 
Nevertheless, the problem of soil degradation could be aggravated by a combination of unfavourable natural conditions including the high proportion of steep land, heavy rainfall in autumn and winter when land cover is reduced to a thin topsoil layer. Loss of soil productivity in the eroded areas is a major problem, as is sedimentary deposition downstream, with erosion triggering sometimes irreversible degradation and desertification. For example, in Italy, the cost to society of sediment yield from agricultural land to off-farming areas is perceived high, particularly in terms of stream degradation and disturbance to wildlife habitat (Barberis et al., 2000).

Other threats of soil degradation have been recorded recently in EU (Montanarella, 2006): 

· An estimated 115 million hectares or 12% of EU’s total land area are subject to water erosion, and 42 million are affected by wind erosion.
· An estimated 45% of European soils have low organic matter content, principally in southern Europe.
· The number of potentially contaminated sites in EU is estimated at approximately 3.5 million hectares.
· Compaction: around 36% of European subsoils have high or very high susceptibility to compaction.
· Salinisation affects around 3.8 million ha in Europe.
· Landslides often occur more frequently in areas with highly erodible soils, clayey sub-soil, steep slopes, intense and abundant precipitation and land abandonment, such as the Alpine and the Mediterranean regions.
· Sealing: the area of the soil surface covered with an impermeable material, is around 9% of the total area in EU. During 1990-2000 the sealed area in EU increased by 6%.
· Biodiversity decline: soil biodiversity means not only the diversity of genes, species, ecosystems and functions, but also the metabolic capacity of the ecosystem and the loss of pedodiversity. Soil biodiversity is affected by all the degradation processes listed above.
· Soil degradation during the last 40 years caused a decrease of about 30% in their water holding capacity, and a proportional shortening of the return time of catastrophic hydrological events.
· Soil degradation has also caused an impairment of several other eco-services: geomorphological fragility, land use, agriculture production, plant stress, food quality decline.
Various factors contribute to the “soil resource” decline and loss: urban development, erosion, pollution and agricultural production. The latter, which is intrinsically connected to the use of soil as a resource, has contributed in the last decades to its degradation and has reduced its productive capacity. On the other hand, agriculture could contribute to contrast natural degradation phenomena when conducted within the contest of a sustainable development. Important research dealing with the problem of soil degradation due to natural and anthropic causes has been carried out recently throughout Europe (Blum, 2002, 2006; Montanarella, 2006). For example, the European Soil Chart, emitted by the European Council in 1972, has recently found new attention with the establishment of a framework “Towards a soil protection strategy” in the Directive headed by the EU (22/09/2006). Another important document regarding soil resource management in terms of sustainability and sensitivity is the second edition of the report on environmental conditions, published in 1997 by the Italian Environmental Minister (Buscaroli et al., 2000). This document pointed out that soil, which is considered a natural resource, as are water, air, flora and fauna, can be subjected to negative impacts capable of causing its relatively rapid decline (Table 1).

Table 1 – Summary of soil degradation causes.

	Chemical degradation
	Metal contamination

	
	Organic matter loss

	
	Salinisation

	
	Acidification

	
	Waste and sewage sludge spreading

	Physical degradation
	Compaction

	
	Hardsetting

	
	Superficial crust formation

	Resource loss
	Sealing by urbanisation

	
	Superficial erosion

	
	Landslide


2. 2  Soil  Vulnerability
The vulnerability concept has been widely applied to groundwater, and it is related to the protective effect operated by soil in the unsaturated zone (Civita and De Maio, 2000).
From the point of view of land vulnerability, the problem is more complex. There is an extensive literature on lands variously described as fragile, marginal, vulnerable, problem, and more- or less favoured. Early papers (e.g. Dent, 1990) focused on purely biophysical aspects of vulnerability including steep slopes, arid and semi-arid lands with highly variable rainfall patterns, areas that are poorly drained, too cold, or are of low inherent fertility. More recent contributions (Dumanski et al., 2002; Jones, 2002; Dumanski, 2006) have recognized that a major development preoccupation is not with the biophysical-chemical characteristics of land as such, but the susceptibility of different types of land to biophysical-chemical degradation on a temporary or long term basis, as a consequence of human activity (Nachtergaele, 2000).

Three main causes of land vulnerability to natural disasters are recorded. The first and most impressive is the close link between demographic growth rate and poverty, resulting in an accelerated urbanisation process particularly in developing countries: in 2015 the world population will be urbanized for 54% against 45% in 1995, according to the UN’s estimates (UN, 1996). The more worrying aspect is that the majority of this urban expansion is previewed to go on completely without being regulated or planned. According to the Int. Red Cross (1995), 40 out of the 50 cities with greatest expansion rates are located in zones with a high seismic risk (Nachtergaele, 2000). Similarly, very seldom inundation, erosion or landslide risks are taken into account by planners when urban expansion takes place. 
The second cause of enhanced vulnerability to natural disasters is directly linked to the unadapted use of the land resources with consequent disastrous off-site effects. The increasing expansion of infrastructures and constructions covering soils with cement (i.e. soil sealing), has an exponential effect on the inundation risk, since it results in less soil water storage, leading to enhanced run-off. This underlines the importance of investigating on soil knowledge to find any possible vulnerability factor that will permit to evaluate the soil deterioration risk concerning a particular impact and/or a particular soil function.

The third cause is the poor or inexistent prevention policy undertaken by most governments. Indeed the World Bank estimates that it is possible to reduce the cost of natural disasters by 280 thousand million dollars a year simply by investing one seventh of that amount in preventive measures, and enforcing already existing regulation for urban expansion.

There is little EU and National legislation that directly addresses the problems of soil degradation and loss, unlike air and water (EEA, 1999). Several directives have been established (e.g. nitrates, sewage sludge, heavy metals) which protect soil to some degree, but they have been set primarily to protect other environmental compartments (water, air and the food chain primarily) than soil. Moreover, information already existing on soil in EU is patchy, dissimilar (ranging from mining and waste disposal to land use planning, agriculture and bio-diversity), and not always easily available, since it is often held by a variety of organizations/authorities, and the distribution of information may be organised quite differently. This makes soil data collection and evaluation of soil concerns especially difficult at EU level. 

2.3 Soil Erosion
Erosion is a complex phenomenon resulting from numerous interacting factors: soil, topography, land cover and climate (Wischmeier and Smith, 1978), and is one of the most significant forms of land degradation (soil truncation, loss of fertility, slope instability), greatly influenced by land use and management.

In Europe, the natural land cover has been extensively modified by agriculture activities. The effects of changed land use on soil loss rates and sediment yields are important for watershed and forest management as well as for the control of diffused sources of water pollution (Erskine et al., 2002). Soil losses and sediment yields from cropped areas have been estimated several times greater than native forest (Neil and Fogarty, 1991); order of magnitude increases in soil loss rates between retired land, pasture, wheat and bare fallow have been recorded (Erskine et al., 2002; Rey, 2003).

The Mediterranean region is particularly prone to erosion, since it is subject to long dry periods followed by heavy and erosive rainfall, falling on steep slopes with fragile soils, resulting in considerable soil losses (Van der Knijff et al., 1999).

In parts of the Mediterranean region, and particularly in Italy, where  the climate characteristics, and the geological features, directly influence land properties (Federici and Rodolfi, 1994; Sorriso Valvo et al., 1995), erosion has reached a stage of irreversibility. With a very slow rate of soil formation, any soil loss of more than 1 t/ha/yr can be considered as irreversible within a time span of 50 – 100 years. Once the erosion process has started with laminar or sheet erosion (Fig. 7), it rapidly goes on to rill erosion (Fig. 8), and, in absence of any form of land protection or, at least, mitigation,  progresses to a catastrophic gully erosion (Fig. 9). Losses of 20 to 40 t/ha in individual storms, that may happen once every two or three years, are measured regularly in Europe, with losses of more than 100 t/ha in extreme events (Morgan, 1992). In the European context with cool temperate climate and ondulating landscape, soil type, land use and climate pattern in relation to topography should really be considered as key controlling factors of hydrological and soil erosion processes (Bazzoffi, 2002). Further developments in field measurements under controlled conditions will yield valuable information for the understanding of such  processes, and will help policy-makers develop appropriate programs and reliable methods of soil protection. 
Fig.  7       Sheet erosion

Fig.  8       Rill erosion

Fig.  9       Gully erosion
2.4 Land and Soil Contamination
Soil and environmental contamination is an issue whose importance, unlike air and water, has bee perceived only since recent years, and constitutes one of the great emergencies of current century, particularly considering that society deserves  more and more attention to the effects of contamination on human health (Abrahams, 2002), and increasing consciousness of disease hazards as a consequence of exposition to chemicals like asbestos, uranium, dioxin, benzene. In most industrialised countries, the problem of characterising contaminated sites, and of their restoration is a major concern in the sector of soil and environmental protection. 

A site is defined contaminated when it presents “chemical, physical or biological alterations of soil and subsoil, or of surface or subterranean waters, in such away that a danger to public health or to the natural or even anthropic environment could be envisaged”. Areas previously occupied by highly contaminant industries present high contamination levels with both organic and inorganic substances. Many of the organic substances that are responsible for ecosystem contamination, are often very noxious to living organisms health, including humans. Similarly, many metals, if present at determined concentration levels, are toxic and may be absorbed by various organisms through the food chain.  Risk assessment for human health, therefore, is assuming increasing importance in solution of problems connected with soil remediation. In areas subjected to high contamination, direct and indirect health risks make urgent the intervention, and acceptable the cost to sustain for remediation. In areas with moderate to low contamination levels, low health risk, or where cost is estimated to be excessive with respect to future benefits, remediation techniques may mitigate environmental risk and favour the recovery of previously degraded area to productive land uses.   
Metal accumulation in the environment may occur at some locations, owing to different sources. Possible "natural' accumulation may be related to heavy metal-bearing rocks (e.g. Ni and Cr in serpentine) or to mineralized areas (e.g. Pb and Zn from mixed sulfide mines), while anthropogenic accumulation is related to industrial activities (e.g. Cd in metallurgy, Cr in varnish and leather factories), agriculture and urban sewage sludge (e.g. Zn and Cu from fertilizers; Cd, Pb, Cr from sludge).

Especially the last item is paying great attention at present, since increasing quantities of urban sludge are produced and extensively introduced in the environment (Fig. 10). Moreover, atmospheric input from industrial emissions, heat power plants, heavy traffic and acid rains may account for increasing heavy metal concentration in soils (Norra et al., 2006). Therefore, identification of the sources responsible for soil contamination is an important issue, since high loads of heavy metals applied to soils, or stored in soils, may determine soil quality degradation, surface and groundwater pollution, accumulation in plants, phytotoxicity and successive transfer to the food chain.

All trace elements are toxic if their intake through ingestion or inhalation is excessive. In particular Ag, As, Be, Cd, Ce, Ge, Hg, Pb, Tl are good examples of potentially harmful elements (PHEs) that have no proven essential functions, and are known to have adverse physiological effects at relatively low concentrations (Abrahams, 2002).
While naturally enriched metals contribute to environmental contamination diffused on large areas, with generally moderate pollution level, contamination of anthropic origin is generally important and preoccupying, since it presents high pollution levels, although limited at small areas. The productive activities most involved in environmental contamination are:

· Industry (chemicals, electronics, metallurgy, varnish, tannery etc.);
· Emissions and spread off (traffic, heating, power plants etc.);
· Composting from urban waste;

· Landfilling;
· Agriculture (fertilisers, pesticides, sewage sludge).

At global level, 12% of the total surface occupied by degraded soils is affected by chemical soil degradation. The results of a research conducted recently in five European countries (Table 2) recorded approx 9000 contaminated industrial sites (0.2% of the land), that require immediate intervention to safeguard public health, or that in any case have severe land use limitations imposed by contamination. Other 14.000 sites require further investigations to ascertain the actual health risk. In Switzerland, over 100.000ha agricultural land have Zn concentration encompassing the National guidelines (Frossard, 2006), and more than  300.000ha present elevated levels of Cd and Pb, and 50.000ha of Cu.

Table 2 – Number of contaminated sites in selected European countries (Adriano et al., 1995)
	Country
	 Contaminated sites
(total)
	Contaminated sites
in critical conditions

	Germany
	32500
	10000

	Belgium
	8300
	2000

	Italy
	5600
	2600

	Netherland
	5000
	4000

	Denmark
	3600
	3600


In the last ten years, chemical soil degradation has progressively increased. The more recent data (EEA, 2006) indicate that:
· In the world, soil pollution involves totally 2billions ha;

· In Europe over 500.000 contaminated sites have been identified; more of 20.000 of them with critical conditions;

· In Italy, contaminated sites are more than 10.000, and 2600 are in critical conditions. The Environmental Ministry has published a provisional priority list of sites where remediation is urgent; the first site to clean up is the petrol-chemical industry at Porto Marghera (Venice, Fig. 11), where a Master Plan aimed at protecting  and restoring the unique scenery of the lagoon of Venice has been recently approved (Zonta et al., 2007).        

Soil chemical contamination constitutes not only a social and sanitary problem, but also an economic one, since it implies relevant costs in terms of productivity decrease, food product quality and monetary value decline. 
Moreover, the cost for remediating contaminated land, in particular with heavy metals, is very relevant, and only few industrialised countries (USA, Great Britain, the Netherland, Germany, Australia) have started remediation acts, while developing countries have serious difficulties.

Estimates related to the last decades indicate soil losses of more than 3 ha/min/year due to contamination, with a net economic damage of more than 3 billions $/year (Pierzynski, 2003).
Concerning particularly heavy metals, it is reported that approx 1billion persons are affected by diseases due to lead contamination, approx 500.000 to Cd, and more than 100.000 to As, not considering the Asian regions (Bangladesh, Pakistan) where water pollution by As is dramatic, and risk to population is very high.

2. 5 Decline in organic matter, loss of productivity
Soil organic matter content is an aspect of soil degradation, strictly correlated with acidification. Both natural factors (climate, parent material, vegetation) and human-induced factors (land use, atmospheric deposition, acid rains) contribute to soil organic matter content. For instance, large quantities of nitrogen are introduced into the atmosphere by industrial activities (over 30kg /ha/y in central Europe). High nitrogen content in the organic layer of forest soils is observed at sites receiving high atmospheric deposition loads, in comparison to areas receiving low deposition loads (Van Mechelen et al., 1997; Bini and Bresolin, 1998; Bini et al., 2006). The major function of SOM is carbon sequestration; however, other soil functions are strictly related to SOM (e.g. filtering, water retention, structure stability, etc). Therefore, decline in organic matter content has become a major concern.  
The annual rate of loss of organic matter can vary greatly, depending on the above factors. A  general trend in Europe is a decrease from north-west to south-east, i.e. from areas with lower mean annual temperature and higher effective moisture, to areas with higher mean annual temperature and less moisture. Results of a survey carried out in Europe indicate that 74% of the land in southern Europe is covered by soils containing less than 3.5% organic matter in the surface horizon , as a result of intensive cultivation, whereas in other European countries (e.g. England) the percentage of land affected by organic matter decline under 3.5% has increased to 42% (EUC, 2002).  

2. 6 Soil compaction
Compaction is a frequent threat  to soil (almost one third of soils in Europe are highly susceptible to compaction), and is determined by traditional agricultural practices (continuous cultivation, deforestation, mechanisation) combined with climatic conditions and negative soil physical properties (texture, structure, clay mineralogy, bulk density, organic matter content, water retention capacity). Once compaction has occurred, an overall deterioration of soil structure may result, and this may have serious consequences on the soil behaviour and  functions (Fig. 12):

· accelerated effective runoff;

· increased risk of soil erosion;

· increased soil phosphorus losses with excess water;

· accelerated pollution of surface water by agrochemicals and organic wastes;
· increased green house gas production and nitrogen losses;
· decreased capacity of buffering and filtering;
· decreased biophysical fertility;

· decreased agricultural yield;

· increased management costs.

Current research into the causes and effects of compaction in soils of Europe (Jones, 2002) has demonstrated that it may be difficult and expensive to alleviate damages, and that the recorded effects go far beyond agricultural concerns.
2. 7  Soil acidification 
Soil acidification by atmospheric deposition of anthropogenic origin has been recorded particularly in the central part of Europe since the ‘80s (Ulrich, 1995). A major concern with acid deposition on soils is that their pH will ultimately decrease to levels at which toxic concentration of metals are reached. A soil survey carried out in European countries (Van Mechelen et al., 1997; EEC, 2002) showed that approximately half of the observed soil types in central Europe are affected by primary acidity (i.e. developed on acidic parent materials), and therefore with low buffering capacity against atmospheric (acid) deposition (Fig. 13). Moreover, a common characteristic of these soils is a low (less than 20%) base saturation. Instead, pH and average base saturation values of carbonate-free soils  and calcareous soils (eutric cambisols, gleysols, luvisols and calcisols)  increase from north to south, and from west to east in Europe, following the climatic gradient of a precipitation surplus in north-western Europe, to an evapotranspiration deficit in eastern Europe and in Mediterranean area. In areas with moderate rainfall, a concentration of basic cations may occur at the surface of acid soils, as a result of  nutrient cycling, primarily through root absorption of basic cations from the parent material, and return to the soil surface  through litter fall. A pH decrease of 0.5 – 1.0 units was observed at some sites in eastern Europe.

Removal of basic cations from the exchangeable complex is a common process associated with acidification. A progressive acid input results in a lowering of the base saturation. Soils of southern Europe may be affected by acidity of a “secondary origin”, due to leaching (Bini and Bresolin, 1998); however,  low pH and low base saturation are quite uncommon in such soils. In areas with evapotranspiration deficit, it is unlike that basic cations, capable of neutralising atmospheric acid input, could be leached from the surface layers. Therefore, in these soils pH may range between 6.5 and 8.5, and base saturation ranges between 50% and 100%. 
2. 8 Salinisation/alkalinisation
In recent years, there arose the consciousness, among soil scientists, that soil salinisation/alkalinisation is increasing more and more, in consequence of several processes, both of natural (salts in the parent material) and anthropic origin (marine water intrusion in coastal aquifers, strong groundwater uptake, irrigation with salt-enriched waters, heavy fertilisation, impeded drainage, salt spreading on roads to prevent ice formation during winter), frequently connected to global change.

At planetary level, salinisation affects 460M ha (Dazzi, 2002), of which 4M ha in EU, particularly in the east and south Europe, where evapotranspiration prevails over precipitation. Soils with salic, gypsic or natric horizons are present in 6, 5 and 7, respectively, of the 12 orders of the Soil Taxonomy, in different climatic regions. Soils with saline phases account for144M ha, and soils with sodic phases for 134M ha, according to the FAO world soil map. Many biophysical and chemical soil qualities are affected by salinization: root penetration, structure stability, drainage impeded or slowed, root absorption, loss of fertility, crop yield decline, plant toxicity. The decline of ancient civilisation in Mesopotamia (4-5000 b.C.), as well as, more recently, that in Peru, India, Pakistan and even the indigenous Hohokam in the Salt River valley (Arizona), is attributed to secondary land salinisation in consequence of irrigation practices with not suitable water. Current FAO estimates indicate that every year 10M ha of irrigated land in the world are abandoned due to negative effects caused by salinisation/alkalinisation processes.
2. 9 Soil sealing by urbanisation and industrialisation
A new threat has emerged in the last decades to soils: land consumption due to uncontrolled urbanisation. The world population is expected to grow from current 6 billion  to at least 8 billion in the year 2025, and the irrational development of urban space, for both civil buildings and industrial or commercial activities, and for the construction of infrastructure and new transport highways is rapidly consuming the soil resource, blocking the soil functions important to the ecology of the landscape, and altering, therefore, environmental equilibria. Of the traditional “anthropogeographic” landscape, as was designed by Sestini in the early 1947, today every sign is disappearing. The hinterland of the major cities has seen a consumption of agricultural land higher than 50% in the last 25 years, with high capability soils involved (Madrau, 2002). Rapid development of tourist residences and villages has occurred at sites with high aesthetic value, or with  high capability for agriculture, provoking a loss of 37% soils of first capability class, and even 52% of III class. On the other hand, coastal towns have developed linearly, frequently in areas with high inundation risk. A sort of arable land erosion, therefore, occurs as an actual  “hidden desertification”, irrespective of the climatic conditions. A recent investigation on soil quality indicators (Nappi, 2000) estimated in over 10% the amount of “artificial areas” in north-eastern Italy, one of the most urbanised area in the country: land use change and consequent soil sealing contribute substantially to global change, with increased surface run off, water holding decline, evapotranspiration, emissions, etc.  
3.  Applications
In order to serve as effective tools, methodological approaches to soil degradation research must have, first of all, an homogeneous information database in order to define basic environmental and territorial units, capable of supporting research and aimed at solving problems at the local level. Incomplete or fractional data can often render planning decisions of local government administration inadequate. Now and in the future this will become increasingly apparent as these same governments attempt to balance the often conflicting issues of quality of life with economic/productive instances and the need for bio-diversity with resource maintenance. A comprehensive program of land use management and urban planning at all levels of government, therefore, is needed, particularly at the municipal government level, where comprehensive land use data and reports detailing the causes of soil vulnerability are required.

The following list represents common understanding and experience in the study of soil degradation items:

1) analysis of land use changes in order to evaluate soil losses related to urbanisation and erosion;

2) natural fertility loss due to the impact of agricultural practices that alter physico-chemical properties;

3) aquifer vulnerability due to the infiltration of pollutants (e.g. agrochemicals, herbicides, livestock slurry, sewage sludge, etc.);

4) soil contamination as a result of the progressive concentration of harmful substances, such as heavy metals and other industrial by-products.

5) Soil acidification by atmospheric deposition, which affects especially surface layers of soils having low buffering capacity.
3.1 – Land use changes

The current research methodology has permitted in several land surveys the evaluation of changes in land use that are primarily the result of human activities and interventions. The methodology compares land use conditions at two distinct periods of time, in order to register changes that have occurred. Suitable information is obtained from the analysis of aerial photographs taken during aerial surveys made at different times, which provide analogous and real images of the area at the time of the study. In addition, land use information is obtained  from consulting existing cartography, such as maps at the scale 1:25,000 which illustrate land use using widely accepted symbols.
Information collected from different sources leads to a fixed number of land use classes, in order to permit a comparison between the two different situations. Once the data from each time period are homogenized, it is possible to use a cross referencing and reclassifying matrix to identify land use changes or continuities during the period under consideration. Each possible cross combination is evaluated and reclassified according to the following criteria: natural change dynamics, abandonment, extensivation, intensification, unchanged, anomalies, urban intensification and urban continuity.

Case study 1 – Bisenzio River 
The Bisenzio river is a noteworthy watershed located in Tuscany (Italy), flowing from the Apennines fringe, and has suffered important land use changes from main forest land to industrialised land in the ’70-90s. The first step has been examination of aerophotographs taken in different periods, to observe the land use differences, and to evaluate their dynamics (Table 3).
 Table 3 – Land use dynamics in the upper Bisenzio river valley in the period 1954-2000
	Year 1954
	· Forest cover (mixed woods) prevails (70%) over agricultural land (30%) on slopes at elevation >500 m. Urbanisation is very little

	
	· Grazing is diffused in grassland at the summit (Calvana Mount, 600m) 

	
	· Terraced agricultural land prevails on slopes at elevation <500m; olive groves are the main crops 

	 ‘70-90
	· Frequent abandonment of terrace agriculture; ¼ of the land is abandoned and forest expands 

	
	· Numerous delineations of previous forest, olive groves or agricultural land turn to urban space

	
	· Arable land devoted to herbaceous crops, in many delineations, is substituted by arboreal crops by 5% 

	present (2000)
	· Increased abandonment of agriculture practices, turn to urban and industrial land use; some delineations come back to forest

	
	· Increased urban land use (by four times with respect to the ’50s), often in areas not suitable for urbanisation (e.g. river banks)

	
	· Forest plays still a prevailing role (up to 50%), following afforestation programs


The second step has been to draft the soil landscape map. Each mapping unit was described according to 5 characters: 
Physiography: describes synthetically the site morphology, distinguishing various portions of the slope, and the slopes from the flats.

Substratum: describes the lithological types prevailing in the study area: sandstone, arenaceous flysch, calcareous flysch, clays, alluvial sediments.
Soil type and characters: describes and classifies the soil type for every class of physiography and substratum; Inceptisols (lithic, dystric and typic eutrudepts and dystrudepts) are the prevailing soil types, with subordinate Entisols and Alfisols.

Vegetation: describes the vegetation cover that characterizes each mapping unit.

Unit: is the synthetic code to identify on the map each soilscape delineation.
The third step has been to derive, from the soil landscape map, different thematic maps (e.g. land capability for agriculture, land suitability for forestry and grazing, soil erosion risk assessment;  useful in land planning.  

Case study 2 – Ticino River Park (Buscaroli et al., 2000).
The Ticino river park is located in the provinces of Milan and Novara, in northern Italy. In order to identify land use changes that have occurred since the beginning of XX century, existent cartography at the scale 1:25,000 (edited by IGM, 1895) was used. From this analysis it is evident that land use changes are related to different geological and soil conditions: the Ticino river hydrological system developed in quaternary moraine cover to the north, and in alluvial sediments to the south, and has preserved its original form, characterised by wide river beds with steep banks, and a band of karst springs which create interesting micro-environments. The territory has undergone progressive and often intense urban expansion, particularly in the region of Milan. Urban development has been the primary and determining factor in the destruction of the karst springs. Furthermore, it has had a widespread and often negative impact on the regional hydrology due to the numerous wells that have been drilled for domestic water consumption. Overall 25% of the land is dedicated to urban areas. As a consequence, the number of karst springs has been reduced from 280 at the beginning of the century, to no more than 20 at present, with most of these occurring within illicit landfills.

3. 2 Changes in the physico-chemical characteristics

Substantial changes in demography and the nature of rural areas since the 1950’s, due in part to advances in farming technology and agricultural management, have caused significant structural modifications to soil resource. The abandonment of marginal agricultural land on the one hand, and the concentration and intensification of agricultural activities in more restricted areas on the other hand, has been a determining factor in the alteration of soil characteristics. This is more evident in those situations in which agricultural practice entail to soils a great contribution of nutrients and fertility elements. Research into this problem has shown that, in addition to significant modifications in land use trends, physico-chemical changes, such as increases in alkalinization, lower levels of organic matter and reduction of permeability, have also occurred. As a result of preliminary experience, further investigations were carried out in selected farms of the Euganean hills (Padua, northern Italy), in order to create a predictive model capable of analysing the impact of the continued agricultural practices and other current forms of human intervention on the physico-chemical nature of soils. Furthermore, within the study area comparisons were made between the different land use dynamics in order to quantify the influence of territorial changes on variations in the average physico-chemical data. Soil samples were further analysed in order to compare physico-chemical parameters with land characteristics. The correlation matrix among the variables examined (land use, sand, silt, clay, pH, SOM, N-NO3) shows (Table 4) that all data higher than an absolute value 0.2626 are significant at 95% (data by Pannetto, 2007). 
Table 4 - Correlation coefficients among original variables
	
	Land use
	sand%
	silt%
	clay%
	pH
	S.O.
	  N-NO3

	Land use           
	1
	
	
	
	
	
	

	sand%                    
	0,44
	1
	
	
	
	
	

	silt%                      
	-0,29
	-0,89
	1
	
	
	
	

	clay%                    
	-0,48
	-0,79
	0,42
	1
	
	
	

	pH       
	-0,04
	0,14
	-0,21
	0,01
	1
	
	

	S.O.                        
	0,31
	0,54
	-0,50
	-0,39
	-0,12
	1
	

	N-NO3                   
	0,29
	-0,10
	0,14
	0,00
	-0,13
	-0,26
	1


Moreover:

• all the parameters with the exception of pH are related to land use;
• the three granulometric classes are correlated to land use with a very high coefficient;

• the amount of SOM is intimately linked to the three granulometric classes;

• pH and N-NO3 do not show particular correlation with the other parameters. 
Furthermore, the average pH is included in a narrow range (6.7-6.9), although the absolute minimum is 5.4 (in forest soils), and the absolute maximum is 7.6 (in olive groves soils). However, the pH variability with respect to land use is very low. Within the recorded range, pH change risk is relatively remote, and should occur only as a consequence of strong environmental impacts (e.g. heavy fertilisation). The soil buffer ability (i.e. its aptitude to counteract possible pH variations ) is related to the colloidal fraction of the soil itself.  
Forest soils present the highest levels of SOM (mean 85,5 g/kg), while arable land the least (30.7 g/kg), as expected. 
3. 3 Environmental vulnerability due to infiltration

The recent UE reports concerning environmental conditions (EEA, 1999, 2006) illustrate how effective planning and management of underground water resources is closely linked to soil conservation and the monitoring of human activities that impact these resources. These studies concluded that the protection of soil and water as natural resources is becoming increasingly important. On the basis of intrinsic land vulnerability it is possible to determine levels of vulnerability with particular reference to different contamination sources. Different approaches are followed in tackling the theme of the assessment of the land, namely:

· safeguarding of the underground water against pollution (cfr EEC directive 91/676 known as Nitrates Directive);
·  regulation of the spreading of livestock effluents, configuring their use as agronomic practice and not as waste disposal.
The reasons for the existing different approaches may be attributed to a series of causes, among which the following may be mentioned:

1 – the extreme variety of the geologic and pedologic situations;

2- the ratio between quantity and quality of data necessary for a correct definition of vulnerability maps, and the cost of both hydrologic and soil data;
3 – the limited amount of existing experience of crossed processing of hydrologic and soil data which make an overall assessment of the intrinsic vulnerability of the aquifer and of the soil vulnerability,

Of particular significance are those methodologies which investigate the possible transfer of pollutants from land surface to the uppermost levels of the water-table and, as a consequence, the possible migration of these contaminants to deeper aquifers from where drinking water is taken, as it occurs in alluvial plains.

During the last ten years, urgent problems linked to water pollution and land resource degradation have led to the creation of many survey models for studying environmental impacts. These could be classified into two main typologies: numeric models and parametric models. The most used are parametric models, in which the land is divided in classes of vulnerability. The development of computer technology and particularly that of GIS has greatly simplified all phases of parametric studies while at the same time introducing the possibility to evaluate the impact of human interventions on the environment by means of predictive models.

The model mostly applied to these studies, whose acronym is SINTACS (Civita and DeMaio, 2000), derives from information and regulations used in EU and is based on a simple parametric rating system, in which:

· a group of environmental parameters that influence infiltration is defined;

· every category for each parameter is evaluated with an appropriately weighted vulnerability value; these values range from 1 to 5, corresponding, respectively, to minimum and maximum levels of infiltration; for every parameter the region is mapped and reclassified into analogous areas having equal infiltration properties and therefore equally weighted values of vulnerability;

· by cross referencing the different reclassified areas, a sum of weighted values is made relative to each area;

· resulting values are reclassified to distinguish each environmental vulnerability with respect to infiltration classes.

The data collected with specific studies of a pedologic, hydrologic and agronomic nature, are processed  to provide a land classification with reference to soil vulnerability on one hand, and aquifer vulnerability on the other. By cross referencing these data we obtain the assessment of the soil suitability for the spreading of livestock effluents, or for groundwater protection.

The model, therefore, evaluates the possibility of water (or effluent) passing through the soil to the water-table below. The soil parameters that are analysed are:

· depth to groundwater

· effective infiltration

· unsaturated zone autodepurative characteristics

· surface texture 

· aquifer hydrogeology 

· hydraulic conductivity

· topography

The vulnerability index is obtained by summation of points attributed to each parameter, multiplied by the weighted values: 
ISINTACS = (   Pj * Wj


Pj  = points attributed to parameter j




                                                           Wj= weighted value  of  parameter j.  
The value assumed by (ISINTACS) may range between 26 and 260 points, according to the environmental characters. For determined intervals of (ISINTACS), a determined class of vulnerability is assigned, as a function of limiting factors (e.g. soil texture, depth to groundwater, etc.), as shown in Table 5.

Table 5 – Vulnerability Index and classes of land vulnerability for groundwater and livestock effluent spreading (adapted from Buscaroli et al., 2000 and Baracco et al., 2000).
	(ISINTACS)
	Vulnerability class
	Soil Suitability for groundwater protection
	Soil Suitability for spreading effluents
	Quantity of effluents kg/ha/y Nitrogen 

	<100
	Low
	Very suitable
	Very suitable 
	340

	100 - 140
	Medium
	Suitable
	Suitable
	340

	141 - 186
	High
	Moderat. suitable
	Moderat.suitable
	250

	187 – 210
	Very High
	Slightly suitable
	Slightly suitable
	170

	>210
	Extremely high
	Not suitable
	Not suitable
	0


Among the advantages of the use of parametric methods such as SINTACS there is a greater reproducibility of the results and the possibility of comparing hydrologic situations that may be quite different from one another. Parametric models are, therefore, particularly suitable for the redaction of vulnerability maps. However, they have the disadvantage of requiring a considerable hydrologic data base, so they are applicable only after profound hydrologic investigation or in areas where complete data sets are already available.
The maps of the intrinsic vulnerability to contamination are an operative tool which allows assessment of the suitability of the subsoil to absorb a polluting substance. This form of mapping has been widely used in many parts of the world. From 1980 onwards, numerous examples of these maps (Fig. 14) have been developed. 
Case study - Irrigation water (Buscaroli et al., 2000)
This case study explores the application of the vulnerability for the use of irrigation water due to infiltration in small towns municipalities in northern Italy, where the problem of the quality of irrigation water raises particular concern because of its use primarily in the agricultural sector. Throughout the study area several canals from which irrigation water is derived, have been sampled. Ten cases of water table contamination caused by high levels of ammonia have been registered. Concentrations of nitrate in the aquifer are greater than 15-20 mg/l. Contamination often derives from  the spread of sewage sludge, use of soluble fertilizers in irrigation water, and irrigation practices using water containing high levels of organic matter. Sampling was undertaken on June. The differences recorded reflect the distinct geographical position, particularly at sites close to the canal which collects most of the waste originating from the high plain, where a high concentration of nutrients was detected. Pollution levels decrease downstream, since there are no factories or livestock farms in the area.

Case study – Breeding sewage discharge (Buscaroli et al., 2000) 

This case study explores the application of vulnerability to infiltration due to breeding sewage discharge in a small municipality in the region of Milan (northern Italy). Animal breeding load at that site is quite high (up to 100,000 pigs) and is linked to sewage discharge problems. With respect to local regulation (Regional Law 37/93), the municipality falls within the low soil vulnerability and high zootechnical load area. This regulation stipulated that livestock farms in this area must present an agricultural utilization plan, when the amount of live animal weight exceeds 3 tons/hectare. The soil vulnerability to infiltration was evaluated subdividing the territory into four classes of suitability (suitable, moderately suitable, slightly suitable, not suitable). Most of the study area is only slightly suitable, with the area situated close to riverside being not suitable. This situation poses a concern to the municipality for discharging sewage.
A sewage disposal plant could represent a possible solution. The treatment plant could deserve adjacent municipalities with a total load of around 100,000 pigs, which corresponds to 125,000 q sewage sludge. By-products such as the processed solid waste could be used as fertilizer to the agricultural sector, and biogases could be reused by the plant to generate its own electricity. Livestock activities and sewage discharge would become completely separated from territorial issues.

Case study: spreading of livestock effluents (Baracco et al., 2000)

The zone chosen for experimental spreading of livestock effluents is located in the province of Venice, where a large part of the territory belongs to the basin that drains into the lagoon of Venice, an area with considerable naturalistic and environmental value, but with a precarious ecological equilibrium. The overall territory  is a prevalently farming area, with the following types of soils: Alfisols, Inceptisols, Mollisols, Entisols, Histosols.
Six limiting factors for the spreading of livestock effluents in relation to the characteristics of the soils were detected (namely: surface cracking, peat depth, skeleton, texture, depth to permeable layer, internal drainage). With this system, a greater grading of the classes of soil suitability for the spreading of livestock effluents was found, with a decrease of unsuitable soil units and an increase of the units belonging to the intermediate suitability classes. As regards the hydrologic aspect, the application of the SINTACS method to this area envisages the determination and assessment, on the whole territory, of the following seven hydrologic parameters: depth to groundwater, effective infiltration action, unsaturated attenuation capacity, hydraulic conductivity, soil overburden attenuation capacity, hydrologic characteristics of the aquifer, topographic slope. For each parameter a rate was assigned (variable from 1 to 10) which increased with the vulnerability. The rates for the seven selected parameters are then multiplied by a weight related to the environmental conditions of the area. All the processing was based on precise data banks, and in particular: archive of geognostic tests, subterranean waters monitoring network, archive of piezometric measurements.

In the area examined, the vulnerability is between medium and exceedingly high. The most vulnerable areas correspond to the areas with greater hydraulic conductivity, coinciding with old river beds and with sandy aquifers with a sub-surfacing table drained artificially by water scooping machines.
3. 4 Metal distribution and concentration in soils.

    The presence of heavy metals in soils, as a consequence of human activity, occurs when air loaded with atmospheric dust resettles on the ground, or when they are diffused by water (the superficial flowing of polluted water). In other cases it may result from industrial/chemical products discharge on soil, or by their presence in products such as fertilizers compost or soil conditioners, or in livestock sewage and depuration muds.

Soils that are contaminated by heavy metals present generally a low possibility of reducing the concentration of contaminants, primarily because of their negligible migratory capacity through the soil profile, and secondarily due to their low absorption rate by plants. Experiments carried out till now (see f.i. Bini et al., 2003) have targeted the diffusion and the concentration of some heavy metals and micronutrients (As, Cd, Co, Cr, Cu, Hg, Mn, Ni, Pb, Ti and Zn) present in soils as a function of the different kinds of added biomass (e.g. zootechnical sewage, depuration muds, compost) in order to create a database that correlates different geological and pedological typology with microntrients and heavy metals concentrations. 

Special attention has been given to those elements with levels higher than the limits imposed by the national and local regulations and to standardize the analytical procedures for their determination, including total and extractable fractions.

 Case study: Venice lagoon watershed (Bini, 2008).
Legislation on maximum admissible levels of heavy metals in the environment in the EU is rather confusing. Indeed, a general regulatory guideline on the maximum trace element concentration in soils has not yet been established, the current references being related to the total metal content in waste and sewage sludge to be spread on soil (Adriano et al., 1995). Moreover, there is little agreement among the members in their implementation of the EC Directive of 1986. Several attempts have been made to adopt background values in order to obtain more viable reference values for regulatory decision. Although there are some similarities, standard criteria on the background level of metals in soils, however, are not yet established in many EU countries. 

A profound insight of the above mentioned items, therefore, is needed, in order to achieve the following finalisations:

a) knowledge on the distribution and circulation of trace elements in the different geochemical domains (lithosphere, pedosphere, hydrosphere, biosphere, atmosphere) contributes to better understand the natural processes responsible for the soil genesis and evolution, the relations with landscape and vegetation, and the ecosystems equilibria;

b) human activities, technological processes and modern industrial products pose major environmental pollution concerns. Water, soil, vegetation may be appreciably affected by toxic or critical substances emitted in the atmosphere, or introduced in surface and groundwater, by these activities. Successively, after a variable time interval, they may be deposited at the earth surface, posing environmental hazard. Potentially harmful elements  (As, Cd, Cr, Cu, Hg, Ni, Pb, Zn, etc.) may have toxic effects on living organisms, including humans;

c) Research on living organisms occurring at sites naturally and/or anthropically contaminated may allow identification of individuals (plants and animals), that are indicators of degraded environmental systems, or that may be utilized for restoration of contaminated sites, e.g. with phytoremediation techniques.

Based on the above mentioned assumptions, as a part of the intervention programs against pollution of the lagoon of Venice,  a survey of agricultural, industrial and undisturbed (forest, grassland and wetland) areas, including the lagoon, was carried out in the Venice drainage basin and the conterminous territory. 

The Lagoon of Venice  is a shallow transitional environment located in a densely populated industrial/agricultural area (population 1,500,000), in the northern part of the Adriatic sea, from which it is separated by some flat and narrow islands (Fig. 15). Three inlets allow water exchange between the lagoon and the Adriatic sea. The whole area of the lagoon and the conterminous land has historically undergone severe anthropogenic pressure, with direct inputs of pollutants from both industrial and urban discharges. Other sources of contamination are river inputs, which collect industrial, domestic and agricultural polluting substances coming from the drainage basin of the lagoon.
The objectives of this work were:

· To evaluate the background level of heavy metals in soils of the Venice drainage basin and conterminous areas;

· To estimate the environmental impact of agricultural and industrial activity; 

· To ascertain metal mobility and possible contamination of some sites, and the related environmental hazard, with special reference to the pollution of the Venice lagoon, which is a unique and delicate ecosystem.

Pollution sources could not be detected with certainty at present. Metal concentration decreases with increasing distance from the lagoon, and there are differences between undisturbed, agricultural and urban soils. Surface horizons are enriched with Pb, Cu, Cd, Hg, and this enrichment coincides with an enrichment in soil organic matter, suggesting Pb and Cu to enter, at least in part, the biogeochemical cycle; conversely, Cd and Hg should be introduced in the environment by human activities. This is in agreement with a general scheme proposed for heavy metals in undisturbed soils: the anthropogenic elements at surface are more likely to be bound to organic matter, while the geogenic elements would mainly be associated with silicates and Fe oxy-hydroxides, with a sensitivity to redox conditions. 

Comparison of the correlations enables inferences concerning the interactions of trace elements with soil properties. This allows a first explanation of the distribution of heavy metal contents in soils. Metals are essentially associated with the soil organo-mineral fraction in the surface horizon, and have positive correlation with soil properties like clay and CEC, and negative correlation with sand, suggesting a lithogenic origin (i. e. they are pedogeochemical fingerprints). 

Principal component analysis supports the differentiation between lithogenic and anthropogenic origin of trace elements, and the association between metals and fine-size grains, and that of Pb with organic matter,  is evident in  the principal components of PCA of both agricultural and forest soils. The positive loadings for most metals on PC1 indicate that this component is associated with a lithogenic origin, and the negative loadings of bioavailable metals at agricultural sites may  be considered as an index of overall contamination of anthropic origin.

The lagoon acts as a sink where heavy metals contributed by agricultural land or originated by waste disposal or by industrial emissions and atmospheric deposition, are conveyed. The ultimate fate of heavy metals, therefore, is to contribute substantially to the lagoon and sediment pollution, and pose environmental hazard for living organisms, including humans. 

The ecological risk as expressed by the hazard quotient (HQ = metal in organisms/metal in soils or sediments) posed by single elements is little for As (HQ  <2 at Porto Marghera, <1.5 in central lagoon; <1 on the mainland, on the basis of 10 points), although at some places its concentration is higher than the regulatory threshold (Fig. 16), and very high for Hg and Cd (HQ  <2.5 in central and outer border, <2 in the inner margin).

The cumulative toxic risk for As+Cd+Hg (+Zn) ranges between 6 and 9 toxic units at some hot spots in the central and southern lagoon (between Porto Marghera and Chioggia harbors), indicating a relevant bioaccumulation of trace elements in the lagoon ecosystem, and ranks <3 at other sites on the mainland.

Contamination is a major concern to the lagoon, and is probably a residual effect of severe historical inputs since the ‘50s. Instead, on the mainland slight diffuse contamination occur, and is likely due to anthropic as well as lithogenic origin. 
Case study: chromium from tannery district (Bini et al., 2008)
A research program aimed at assessing the actual chromium accumulation in soils and plants of a tannery industrial district in NE Italy was carried out in recent years, with the objective of highlighting possible contamination of soils and plants, and to ascertain the potential risk to human health.

Large differences in Cr concentration were observed in the area investigated, with a very scattered distribution. Mean Cr concentration in soils is 210 mg/kg (range 50-10.000 mg/kg). Most of the investigated sites present  surface Cr concentrations higher than subsurface, suggesting local sources of Cr to be responsible for soil contamination (Fig. 17). Mean concentration of available (EDTA-extracted) Cr in soils is low (12.77 mg/kg in the topsoil, and 7.94 mg/kg in the subsoil), suggesting that most Cr is in a nearly immobile form. An explanation could be a multi-source Cr pollution at different places in relation to the historical tannery activity. Significant accumulation of the metal was recorded at sites located downstream, both in topsoil and in subsoil, suggesting heavy contamination from Cr waste disposal to have occurred in the last 50 years. Conversely, Cr concentrations at the sites located upstream correspond to the geochemical background. 

These observations are consistent with a Cr distribution pattern in the waste land, finding its origin in:  

- a major pollution source of Cr directly derived from the recent industrial activity, or trapped in the fine fraction after leaching related to the former site activity, and

- a secondary pollution source linked to the environment evolution, much more diffuse and associated to Cr-bearing phases of the soil matrix.

A comparison between the soil Cr concentration and the soil vulnerability map shows that the most contaminated soils correspond to sites with high vulnerability to groundwater (see Fig. 14). 
At those sites where Cr concentration is highest, chromium availability to plants and its ability to migrate into groundwater is the least, as demonstrated by the minor uptake by plants growing on the most contaminated soils. Indeed, chromium concentrations in selected plants (Taraxacum officinale, Plantago lanceolata) present wide ranges in both the species examined (0-222 mg/kg, mean 26 mg/kg), with little translocation from roots to leaves. Actually, the mean biological absorption coefficient (BAC) for the two species is 7.8, suggesting a root barrier effect to occur. Unlike what happens for essential elements, little amounts of chromium, as well as other heavy metals, are transferred from soil to root cells and then to aerial parts, thus preserving plants from toxic effects. Therefore, in the investigated area there is little toxicity hazard deriving from vegetables and other agricultural products, and reduced toxic risk to humans who utilize wild Taraxacum as a foodstuff or a medicinal plant.
Although potential toxic risk to humans is limited, current land contamination suggests precaution and control acts, to avoid major environmental injuries. Potential risk for human health by direct contact with soil, ingestion, and inhalation, however, should be taken in consideration by local Authorities. Moreover, considering the high soil vulnerability for groundwater, tannery by-product utilization in agriculture (e.g. hydrolyzed leather), and Cr-bearing sludge discharge in the territory should be strictly controlled, in order to avoid more land and water contamination.

Case study: incinerator system (Buscaroli et al., 2000)
In collaboration with the Regional Environmental Protection Agency, heavy metal concentrations in the soil-plant system were evaluated as a result of he resettling of atmospheric emissions from an incinerator plant. The study began by generating a theoretical resettling map of pollutants scatter obtained using a mathematical model ISCLT undertaken by the Physics Dept of the University of Bologna (Italy). The RPA provided a passive monitoring, locating Lolium multiflorum cultivated plots, regularly mowed on a monthly basis from January to May, 1998. In addition, adequate soil samples at fixed depths were made next to the Lolium multiflorum plots and at different fixed distances from the incinerator system.

 Concerning heavy metals, analytical results showed the existence of a good correlation with the provisional relapsing model; in fact, site 2, which is inside the area considered at highest risk, revealed the highest concentrations for all the elements considered and for all soil depth conditions. The reliability of the results was confirmed by the trend correspondence of calculated averages between metal concentrations into the different test locations grouped for the different positions with respect to the incinerator.

There is in fact (mainly for Cd, Pb, Cu and Ni) a negative gradient starting from the south-east towards the north-west, passing crosswise from the southwest where the average concentrations are intermediate levels relative to the other direction’s average calculated values.

Even if at present the actual metal relapsing levels are not dangerous in this area, the situation at plots 1 and 2, in particular with respect to Ni, Cd requires a permanent phyto-pedological and meteorological monitoring.

3. 5 Soil acidification in Europe (Van Mechelen et al., 1997).
The main object of this European project is the assessment of the soil (chemical) conditions in relation to atmospheric deposition. The survey area has been divided in four regions based on the spatial distribution of the measured acid deposition load in Europe in the ‘90s, and was carried out on approx 5000 plots from 23 countries. Approximately half of the observed soil types (WRB, 1998) are Podzols and Cambisols, Leptosols and Regosols being also common. Soils with mor humus are dominant in northern Europe, while those with mull humus are frequent in southern Europe. Results show a correlation between soil chemical properties and atmospheric deposition. Atmospheric deposition has resulted in acid topsoil conditions (i.e. base saturation 20% or less, or pH values <3.5 in 42% of the plots), a higher nitrogen content in the organic layer of areas receiving a high deposition load, and high levels of heavy metals in strongly industrialised areas, particularly in cool and humid regions of central Europe (Van Mechelen et al., 1997).
In soils having low buffering capacity (i.e. soils with dystric properties) the pH will ultimately decrease, thus enhancing Al release to toxic concentrations, and also heavy metal availability occur. The coincidence of low pH, high acid load and low buffering capacity suggests that acid deposition is the cause for the high soil acidity at these sites, irrespective of the historical land utilisation types. Moreover, soils highly sensitive to acidification are usually derived from coarse textured and/or acidic parent materials (sands, sandstones, acidic crystalline rocks, while soils derived from clays, limestone, volcanic or metamorphic basic rocks are able to buffer a high input of acids.
The spatial distribution of soil acidity shows a NW-SE gradient, with countries having a continental or Mediterranean climate (i.e. Portugal, Italy, Slovenia, Hungary, Slovak Republic) that have more than 50% of the sites (mostly Fluvisols, Lixisols and calcareous soils) classified in the “low” or “very low” acidification status, and countries with more humid climate (Sweden, the Netherlands, Belgium) having 50% of sites (mostly Histosols, Podzols and Arenosols) in the classes “high” or “very high”  (Van Mechelen et al., 1997). 
4. New Paradigms of soil science
The above considerations and related applications not only do not open the future to essays of optimism, but, instead, illustrate the various threats concerning future land planning and soil management. In the last fifty years, the territory has undergone strong degradation, and soil fertility is continuously declining. Problems will aggravate with the rapidly increasing world population, unless adequate measures of control are taken. Soil conservation issues are already demanding more attention in most parts of the world. Therefore, it is time to find out new strategies for the protection and valorisation of  this fundamental natural resource that is soil, as expressed in the recent EU  framework Directive for Soil Protection (22/09/2006).
The challenge for XXI century is to harmonize the demand of human development with the need of soil protection.
Challenges directly related to soil protection are given below, together with some priority research        areas:

Soil erosion:

· Analysis of the forces which drive erosion and ecological and socio-economic effects; 
· Influence of land use and climate change on desertification and management;

· Application of soil information systems for risk assessment on different scales; 

· Development of new conservation and remediation methods.
Soil compaction
· Definition of soil conditions that are sensitive to compaction;

· Analysis of compaction effects on soil quality;

· Assessment of trends in agricultural machinery causing deep compaction;

· Implementation of methods for predicting stress transmission and soil deformation;

· Development of management tools to reduce soil compaction.

Soil contamination
· Identification and quantification of contamination sources (geogenic and anthropogenic);

· Improving methods for measurement of air-born contaminants;

· Investigation of the fate and the long-term contaminants behaviour; 
· Identification of potentially dangerous substances in the soil-plant-sediment-water system;

· Bioavailability of contaminants for humans, animals and plants;

· Risk assessment for outputs from soil;

· Improvement of techniques for remediation of contaminated soil.

Soil organic matter and biodiversity:

· Definition of SOM in relation to soil functions and the potential carbon sequestration;

· Development of standardized methods characterizing soil biodiversity;

· Relationship between biodiversity and soil functioning;

· Identification of combined management practices to  optimize SOM and soil biodiversity.

Nutrient availability and  fertilization:
· Optimization of methods for adapting the N and P fertilization to the crop nutrient demand;

· Combination of mineral and organic fertilizers in view of optimum SOM conditions; 

· Identification of driving forces on excess fertilization with N and P and quantification of their ecological and economic effects;

· Definition of environmentally friendly levels of livestock densities;

Soil alkalinization
· Investigation of the factors which make a soil sensitive to salinization/sodification;

· Influence of different water flow conditions on alkalinization;

· Investigation of the (ir)reversibility of soil degradation processes caused by alkalinization;

· Assessment of soil management and irrigation water quality under different climate; 
· Interrelationships between alkalinization and desertification and strategies for salt reclamation.

Soil sealing
· Effect on the water flow in urban, suburban and rural areas;

· Impacts on local, landscape and global level;

· Establishment of methods to survey sealing with respect to area quality and quantity.

The goals of the EU soil thematic strategy (EEA, 2006), in particular, are:

· Soil erosion prevention; 

· Soil compaction prevention; 

· Soil contamination prevention; 

· Increase SOM levels in soils; 

· Protect soil structure with adequate measures;

· Reduce glass-house gas emissions.
This is the way a modern agriculture and land use planning are moving towards. 
4.1 Towards a sustainable land use

The increased environmental sensitivity of citizens in the last decades, joined to the changing economic perspectives, has addressed new tendencies in the agriculture policy in many countries, especially in EU. The Common Agricultural Policy, started in the ‘90s with actions aimed at ameliorating market conditions for farmers, has found new development points in the soil-agriculture compartment of the Directive Agenda 2000, with the use of appropriate technologies (e.g. minimum tillage), the introduction of environmental policies that enable the practice of sustainable agriculture (e.g. set-aside, directive nitrates, etc.), the recognition of farmers as  safeguards of environmental and cultural heritage, the creation of green ways, agritourism, wine roads. 
The foundation of sustainable agriculture, in particular,  is considered a healthy land resource base and may serve as vehicle to achieve the goal of soil protection. 
According to the American Society of Agronomy, sustainable agriculture (also called eco-compatible or integrated) is the agriculture which:

· Provides food and fibres for human needs;

· Is economically valid;

· Improves the natural resources of the agricultural farm and the whole environmental quality;

· Improves the life quality and wellbeing of farmers and the whole society.

This kind of agricultural management points to the objective of satisfying economic needs (food for consumers and income for farmers) without damaging the environment, which is civil society’s heritage and a resource for future generations. In crops and livestock it utilizes as far as possible natural processes and renewable energy resources available in the farm, thus reducing the environmental impact coming from synthetic agrochemicals (pesticides, fertilizers, hormones, antibiotics). Intensive ploughing, monoculture seeding, sewage sludge disposal, residues from crops,  oil mill and livestock effluents indiscriminate discharge on soil should be avoided while applying sustainable agriculture. 
4. 2 Land and soil protection strategies
The global terrestrial environment consists of a mosaic of ecologically linked, natural and human land use ecosystems. The health of these ecosystems, defined as ecosystem integrity, depends on the ecosystem components and the synergy of processes that pass between them (Dumanski, 2006). For instance, Mutual interactions between soils and plants are already known, but the precise mechanisms are only partly understood. Knowledge about the precise soil requirements of many plants is lacking. Such information is important to ensure ecosystem stability especially where the land use is changed. A landscape approach, therefore, is required to study the role of soil as an integral component of natural and managed ecosystems (Dumanski, et al. 2002). Landscape studies promote understanding of soil ecological functions, and their interactions with socio-economic aspects, linking local benefits to global environmental resources. 
Focus should be put, for instance, on afforestation (EU Directive 2080/98), reestablishment of wetlands (Ramsar Convention), transformation of conventional to ecological agriculture (EU Directive on nitrates) and other kinds of land use, in order to improve knowledge about such land modifications and to avoid adverse effects on the ecosystems, such as air and water pollution. Many environmental problems are so complex that they require cooperation with other scientists such as biologists, chemists and specialists in computer modelling (Borggaard, 2006). This development makes it necessary for soil  scientists to change the focus of their research from themes concerned with increasing agricultural and forestry production towards environmental impact assessments and how to solve environmental problems such as soil contamination, erosion, carbon sequestration, nutrient leaching.

The tools to achieve significant  results in land and soil protection are knowledge and prevention.
Knowledge

There is still lack of information on soil at global level. Better knowledge of soils, aimed at their use according to the proper suitability, may be achieved by chemical, physical and biological soil characterisation, soil data collection in digital banks, soil and product quality ratio. Moreover, information on crop yield and agricultural management enhances evaluation of soil suitability for different land uses. 

Prevention
Land protection is operated starting from a correct soil management and land use planning that should take into consideration primarily land suitability for agricultural or forest land uses, but also those suitable for civil engineering (landfills, waste disposal, etc.), recreation, tourism and entertainment.  Soil mapping based on georeferenced soil datasets, contributing to the knowledge of soils, therefore, is an important tool for correct land use and consequent human wellbeing (Mc Bratney et al., 2000; 2003). Soils vary gradually in geographic space and through time and form complex patterns in dependence of multiple interrelated environmental factors and anthropogenic and natural forcing functions. Soil research has been focused on the genesis of soils, their composition, factors that influence them, and their geographical distribution. It will be important that soil scientist play an active role in generating datasets and information but also in transfer and share knowledge with stakeholders, decision makers, land use planners, politicians and others. Soil becomes a partner in the earth, ecological and environmental sciences.

Soil erosion prevention
      Soil erosion prevention may be achieved by conservative practices, namely:
· Avoiding terrain movements and geomorphic surface levelling;
· Controlling hillslope hydrology;
· Selecting friendly agricultural practices, compatible with soil protection:
                       Ploughing
                       Splitting

                       Hoeing
· Minimum tillage works:
                       Harrowing

                             Drigging
·  No tillage
·  Sod-seeding.
Soil compaction prevention 
       This threat affects soils with adverse chemical-physical characteristics (decrease of soil porosity, increase of bulk density, low structure stability, low SOM levels, coarse to medium texture), and is related to the use of agricultural heavy machinery. Prevention is achieved by the following interventions: 
· Herb seeding;
· Utilize less powered tractors and operating machinery;
· Avoid overgrazing by defining livestock units in relation to soil type and humidity conditions;  
· Replace intensive agriculture by re-introduction of traditional rotation practices and precision agronomy.

· Avoid deep ploughing by adopting simple agricultural works (minimum tillage, no tillage, sod-seeding).
Soil fertility amelioration 
      Nutrient availability and fertility levels may be  achieved by: 
· restoration of organic matter level with recycled biomass (urban residues, compost etc.);

· herb seeding; 
· control of relationships soil-product quality; 
· chemical, physical and biological soil characterisation;

·  soil data banks.
4. 3 Soil reclamation ad remediation

 Improved methods are needed to reclaim soils that are degraded because of erosion, salinization or because of contamination with organic and inorganic pollutants. Better on-site and off-site methods and strategies should be developed and optimized for cleaning soils polluted by heavy metals and organic xenobiotica. Remediation strategies for soils saturated with N and P because of excess fertilization for many years also need further attention. At the same time, increased efforts should be put in disseminating existing and new knowledge about these issues to prevent spreading of soil degradation and to reclaim degraded soils. Reclamation of salt-affected soils is a major concern too, considering the decreased general water availability, and the fact that good quality groundwater reserves are continuously decreasing at worldwide level, because of marine water intrusion, metal contamination, atmospheric dust input, etc.
Among the numerous soil reclamation (or remediation) techniques, phytoremediation is an emerging technology that holds great potential in cleaning up contaminants that: 1) are near the surface, 2) are relatively non-leachable, 3) pose little imminent risk to human health or the environment, and 4) cover large surface areas. Moreover, it is cost-effective in comparison to current technologies, and environmental friendly.
Phytoremediation is particularly suitable at sites where contamination is rather low and diffused over large areas, its depth is limited to the rhizosphere or the root zone, and when there are no temporal limits to the intervention. It has been calculated, indeed, that with present accumulator plants, at least 3-5 years are needed to have appreciable results in clean up a moderately contaminated soil (Bini, 2008). 
One of the peculiar properties of phytoremediation is the economic aspect, since it presents costs much lower relative to the other technologies. Current estimates give costs of only 80 $/m3  of soil cleaned with phytoextraction, and 250 $/m3 with soil washing. According to Cunningham and Berti (1997), costs for phytodepuration would be 100000 $/ha, and excavation and landfilling would amount 500000 $/ha, while costs for traditional technologies of in-situ treatment would range between 500000 and 1000000 $/ha. However, actual costs for phytoremediation are still highly variable, and will be better estimated when this innovative technology will be really effective. Presently, indeed, the paucity of full scale application makes difficult to obtain reliable indication on remediation time and costs. A comparison of costs for different remediation technologies is reported in Table 6. It is noteworthy to point out that many ex-situ treatments require the combined use of different items reported in the table, and therefore the whole cost would be higher than the single item.

          Table   6   -  Comparative costs of different remediation technologies per soil unit
	In-situ treatment
	Costs (U.S. $/m3)

	Soil flushing
	50-80

	Bioremediation
	50-100

	Phytoremediation
	10-35

	Ex-situ treatment
	

	Exavation and transport to landfill
	30-50

	Disposal in sanitary landfill
	100-500

	Incineration or pyrolysis
	200-1500

	Soil washing
	150-200

	Bioremediation
	150-500

	Solidification
	100-150

	Vetrification
	Up to 250


However, phytoremediation is not yet ready for full scale application, despite favourable initial cost projections, which indicate expansion of clean-up market to be likely in next years (Table 7).

Table 7 – Phytoremediation market projection for past and future years in U.S. (millions U.S. $) (adapted from Bini, 2008)

	Site categories 
	2000
	2005
	2010

	Groundwater polluted with organic compounds
	2-3
	10-15
	20-45

	Heavy metal contaminated soils
	1-2
	15-22
	40-80

	Radionuclide contaminated soils
	0.1-0.5
	2-  5
	25-30

	Waste water polluted with heavy metals
	0.1-1.5
	1- 3
	3- 5

	Other sources
	0-1
	2- 5
	12- 20

	Whole U.S. phytoremediation market
	3-8
	30-50
	100-180


4. 4 Global change
       During the last century mankind has appropriated a large proportion of the environmental resources. These changes are summarized under the term “global change” (Frossard, 2006). The various aspects of global change will be further exacerbated as world population will increase from 6 to 9 billion. Food production must be doubled by 2050 to meet the needs of the growing population. All these changes will directly or indirectly affect soil properties and functions.

Whereas the consequences of global change on climate, air quality, on water quality/quantity and on biodiversity are largely discussed in the scientific community and in the public, and receive attention from funding bodies, the importance of the soil is less recognized. In industrialized countries this lack of awareness is related to several factors. Yet, soil is frequently considered a inert substratum for plants, or a fastidious cover of rocks, or a natural body subject to landslides, flooding, landfilling and other environmental disasters to remediate, and therefore it is estimated to have very low economic value.  In contrast, soils can be traded as substratum for buildings and streets, in some instances at very high prices. Finally, the other functions of soil in addition to food production are hardly known to the broad public unless they are lost (Frossard, 2006). Yet, soils are natural resources that are not renewable at the human life timescale. The recent development of the European Strategy for Soil Protection is in this respect a good example.

Soil is a living medium in equilibrium with the other compartments of environment and in perpetual renewal at various scales of time. Possible impact of climatic change and human activities changes increase the question of the protection of soil resources from short to long term scale.

Observation of changes in soil components and soil properties under the impact of new environmental constraints (short term) and modelisation of soil evolution through pedogenetic processes allow to assess long term soil modifications. It is essential to evaluate how soils are resistant against changes, or resilient, or evolving out of control, to identify possible feed-back between soil components (King, 2006). In particular, to understand the possible effects of global change on the soil properties and functions (e.g. on weathering, on water and element fluxes, on soil biodiversity etc.) is a major concern of soil science, in connection with other disciplines as geochemistry, hydrology, physiology, agronomy, so as to adapt land use and management to new situations. The results of these interdisciplinary studies will need to be further integrated, not only conceptually, but also in numerical models (Grunwald, 2006).

Global connectivity, knowledge and information sharing have motivated holistic studies that focus on understanding functional relationships among ecosystem components. In this context, soil science plays a major role providing knowledge on soil patterns, processes and landscape dynamics. Ecosystem services characterize the functions that are useful to humans and contribute to ecosystem stability, resilience, sustainability and integrity. These services are diverse ranging from physical (e.g. best management practices that reduce nutrient leaching) to socioeconomics (e.g. crop production, cultural values) and aesthetic aspects.

Ecosystem services provided by multi-functional and multi-use landscapes are affected by the type, intensity, and spatial arrangement of land use and human activities as well as soil-landscape properties. 
There are four major areas that have contributed to a gradual shift from qualitative to more quantitative soil-landscape characterization (Grunwald, 2006):

1. Novel mapping tools and techniques (infrared spectroscopy, remote sensing etc.);

2. Data management (GIS and database management systems);

3. Computing power to process multidimensional datasets;

4. Advanced multivariate geostatistical methods.

A more quantitative approach to soil science will enable to overcome knowledge gaps and improve our understanding of pedogenic processes at micro-, meso- and macro-scales, non-linear behaviour of ecosystem processes, biogeochemical cycling at multiple spatial and temporal scales, and assess effects of human activities and natural forcing functions on soil quality.

5. Conclusions 

The previous analysis has allowed to characterise issues of soil systems which have shown to be vulnerable to natural and anthropic factors. This allows to elaborate meaningful and quantitative data: in the middle and long term new problems might arise concerning the soil degradation not only because of the use, instead of manure, of not traditional organic substances as solid urban waste, but also of sewage sludge, and the use of waste water and low quality water. Particularly this last item appears to be an aspect of great importance, due to the decreased general water availability. One important aspect is that the human pressure on soil and water resources will increase with a growing population. The threats are numerous and well documented and include loss of organic matter and fertility, erosion, pollution, losses connected to urban development, losses of soil functions and services such as water storage and nutrient cycling. The future health of soils calls for more involvement of soil scientists towards sustainable development.
Global Food Security 
The global average cereal grain yield of 2.64 Mg/ha in 2000 must be increased to at least 3.60 Mg/ha by 2025 and 4.30 Mg/ha by 2050. With possible changes in dietary habits in emerging economies such as China and India, the average cereal grain yield will have to be increased to 4.40 Mg/ha by 2025 and 60 Mg/ha by 2050.
Soil and the future of human civilization

Feeding world population of 6.5 billion in 2006, 7 billion in 2010, 8 billion by 2025 and 10 billion by 2050 and beyond mandates that soil quality be restored and enhanced. Food insecure population of 850 million in 2006 and increasing, along with several billions suffering from hidden hunger, leave no cause for complacency. The projected food grain deficit of 23 million Mg by 2010 must be met through improved systems of soil management.
Soil-water issues
Agriculture has more need in non-conventional water resources (e.g. waste water, recycled water, saline water). Following the necessary treatments, their use must be evaluated with attention not only considering the benefits for fertility and with the hope that the soil will work as a dynamic and vital filter, but, above all, in the long period the risk of degradation might reduce the quality of soil. This should be done with a global and integrated approach improving in particular the criteria of soil evaluation with reference to the irrigation goals.

Fires
With reference to the burning practice, more research should be conducted on the vegetation-soil relationship, in order to study the formation of hydrorepellent substances, not only for the effects that burning determines in forest or pasture areas, but also in agriculture, which still use the practice of controlled fire as means of agronomic improvement against infesting herbs.

Sustainable agriculture
It has to be underlined how almost all the land surfaces interested by processes of soil degradation act on the agroforestry systems, directly increasing or possibly solve many problems.  

In fact, the new guidelines of community agricultural politics, as expressed by Agenda 2000, transfer the productivity and social agriculture of the Treatise of Rome to a new multifunctional role: to produce more healthy food with increased quality with respect to environment and consumer health, and towards the maintenance  of the interacting environmental and territorial resources. Therefore, the concept of a sustainable agriculture is being accepted.

In a similar scenery it is difficult to establish whether agriculture in Europe, and particularly in Mediterranean area countries, above all the non irrigating areas, will evolve towards middle input and middle-high output systems or towards lower input and middle-low output: this will depend to a large extent from the economic environmental and social factors that will have to be solved at regional and local level.

Agriculture seems to return to more conservative management systems and this will be more feasible in the regions of Southern Europe. Practices that have already been used for many centuries in the long agricultural history in the countries of the Mediterranean basin (around 8,000years), as for instance terrace-cultivation, crop rotations, green manure, organic enrichments, together with tillage of recent conception (minimum tillage, no tillage, ripper-tillage, etc.) will be used again.

Crop production is by far the biggest industry in the world and one of the foundations of culture and society. Agriculture, however, too often regards the soil as an entity in itself, rather than as a part of ecosystems that provide services to humankind, such as the water cycle and nutrient cycle, not to mention the vegetation. This is especially true when considering natural or semi-natural systems used for grazing or areas covered with forests.

It is worth noting how the soil as a resource is poorly cared for under international conventions, in spite of its importance. The UN Convention on desertification (CCD) is based on regional development politics rather than sound scientific background, and it is disadvantaged by conceptual problems. Soils are extremely important in the global cycle of carbon. Still, consideration of soils has been  slow to emerge in the context of the UN Framework Convention of Climate Change (FCCC). 

Human health issues call for increased attention to soil as a vector of diseases (by inhalation, ingestion, respiration, contact, or by transferring toxic elements to the food chain), while soil and water conservation issues are already demanding more attention in most parts of the world (Abrahams, 2002). With severely degraded areas emerging each day, ecological restoration, one of the most exploited subjects of science and technology today, where soil science plays a major role, will become more important. Soil science will continue to be important for dealing with global change and maintaining biodiversity.

Nevertheless, with reference to the above mentioned items, it is evident that, at least for some environments of Europe, the application tout court of the EU regulations foreseeing the introduction of extensive crop systems, can be a degrading factor in areas with particularly sensitive characteristics such as soil structure, SOM, water holding capacity, etc. Such introduction should be carefully evaluated in order to assess the proper land suitability and possible environmental impacts arising in the future. Experimentally this has been shown by different authors (see f.i. Barberis et al., 2000; Bazzoffi, 2002; Jones, 2002; Pagliai et al., 2004). The realisation of soil maps (1:250.000) extended to the whole EU territory can be useful for the recognition of these vulnerable soilscapes, and consequently be used for the introduction of more proper agricultural policy, taking into consideration the environmental and social context, and not only the more or less favourable market conditions. 
Problems will aggravate with the rapidly increasing world population unless adequate measures of control are taken. Therefore, multidisciplinary cooperation of soil scientists with geological, biological, physical, toxicological, hydrological, geographical, geo-information, engineering, social, economic and political sciences is essential. Policy makers are finally requested to develop rational land use and management policies, including pro-soil measures. 
In conclusion, an effective environmental and natural resources protection is possible only through a correct soil management. This objective can be achieved by:
· Improving soil knowledge (soil data base, soil maps, pedometrics…);
· convincing farmers to adopt sustainable agricultural practices to prevent soil and land degradation; 
· Educating public opinion to soil conservation aspects; 
· Increasing the soil visibility of soils in international context.
In next years, these issues and other specific aspects such as soil science application to archaeological sites, forensic soil science and other applications to increasing social and economic demands, such as soils of fragile ecosystems, soils in delicate environmental equilibrium, soils with cultural or aesthetic value,  will gain importance to achieve the goal of soil and land conservation in a changing world. 
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