


WHAT IS 
SOIL?

Teeming with life, complex and often undervalued, soil is one of the main 
environmental components.  All living organisms, plants, animals and 
human beings draw nourishment from soil and need it for their life and 
growth. 
 
The term, “soil” refers to the biologically active, thin porous medium that 
constitutes the upper layer of the earth’s crust. It is made up of mineral 
and organic compounds in addition to water, air and living organisms. 
 
The availability of nutrients is managed mainly by microorganisms, upon 
which the conservation of soil fertility depends. If the abundance of living 
organisms in the top 5cm soil layer is taken into consideration, microorga-
nisms account for over 90% of the planet’s biodiversity.
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SOIL  
FUNCTIONS

Soil plays a fundamental role for human beings, because 
through its functions, it provides ecosystem services 
that are essential for life on earth. 
 
Soil provides support for food and raw material produc-
tion. It also gives immaterial benefits linked to landscape 
and cultural heritage, but most importantly, it guaran-
tees the regulation of natural cycles: 
 
• it serves as a natural filter against contaminants, as a 

nitrogen and phosphor regulator to protect groundwa-
ters from pollution, and it helps control the amount of 
carbon dioxide in the atmosphere; 

• it regulates the flow of surface waters with direct con-
sequences on floods and landslides; 

• it plays a key role in maintaining biodiversity;  
• plant biomass depends on the state of soil health and 

this has repercussions on the whole food chain.

A RESOURCE 
WORTH PROTECTING

Ecosystem services can be 
defined as benefits  
(or contributions) that humans 
obtain, directly or indirectly, 
 from ecosystems.  

They might be divided as follows: 

• supply services  
(food products and biomass, 
raw material, etc.); 

• regulation and maintenance 
services (climate regulation, 
carbon capture and storage, 
erosion control and regulation 
of fertility elements, water 
quality control, protection and 
mitigation of extreme 
hydrological phenomena, 
genetic reserve, biodiversity 
conservation, etc.); 

• cultural services (recreational 
and educational services, 
ethical and spiritual functions, 
landscape, natural heritage, 
etc.).

                    IT CAN TAKE 
        UP TO 1000 YEARS 
                       TO PRODUCE 
           JUST 2-3 CM OF SOIL

Our soils are in great danger:  
the FAO estimates that more 
than 33% of the world’s soils are 
moderately or highly degraded, 
while in industrialized countries, 
agricultural land use is 
decreasing. 
Every year, an average of 50.000 
square kilometers of soil is lost 
globally- that is to say the size of 
a country like Costa Rica. 
In Europe, urban sprawl triggers 
the sealing of 11 hectars of soil 
per hour, the same surface area 
as 14 football fields. 

(2015) 
 
In Italy alone, because of new 
buildings, around 100 square 
meters of fertile soil are being 
lost every minute. 

(2019)

Soil is made of unique, irreplaceable habitats. It is a com-
mon good - a vulnerable yet strategic patrimony for food 
security that provides key ecosystem services. 
 
Soil is often mistakenly considered as a renewable re-
source, but if we take into account the long periods nee-
ded for formation and regeneration processes, it 
becomes clear that soil is, in all respects, a non-renewa-
ble and limited resource, one that has to be protected. 
 
Soil mismanagement and the loss of its fertility jeopar-
dize the current production capacity, as well as that of 
future generations, as the United Nations estimates that 
the global population could reach up to 9.7 billion by 
2050.
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LAND COVER 
TRANSFORMATION

THE CAUSES 
OF LAND DEGRADATION

Over the centuries, landscapes have been constantly modified by the forces of nature or by 
human activity. 
In slow natural cycles, mountains rise and sink, rocks erode, rivers dry up or change their course, 
floodplains appear and disappear.  
 
Humankind has flattened hills, landfilled coastlines, dried wetlands, removed mountain tops for 
mining, created artificial lakes and dams, cut forests to create fields and grazing land and created 
new landscapes. 
Landscapes keep changing and, in many cases, they hopelessly lose their identity.

Cities and their infrastructures are expanding into productive agricultural land, cutting the lan-
dscape into smaller patches, affecting wildlife and ecosystems. In addition to landscape fragmen-
tation, soil and land face a number of other threats: 
 
• contamination 
•  reduction of organic matter 
• biodiversity loss 
• salinization 
• erosion 
• compaction 
• soil fragmentation, sealing and consumption 
• desertification and drought

Data source: The European Environment - State and Outlook 2020 - Kno-
wledge for transition to a sustainable Europe 
www.eea.europa.eu/publications/soer-2020 https://www.eea.europa.eu/data-
and-maps/dashboards/land-cover-and-change-statistics 

           33%  
        OF GLOBAL LAND  
            IS DEGRADATED 

LAND COVER IN ITALY AND EUROPE
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CONTAMINATION

A number of different categories of soil contamination 
have been identified: point-source pollution, which is fo-
reseeable and easily identified and comes from activities 
that use the soil purely as a physical medium (such as 
factories, tanks or landfills); nonpoint-source pollution, 
which arises when land is used for productive purposes 
(such as agriculture and  management of forests, green 
areas, parks and gardens); and natural phenomena, that 
can cause pollutants to be driven into the soil (e.g. at-
mospheric deposition or sedimentation from surface 
waters). 
The soil is able to filter pollutants avoiding their release 
into the surrounding environment and into the food 
chain. The absence of this capacity makes crops dange-
rous, reduces productivity and makes consumption risky.

There are several causes of soil 
contamination: 
• littering or criminal practices 

like toxic and dangerous waste 
burial; 

• illegal burnings or blazes; 
• intake of toxic and dangerous 

substances, through misuse  
of organic biomasses and 
waste waters that have not 
been treated in agriculture; 

• unsustainable agricultural 
practices (indiscriminate use  
of pesticides, excess  
of nutrients, etc.); 

• vehicular traffic; 
• surface water and 

groundwater pollution.

REDUCTION 
OF ORGANIC MATTER

Organic matter is the combination of two elements: all animal-based and plant-based organic 
matter – living or non-living and at any stage of decomposition - found within the soil (excluding 
macrofauna); and all non-living vegetable and animal residues found on the surface. 
 
Organic matter is able to positively affect several physical, chemical and biological properties of 
land. It makes soil fertile, because without organic matter, or without enough of it, soil is simply 
“lifeless”. 
 
The carbon stored in soil is the planet’s most important reserve. Although oceans and fossils 
store more carbon, soil is more susceptible to positive or negative impacts caused by human 
activities. Therefore, carbon storage in soil plays a crucial role in the fight against climate change. 
 
The loss of organic matter is also a major problem, since it may compromise soil functionality. 
It is caused by: change in land use made by human beings (massive deforestation, conversion 
of forest or permanent pastures into arable lands, etc.); exponential development of intensive 
agricultural practices;  soil sealing and urban sprawl, causing land consumption.
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BIODIVERSITY LOSS

The term soil biodiversity generally refers to the huge variety of organisms 
that live in the soil. A single gram of soil in good condition can contain hun-
dreds of thousands of bacteria, belonging to a massive number of different 
species. 
 
Globally, the main factors for animal and vegetal biodiversity loss are soil 
destruction, degradation and fragmentation. The same goes for habitats 
(the place where species normally live). These can be caused by natural di-
sasters such as fires, volcanic eruptions, tsunamis and floods. However, they 
can also be caused by far-reaching changes in the territory brought about 
by human beings, including intensive farming, mainly based on synthetic 
fertilizers and pesticides, or soil sealing, which is done in order to expand 
urban areas and infrastructures.

 
SALINIZATION

Each soil type has its natural content of salt, essential for vegetal growth. 
 
Soils can be defined as “saline” when natural or anthropic factors determine 
an accumulation of salt levels in them to the point of jeopardizing the vege-
tative and productive activity of crops. Needless to say, this also causes ad-
verse effects on the environment. 
 
Salinization occurs through irrigation in warm areas (arid and semi-arid 
soils), where part of the water used evaporates while its salt content re-
mains in the soil. Little by little, the soil becomes so saline that it impairs the 
growth of plants, until the soil is wholly sterile. 
This phenomenon often goes unnoticed for a long time, until it finally shows 
its effects in a dramatic way: once salinization has reached critical levels, re-
versing the trend is far from easy. 
In both Italian and European coastal resorts, salinization is closely related 
to the presence of brackish groundwaters, which are characterized by a mix 
of freshwater and the seawater nearby (saltwater intrusion).
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EROSION

Soil erosion, by water, wind and human activities, is the most significant 
threat to soils throughout the world, as well as to their related ecosystem 
services. 
 
Erosion leads to the loss of soil’s surface layers, which contain substantial 
amounts of organic and mineral nutrients, as well as the partial or complete 
loss of strips of land with the possible exposure of the subsoil. Erosion also 
has an external impact, causing damage to private and public infrastructures, 
as well as reduced water quality and sedimentation. 
 
Soil erosion has been accelerated by human activities, for instance by redu-
cing plant and vegetable residue cover, but also through ploughing and other 
agricultural operations. These factors altogether reduce soil stability and in 
extreme cases, may lead to land subsidence or landslide. 
 
Globally, it has been estimated that surface erosion is at the root of 85% of 
fertile soil loss, and for this very reason, with each passing second, the world 
loses an amount of soil comparable to a football field.

 
COMPACTION

“Soil compaction” is a process involving a progressive loss of soil porosity, 
which consequently leads to a reduction of organic matter, a rise in erosive 
phenomena and a decrease in agricultural production. 
Due to the shortage of pores, air and water struggle to reach the subsoil and 
as a result, the plant lacks nutrients. Heavy and clay soils bear a higher risk 
of compaction than light and sandy soils. 
Only soil organisms and roots are able to restore the fine structure of poro-
sities, but this takes time. 
Soil compaction can be brought about by natural causes such as particularly 
heavy rains, swelling or cracking of the soil itself. However, there are also 
anthropic causes, such as the use of heavy machinery passing through the 
soil for agricultural activities (shredding, ploughing, harrowing and flower 
bed preparation) or construction activities. 
 
Soil compaction has an immediate effect on plant growth. Indeed in com-
pacted soil, plants struggle to absorb nutrients and their roots do not deve-
lop as well. Microorganisms living in compacted soil have reduced activity 
and produce less nutrients that are absorbable by plants. Water penetration 
is more difficult and there is a higher risk of flooding and erosion.
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Soil sealing is the outcome of the permanent covering 
of soils with artificial material (such as asphalt, cement 
or concrete), which leads to a reduction or deletion of 
their permeability. This phenomenon is the largest con-
tributor to soil consumption, understood as the increase 
of artificial surfaces at the expense of agricultural, na-
tural and semi-natural areas. It also has the worst im-
plications. 
 
Social and economic development models have led to 
the considerable increase in sealed surfaces, these are 
linked to buildings, urban expansion and new infrastruc-
tures. 
 
What is more, streets, railways, channels and cities are 
responsible for habitat and landscape fragmentation. 
Because of this, species are confined to smaller and 
smaller areas, and migration corridors for wild species 
are interrupted, therefore harming biodiversity. 
 
The sealing process undoubtedly has the most serious 
effects on soil, since it prevents it from performing its 
natural ecosystem functions, therefore bringing about 
its complete and irreversible degradation. 
 
Concrete and asphalt surfaces seal the soil by preventing 
it from performing its functions, such as water storage, 
food and biomass production, climate regulation, alle-
viation of the effects of hazardous chemical substances 
and lastly, habitat provision. Sealed surfaces prevent the 
rain from penetrating into the soil, where rainwater nor-
mally gets filtered and feeds groundwaters.

SOIL FRAGMENTATION, 
SEALING  
AND CONSUMPTION
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Desertification is the outcome of the several degradation 
processes afflicting the soil. 
 
The term desertification refers to a process of land de-
gradation in arid, semi-arid, dry sub-humid areas. The 
causes triggering this process include climate variations 
and human activities. 
 
Soils can go through periods of water stress, not only 
because of insufficient or irregular rainfalls, but also be-
cause in some conditions, rainfall does not seep into the 
soil or it cannot be held in the upper layers. 
 
This phenomenon is partly due to soil characteristics 
(permeability), morphology (slope) and weather condi-
tions (heavy rainfall), but it is also worsened by soil mi-
smanagement practices (e.g. burn-out of crop residues, 
excessive ploughing and shrubs removal) that bring 
about a reduction of organic matters, 
the destruction of soil structure and 
the decline in soil fauna (e.g. ear-
thworms).

DESERTIFICATION  
AND DROUGHT

CLIMATE CHANGE 
 
The way we use the soil and the 
territory is closely linked with cli-
mate change as well. 
 
The deforestation of tropical fo-
rests for pasture on the one hand, 
or reforestation in Europe on the 
other, affect the balance of green-
house gas emissions worldwide. 
The same goes for permafrost 
melting, which is due to the rise in 
average global temperatures: this 
might bring about the release of an 
excessive amount of greenhouse 
gases, namely methane, and boost 
the rise in temperature as well as 
modify the hydrological cycle. 
 
Climate change alters to a signifi-
cant extent what farmers can 
produce and where they can pro-
duce it.
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THE SUSTAINABLE MANAGEMENT  
OF SOIL AND LAND

Who owns the soil and its resources, and who can make 
decisions about its use? 
 
In some cases, land is private property, which can be 
bought and sold, and exclusively used by its owners. 
Often its use is governed by national or local regulations, 
for example to maintain forest areas, or by urban plan-
ning instruments. In other cases, some areas are desi-
gnated for public use only. 
 
We all use land and rely on its resources: in order to ma-
nage it sustainably, landlords, tenants, legislators and 
users at all levels – from local to global – must work to-
gether. 
 
In order to protect the soil, its resources and to establish 
detailed rules on its use, some policies and measures 
have been put in place worldwide. However, up to now, 
there is not a European Directive addressing soil protec-
tion and safeguarding its precious functions. 
 
 
In European countries, such policies and measures range 
from municipal planning regulations to European stan-
dards on reducing the emissions of industrial pollutants 
in the soil; from the connection between green areas (to 
reduce fragmentation) to the extension of protected 
areas (in order to preserve nature’s diversity). 
 
For instance, the European Common Agricultural Policy 
requires farmers to adopt good practices to achieve 
“good agricultural and ecological conditions”. 
 
Likewise, the 7th Environment Action  includes a non-
binding commitment of ‘no net land take by 2050’, with 
the aim of halting the spread of urban areas into often 
fertile agricultural land and forests. 
 
There are also many global strategies, such as the UN’s 
sustainable development goals that refer directly or in-
directly to land and soil use. 
 
 
 

In order to achieve these goals, it is not only up to individual stakeholders, such as farmers and 
urban planners to take action. 
Although our consumption choices, diets or farming practices can have an impact on the health 
of our soils and land. 
Market prices for food and land, the productivity of land, climate change and pressure from urban 
sprawl may all force farmers to adopt monoculture or intensive farming practices - not sustai-
nable for soil - to remain economically viable. 
Similarly, urban planners may propose to limit urban sprawl by converting old industrial sites 
into new urban areas but authorities may lack the resources needed for reconversion. In many 
cases, cleaning and remediating land in industrial areas may be more costly than expanding the 
infrastructure and building on farmland. 
 
Given the complexity of governance linked to soil and land, binding targets, incentives and mea-
sures for protecting soil and land resources are still missing in many countries despite these 
global and European efforts. 
 
However, various initiatives are in progress across different parts of society to better manage 
our land and soil. These range from improving our environmental monitoring, policy reform pro-
posals (e.g. agriculture), research initiatives and associations that promote environmentally 
friendly farming, to consumers that buy sustainable food products. Ultimately, we all have a 
duty of care and we are all responsible, as we are the users, owners, regulators, managers and 
consumers of land and soil.
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PRACTICES AND BEHAVIORS  
FOR SOIL PROTECTION: 
A SOLUTION  
FOR EVERY THREAT

CONTAMINATION 
• Fertilize according to agronomic use plans, in order to 

adjust the amount of nutrients in accordance with the 
real need of the crops 

• Protect crops by favoring, when possible, a reduction 
in the use of pathogens with alternative, low impact 
techniques (biological control, green infrastructures, 
vegetal metabolism reinforcement by the stimulation 
of self-defense). 

• Use well characterized biomasses in strict accordance 
with current legislation 

• Characterize irrigation water without the risk of intro-
ducing pollutants into the production environment, 
which might be transferred to the food chain 

• Avoid burning waste of crops along with plastic, boxes,  
woods impregnated with disinfectants, etc. The latter 
have to be disposed in the appropriate areas. 

• Purchase high-quality agricultural products that   com-
ply with the legislation on fertilizers and evaluate the 
conversion of crops to biological methods 

• Avoid degrading the environment through littering or 
incorrect waste disposal 

BIODIVERSITY LOSS 
• Detect the soil vocational nature as not to degrade it 
• Preserve biodiversity through crop rotation with legu-

mes and renewal species, series, underground storage 
of residues. 

• Diversify agricultural practices: light tillage of the soil, 
sustainable use of fertilizers and technical means for 
defense 

• Promot  the  creation of green infrastructures linking  
natural areas, thus creating corridors for wildlife 

• Preserve native species, whether they are animal, ve-
getal or microbial, without introducing invasive species 

REDUCTION OF ORGANIC MATTER 
• Avoid tillage or choose conservative tillage, to avoid ex-

cessive harrowing of the soil with a faster oxidation of 
the organic matter 

• Consider adding crop and organic residues such as 
compost and manure. 

• Keep a plant cover also in winter using catch crops, na-
mely crops whose cycle develops itself between two 
main crops. At the end of the cycle these get buried. 

• Perform crop rotation by including forage crops 
• Consider different land use for longer or shorter set-

aside periods. 
• Change eating habits by reducing wastes and limiting 

consumption to the real needs, as to halt intensive far-
ming practices oriented to raise productivity through 
the massive use of synthetic fertilizers and plant pro-
tection products

The way forward is clear: we urgently need to change the way we use and manage land and 
the resources it provides. 
 
Sustainable soil management requires the adoption of appropriate practices and behavior 
aimed at protecting this vital and limited resource, by preventing its degradation and 
addressing these threats with the correct measures.
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EROSION 
• Avoid, or if unavoidable, carefully plan land use chan-

ges, such as deforestation or the conversion of perma-
nent pasture into cultivated land, causing the removal 
of the upper layer and the loss of carbon in the soil 

• Perform rational hydraulic- agrarian managements in 
order to better manage water and reduce the risk of 
landslides 

• Reduce or avoid using herbicides 
• Perform terracing in case of steep terrain.

SALINIZATION 
• Reduce losses due to evaporation 
• Optimize irrigation water management and conve-

yance by avoiding automated water supply and the  
application of water on crops  or alternatively, use de-
salinated water 

• Design drainage systems that are based on a deep 
knowledge of the water balance of the area 

• Reclaim saline soils through direct salt leaching or 
plantation of salt-tolerant varieties.

SOIL COMPACTION 
• Accurately plan agricultural works by taking due ac-

count of the soil’s characteristics and planning diverse 
rotations 

• Strengthen the soil by adding organic matter, in order 
to make the soil more resistant towards the working 
pressure of heavy machinery 

• Decrease air pressure in agricultural machines’ tires 
• Equip oneself with specific agricultural machinery al-

lowing a fast and non- invasive tillage

DESERTIFICATION AND DROUGHT 
• Leave plant production residues in the soil, in order to 

increase its porosity and therefore its infiltration rates 
• Foster the wealth of soil fauna (for instance, ear-

thworms) 
• Increase the organic matter content to improve soil 

structure and its water storage capacity 
• Whenever possible, preserve a plant cover on the soil 

in order to reduce surface runoff and  erosion (thus  
contributing to  better water quality through filtration) 

• Irrigate during the coolest hours as to avoid losses due 
to evaporation
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• Consumo di suolo, dinamiche territoriali  
e servizi ecosistemici. Edizione 2019 -  
Report SNPA 08/19 (a cura di M. Munafò) 

• Voluntary Guidelines for Sustainable Soil 
Management – FAO 2019 

• Il suolo per la vita - Linee Guida volontarie 
per la Gestione Sostenibile del Suolo 2019 
SOIL4LIFE https://soil4life.eu/ 

• Linee Guida volontarie per la Gestione 
Sostenibile del Suolo per le professioni 
tecniche 2019 SOIL4LIFE https://soil4life.eu/ 

• EEA SEGNALI 2019 “Suolo e territorio 
 in Europa” EEA 2019 
www.eea.europa.eu/signals 

• The European Environment - State and 
Outlook 2020 - Knowledge for transition to 
a sustainable Europe – EEA 2020 

• Badlock J.A., Broos K., 2011. Soil organic 
matter. In: Huang P. M., Li Y., Sumner M.E. 
(eds), 2011. Handbook of Soil Sciences: 
Properties and Processes, Second Edition. 
CRC press. 

• The importance of soil organic matter.  
Bot A., Benites J. (eds), FAO Soils Bulletin, 

80, 78 pp. FAO 2005 

• “Il suolo la radice della vita” – APAT 2008  
(a cura di A. Di Fabbio, F. Fumanti) 

• La salinizzazione in Italia, Nicola Colonna - 
ENEA 2008

SOURCESSOIL FRAGMENTATION, SEALING  
AND CONSUMPTION 
• Avoid new constructions on natural or agricultural 

lands, but rather reuse existing buildings and infra-
structures before consuming new soil 

• Ensure new housing and infrastructural needs  through  
urban  and territorial regeneration of artificial areas 
that are abandoned, underused or rundown. 

• Mitigate soil sealing by using draining and semi-per-
meable materials such as: lawn, gravel turf, concrete 
grass grids, water-bound surfaces, permeable concrete 
pavements and porous asphalt 

• Adopt sustainable urban drainage systems such as re-
tention or infiltration ponds; floodable ditches; rain 
gardens (sunken flowerbeds designed to feed off rain-
water from rooftops, streets, car parks and squares); 
green roof installation; cisterns and reservoirs built on 
existing buildings 

• Soil depaving or desealing by removing waterproofing 
layers, such as asphalt or concrete and foreign matter, 
then loosening the soil below. The goal is to retrieve a 
real link with the natural subsoil 

• Regulate the urban microclimate by reducing tempe-
ratures and the “heat island” effect through nature-
based solutions (planting of urban forests, tree rows, 
public gardens and orchards, green parking, green 
roofs, water walls) 

• Develop urban green infrastructures and ecological cor-
ridors in order to reduce the effects of fragmentation



SOIL: a living treasure beneath our feet 
 
Concept and supervision 
Michele Munafò, Alessandra Attanasio, ISPRA  
 
Editorial coordination 
Michele Munafò, Alessandra Attanasio, ISPRA 
 
Texts 
Michele Munafò, Alessandra Attanasio,  
Marco Di Leginio, Marco D’Antona,  
Francesca Assennato, Astrid Raudner, 
Ines Marinosci, ISPRA 
 
Photographs 
Franco Iozzoli, Elena Porrazzo, ISPRA 
 
Graphics 
Elena Porrazzo, ISPRA 
Pirene srl, Roma 
 
Contributions 
Sabrina Panico, Olimpia Girolamo (ISPRA),  
Damiano Di Simine (Legambiente onlus),  
Dušica Radojčić (Udruga Zelena Istra - Green Istria) 
 
Printed by Jamsolution 
Roma, 2020 
Printed on recycled paper 
 
Realised for SOIL4LIFE Project -  
LIFE17-GIEIT000477, Action D1, 
 funded by EU LIFE Financing Programme 
 
www.soil4life.eu 
 
The contents of this publication do not reflect the official 
opinions of the institutions of the European Union.  
The authors are responsible for the information  
and points of view expressed in this publication


