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Soil Is an extremely complex and variable medium. Over 320 major soill
types have been identified in Europe and within each there are enormous
variations in physical, chemical and biological properties.

As soil formation is an extremely slow process, soil can be considered
essentially as a non-renewable resource. Soll is important for the existence
of living species on our planet and carries out a series of functions making
It essential for maintaining the environmental balance. Despite this, it is too
often perceived only in terms of support to agricultural production and as a
physical base on which to develop human activities. Soil functions must be

protected because of both their socio-economic and environmental
Importance.

The most commonly forms of unsustainable land use are overcultivation,
overgrazing, deforestation, and poor irrigation practices. In addition the
Impact of human activities on soil include erosion, decline in organic
matter, local and diffuse contamination, sealing, compaction, decline in
biodiversity, salinization, floods and landslides. A combination of some of
these threats can ultimately lead arid or sub-arid climatic conditions to
desertification [(COM(2006) 231)].




European strategy on Soil:

European Commission 2001-2010 6th EU Environment Action Programme
(6EAP). In the document “Environment 2010: - Our Future, Our Choice

- the importance of soil is outlined because it acts as ‘sinks’ which absorb
carbon dioxide from the air.

- a new policy must be developed because it takes thousands of years to
create;

- the importance to develop a strategy for soil protection

Towards a Thematic Strategy on Soil Protection” (COM(2002) 179 2002)
the Commission identified the main eight threats These are:

- erosion

- organic matter decline,

- contamination

- salinization

- compaction

- soil biodiversity loss

- sealing,

- landslides and flooding.




The proposed Directive - COM(2006) 232 final — also includes:

» The establishment of a common framework to protect soil on the basis of
the principles of preservation of soil functions, prevention of soil
degradation, mitigation of its effects, restoration of degraded soils and
Integration in other sectoral policies.

» The requirement for land users to take precautionary measures when
their use of the soil can be expected to significantly hamper soil functions.

» |dentification of areas at risk of erosion, organic matter decline,
salinisation, contamination, compaction and landslides, and establishment
of national programs of measures. To ensure a coherent and comparable
approach, the identification of risk must be carried out on the basis of
common elements. These elements include parameters which are known to
be driving forces for the different threats. Risk reduction targets and
programs of measures to reach those targets will have to be adopted.
Programs can build on standards and measures already identified and
iImplemented in national and Community contexts.




Soil salinization

Salinization refers to an excess of salts in soil, due to natural
and human causes. It can reach levels that can compro  mise
vegetation and farming activities causing negative e ffects on
the soll’'s biodiversity and on its resistance to eros lon.

An italian map indicating the extent and characteristics of salt-
affected solils soils is still not available but a lot of information has
been collected by Universities and regional solil services.

RAMSOIL project ( ) provides a general

overview of the different types of scientifically acknowledged soil
salinity risk assessment methods. Different countries use various
methodologies for risk assessment.
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Commonly three types of approaches exist to identify areas at risk
Eckelmann et al, 2006):

= Qualitative approach;

= Quantitative approach;

= Model approach

There are salinity risk assessment methodology in use in Hungary, Slovakia
and Spain. Only Hungary has an official recognized assessment. Slovakia
and Spain has a methodology used by scientists. Greece and Cyprus do

not have it, but they provided information about their preferred method.

SPAIN:

Integration of two simple models in a GIS to evaluate salinization risk in
Irrigated land in Valencia [De Paz, J.M., Visconti, F., Zapata, R. & Sanchez,
J. (2004). The Use of Two Logical Models Integrated in a GIS to Evaluate
the Soil Salinization in the Irrigation Land of Valencian Community (Spain).
Soil Use and Management, 20: 333-342.]




Soil salinisation: causes, solutions and beneficial farming practices (SoCo project)
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Diffuse soil contamination
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Diffuse soil contamination: causes, solutions and beneficial farming practices
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Soil compaction

Compaction, which is mainly due to the use of agricultural machinery, occurs
when soil particles are pressed together, reducing the pore space between
them. This induces important changes in the soil's structural properties and
behaviour, such as the temperature and moisture regimes, the balance and the
liquid and gas phases that form the soil. Apart from the topsoll, layer, compaction
Is also frequently formed at the depth of cultivation (plough sole). The result is
not only the reduction of soil functions but also a drastic reduction of water
infiltration with subsequent runoff increase.

Even if, at European level, a map of natural susceptibility of soils to compaction
has been carried out, there is not yet a proposed methodology




The natural susceptibility of soils to compaction
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Compaction: causes, solutions and beneficial farming practices
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Organic matter decline

Organic carbon (OC), which represents 60% of soil organic matter, carries out
an essential positive function on many soil properties. It facilitates the
aggregation and stability of soil particles reducing erosion, compression,
cracking and the formation of surface crusts. Organic carbon binds effectively
with various substances, improving soll fertility and its control capacity and
Increasing microbial activity. It also makes nutritional elements, such as
nitrogen and phosphorus, available to plants. Knowing the amount of OC
stored in the soils is an important element to determine their condition.

The proposal for a directive of the European parliament and of the council,
gives a table annex 1: “Common elements for the identification of areas at
risks of soil organic matter”. Different elements that could play an important
role are identified to assess risk areas for organic matter. Named are soll
typological unit (STU), soil texture (clay content), soil organic carbon (total,
humus concentration and stock) climate, Topography, land cover, and

land use.
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Organic matter decline: causes, solutions and beneficial farming practices
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Soil erosion

Erosion is a physical phenomenon that results in the removal of soil and
rock particles by water, wind, ice and gravity. Most present-day concerns
about soll erosion, leading to its perception as a process of degradation,
are related to accelerated erosion, where the natural rate has been
significantly increased by human activities’ [Eckelmann et al., 2006].

By removing the most fertile topsolil, erosion reduces soil productivity and
biodiversity. Where soils are shallow, may lead to an irreversible loss of
natural farmland; even where soil depth is good, loss of the topsoil is often
not conspicuous but nevertheless potentially very damaging

In many cases soil erosion requires corrective operations especially in
highly important farmlands, economically relevant ones or, in any case, in
areas where the erosion tolerance rate (factor T) exceeds the provided
standards. The erosion tolerance rate (expressed in tons/hectare/year)
enables a controlled productive and protective use of the solil. It should
therefore be generally lower with respect to the soil formation speed
(pedogenesis).




The erosion rate IS very sensitive to both climate and land use, as well as to
detailed conservation practice at farm level. The Mediterranean region is
particularly prone to erosion because it is subject to long dry periods followed
by heavy bursts of erosive rain, falling on steep slopes with fragile soils.

Assessment of soil loss is carried out by using empirical models and
physically-based ones or considering qualitative or quantitative models.

Models are adopted according the following criteria:
- temporal resolution (single rainfall events or temporal average)

- spatial scale (field size, watershed, regional, etc.)
- data availability
- possibility to be integrated into a GIS.

In Italy the most used is the USLE models (Universal Soil Loss Equation) that :
provides a quantitative estimates of sediment loss (t/ha ¢ year) by rill and
inter—rill erosion caused by water.




The Soil Loss equationis A=R*K*L*S*C*P
where:

A = mean annual soil loss (t/ha ¢ year)
R = rainfall erosivity factor

K = soil erodibility factor

L = slope length factor

S = slope factor
C = cover management factor
P = human practices aimed at erosion control
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PAN-EUROPEAN SOIL EROSION RISK ASSESSMENT: THE PESE RA MAP (JRC-IES, 2003)




Among all land degradation processes soil erosion is certainly the
most studied threat with relation to climate change (all soil erosion
models provide for climatic parameters). Recently the application of
the RUSLE model has allowed the construction of a soil erosion risk
map in alpine areas on the basis of climatic data from 1960-1990 and

IPCC scenarios A2 and B2 (2070-2100) [Bosco C. et alii, 2008].
These predicted soil erosion trends are attributable only to changes
In rainfall regime.
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demographic trend similar to A1
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given to global solutions for economic,
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sustaibnability. Raw materials
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The map shows the IPCC A2 scenario
(2070 - 2100) of soil erosion by water
in the alpine territory.

IPCC A2 Scenario is referred to a very
heterogeneous world, whose basic
feature is the conservation of local
identities. This map is derived from the
RUSLE model which calculates the
sediment loss by soil erosion.




The estimation of soil loss under climate change scenarios could be
improved by evaluating future variations of the cover management
factor. The change of the rainfall pattern and intensity, and of the
soil cover are important factors for the relationship between soil
erosion and climate change [Bosco C. et alii, 2008].

However, other mathematical models (e.g. WEPP — Water Erosion
Prediction Project, EPIC — Erosion Productivity Impact Calculator)
are also available for simulating soil erosion and the influence of
climate change, The choice of one model over another must be
calibrated on local situation, depending on various environmental
variables (soil, climate, political framework). In terms of processes
rainfall intensity is certainly the most direct and important factor
controlling erosional change under climate change.




Erosion by water: causes, solutions and beneficial farming practices (SoCo Project)
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Desertification

A combination of some of these threats can ultimately lead arid or sub-arid
climatic conditions to desertification [(COM(2006) 231)].

It occurs because dryland ecosystems, which cover over one third of the
world's land area, are extremely vulnerable to over-exploitation and
inappropriate land use and it is due mainly to climate variability and
unsustainable human activities.

“A - common misunderstanding is that desertification is linked to the
presence of deserts. The truth is that desertification can and does occur
far from any climatic desert, as the presence or absence of a nearby
desert has no direct relation to desertification” (Dregne, 1986).




Because of its breadth, complexity and dynamism, desertification is
difficult to monitor and assess (Eswaran et alii, 2001).

The identification of ecosystem affected by desertification could be
valued at national, regional or local scales. Depending on the used
scales, the studies on assessing risk of desertification combine different
climatic, soil, vegetation, and socio-economic attributes to estimate
pressure on land and state of soil and vegetation.

The most common methodology used is the identification of
Environmentally Sensitive Areas (ESA’s) through a multi-factor approach
based on both a general and a local knowledge of the environmental
processes acting. The original application, employed in three pilot areas
of Medalus project (Agri basin in Italy, island of Lesvos in Greece and
Alentejo region in Portugal) is based on the classification of four quality
iIndices, obtained as the geometric mean of the available environmental
and socio-economics parameters




Solil texture
Rock fragment
Soil depth
Parent material

Slope gradient

Rainfall
Aridity index
Aspect
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The final value corresponds to a number ranging from 1 to 2
identifies four different stages of land degradation (see the table).

Type Subtype Range of ESAs
Critical C3 > 1,53

Critical C2 1,42-1,53
Critical C1l 1,38-1,41
Fragile F3 1,33-1,37
Fragile F2 1,27-1,32
Fragile F1 1,23-1,26
Potential P 1,17-1,22

Not affected N <1,17




» Critical: Areas already highly degraded through past misuse,
presenting a threat to the environment of the surrounding areas.

> Fragile: Areas in which any change in the delicate balance of natural
and human activity is likely to bring about desertification.

» Potential: Areas threatened by desertification under significant climate
change, if a particular combination of land use is implemented or where
offsite impacts will produce severe problems

> Not affected: Areas with deep to very deep, nearly flat, well drained,
coarse-textured or finer soils, under semi-arid or wetter climatic
conditions, independently of vegetation

Within Desertnet project, Junta de Andalucia has tried to elaborate ESA
index considering three times frames: the 2040s, the 2070s and the
2100s.

http://www.desertnet.org/




Adaptive capacity

A possible measure to mitigate land degradation is the adoption of
conservative land-use management. Common conservation agriculture
schemes include reduced tillage and no-tillage systems, often
combined with intercrop cultivation and mulching to preserve the
natural soil structure and a vegetative soil surface cover.

Different projects have highlighted the important effects of applying soil
conservation practices In agriculture and their links with other
environmental objectives.
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