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Preface

Let's face it. There is no way to restore an ecosystem, not to mention an entire landscape.
The amazing diversity of organisms contained in an ecosystem, even the tiniest one, and the
variety of the interactions needed to generate so many functions should be regarded as a
unique wonder. As ecological restoration progresses, we are increasingly convinced that it
can never substitute protection and conservation.

Ecosystem's complexity is so overwhelming, that we need to cut them into pieces before
we can try to understand it. Not surprisingly, when it is time for rebuilding, we focus on
dominant, key, charismatic species, hoping that the many bolts and nuts that are left aside
will spontaneously join a machine that will run finely.

Furthermore, we want the ecosystem recovered in a legislative period or a few decades,
disregarding the increasing amount of evidence showing that the effects of natural and
anthropogenic disturbances can be detected after millennia of secondary succession.

Ecological restoration is about speed and acceleration, thus assuming that tempo is not an
integral part of ecological processes. We use large amounts of exogenous energy in the form
of fertilizers, organic amendments, physical structures, geomorphic profiling, seed banks,
machinery, nurseries and labor to summarize a process that may last for centuries into a
few years or decades. While doing this, we forget that biodiversity is inversely related to
energy flow (d?B/dt? = —dD/dt, where B is biomass, D is diversity and t is time, as Margalef
(1968) suggested). Clearly, more studies are needed to understand the relationship between
energy inputs, community assemblage and ecosystem function, that is, between resources
committed and restoration success.

Yet, there are still plenty of reasons to engage in ecological restoration. Let's name three. On
the one hand, there is no doubt that ecological restoration can help to protect biodiversity
and increase the provision of ecosystem services. Even if the successional trajectory is not
the one that was originally planned, accelerated increases in ecosystem integrity favored by
human interventions can potentially bypass ecological filters and generate useful ecosystems
to sustain nature and humans. On the other hand, urbanized civilizations increasingly need
opportunities to reconnect with nature; the healthier relationship between nature and
culture pursued by the Society for Ecological Restoration. Ecological restoration can play a
crucial role in this respect, if its benefits are clearly understood and communicated. Finally,
ecological restoration is not only an acid test for ecological theory (Bradshaw, 1986), but also
an immense opportunity to generate new theory and increase our understanding of socio-
ecological systems.



To advance in this direction, we must generate knowledge, and make it accessible for
practitioners. Case studies are an efficient education and training tool: they promote
meaningfully learning, present authentic contexts which integrate the complexity of socio-
ecological systems, and integrate multiple sources of information. They stimulate the feeling
that knowledge is applicable, encourage critical thinking, deliberation and discussion, and
promote engagement (Yadav et al., 2007).

The volume Best practices in evaluation and restoration of degraded mediterranean
environments, which | have the honor to introduce, reviews major drivers of degradation in
Mediterranean agricultural systems, wetlands, coastal areas, forests and woodlands, and
polluted soils, and describes the main approaches used to restore these environments. More
importantly, itincludes 29 case studies, describing different sites and restoration programs. It
contributes to the emerging catalogue of examples of good practices in ecological restoration,
which, as Chair of SER Europe, | can only welcome, and wish that will continue growing and
increasing in accessibility for the benefit of the ecological restoration community. This book
is the result of a 3-year international and multi-disciplinary effort to promote education and
training in ecological restoration, and certainly it will contribute to these aims.

JORDI CORTINA-SEGARRA
Professor and Chair of SER Europe
Department of Ecology and IMEM
University of Alicante

Spain



Introduction

A large part of the Mediterranean region is affected by land degradation caused by
anthropogenic pressure (overexploitation of agricultural and forest land, invasive tourism,
wildfires, pollution, and desertification). The degradation is a challenge to the sustainable use
of land and affects the provision of important services (food, water, biodiversity, wood, etc.) as
well as the livelihoods of the inhabitants. This process has a strong effect on the region, where
part of its economy (agriculture, fishing, tourism) and vital needs (food, water) depends on the
conservation of its natural resources (EC, Land Degradation and Desertification). The European
Directive 2011/2307(INI) “Our life insurance, our natural capital: an EU biodiversity strategy
to 2020", includes as an objective for 2020 the restoration of at least 15% of degraded areas.

The application of appropriate knowledge and techniques can be used to recover disturbed
land. However, land Rehabilitation training requires constant updating of knowledge and
technologies, as well as study with real cases.

For its strong impact of economy and environment, land rehabilitation is generating an
emerging labour market. According to European Directive 2011/2307(INI) “actions to restore
ecosystems and biodiversity have significant potential to create new skills, jobs, and business
opportunities". However, despite this demand and the opportunity to increase employment,
there is a considerable shortage of skilled workers in this field. As a reflection of this problem,
the “Green Employment Initiative" has been recently launched by the European Commission.

The current handbook is the result of a three-year Educational project in Southern Europe
(2015-1-ES01-KA203-016214), whose overall objective has been to improve teaching and
training capacities in relation to Land Degradation and Rehabilitation in this area to fulfil
the demand of an emerging labour market and to contribute to the economy of the region.
The material shown is different study cases of best practices discussed by the teachers,
managers and students throughout the three intensive courses held in Lugo (Spain), Samos
(Greece), Pisa (Italy) and Workshops in Lisbon and Santiago de Compostela.

The handbook was designed to gather most updated knowledge on land degradation processes
and strategies of land restoration. It is focused on the main environmental problems of
Southern Europe: overexploitation of agricultural and forest lands, pollution, wildfires, coastal
degradation, and wetland-aquatic systems. One chapter for each of these topics is devoted.
In addition, a chapter in which the impact on rural development is discussed has also been
also included. All the chapters have a common structure: a) a general background explaining
land degradation processes and welltested techniques of land rehabilitation and b) a series of
selected case studies which show the application of technologies and tools in different regions.

http://www.ibader.gal/landcare-project.html
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1. Introduction

Soil sustains the 90 % of the production of food, feed and fiber; additionally, it contributes for
the health of the entire ecosystem (FAO, 1994). The main processes of nutrient cycling are
occurring within the soil, and it also plays an important role in the reqgulation of water flow and
quality. Similarly, the soil represents an important reservoir for genes and elevated number of
species from different taxas, and therefore supporting biodiversity (Maeder et al., 2002). On
the other hand, because it is the main carbon sink of terrestrial ecosystems (Gallardo, 2016),
it also plays an important role in the climate change mitigation. In summary, soils accomplish
many services (Table 1).

Thanks to the modern agriculture, the food production has been increased to fulfil the huge
needs of the current growth rate of human population, reducing the famine and improving the
nutrition. About half of the global land is used for grassing or intensive agriculture (FAO, 1994).
However, land cover and land use changes from natural forest or grassland to croplands or
pasture and subsequent soil management have a strong negative impact on biomass, soil
properties, and alter the soil ecosystem services (Gallardo, 2015).

Land use changes and intensification agricultural practices affect different soil properties
and the functions of the soil on the ecosystems. Soil organic matter (SOM) loss, degradation
of soil physical properties, erosion, contamination, nutrient mining and salinization are the
main degradation processes generated by intensification of agricultural practices (Table 2).

This chapter describes the five main soil properties affected by land use and management:
(1) soil organic matter (SOM); (2) physical properties; (3) nutrients balance and supply; (4) salt

balance (by salinization/alkalinisation); and (5) soil conservation from wind and water erosions).

In a subsequent section, the main techniques and strategies to correct the degradative
processes are described.

Finally, four selected study cases of land restoration are discussed.
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FIGURE 1
Ecosystem services categories

PROVISSIONNING SERVICES REGULATING SERVICES CULTURAL SERVICES

Products obtained Benfits obtained from Non-material benfits
from ecosystems regulation of ecosystem processes obtained from ecosystems
M Food M Climate regulation I Spiritual and religious
M Freshwater M Disease regulation I Recreation and ecoturism
M Fibre M water regulation M Aesthetic
M Biochemicals M Water purification M Inspirational
M Genetic resources M Pollination M Educational
M Sense of place

M Cultural heritage

SUPPORTING SERVICES

Services necessary for the production of all other ecosystem services

B Soil formation

M Nutrient cycling I Primary production

LIFE ON EARTH - BIODIVERSITY

Source: Adapted from Ecosystems and human well-being: a framework for assessment by the Millennium Ecosystem

Assessment. Copyright © World Resources Institute. Reprogrames by permission of Island Press, Washington. DC.

Table 1. Examples of ecosystem services provided by soil, and control factors.

Ecosystem service

Control factors

Life support

Soil and associated terrestrial ecosystem development are a
function of climate, topography, underlying surficial materials,
functional groups of species, time, and land use.

Soil climate regulation and
atmospheric CO, sequestration

Soil carbon sequestration capacity is function of moisture
regimen, temperature, soil texture, structure, nutrient availability,
associated vegetation and ecosystem disturbance regime

The regulation of greenhouse gasses (carbon dioxide, methane,
and nitrous oxides) emissions are controlled by soil moisture
regime, temperature, nutrients, and microbial activity levels.

Flood regulation

Soil texture and structure, and organic matter content affect
infiltration rate, erosion potential and water storage capacity.

Water purification and soil
contaminant reduction

Soil texture (mainly silt and clay content), soil structure, organic
matter content, and functional biodiversity of soil biota.

Food and fiber production

Nutrient cycling support plant growth, including food and fiber
production.
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Table 2. Key agricultural management practices and their consequences for soil quality and functioning.

Agricultural
practice

Specific management

Impact on the soil and related ecosystem
functions

Cropping system

Harvest frequency
Monoculture
Rotation
Intercropping

Reduction of variety of organic residue inputs to
soil with negative effects for soil biodiversity and
its function

Degradation of physical properties

Losses of organic rich layers of soil by erosion
Pesticide accumulation

Degradation of chemical properties

Use of
agrochemicals

Over fertilization
Abuse of pesticide use

Nitrate and phosphorus accumulations

Large nitrous oxide and methane emissions

Water pollution

Exacerbate the water scarcity in arid and semi-arid
regions

Contamination of coastal ecosystems by large N
inputs from the agroecosystem catchments

Irrigation Irrigation system Erosion
(traditional or modern) ~ Water scarcity
Fertirrigation Secondary salinization
Livestock Overgrazing Soil erosion
management Industrial breeding Soil compaction

Soil degradation

Loss of valuable species and nutrient losses
Water pollution

Accumulation of medicine and antibiotic residues

Agriculture in
wetlands (including
rice production)

Increase in carbon dioxide and methane emissions
Changes of intensity and nature of emissions after
drainage

2. Land management and soil conservation

2.1. Land uses/land cover and land use changes

Food production systems demands large areas of land. The information on land use/land cover
shows that pastures and mosaics, and crops make up more than 40% of the total global land
and European land surfaces (Figure 1). Also, large areas are covered by trees, including native
forests and woodlands. And bare soil is the other most represented cover classes, mainly at

global scale.
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Over the history, European landscape and vegetation have been subjected to deep and
continuous transformations, usually implying important degradation of native forest and
grassland ecosystems (Bauer, 1991; Marty et al., 2007). During the 19t and 20 centuries,
deforestation reached unprecedented rates linked to an increasing population pressure
and an intensification of the agricultural practices. As a consequence of the rapid loss of
trees and denudation of soils, serious problems of soil and water conservation (slipping,
landslide, erosion, and flooding events) occurred from mainly 1860 on (Camacho et al.,
2002; Araque, 2009).

As a result of the demographic exodus from rural to urban areas, and the implementation
of National and European Afforestation Programs, from 1940 the trend to lose forest has
changed (EEA, 2017). From this time onwards, and especially from 1970s, rural depopulation
caused widespread land abandonment in many parts of Europe. In some areas, crops
and pastures have been mostly neglected and a natural secondary succession occurred,
increasing forest-land recovery (for example, in Spain: Merino et al., 2015). However, in recent
years considerable losses of forest has occurred due to forest wildfires. In the Mediterranean
countries the abandonment of agricultural lands was a complex phenomenon driven by socio-
economic and ecological conditions (soil and climatic limitations), and in some cases, by land
mismanagement (Rey Benayas et al., 2007; Garcia-Ruiz & Lana-Renault, 2011).

However, from 1900, the adoption of measures aimed to reducing intensive agricultural
methods involved afforestation schemes or conversion to grazing lands (Figure 2).

Another trend detected in the report by EEA (2017) is the decrease of farm structures of
traditional rural landscapes, part of which has been transformed to a more intensive agriculture
or have been abandoned.

Figure 1. Proportions of global land cover types (GLC-SHARE data base; adapted from Latham et al., 2014) and
land cover types in Europe (39 countries Corine Land Cover 2012 data set; adapted from Soukop et al., 2016).
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Figure 2. Main land transitions and relative amount of land changes per region for
1950-2010 (adapted from Fuch et al., 2012).

2.2. Soil organic matter in managed soils

Role and functions: Soil organic matter content and quality is a key factor for the fertility
and conservation of soil, and then for sustainability of the crop production. Although SOM
only constitutes a small fraction of the total mass of soil, it affects strongly the physical,
chemical and biological properties of the soil (Gallardo, 2016). On the other hand, SOM plays a
critical role in the carbon balance of terrestrial ecosystems, affecting the global carbon cycle
(Intergovernmental Panel on Climate Change, 2013).

The net accumulation of carbon in the soil as SOM, is result of the balance between carbon
inputs (biomass or necromass returned to the soil) and outputs (mineralization of the soil
organic matter), which is determined by climate and certain geophysical controls (Figure 3).
The amount of organic matter varies widely between different soils, from low contents in arid
and sandy soils, to as much as 30 % in the first 10 to 20 cm of the soil profile under forests.
This SOM storage can be abruptly altered also by changes in land cover and in land use (i.e.,
by human activities as the management of the resource), which can result in remarkable
SOM losses. Thus, for the same climatic and soil conditions, the highest SOM contents are
found in forests; pastures and grasslands usually have lower SOM contents, although peat
soils and even soils found in humid areas show higher SOM contents. Croplands have the
lowest SOM contents.
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Figure 3. Environmental controls the organic carbon-balance in the soil.

Influence of intensive cultivation on soil organic matter (SOM): Transition from native forest
to crop land usually includes an intermediate stage when the soil is covered by native or
induced pasture, which cushions temporally soil and SOM losses. However, when conversion
of native forests to croplands occurs directly a rapid loss of SOM is produced.

Unlike natural landscapes in which most of the organic residues produced by the vegetation
is returned to the soil, in cultivated areas, large amounts of plant biomass are removed, and
in some cases the soil is bare. Zero tillage and conservation agriculture are practices been
designed to reduce the impact of agriculture on SOM loss.

Soil tillage (i.e., the mechanical preparation of soil for cultivation) favours aeration and breaks
up organic residues, making them more accessible to microbial decomposition. However, this
practice has negative consequence, leading to losses of N and SOM from the system.

The loss of SOM is illustrated in Figure 4, which shows the changes in this parameter
throughout the period of 30 years since a natural meadow was tilled and a continuous
crop was established. Even higher losses of SOM than those shown are observed in
tropical humid forest regions, in which high temperatures and abundant rainfall amount
favour the loss of SOM mineralization. Abandonment, afforestation or establishment of
grasslands in arable land usually lead usually to important gains in the SOM content (see
section 3.2.1).

Another land use change which affects SOM content is the drainage of peatlands and wetlands
(Kayranli et al., 2010) and their conversion to agriculture. This is particularly important
because the huge carbon dioxide (CO,) emissions generated.

The soils from intensively managed forest plantations in tropical and temperate regions are
also suggested to SOM losses (Guillaume et al, 2015), although in a lower extent than those
in croplands.
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Figure 4. Changes in soil organic carbon (SOC) concentration (0-20 cm depth) in two contrasting systems with
conventional tillage (Garcia-Préchac et al., 2004). This figure shows the loss of SOC after transformation of a
forest soil to an agricultural soil under continuous cropping. The inclusion of a pasture helps to maintain the SOC
content; similar effect is obtained when manure is regularly applied to the soil.

2.3. Soil physical properties and soil management

Role and functions of the physical properties: The physical properties of soil influence the
functions in the ecosystem and how the soil should be managed. These properties determine
not only the movement of water and solutes through the soil and the susceptibility of the soil
to erosion, but also the growth of crops.

Influence of tillage and crop residues management on physical soil properties: Tillage breaks
aggregates, incorporates organic residues from previous crops to the soil, kills weed seeds,
and creates favorable conditions for crop plant germination and growth. In addition, it reduces
water losses by evaporation and enhances the mineralization of organic residues, releasing
nutrients for crop demand. In the long term, however, tillage operations have a negative effect
on the structure of the soil. During tillage soil mixture encourages oxidation of SOM, effect
that is greater when crop residues are removed. In addition, the use of mechanized tillage
requires consumption of fossil fuels that generates CO, emissions to the atmosphere.

When the soil loses SOM, the soil aggregates collapse. Continuous cultivation, especially on
soil with high SOM content, often leads to a reduction of the large pore space or macropores.
Tillage reduces the content of SOM, and then, it produces a reduction of the total pores as
the most marked effect. An appropriate amount of macropores are necessary for water and
air movement in the soil. A reduction in the pore size tends to reduce the infiltration (water
is accumulated on soil surface; Figure 5) and the air content, decreasing the rate of organic
residue decomposition and nutrient mineralization in the soil.

Tillage operations, especially those that use heavy machinery, tend to break the aggregates
and to encourage soil compaction. Increases in bulk density and soil strength reflect the
depletion in porosity and soil hydraulic conductivity with important negative effects on soil
degradation and plant growth.
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In addition, aggregates exposed on the surface of the soil are very vulnerable to destruction
by rain drops. The smallest particles tend to enter the pores and seal them. Deposition of
these particles within the pore spaces creates a superficial crust, a compacted layer of a
few millimetres thick. The result is the formation of a sealed surface layer that prevents
infiltration, increasing the surface runoff and the erosion of particulate organic matter (made
up by partially decomposed plant debris which is not bound to mineral particles) and mineral
soil (Figure 6). Furthermore, the presence of crusts greatly reduces the ability of seeds to
germinate, thus prolonging the time during which the soil remains unprotected. In arid or
semiarid soils, it reduces the amount of water available to crops. The crusting after planting
allows only a small number of seedlings to emerge, so it is generally necessary to perform
a new planting.

Modern agriculture what privileges monoculture that over traditional rotations and the use
of heavy machinery as worsened the physical conditions of the soil, leading to an increase of
the degradation and loss of SOM.

Figure 5. A) Cropland with low infiltration rate, because of low aggregate stability due to continuous cultivation;
and B) A poor soil structure is quickly detected because of appearance of rills.

Figure 6. Ploughing and lack of plant cover usually lead to a sealed surface layer, which prevents water infiltration
and seed germination.
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Soil compaction due to mechanical operations and overgrazing: In addition to the reduction of
macroporosity in the soil, due to the SOM loss, compaction occurs because of applying loads
or pressure by farm machinery and overgrazing in pasture. Compacted soils are common in
most agricultural and forest operations as a consequence of repeated passes of vehicles and
land grading equipment. In such soils, bulk densities values of 1.5-1.8 g cm™ are usually found,
while the forest soil with a high SOM had soil density around 0.8 g cm. Ideal bulk densities
for growing agricultural crops range between 1.0-1.2 g cm3, while bulk densities higher than
1.5 g cm2are not recommended. Soils with the highest bulk density (e. g., 1.8-2.0 g cm™) are
frequently found in industrial sites, playing grounds or popular areas, such as campsites.

Soil compaction by machinery usually causes substantial reduction in soil porosity, although
wheel load, tire type, and inflation pressure play an important role in soil compaction. The
extent of the soil compaction depends on the applied load, soil type, and moisture status
(Strudley et al., 2008). The effect of the machinery is heavier in bare soil; therefore, removal
of harvest residues increases considerably the effect of the machinery.

The most important compaction damage occurs when the soil is wet. The force required to
compact a soil decreases exponentially with the increase in soil water content. Some plows,
such as the moldboard plow, compact the soil in depth. The continued use of these tool
promotes the development of a dense layer below the tilled layer, called plow plan (plow pan).

Intensively managed forest soils (clear cutting) are also subjected to compaction. This is
favored by mechanical harvesting, using heavy tractors or specialized felling (harvester) and
logging (skidder, forwarder) machines. Surface runoff and soil erosion can be important in
steep slopes, especially when ruts are created during logging operations. In severe compacted
soils, forest revegetation can be impeded for long time periods.

Continued grazing in high stocking rates and livestock trampling cause frequently soil
compaction (Tracy and Zhang, 2008), decrease in standing vegetation or vegetative cover,
depletion of soil organic carbon (SOC) and increases in erosion.

2.4. Soil nutrient balance and cycles

Nutrient supply constrains the soil productivity. However, in general productivity constrains
are generally larger in cultivated lands than in non-cultivated ones. Particularly, nitrogen and
phosphorus alone or combined limit plant growth in most of lands in the short-term (Elser et
al., 2007). Nutrient availability to plants is controlled by soil chemical cycles.

Nutrient cycling in native ecosystems and, also, in agroecosystems, involves entry of nutrients,
internal transfers between vegetation and soil microbes, and exchange with the soil matrix,
and their loss. More than 90% of the nitrogen and phosphorus absorbed by plants of most
native terrestrial ecosystems comes from the internal cycling of elements that return from
vegetation to soils. The adequate management of the SOM is a key factor for reduce the
need of external nutrient inputs in managed ecosystems as forest plantations and crops
(Gallardo, 2016). Nutrients are lost from ecosystems by leaching, gas emission, wind and
water erosion, fires, outflow, and in agroecosystems by the removal of materials along harvest
products exported from the production units. Human activities tend to increase inputs and
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outputs relative to the internal transfers from the regeneration of available nutrients from
dead organic residues, generating different environmental problems. Most severe imbalances
are generated by mono-cropping and use of excessive quantities of nutrients or, conversely,
by addition of essential nutrients or amendments in lower amount than the required by crops.

Human disturbances such as forest conversion, harvest, and fires increase the proportion
of the nutrient pool that is available and therefore vulnerable to loss. Some of these losses
occur by leaching of dissolved elements to groundwater, and particulate (both in organic
and inorganic particles) losses causing a depletion of soil fertility due to a slow reposition
of nutrients exported from the site. Frequently an increase in soil acidity occurs by outputs
of essential cations as potassium, calcium, and magnesium due to natural conditions or
excessive addition on ammonium fertilizers.

However, chemical fertilizers and manure are key to maintain the agricultural intensification.
Therefore, understanding the existing relation between plant demands and soil supply results
critical to avoid imbalances. Generally, agriculture produces an excess of nutrients resulting
from imbalances between nutrient inputs (fertilizers, leguminous crops which fix nitrogen in
the soil, and atmospheric deposition), harvest removal and environmental losses. This excess
has led to widespread nutrient pollution and the degradation of lakes, rivers and coastal
oceans. In addition, the release of nitrous oxide from fertilized fields contributes to climate
change. Finally, in many cases lands are abandoned due to the large losses of SOM and
nutrients by soil erosion caused by overgrazing or bad agricultural practices (see Section 2.5.
Erosion in managed soils).

Targeted policy and management are needed to improve the balance between yields and the
environment. Such actions must include the coupled between plant requirements and soil
inputs, improving manure management, and capturing excess nutrients through residues
recycling, wetland restoration and other practices. Increasing SOM is an important issue.

There are two different ways to recover the SOM and nutrients after land use (Roa-Fuentes et
al., 2015) to nearly the former levels (see Section 3.2.2. Managing abandoned landscapes). In
brief, one way is allowing the regeneration of native vegetation without human intervention
by ending disturbance (passive restoration). Although this strategy is cheaper, results are
limited either by the slow rate of SOM and nutrient accumulations. The second way is using
tree plantings (active restoration). Studies of plantings have shown that active restoration
could be the best way to speed up the recovery of vegetative covers and soil functions after
land-use abandonment (Roa-Fuentes et al., 2015). During restoration practices, it is important
to consider that plant species could affect the soil fertility in different degrees and timing,
altering the rate of nutrient cycling and energy fluxes (see Table 3, in Section 3.2.2. Managing
abandoned landscapes).

2.5. Soil salinization and alkalization

The salinization occurred when water-solute salts are accumulated at the topsoil (epipedon)
and this salt accumulation can be higher to the plant tolerance (above of 3.000 mg salt kg™).
Additionally, to the direct toxic effect over the plant species, the salts also decrease the osmotic
pressure, reducing the water uptake by plants. Therefore, decreasing the soil water availability.
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Salinization can be caused by natural factors associated with weathering of parent material
richin different types of salts (as NaCl, CaSO,, CaCO,, etc.) in sites where the evapotranspiration
is higher than precipitation, as Mediterranean and semi-arid areas. In many Mediterranean
regions, water is scarce and soil salinity is a major cause of desertification, mainly due to
human activities (Daliakopoulos et al., 2016). Induced salinization affects large surfaces of
Spain, Italy, Hungary, Greece, and other countries from Southern Europe.

Although the management can promote the salinization by watering or decreasing water table
by pumping. Irrigation in dry land implies two types of problems. In dry regions, when the water
is pumped in excess of recharge, it competes with uses for human and natural ecosystems,
affecting the availability for urban use and streams for fisheries and recreational uses. Besides,
in dry regions with salt content in the subsoil, using underground water source typically increases
the soil salinity. Since drought period is increasing under the climate change, increased irrigation
has occurred in many areas. In addition, flows from agricultural irrigation usually carry more
salts, nutrients, and pesticides, impacting natural systems and drinking water. Unfortunately, in
many salinized soils additional irrigation is needed to wash away the salts from the soil rooting
layer, diminishing further the water resources and increasing the desertification (Figure 7).

Figure 7. A) When salinization occurs, additional irrigation is used to wash up the salts beyond the soil rooting
layer. Cotton crop in Bukhara, Uzbekistan; and B) Sometimes salts are too close to the soil surface, as in this
picture (Oaxaca, Mexico).

The impacts of salinization on soil physic-chemical characteristics: The increment of sodium
generates the dispersion of soil particles and, therefore, the soil structure, as soil aggregates,
is disrupted, promoting the susceptibility of soil to both water and wind erosion. Additionally,
the salinization increases soil pH above 8.0, promoting chemical precipitation of available soil
nutrients (as HPO,2 orH,P0O,") and, therefore, reducing soil fertility.

The salinity also decreases the capacity to exchange cations by clay, because the exchange
charges are partially occupied by free cations as sodium. Furthermore, the ammonium is
vulnerable to volatilization because of the high pH, increasing the N losses from the soil. As a
conclusion, salinization disturbed the soil pH buffer capacity, disrupting soil nutrient dynamics.

Effects on soil microorganisms: Salinity also has adverse effect on soil microorganisms,
because only some microbial taxa can tolerate high levels of soil pH. Therefore, soil biodiversity
can decrease, due to a reduction of genes diversity; then, some functional genes can be lost,
affecting soll fertility.
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Effects on vegetation: The accumulation of salts affect negatively to plant growth due to the
increase of the osmotic potential which decreases the availability of water to plants. Among
the most important crops in Europe, wheat, barley, triticale, and rye are salt tolerant, whereas
maize is sensitive.

The soil electrical conductivity (EC) has been used as an indicator of salinity. Values lower to
2,0mS m'is considered the soil has no salinization problem, while values higher to 8,0 mS m-'
are considered the soil with high problems of soil salinity (Tanji, 1990; Urbano-Terrén, 1995).
In Europe, around of 3.8x10° ha are considered with high levels of soil salinization (EEA, 1995),
mainly in the Mediterranean countries. Unfortunately, soil salinization is increasing in Spain,
Greece, and Hungary (De Paz et al., 2004).

2.6. Erosion in managed soils
2.6.1. Extent of the erosion

Accelerated soil erosion is a major threat to soil. More than 40 x10° tons of soil is lost annually
from terrestrial ecosystems by erosion (FAQ, 2017; Borelli et al., 2017; FAO & ITPS, 2107).

In Europe, almost 90 % of this type of soil loss is the result of anthropogenic impacts. Erosion
mainly takes place in agricultural lands and abandoned lands. Furthermore, erosion rates
are also high in soils affected by severe wildfire, intensively managed forest plantations, and
construction sites (Boardman & Poesen, 2006; Verheijen et al., 2009).

The arid and semiarid Mediterranean area is considered for a long time to be particularly
prone to erosion because it is subject to long dry periods (which hinders plant development),
followed by heavy bursts of intensive rainfall events. The precipitation mainly affects steeply
sloping land, i.e. soil that is poor in SOM contents and scarce plant cover. For this reason, soil
losses of 20-40 ton ha™ are frequently recorded after heavy rainfalls in such areas (Garcia-
Ruiz, 2010; Garcia-Ruiz & Lana-Renault, 2011).

Croplands: Arable soils, which make up as 25 % of European land as average (https://www.
indexmundi.com) accounts for 70 % of soil erosion in Europe.

Land devoted to annual crops, such as cereals, and orchards (olives, vineyards, and almonds),
is particularly vulnerable to soil erosion (Figure 8) because of the lower degree of protection
offered by this type of vegetation cover. In this land uses the soil is left unprotected for
a large part of the year, in annual crops coinciding with the season of heaviest rainfall in
Mediterranean areas. In addition, intensive tillage reduces the amount of soil organic matter
content, leading to lower soil porosity and higher runoff. Due to the relief in Mediterranean
areas, cultivation is often carried out on sloping lands, involving the construction of new
terraced fields.

Erosion of these areas also leads to high concentrations of suspended sediments and
dissolved salts (chloride, sodium, sulphate, calcium, and magnesium) in waters. Some
studies (e. g., Smith et al., 2011) have shown that nutrient losses may represent a significant
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proportion (10-60 %) of the total amounts of nitrogen, phosphorus, and potassium applied
annually. Economic losses due to nutrient loss and damage to infrastructures by soil erosion
and landslides may be as much as 14 % of the annual income.

Figure 8. A) Rill formation in intensively managed arable soil, in NW Spain, B) tillage in chestnut orchard, Portugal;
C) Gully formation as a consequence of livestock overgrazing (Michoacan, Mexico); and C) degraded in tepetates
areas (Mexico).

Pastures: On the other hand, a total of 17 % Europe's land is covered by permanent pastures
and mixed mosaics (Soukop et al., 2016). In semi-arid areas, rangelands are prone to soil
erosion even under natural conditions. One of the most frequent problems is overgrazing,
which leads to deterioration of the plant cover. In poorly managed livestock grazing, grass
species are replaced by scattered shrubs. Cattle trails and ruts produced by off-road vehicles
also channel run-off and favour the formation of gullies.

Land abandonment. Since the beginning of the 20" Century populations have declined in
many marginal rural and mountainous areas, leading to the abandonment of thousands of
hectares of land (Figure 9a).

In some areas where sufficient amounts of precipitation favours plant re-colonization of
abandoned cropland, cover by shrub species improves the SOM contents and reduces
runoff and erosion. However, shrubland areas are often subject to repeated fires, and thus to
soil erosion processes. In some cases, the abandonment of bench terraces may also have
important geomorphological and hydrological consequences. Abandonment of these stone
structures (Figure 9b) usually leads to collapse of the walls and gully erosion, and extreme
erosion rates are usually recorded (Garcia-Ruiz & Lana-Renault, 2011).
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Figure 9. A) Land abandonment in Extremadura (Western Spain); and B) In semiarid region, abandoned beach
terraces are occupied by shrub communities which are subjected to repeated fires, and thus to soil degradation
and erosion processes (Hydra, Greece).

Forested lands, including forest plantations. A total of 34 % of Europe surface is covered
by forests (EEA, 2017). In stable forests erosion soil losses are very low, generally less than
1,00 ton ha' yr'; in these ecosystems the litter layer covers the soil, providing very effective
protection again the impact of raindrops and favouring infiltration. In addition, tree leaves and
branches intercept the rain and moderate its effects.

However, these protective mechanisms disappear in intensively managed forest plantations,
which are often are cleared for production. Harvesting activities (removal of felled logs
by use of wheeled of tracked forwarders or skidders) and intensive site preparation (e. g.,
ploughing, windrowing) reduce surface cover and compact the soil, increasing erosion, at
least temporally (Edeso et al., 1999).

High rates of soil erosion occur as a result of poorly designed forest roads (Figure 10). These

roads collect and channel large volumes of water, leading to severe gullying. Poorly designed
logging roads may cause the loss of as much as 100 Mg ha yr' of soil by erosion.

Figure 10. Poorly designed forest roads generating large amounts of run-off (Bizkaia and Lugo, respectively, Spain).
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On the other hand, afforestation schemes with flammable plantations and the encroachment
of shrubs after rural depopulation have increased the frequency of wildfire, increasing erosion,
which in certain cases can be extreme (see Chapter 4, focused on wildfire).

Construction sites. Sediments are often produced in construction sites (Pitt et al., 2007).
Although the surface area affected is much less than in agricultural and forest land, rural
buildings accounts for a substantial sediment load production (in some countries 10 % of the
national sediment load). Measurements made in these drastically perturbed areas usually
show erosion rates that are 3 -100 times higher than in cropland (Figure 11).

One of the most important factors affecting the accelerated erosion rates in these areas
is the high erodibility of soil that is freshly disturbed by excavation. This is due to the
extremely low SOM content of the subsoil deposited in the surface. In addition, the complete
lack of plant protection makes these soils highly prone to erosion. The exposed material
is also highly susceptible to the formation of large gullies, which can ruin pavements and
foundations.

Figure 11. The low soil organic matter content of the freshly exposed soil material
leads to extreme erosion rates in construction sites (Lugo, Spain).

3. Implementing agricultural and forest sustainable practices in
agricultural and forest lands

It is long accepted that extensive land degradation in Mediterranean countries contributes
negatively to the development, especially of the rural regions (see chapter “Land rehabilitation
and rural development”). The processes of land degradation above described have
implications in waters (sediment loads, contamination, flooding), air (increased greenhouse
gas emissions), and food provisions.
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High nature value farmlands of low intensity agriculture systems has been proposed for
the European Union policy, since they are reservoirs of biodiversity and provide several
ecosystem services (Gardi et al., 2016; see Section High nature value farmland). However,
global estimations suggest that production would need to roughly double to keep pace with
projected demands from global population growth, dietary changes (especially meat and milk
consumption), and increasing bioenergy use (Tillman et al., 2011).

3.1. Conservation agriculture and erosion control

Proper management practices and land use policies are necessary to reduce the degradation
processes described above. In recent years, many farmers are adopting conservation
practices which combine the following basic principles of land management defined by the
FAO (Figure 12):

a) Reduction of soil disturbance by using reduced-tillage or no-tillage,
b) Retention of adequate levels of living or dead cover crops, and
c) Diversified crop rotations.
These practices have been extensively assessed in a variety of soils and climates across

the world, largely under Mediterranean climate. Different studies identify a large variety of
benefits related to soil protection, the environment and the human health.

Conservation agriculture is focussed on the increase in the SOM contents and in the
enhancement of other soil functions. These practices tend to increase water infiltration and
storage in the soil, particularly required in semiarid and dryland agricultural systems of the
Mediterranean region, where the SOM contents are particularly low.

Figure 12. Principles of Agriculture of Conservation, according FAO.
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Conservation practices are also implemented to reduce nitrate leaching, decreased the use
of herbicides, and mineral fertilizers, and suppress weeds via cover crops competition for
nutrient and water resources. Other potential benefits are the increased microbial diversity
and to lower emissions of greenhouse gases, such as N,0 to the atmosphere.

In recent years, conservation tillage has become increasingly popular, due to encouragement
via policies such as the Common Agricultural Policy in Europe (Gonzalez-Sanchez et al., 2016).
The organic farming (EU Regulation for Organic Food and Farming EC, N°. 834/2007) follows
the principles of organic agriculture.

The EU thematic Strategy for Soil Protection recognizes that SOM is of crucial importance to
maintain soil quality and productivity and to maintain a range of ecosystem services. This
policy supports are important to compensate the initial costs of implementation for farmers,
when benefits of the practice may be insufficient for the first years.

3.1.1. Increase nutrient-and water-use efficiencies

Different studies have shown that only 30-50 % of the nitrogen applied to the soil is taken by
crops. In the case of phosphorus, the efficiency when applied directly to the soil is near 15 %.
In both cases efficiency can be incremented by incorporation of fertirrigation.

The excess of nutrients applied causes environmental problems in freshwater, coast and
atmosphere, particularly in the case of N, a mobile element in the soil (see section 2.3. Soil
nutrient balance and cycles).

Research, extension education, and soil testing have contributed to improve the nutrient use
efficiency in different intensive crops. Different strategies are;

1) Precision agriculture, which match the application of the fertilizers with the needs
of the plant and the efficiency of the fertilizer under soil type and management
conditions. N fertilizers are added in small doses at sowing and more frequent during
the periods of higher demand of the crop, that is not the case of P and K application,
where the total amount of fertilizer is applied at sowing time;

2) Multiple cropping systems, in which crop rotation and intercropping (at least two
crops) growing simultaneously;

3) Fertirrigation. i.e., fertilization via irrigation system, and

4) Use of environmentally friendly fertilizers, a type of fertilizers that retard and control
the release of nutrients into the soil and improve the coupling between the plant
demand and the soil nutrient availability. In these sorts of fertilizers, the nutrients
are coated with materials, such as sodium alginate, cellulose or others, that can be
degraded in the soil.

Furthermore, agroecological innovations in crop and soil management appear as a great
promise for improving the resource efficiency of agriculture, maintaining the benefits of
intensive agriculture and reduced harm to the environment (Chen et al., 2011).
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Efficiency of water use

Of the particular concern is that some 70 % of global freshwater withdrawals are devoted to
irrigation. Irrigation is used on about 24 % of croplands and is responsible for delivering 34%
of agricultural production (Siebert & D6ll, 2010).

In large portions of Mediterranean regions, where water is scarce, good water, and land
management practices can increase irrigation efficiency. For example, curtailing off-field
evaporative losses from water storage and transport and reducing field losses through
mulching and reduced tillage will increase the value of irrigation water.

Other approaches to increase the crop yields in water-limited environments are the cultivation
of crops with high water-use efficiency and the development of crops with greater drought
tolerance. Biotechnology or conventional breeding are being used to achieve these goals.

3.1.2. Conservation tillage

Conservation tillage is any management that retains at least 30 % of residues on the surface
and enables reduction in the intensity of tillage. They include a range of practices as follows:

1) Reduced-till: Soil undisturbed prior to direct seeding on the stubble of previous
crops, which is done in a narrow seedbed, 2.5-7.5 cm wide. Weed control primarily by
herbicides.

2) Ridge till: Soil undisturbed prior to planting, which is done on ridges 10 to 15 cm higher
than row middles. Residues moved aside or incorporated in about one-third of soil
surface. Herbicides and cultivation used to control weeds.

3) Strip till: Soil undisturbed prior to planting. Narrow and shallow tillage in row using
rotary tiller, in-row chisel, and so on. Up to one-third of the soil surface is tilled at
planting time. Herbicides and cultivation to control weeds.

4) Mulchtill: Soil surface disturbed by tillage prior to planting, but at least 30 % of residues
left on or near soil surface. Tools such as chisels, field cultivation, disks, and sweeps
are used (e. g., stubble mulch). Herbicides and cultivation used to control weeds.

Farmers often use herbicides to kill weeds rather than applying conventional inversion tillage
(e. g., with a mouldboard plough). The use of a chisel plough is also preferred because it stirs
the soil but leaves a large proportion of the crop residues on the soil surface.

The use of conservation tillage is one of most efficient measures to enhance SOC stocks
(Figure 13), increasing the stability of the aggregations of some soils and in turn it might
improve the infiltration. In many cases these systems produce the same or even higher crop
yields, while saving time and soil. These practices are especially advantageous in light to
medium texture and with low SOM contents (Busari et al., 2015). However, the net effect of
this technique depends on the type of soil (Strudley et al., 2008).

Figure 13 shows the effect of carbon concentration after two decades of no tillage as compare
to conventional tillage.
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Figure 13. Trends in carbon concentration with depth after 21 years of no tillage
or conventional tillage in southern Brazil (Machado et al., 2003).

Tillage to reduce or alleviate soil compaction

There are some recommendations to reduce the impact of machinery on soil compaction.
Using lighter machinery is the most logical measure. However, in some cases, the use of large
and heavy vehicles and big axle load is unavoidable. Other technical measures to reduce soil
compaction are to limit the contact pressure of vehicles with the ground. Using wider tires or
lower tire pressure are the most important factors to reduce compaction under wheels. Dual
wheels and flotation tires can also minimize significantly the compaction risk.

Other useful measures are to delay the activities requiring machinery to periods when soils
are dryer or froze, because they are less prone to compaction when become drier later.

A compact soil can be loosened, although the strategy will depend if the compaction is on
the soil surface or below the topsoil. When it occurs only at the surface, cross-tillage usually
is an effective method to correct the problem. However, if deeper soil layers are affected,
compaction is less reversed, and deep loosening must be practiced. However, the effect and
length of the effect of this operation can be variable, depending of the type of soil and other
factors. Severe compaction in deep layers frequently requires multiple passes of loosening,
which usually results costly.

The employment of rippers tends to loosen the soil in depth, although in some cases the
effects are not lasting (Figure 14). In areas with low precipitation and with not irrigation,
ripening for increasing the soil depth does represent advantages, since the rain does not
penetrate more than few centimeters in the soil.
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Figure 14. a) Ripper is usually employed in afforestation of croplands to loosen the soil in depth; and b) In the
direction of the furrows is essential for avoiding soil erosion (Andean Andisols, Ecuador).

3.1.3. Mulching, cover crops and organic inputs

Mulching

Mulching is the agronomic practice of leaving mulch on the soil surface to avoid soil erosion.
Mulch is referred to the material spread over the soil surface to generate a permanent or
semi-permanent protective cover. Some examples of materials that can be used as mulch
are vegetative residues, biological textiles or even gravel. In agricultural soils, the most
frequent materials are the most readily available, such straw, grass, and chopped pruning or
crop residues (maize, soybean, etc.). In some cases, plastic mulching is used, although this
practice leaves undesirable residues.

Surface cover by crop residues plays a critical role on soil water processes. This practice
reduces evaporation, increases infiltration and, therefore, reduces erosion.

Soil erosion is also reduced with increasing the amount of crop residues left on the soil surface.
Establishing a dense plant cover also favors the structure activity. The soil aggregates of soil
with high SOM content are much more stable. Since residue cover dissipates the energy
of the raindrop, crusting is minimized (Figure 15a). However, production of more biomass
requires higher addition of nitrogen to soil, a problem that increases the disruption of the
global nitrogen cycle.

The quantity of residues needed to achieve maximum effects in these processes ranges
2.0-8.0 ton dry matter ha (Ranaivoson et al., 2017). These amounts depend on the type of
soil constraint (in general, evaporation requires higher amounts than infiltration), but also on
other factors, such as the rainfall intensity. In addition, it is important to consider the different
efficiency of the types of residues. For wheat residues only 2.0 ton DM ha™ if is required to
reduce soil erosion by about 90 % compared to bare soil; whereas 1.5-4.5 ton DM ha™' of maize,
rye or rice residues are required to reduce soil loss by 50 %

Since residue decomposition releases nutrients to the soil, keeping the residues on the
soil surface also contributes to the nutrient availability, at least at long term. This practice
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increases soil exchangeable K. However, in the short-term (<1 year) microbial immobilization
of N and P can take place when high C content residues, such as cereal straw, are used which
reduces the availability of these elements in the short term.

Surface crop residues are known to maintain or increase the SOM content. The effect, however,
is rather variable depending on the initial SOM content and the soil texture (usually greater
in clay soils). This practice influences positively on soil meso- and macrofauna abundance
(nematodes, arthropods, earthworms), improving soil biodiversity.

Another important effect is weed emergences, which is usually decreased with the quantity of
residues of the soil surface. Crop residues can interfere physically impeding their emergence
or through allelopathic effect. This can be very useful in Mediterranean tree-crops (e. g.,
almond trees, olives, vineyards, chestnuts), where traditional managements involve frequent
tillages to avoid the competition between weeds and crops for water resources; a properly
managed, herbage cover can reduce erosion, maintaining the crop yield (Martins et al., 2010).

The subsequent incorporation of organic residues into the soil prevents its compaction by the
action of heavy machinery and raindrop impact. Leaving the harvest residues on the ground
usually reduce the pressure of the equipment per unit contact area. In intensively managed
forest soils a thick layer of organic residues has been shown to cushion the compressing
action of the heavy machinery. This measure is especially useful on wet soils, which are prone
to compaction.

However, in Mediterranean areas the current needs for crop and animal production have led
to the intensification of soil management and overgrazing, which hinder the presence of an
adequate soil vegetative cover.

In addition, in recent years another problem has been the high demand of crop residues as
feedstock for energy (Figure 15b). The use of crop residues for bioenergy purposes needs to
be considered with caution, especially in semidry and dryland areas (Lal, 2009); therefore, in
Mediterranean areas is important to develop integrated strategies to a better stewardship of
the agroecosystems.

Figure 15. Forest logging residues management in intensively managed plantations. A) The logging residues are
kept in the soil, preventing soil erosion and compaction by machinery; and B) The removal of branches as fuel for
bioenergy in no appropriate site leads to problems of erosion.
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Cover crops

Introducing a growing cover crops in some Mediterranean harvests usually produce similar
benefits than mulching with respect to runoff erosion, organic matter, structure and biodiversity.
In some occasions, these crops are not harvested for food. When the main crop is annual, cover
crops are typically sown after the summer crops have been harvested and before cold weather.
In spring, before the growing period of the main crop, they are tilled back into the soil.

In permanent crops (e. g., almond, olives, vineyards, chestnuts, etc.; Figure 16) they are sown
between trees and vines in vineyards, and they are incorporated into the soil at the end of their
growing cycle where the nutrients are released as the plants decompose.

All cover crops add organic residues to the soil and accumulate essential nutrients. In many
cases, legumes, such as red clover, are established to supply the following year's nitrogen
needs. Plant cover crops bring other benefits. This type of crop maintains vegetative cover
once the crops have been harvested for the year, which reduce the risk of erosion. When they
are planted in a dense cover crop, they prevent weeds from getting established, so there is
less weeding to do come spring.

Figure 16. A) Plant cover reduces the impact of rain drops, increasing soil organic matter content and prevents soil
crusting; and B) Typical conversion of chestnut orchards to chestnut coppices, stand litter and trees protecting
the underlying soil.

Organic inputs

The inputs of different types of organic amendments, such as compost, manure or raw wastes,
increase or maintain SOM contents with subsequent multiple benefits for soil, plants, and soil
organisms.
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The regular application of the organic residues to the soil helps to progressively enhance
the SOM content and provides nutrients for plants and microbial communities; it also
enhances the soil cation exchange capacity due to the negative charge created as a result of
the decomposition (humification) of the organic residues and promotes the soil aggregate
stability and porosity. The options most easily available to the farmers are adding crop
residues and farm manures. In addition, some off-farm sources, such as treated sewage
sludge, biochar or agro-industry wastes can be added.

There are multiple evidences that long-term application of inorganic fertilizers cannot maintain,
in many cases, the optimum SOM content and crop productivity; but, also, the sole use of
organic-residue amendments cannot maintain the desired agronomic productivity, due to the
intrinsic low nutrient status of some soil types used for agricultural purposes. This is the case
of soils that have been highly eroded or have a low pH (which usually require liming adjustment).

Addition of crop residues.- Incorporation of crop residues into the soil using appropriate
machinery or retaining them on the soil surface enhances SOM contents of agricultural soils.
Green manure, or cover crop, involves planting a crop that will incorporated into the soil to
increase its SOM and fertility.

Animal manure (farm-yard manure and slurry manure).- Manure is a natural by-product of
livestock production, containing organic carbon and it is an excellent source of nutrients for
crops. Manure application is profitable on farms with a near crop land which can fully utilize all
the applied nutrients. In European Union, 1.40x10° ton of manure is annually generated. In most
cases, manure is stored and then spread out on agricultural lands. However, in occasions, manure
is applied in large volumes, which generates leaching and runoff rich in nitrate, phosphorus,
ammonia, and greenhouse gases emissions, leading to water and air pollution. The accumulation
of Zn and Cu is also a risk for soil micro-organisms and plants (Santoja et al., 2017).

In many regions with intensive livestock manure is produced in quantities exceeding the local
land capacity to receive it. Therefore, some strategies must be implemented in order to meet
the environmental protection criteria. Part of the N in manure can be reduced by lowering
the crude protein in the diet of the animals (poultry, pig, and dairy cattle) or by mean specific
techniques applied to housing and manure storage.

Manure treatment is an alternative to the traditional direct spreading which can prevent
part of these problems. The main processes for manure treatment are composting, aerobic
treatment, and anaerobic digestion (Loyon et al., 2016).

Compost.- Application of organic composts in agricultural lands help to maintain the SOM
contents, ameliorating soil physic-chemical properties, and improving crop production.
Nevertheless, this practice usually fails to improve N status in the crop, and synthetic fertilizer
N is recommended for better results (Gallardo, 2016).

Agricultural utilization of municipal (domestic and industrial sectors) solid wastes is a cost-
effective option for managing solid wastes and for improving soil quality in croplands. Municipal
waste compost is also helpful to restore ecological functions of degraded lands. It has been
used for the restoration of burn areas, soils contaminated with hydrocarbons, and organic
pollutants and for the remediation of saline soils. In degraded soils, compost amendment
ameliorates its biological properties and enzyme activities (Srivastava et al., 2016).
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The quality of the compost required is very variable, which depends on the type of feedstock
and composting process. In spite of these advantages, the presence pathogens, pesticides,
and toxic substances, like heavy metals and other organic pollutants, must be considered.
The long-term application of low-quality compost may lead to their accumulation in the soil
and crops. For this reason, checking the composition of the feedstocks and the resulting
compost before land application is very important.

Treated sewage sludge.- Sewage sludge, a sub-product generated in waste water plants,
contains useful concentrations organic residues, nitrogen, and phosphorus, and it widely
employed as fertilizer in many crops. However, it also usually contains high amounts of
many pollutants and pathogenic microorganisms in big industrial cities (in rural villages
the contents are usually traces), which can be phytotoxic and some toxic to humans and/or
animals. For this reason, it is necessary to control the concentrations in the soil of potentially
toxic elements and their rate of application to the soil. Prior its application to the soil, sewage
sludge should be subjected to biological, chemical or thermal treatment, long-term storage or
other appropriate process designed to reduce its fermentability and health hazards resulting
from its use before being applied in agriculture (Loyon et al. 2017).

Biochar.- In the last years use of biochar has been proposed as an option for improving
agricultural degraded soils. Biochar is the charcoal produced of pyrolysis of residual biomass
and it is a sub-product of some industries. Compared to fresh plant residues, compost and,
especially biochar, are more slowly decomposed, which can increase soil carbon content
and soil fertility in the long term (Lehmann et al., 2016). Another benefit of this practice is the
reduction of N,O emissions from the soil. However, they can also reduce the N efficiency of
fertilization due to increased microorganism immobilization. An alternative product to biochar
is the wood ash generated in certain biomass power plants, which usually contains 10-15
% of charred biomass (Merino et al., 2017). Both products, biochar and wood ash can be
incorporated into the composting process (Agegnehu et al., 2017). Both products are strong
adsorbent, therefore, biochar and relative sub-products have the potentially to sequester
some heavy metal when applied to the soil.

3.1.4. Use of crop rotation and agronomic measures

Crop rotation.- In this practice a series of dissimilar types of crops are grown in the same area
in sequential seasons. Growth of legume as a green manure in sequence with cereals and
other crops allows the replenishment of soil organic matter and nitrogen. Deep rooting can
also contribute to enhance the SOC stock in soil depth.

Plant diversity promoted by crop rotation is also important to favour the diversification of
the root systems, leading to a greater variability of root-derived SOM compounds. Therefore,
an increase in soil residues also increases the variety of soil fauna, bacteria and fungi,
improving the functional diversity. Thus, a complex microbial community has the capacity of
reducing the impacts of pathogens. The earthworm abundance usually results is larger and
interconnected pores, increasing water infiltration. Nutrient acquisition can also be increased
by arbuscular mycorrhizal fungi.

Contour cultivation.- Plants are cultivated in rows following the contours across the slope
gradient to slow the flow of run-off water.
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Strip cropping.- In this system the field is laid out in narrow strips across the slope, alternating
tilled crops, such as corn or potatoes, with hay and small grains. This system is useful for
shortening the effective slope length on long slopes subject to sheet and rill erosion.

3.1.5. Special techniques for erosion control in agricultural and forest lands

Mulching also is used in reforestation plans of water-limited environments due to its effect
in reducing soil erosion and water loss by evaporation. In addition, the mulch is a source of
available nutrients, favouring the seedling survival and growth (Barajas-Guzman et al., 2006),
enhancing the soil conservation. Other techniques for erosion control are showed below.

Terraces

The construction of terraces (Figure 17) reduces the effective length and gradient of a slope.
These are used on steep slopes and when properly designed allow large volumes of water to
move from the soil without erosion (Stanchi et al., 2012).

Figure 17. Some examples of flat-channel terraces in Mediterranean environments.

Control of gully erosion.- Gullies are common in steep slopes partially covered by vegetation.
They can also occur in along the course of concentrated water flows formed in arable land,
as well asin poorly designed terraces and roads. In desert climates, the appearance of gullies
can have devastating effects. In small gullies, grass species can be sown to create grassed
waterways. In more active gullies, a series of check dams can be constructed with materials
available on site (Figure 18), such as rock or logs or brush.
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Figure 18. Constructions of a series of dams and other actions for preventing the gully increasing in size.

3.2. Low-intensity farming systems and ecological restoration

The most productive lands are subjected to agricultural intensification, which leads to the
subsequent degradation process described above, along with loss of the biodiversity.

But, as it was explained in the Introduction section, large areas of croplands managed in
traditional uses in Europe are being transformed to other uses as a consequence of the
rural exodus to the cities. However, these less productive lands are being transformed to
low-intensity farming systems. Some of these lands have been afforested or transformed
to rangelands and grasslands. But in most marginal areas, mainly mountain landscapes,
hey undergo a revegetation process as a result of abandonment. This section is focussed in
the conversion of croplands to these less intensive systems that provide a richer variety of
environmental services.

3.2.1. Conversion of cropland to lower intensive managements

Converting cropland to grasslands or forest (afforestation) has significant and positive effect on
SOM content and the recovery of soil functions and the variety of ecosystem services. Although
the most prominent effect is produced in the topsaoil layer, in the long term the deeper soil horizon
will also gain as a consequence of bioturbation and organic residues inputs from the fine root
litter (Pérez-Cruzado et al. 2011; Poeplau & Don, 2013; Muioz-Rojas et al., 2015). In most of the
SOM gains are attributable to the labile fraction, which means that these gains are susceptible
of losses as a consequence of subsequent management (Poeplau & Don, 2013). The increased
grassland and forest surface in different regions of Europe has also reduced the sediment
production. In mountainous areas, this has contributed to mitigate gully erosion and landslides.
In riparian areas, the afforestation also favours the stabilization of eroding river banks.

Agroforestry.- Agroforestry is a practice that integrate tree or shrubs (i. e., woody vegetation)
in a matrix of land use for crop and/or livestock systems combining production of food with
other environmental services (Mosquera-Losada et al., 2009). In the Mediterranean region,
some examples are intercropping chestnut and walnut trees in arable systems or integrating
cover crops and/or grazed legumes (i. e., an important source of protein) in olive plantations
or vineyards. In comparison with intensive agriculture, commonly monocultures, agroforestry
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enhances the local biodiversity, and improve physical and chemical soil properties (e. g.,
porosity and SOM and nutrient contents; Torralba et al., 2016). Since agroforestry systems
retain higher amount of carbon in above- and below-ground biomass, and in soil, the
transformation of low or unproductive croplands to agroforestry has been proposed as a
measure for carbon sequestration and regional carbon management (Nair et al., 2009).

3.2.2. Managing abandoned landscapes

The current abandoned landscapes in Southern Europe are being evolving to two different
types of landscapes. In some cases, these lands are subjected to a secondary succession
or plant colonisation, by native and invasive species. The naturalization of these areas
towards ecosystems prior to agriculture, generates a more natural landscape with a lot of
environmental benefits. It reduces soil erosion, promotes the C sequestration in both soils and
biomass (and, then, to climate regulation), and allows a better regulation of the water cycle;
in addition, it help to recover the biodiversity (Pereira & Navarro, 2015).

Table 3. Examples of plant effects on soils.

Processes / soil Effects
properties

Atmospheric deposition Increase the deposition of hydrogen, nitrogen and sulfur in polluted
landscapes by canopy trapping of atmospheric particles and gasses.

Carbon input to soil Increase the quantity of the organic residues added to soil by leaves,
branches, stems, and root death.

Nutrient availability and Increase the nutrient availability to the soil by symbiotic nitrogen

accrual fixation, mineral weathering, and stimulation of microbial activity.

Increase the nutrient accumulation in the soil by addition of organic
residues rich in N, P, and other macronutrients, and by favoring the physical
and biochemical protection of soil organic matter in the mineral soil.

Moisture regimen Affect the soil moisture regimen by its effect on soil physical
characteristics (soil temperature, size, and distribution of pore space),
and on evapotranspiration.

Soil biodiversity Increase the diversity of functional groups and species of soil
microorganisms by the addition of large quantities of organic residues
of different qualities.

Two practices of restoration ecology are common in these situations, passive and active
restoration (Roa-Fuentes et al., 2015).

Passive restoration, usually involves natural regeneration with little or without human
intervention (rewilding). It is a low-cost practice, but in highly degraded soils (e. g., lack
of fertility, salinization), the recovery of system' properties are slow. For this reason, this
strategy is only useful when degradation is limited, and the system has the capacity for
recover structure and function.
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Whereas active restoration, that includes interventions such as soil management and
addition of amendments, planting, removal, and/or reintroduction of species, can a laborious
and expensive practice but contributes to improve the capacity of the ecosystem for recover
favoured by a better substrate, and the influence of plants on the soils (see Table 3).

High nature value farmland

In spite these benefits, the process of abandonment shows negative effects. In Southern
Europe, the accumulation of biomass increases the fire risk, generate uniform plant
communities, landscapes, and affect negatively to the sustainable development of mountain
communities (Merino et al., 2015). In some cases, the revegetation process is managed for
productive purposes (extensive livestock and leisure), to avoid environmental problems
(wildfire, loss of biodiversity) and preserve cultural landscapes (e. g., Lasanta et al., 2015).

High-value nature farmland (HVN) is a concept develop ped by the European Commission in
the 1990s as a result of the recognition of the role of traditional extensive farming systems
in conserving biodiversity and soil heath. These areas are an important component of
European agriculture, not only for their natural values but also for cultural heritage, quality
products, and rural employment. The concept of HVN farmland refers to areas in Europe
where agricultural activities support and are associated with exceptionally high biodiversity
and the presence of environmentally valuable habitats and species. Such farming is usually
practised in areas where natural constraints prevent intensive crop production or livestock
farming. Some examples are extensively grazed uplands, mountainous meadows, dehesas in
Spain (Figure 19B) or montados in Protugal (Paracchini et al., 2008). These systems are semi-
natural agricultural habitats, made up by small crop fields intermingled mature trees and
shrubs. They usually include linear features, such as field margins and hedges. As a result,
the presence of species of high conservation interest that provide polinization services is
important in these landscapes. The maintenance of these systems provides biodiversity and
other valuable ecosystem services and host habitats which are fully or partially dependent on
agriculture. Recognizing this role, different strategies to support these least favoured areas
have been implemented under the Common Agricultural Policy.

Figure 19. A) Traditional land uses integrating different agricultural habitats; and B) Typical overview of a dehesa
(silvopastoral stem), Extremadura, Western Spain.
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4. Conclusions

The previous information shows that soil degradation is one of the major problems facing current
agriculture and forestry at both global and Mediterranean region. Overuse of heavy machinery,
intensive cropping, short rotations, intensive grazing, and inappropriate soil management leads
to soil organic matter loss, soil compaction, and, therefore, runoff and erosion.

Although each soil presents specific problems, in developing improved land use and practices
in agroecosystems, solutions should focus to:

1. reduce tillage that mixes soil horizons, causing loss of soil organic matter and
destabilize the soil aggregates;

2. shortenthe traffic of tillage machinery and performing the necessary soil management
during periods in which the soil takes optimum moisture conditions;

3. maintain the surface of the ground covered with plant residues that diminish the soil
temperature and protects the aggregates destruction by rain drops impact;

4. incorporate organic amendments that contribute to maintain an adequate level of
soil organic matter content, contributing to stabilize the aggregates stability and the
formation of new aggregates;

5. include rotation of species, particularly meadows that include leguminous species for
favoring an increment of the soil organic matter.
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6. Study cases

6.1. Study case 1: Application of charcoal for reclamation of intensively
managed soils in temperate regions: linking energy production and
sustainable agriculture

Agustin Merino', Beatriz Omil', M. Teresa Fonturbel', José A. Vega',
Miguel A. Balboa®

'Unit of Sustainable Forest Management (Soil Science and Agricultural
Chemistry), Escuela Politécnica Superior, Universidad de Santiago de
Compostela, 27002 Lugo, Spain

2Centro de Investigacion Forestal. Lourizan, Conselleria de Medio Rural, Xunta
de Galicia, P.0. Box 127, 36080 Pontevedra, Spain

$Novernto, SL, Lugo, Spain

Adapted from: Merino et al. (2016).

Background and Aims

Intensive management of soils from humid temperate areas usually leads to acidification
and depletion of nutrients and soil organic matter, and therefore, additional sources of
nutrients and organic matter, as well as the implementation of soil conservation techniques
are usually required. In the last years the application of charcoal has been proposed as an
alternative to conventional fertilization for crop and forest soils. As compare to other organic
amendments (animal manures, crop residues, municipal waste, biosolids), which can be
easily degraded in the soils, the pyrogenic carbon shows long turnover time. This makes to
prolong the benefits of the organic amendment. In addition, it also enhances the carbon sink
capacity of agroecosystems. Another potential benefit of applying wood ash to degraded
soils is favoring the microbial activity and increase its diversity. Proper charcoal to be used
as organic amendment is produced by the pyrolysis of biomass, which is known as biochar.
However, the greater source of charcoal is the wood ash generated as a by-product in these
boilers in conventional grate-fired combustion boilers, known as mixed wood ash (MWA).
Because the increased demand for biomass energy, MWA is becoming a major source of
pyrogenic organic matter in Europe and other parts of the world.
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Strategies

A degraded soil, acidic and poorly drained, having low content in soil organic matter (SOM),
was treated with two doses (16 and 32 ton/ha) of MWA (pH = 11,0 and charcoal contain 32
%). After the application of MWA the soil was rotovated (-20 cm depth) and barley (Hordeum
vulgare L.) was sown.

Highlights: Evolution of soil properties after the application of wood ash

In this example, the study soil was poor in soil organic matter (less than 1 % of SOM) and
very acid (pH = 5.0), which is frequent in intensively managed soils of humid temperate
areas.

Application of ashes led to increases in OM content (Figure 1). This is due to the direct
application of organic residues contained in the MWA to the soil. However, another reason
was also the increased crop production. The higher amount of crop residues which were
incorporated in the soil after harvesting, also contributed to the higher SOM content. The
analysis of soil organic properties revealed a higher content of recalcitrant SOM (Figure 2a).

The study findings show that the MWA application increases in microbial activity and
biodiversity (Figure 2a), probably by the rise in the soil pH (Figure 1b), the nutrient availability,
and the availability of dissolved organic carbon (DOC). Since the soil showed a clay texture,
some improvements on soil physical properties should also be considered. In addition, the
biochar shows good binding capacity for certain metals and possibly reduced the level of
active aluminum in the soil and therefore its toxicity.

Specific studies have revealed that the increased in microbial diversity are due to the
development of fungi and bacteria capable of utilizing the pyrogenic SOM, rich in aromatic
compounds, contained in the ash.

Figure 1. The initial soils showed poor conditions for agriculture (low soil organic matter content and acid pH),
due to the mismanagement for years. a) Annual application of 16 and 32 t/ha of wood ash and crop residues led
to an increase of OM contents. This effect is partially attributed to direct input of the organic residues contained
in the wood ash (15 %), but also to the increased input of crop residues. And b) In humid temperate areas, natural
acidification is another important limitation for crop production and, therefore, the soils required the application
of liming agents. Wood ash is highly alkaline (pH 8.0-10.0) and contains high contents of K, Mg, and Ca, which are
found as carbonates and oxides.
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Figure 2. The supply of soil organic matter by wood ash led to a higher variety of soil organic compounds and,
therefore, to a greater microbial diversity. a) The calorimetry analysis (Differential Scanning Calorimetry) revealed
significant increases in carbohydrates and aromatic compounds in the treated soils. And b) This effect, along with
the higher litter inputs and root exudates due to higher crop yield, created conditions that foster eco-diversity and
stable microbial communities (in this case, this parameter was determined with Biolog Ecoplates®).

Highlights: Effects of crop production

These changes in soil fertility led to significant increases in barley yields, measured as total
biomass of crop (Figure 3).

Figure 3. The better soil conditions (better soil aeration, soil pH, and nutrient availability) led to a significant
increase in barley yield. Because the great number of roots, the gramineous is a proper crop for reclamation of
soils with low soil organic matter contents.
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6.2. Study case 2: Land use: A case study regarding the effect of agriculture
on land degradation in Greece due to increase in soil salinity

Cristina Vogiatzi

Agricultural Scientist. Imerys Technology Center Greece. 15 A. Metaxas Str, 14564
Kifissia, P. 0. Box 51528, Greece, christina.vogiatzi@imerys.com

Background and Aims

Since the middle of the XIX Century, major socio-economic factors, including urbanization,
intensification and mechanization of agriculture, rapid expansion of tourism, and the
development of fast transportation have altered the lad use in the Greece. Currently the
agricultural land accounts for almost 2/3 of the total lands surface available, forests for less
than 1/3 and approximately 6 % for other uses, e. g., urban networks (Figure 1; CIA World
Factbook, 2011). The ‘green revolution' and lately the accession to the European Union in
1981, led to the intensification of agricultural production and the maximization of fodder
and cash crop production (maize, cotton, sugar-beet, etc.), which resulted in intensive arable
cropping on all fertile, irrigable lands. Demands for water consumption have increased and
affected water availability and quality. Irrigation using water with high salt concentrations
has increased the salinity of the soil, rendering land unproductive, abandoned and desertified,
particularly in the plains located along the coast (LEDD).

Figure 1. a) Land utilization per sector; and b) Main sectors of
agricultural land in Greece in 2011 (CIA World Factbook).
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Soil salinization

Salinization is an important process of land degradation and desertification in Greece and
other countries of the Mediterranean region including Spain and Italy (Bathrellos et al., 2008;
Lentini et al., 2009; Zanchi & Cecchi, 2010). According to expert assessments, about 15 %
of the present irrigated lands face salinity/alkalinity problems (Yassoglou & Kollias, 1989).
Soil salinity affects mainly irrigated lowlands with poor drainage conditions and is promoted
mainly by irrigation with low quality water, poor drainage, and dry climatic conditions, e. g.,
Attica, Corinthia or Crete (Figure 2), where a negative water balance is observed (Bathrellos et
al., 2008; Voudouris et al., 2000; Panagea et al., 2016). Salinity also occurs under conditions of
soils being formed from igneous rocks containing minerals high in sodium, like plagioclases.
After irrigation with low quality water, the water added to the soil is absorbed by the crop
or evaporates directly from the soil. The salts, however, remain and accumulate in the soil
causing salinization (Figure 3a). Salty groundwater may also contribute to the process. In
lowlands, where no proper drainage is possible, after irrigation, the water table rises and the
saline groundwater reaches the upper soil layers supplying the rootzone with salts (Figure 3b).

Soil salinity is defined as the condition where salt concentration in the water extracted from a
saturated soil is high or very high. To extract the water is necessary to fill all the porous with
water and let the solid phase to equilibrate with the liquid phase. The extracted solution is
called saturation extract. The amount of salts is measured in grams of salt per liter of water
(g salt L"). Soils with concentrations higher than 12 g salt L' are considered highly saline.

Increased salt concentrations inhibit normal plant growth because it reduces the rate and
amount of water the roots can uptake from the soil. Moreover, some salts such as Cl-, Na*,
and B are toxic to plants when present in high concentration. Hence, crops grown in salt
affected soils may suffer from drought stress, ion toxicity, and mineral deficiency leading to
reduced growth and productivity. Indicatively, in 2008 a heat wave in the Corinthian Prefecture,
combined with irrigation with low quality water, resulted in quantitatively and qualitatively
damages in grape production that accounted for more than 14.5 million € (ELGA).

Figure 2. Areas of seawater intrusion in Greece. Adapted from Daskalaki & Voudouris (2008).
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The increased frequency of drought spells and heat waves due to climate changes, expansion
of irrigated lands, and shifting to higher-yielding, more demanding crops are expected to
intensify the already existing problems (LEDD).

The aim of the Project is the assessment of the status of surface and ground water in order
to support a more rational exploitation of the water resources and to mitigate problems such
as soil salinity, alkalization, and desertification (EEA, 2015).
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Figure 3. Salinization caused by: a) saline irrigation water; and b) saline groundwater rise (FAO).

Strategies

Preventive practices to control soil salinity include the minimizing irrigation with saline water
and improving drainage to favor salts leaching.

In the semi-arid regions of Greece surface drainage is mainly achieved by the construction of
surface ditches. These drainage ditches facilitate the disposal of excess irrigation and rainfall
water as well as the leaching of undesirable salts from the soil. Another preventive practice
aiming to improve ground-water quality and to avoid soil salinization is the recharging of the
ground water. For example, on the plain of Argolis, where severe problems of saline water
intrusion and soil salinization have been monitored, recharge is achieved by the supplying of
the aquifers with good quality spring water through wells during the winter period (Yassoglou
& Kollias, 1989).

Several other mitigating measures have been suggested including the growing of halophytes
and the employing good soil/water management such as drip irrigation, irrigation scheduling,
seedbed placement of applying organic residues and others sub-products (Ravindran et al.,
2007; Ali, 2011; Yazdanpanah et al., 2016).

Panagea et al. (2016) suggested that the application of biological agents such as the fungus
Trichoderma ssp. and various types of symbiotic associations of mycorrhizae improve
existing soil properties and increase crop resistance to salinity. Netondo et al. (2004) tested
the effect of crop rotation for green manuring for the mitigation of soil salinity
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Finally, in Greece as part of the River Basin Management Plans, a national monitoring program
has been implemented since 2012 including more than 2000 monitoring points across the
catchment.
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6.3. Study case 3: Plant cover by use of almond tree (Prunus dulcis DA
Webb) and organic farming to ameliorate soil quality in southern Italy

Cristina Macci, Serena Doni, Elena Peruzzi, Carmelo Mennone, Grazia Masciandaro

Research Institute on Terrestrial Ecosystems, National Research Council, Italy

Adapted from: Macci et al. (2016).

Background and Aims

The Mediterranean region, characterized by long-dry periods followed by a heavy burst of
rainfall, is particularly prone to intense soil degradation processes, which are generally get
worse by the presence of rugged terrain. The main effects of soil degradation are the decline
of productivity and quality due to the increasing of compaction and runoff and removal of
plant nutrients and losses of soil organic matter (SOM) content. Therefore, the development
of efficient techniques is required to reduce or stop soil degradation. It is widely known that
the vegetation plays a key role in soil protection, both directly reducing physical factors (such
as the impact of raindrops) and mechanically stabilizing the soil with roots and indirectly
through the incorporation of organic residues. The incorporation of humified organic
matter from vegetal origin, in conjunction with the support by external organic materials,
could represent a good strategy for soil rehabilitation. This strategy is based mainly on the
combined action between plants, SOM, and microorganisms. In fact, the addition of organic
residues as amendment, can be useful for the incorporation of different microorganisms and
for the stimulation of autochthonous soil microbial population. The resulting effect of this
strategy is the increase of microbial number and the stimulation of microbial metabolisms,
which, in turn, is the main responsible of soil agronomic fertility, thus sustaining plant growth
and development. The use of exogenous organic residues has already proved suitable for
recovering degraded soils also in arid and semi-arid areas. Soil quality depends on many
physical, chemical, and biological properties, and its characterization requires the selection
of indicators that are particularly sensitive to changes in management practices. In general,
in soils treated in this way the physical and physic-chemical parameters are less sensitive to
soil use and management practices and to the degradation process, as they change slowly
and are evident only when the soil undergoes drastic changes. On the contrary, biochemical
and biological parameters are considered to be more sensitive indicators, even of slight
modifications occurring in soil because they are dependent on microbial biomass activity
and are strictly related to active nutrient pools in soil.

In this experiment , conventional chemical parameters usually related to soil fertility (total
and available forms of C, N, P, and K) along with more sensitive biochemical indicators of soil
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quality and functionality (dehydrogenase and hydrolytic enzymes), as well as yield parameters
were studied in order to evaluate the rehabilitation efficiency of almond-tree plantations under
organic and mineral fertilization in fields with three different slopes (0, 2, and 6 %).

Strategy

The trial was set up in the Metapontino area (Matera, southern Italy; 40° 23' N, 16° 46’
E). The area has a typical Mediterranean climate, characterized by cold winters and dry-
hot summers, with a mean annual temperature and rainfall of 16.6 °C and 550 mm yr’,
respectively. The soil was a sandy-clay loam (USDA texture classification). with a quite low
concentration in SOM (1.07 %).

Three fields (85 m x 35 m, about 3,000 m?) with three different slopes (0, 2, and 6 %) were
selected on the lands of the Pantanello farm company (Figure 1). Each field was divided into
two sub-fields, where organic (O) or mineral (M) fertilizers were applied.

For each slope, a plot (about 3,000 m?) close to each field, without trees and fertilization, was
used as control (control soil, C).

The Metapontino area is suited for almond production. The local almond cultivar Tuono
was chosen in order to recover a local plant genetic resources for protecting soil from
degradation. In addition, two different rootstocks (GF677 and Franco) were chosen for their
greater adaptability to soil and climatic condition. The Franco rootstock (Prunus amygdalus)
was selected because of its great diffusion in the past decades in the Metapontino area; it
is characterized by large, long-lived and deep roots, and adapted to well-drained soil. On
the other hand, the GF677 (Prunus persica L. x P. amygdalus) was chosen as one of the
most common rootstocks for almond production nowadays, being characterized by high-fruit
production, drought tolerance, high vigor, deep rooting, and exceptional anchorage.

The trees were planted in a 4 x 5 m? arrangement. The fields contained 160 plants, 80 for O
and 80 for M, that means 40 plants for each rootstock and treatment. The organic fields were
fertilized using 1.50 Mg ha' per year of commercial composted cow manure (pellet). This
0 amendment (25 % organic C, 3 % organic N, and 3 % organic phosphorus oxide), usually
applied in this area, was incorporated into the first -15 cm of soil, whereas the M fertilizer
(15 % ammonium nitrate, 7.5 % phosphorus oxide, and 20 % potassium oxide) was spread on
soil surface without incorporation. The spreading of the M fertilizer (total amount of 0.3 Mg
ha') was conducted three times per year during spring-summer period. In addition, the soil
was harrowed at 10—15 cm depth in inter-row soil every two months. The plant residues and
weeds were left on the soil.

The soil sampling and the plant yield measurements were made after one year from the
beginning of the experiment. In each slope (0, 2, and 6 %), three soil samples were collected
for all the experimental cases (fertilization: O and M, rootstocks: Franco and GF677, and
control). Each sample, consisting of five subsamples randomly collected, was taken from
the top -15 cm of the soil (150 cm? soil cores). These subsamples were mixed, homogenized,
sieved (through 2 mm), and stored at room temperature until chemical and biochemical
analysis.
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Figure 1. Three fields with three different slopes (0, 2, and 6 %) set up in southern Italy.

Highlights

This study has demonstrated that almond tree in semi-arid environments was effective in
improving soil quality in terms of increasing the soil organic carbon (SOC) and total nitrogen
(STN) contents, and biochemical activities in only 2 years. A greater amelioration of soil
properties was reached when almonds were sustained by organic fertilizer, whereas the
mineral fertilizer led to the higher release of water-soluble C and N (DOC and DON, respectively)
compounds, which could represent an ecological problem because they are considered
potential contaminants for surface groundwater.

Among the rootstocks, the Franco one had the greatest positive effects on soil properties,
resulting in higher SOC and STN contents and dehydrogenase activity (Figure 2), and generally,
in all the hydrolytic enzyme activities. On the other hand, the GF677 rootstock, resulted in a
higher growth and yield (Figure 3).

By considering the slope, the 6 % slope has a high risk of soil erosion, showing the lowest
content of SOM, nutrients, and biological activity, thus reflecting the lower plant growth
and yield. However, even though soil metabolism was lower in the 6 % plot, an improvement
in chemical and biochemical soil properties was generally observed for both, mineral and
organic treatments with respect to no treated soil (Control).

Figure 2. Dehydrogenase activity depends on the metabolic state of soil microorganisms, and
it is used as an indicator of soil microbial activity. C, control; F, Franco rootstock; GF, GF677
rootstock; M, mineral fertilizer; O, organic fertilizer.
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Figure 3. The measurements were carried out on 20 trees per rootstock and fertilization in
each slope. F, Franco rootstock; GF, GF677 rootstock; M, mineral fertilizer; O, organic fertilizer.
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6.4. Study case 4: Improvement functions of degraded soils by application
of organic amendments
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Adapted from the Final Report of the Project “Strategies for soil restoration
and sustainable management of cork oak woodlands (STRAW") - PTDC/AGR-
AAM/102369/2008).

Introduction

In Southern Portugal, oak woodlands presently cover more than 106 ha and play a important
role on the rural economy, as are source of cork, high quality fruits (acorns), pastures,
aromatic and medicinal plants, habitat of a great deal of game, firewood and charcoal. Until
the seventies of the last century, oak woodlands were mostly used for cereal crops, which
led to soils with a low organic matter and nutrient status. Nowadays, in most of the oak
woodlands occur natural pastures, which have been extensively or intensively used for
livestock rearing. The sustainability of this system has been questioned, by climate changes
and by soil degradation. Soil degradation may enhance decline of productivity, loss of organic
matter, removal of nutrients and, therefore soil quality, which is associated with outstanding
threats such as failure of tree natural regeneration, die-back, and lost of biodiversity.
Therefore, the development of management systems and practices are needed to recover or
improve functions of degraded soils in the oak woodlands. It is indispensable to quantify the
magnitude and direction of soil quality improvement