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GLOSSARY

BELOWGROUND BIOMASS All living biomass of live rost Fine roots of less than 2 mm
diameter are normally excluded (as they often chreo
empirically distinguished from soil organic mattar litter).
As a matter of fact, belowground biomass shoultuge not
only plant roots but also soil biota, like fungidamicrobes,
invertebrates of the soil food web and some veatelsr
adapted to soil environment.

BIODIVERSITY The variety of life on Earth, includin diversity at the
genetic level, among species and among ecosystaohs a
habitats. It includes diversity in abundance, dstion,
functionality and behaviour. Biodiversity also engmasses
human cultural diversity, which can both be affddby the
same drivers as biodiversity, and itself has impaxt the
diversity of genes, other species and ecosystems.

BIOFUEL Fuel produced from dry organic matter ombwstible oils
from plants, such as alcohol from fermented suganaize,
and oils derived from oil palm, rapeseed or soybean

BIOMASS Organic material both aboveground and bglownd, and
both living and dead, e.g., trees, crops, gradses, litter,
roots etc. Biomass includes the pool definition d&move -
and below - ground biomass. When used in refer¢ace
renewable energy, biomass is any biological (plant
animal) matter that can be converted to electrioityfuel.
Woody biomass refers to biomass material spedyi¢adtm
trees and shrubs. It is most often transformed dable
energy by direct combustion, either alone or cedfimwith
coal; however, efforts are underway to develop oeshto
cost effectively convert woody material to liquigefs.

BIOMASS ACCUMULATION RATE Net build up of biomasse., all increments minus all losses.
When carbon accumulation rate is used, only onthédur
conversion step is applied: i.e., the use of 50%bara
content in dry matter (IPCC default value).

BIOMASS EXPANSION FACTOR A multiplication factor # expands growing stock, or
commercial round-wood harvest volume, or growinockt
volume increment data, to account for non-merchaata
biomass components such as branches, foliage, and n
commercial trees.

CANOPY The topmost layer of foliage and branches iwoodland,
tree or group of trees.



CANOPY COVER

CARBON DEBT

CARBON LEAKAGE

CARBON SINK

The percentage of the ground coversgd &b vertical
projection of the outermost perimeter of the ndtspead
of the foliage of plants. Same as crown cover.

The excess of GHG emissions from theimg of a source
of bioenergy over that from the reference energyrem
usually fossil fuel (net emissions over fossil) efdis a time
delay before the emissions from exploiting bioegerg
systems will have reached a breakeven point reld@tvthe
fossil fuel systems. We recognise that this deénit
simplifies the GHG debt incurred by the burning of
bioenergy (eg by neglecting the effect of blackboarand
aerosol particles). An alternative definition oafbon debt’
refers to all the CO released from the combustion of
biomass (absolute emissions). However, this dedmiis
less frequently adopted and it is therefore notdusethis
report.

The term refers to emissions fronoimiass produced within
one geopolitical/national unit which have been lkdised
beyond the boundaries of this area (geographical
understanding). In another sense, the term refersat
concealed breach of the boundaries of the accauntin
framework, as in the case of indirect land use ghan
(climate policy understanding). Another example thé
latter aspect is ‘leakage’ defined in the principlef the
Clean Development Mechanism as the prohibited
displacement of emissions beyond the project baigslaA
‘project’ in this policy context is not a geographealisation

of a mitigation activity but an accounting framewdor
such an activity. Both aspects of the term areslg@vance in
understanding the effects of bioenergy use.

Any process, activity or mechanism whicemoves a
greenhouse gas (or an aerosol) from the atmosphere
(UNFCCC, 1992). The sink function of a forest castbbe
described in terms of change in the growing fomesbon
stock. This occurs for example when a forest iswgrg
(quite naturally or in response to arrangement) r@verses

in the case of dieback, decay and fire. The simktion of a
newly created woodland is typically high because dtock

is in a steep growth curve and the rate of carlismomtion
from the atmosphere through photosynthesis is higilst

the sink function of a mature forest is approaclzag. The
accumulation of carbon by terrestrial biomass isrgble
since greenhouse gas emissions can be returnedeto t
atmosphere through natural disturbances or prematur
harvest. Carbon sinks are sometimes mistakenly tedua
with carbon stocks under the assumption that egumaat
forest holds more carbon from the atmosphere thagwdy
created woodland. Such misapplication of the termn c
significantly distort life cycle assessments of tfmpacts of
biomass use.
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CARBON STOCK

CARBON STOCK CHANGE

CO, EQUIVALENT

COPPICE

CROPLAND

DEAD WOOD

DRY MATTER

Pools of carbon, i.e. the overall carlcontent accumulated

in ecosystems. These pools include carbon in libiognass
(above and below ground), dead organic matter (e.g.
deadwood and litter) and soil organic carbon (UNBCC
1992). Carbon is accumulated by a forest only ua pmint
when a steady state is reached so the carbon st@chiven
forest stand is finite.

The carbon stock in a pool change due to the difference
between additions of carbon and losses of carbdrernihe
losses are larger than the additions, the carbock st
becomes smaller and thus the pool acts as a stwrite
atmosphere; when the losses are smaller than thigoad,
the pools acts as a sink to the atmosphere.

A measure used to compare different egilgouse gases
based on their global warming potentials (GWPs)e Th
GWPs are calculated as the ratio of the radiativeirig of
one kilogramme greenhouse gas emitted to the atmosp
to that from one kilogramme Gcarbon dioxide) over a
period of time (usually 100 years).

A growth of small trees that are repeatedtydown at short
intervals; the new shoots are produced by the tlthgs.
Coppicing represents a traditional method of woodla
management and wood production, in which shoots are
allowed to grow up from the base of a felled trEees are
felled in a rotation. Rotation lengths of coppickpend on
the desired size and quality of poles and are &yid 0-30
years depending on species and site. A coppice lbeay
large, in which case trees, usually oaRuércu3, ash
(Fraxinug or Ostryg are cut, leaving a massive stool from
which up to 10 trunks arise; or small, in which edees,
usually hazel Corylug or willow (Salix), are cut to leave
small, underground stools producing many short stérhe
system provides a continuous supply of timber foelf
fencing, etc., but not structural timber.

Category of land-use that includes arabid tillage land,
and agro-forestry systems where vegetation fallsvb¢he
threshold used for the forest land category, cosrsiswvith
the selection of national definitions.

Includes all non-living woody biomass remntained in the
litter, either standing, lying on the ground, orthe soil.

Dead wood includes wood lying on the surface, deats,

and stumps larger than or equal to 10 cm in dian@etany

other diameter used by the country.

Dry matter (d.m.) refers to biomass thas been dried to an
oven-dry state, often at 70 °C. Dry matter includ#son-
living woody biomass not contained in the litterther
standing, lying on the ground, or in the soil.
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FELLING CYCLE The planned period, in years, withivhich all parts of a
forest zoned for wood production and being manageter
a selection silvicultural system should be seletyivcut for
logs. The term is synonymous with Cutting Cycle.

FOLIAGE The live leaves or needles of the tree; filant part
primarily responsible for photosynthesis.

FOREST According to the Italy’s National Inventaoy Forests and
Carbon (INFC), forest is a land spanning more tham
hectares with trees higher than 5 meters and gpogacmver
of more than 10 percent, or trees able to reaclsethe
thresholds in situ. It does not include land that i
predominantly under agricultural or urban land uUserest
may consist either of closed forest stands whezestrof
various storeys and undergrowth cover a high ptapoof
the ground; or of open where forest formations with
continuous vegetation cover in which tree crown erov
exceeds 10 percent. Forest can be open forestosec!
forest. Young forest stand, even if derived frormnping, or
areas that are temporarily unstocked due forestgement
practice or natural disturbances, and which areeebegl to
be regenerated within a short period of time, amsitlered
forest. Forest also includes forest nurseries amdds
orchards that constitute an integral part of thedt forest
roads, cleared tracts, firebreaks and other snpehareas
within the forest; forest in national parks, natueserves
and other protected areas such as those of special
environmental, scientific, historical, cultural a@piritual
interest; windbreaks and shelterbelts of trees asittarea of
more than 0.5 ha and a width of more than 20 mt&i@ns
and cork oak stands are included.

FOREST INVENTORY System for measuring the extengmity and condition of a
forest, usually by sampling.

FOREST MANAGEMENT A system of practices for stewsrgh and use of forest land
aimed at fulfilling relevant ecological (includirgological
diversity), economic and social functions of thee&t in a
sustainable manner.

FOREST RESIDUES Residues resulting from tree héngs (thinning or
regeneration felling), e.g. those parts of the theg are not
removed in the roundwood extraction (stem top andpg,
branches, foliage and roots). In this study thesssent of
biomass potentials from forest residues is limitedstem
tops and branches.

GHG EMISSION INTENSITY The GHG emissions emitted aasesult of combustion per
unit of energy use at a point in time. This concept
frequently referred to as the GHG emission intgnsit
energy use as a form of shorthand. It is importamote,
however, that the greenhouse gas emissions assbeidh
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GHG EMISSIONS BALANCE

GLOBAL WARMING IMPACT

GRASSLAND

GROWING STOCK

LAND COVER

LAND USE

LANDSCAPE

land use activities for the production of bioeneiggdstocks
include not only carbon dioxide (GObut also other gases
such as reactive compounds of nitrogen, metharresale
particles, e.g. black carbon, étdts value will depend on
many bio-physical, environmental, climatic and agmmic
or silvicultural factors affecting the nature ofrlban stocks
in the particular forest or agricultural ecosystah a
particular place and point in time when the biomass
guestion is harvested. We recognise that this tsrmot
based on a scientific definition underpinned by IBEC
global assessment, but we use it in this reporalmse it is
commonly utilised in the life cycle assessmentstiged in
the energy sector, typically at national level.

The overall atmospheric baeanof life cycle greenhouse
gases over a stated period of time for a givenl lefvenergy
use. It is determined by the balance between eonisgirom
human activities and natural systems) and remafajgases
from the atmosphere (by conversion to a differdrgnaical
compound) (IPCC, 2007). The long term EU targets ar
expressed as a reduction of the overall GHG enmssio
balance by 80 to 95 per cent by 2050 in comparisith
1990.

The net global warming impaciver a stated period of time
for a given level of energy use.

Category of land-use which includes rdagds and pasture
land that is not considered as cropland. It alsdudes
systems with vegetation that fall below the thrédhused in

the forest land category and is not expected toeexkc
without human intervention, the thresholds useth@nforest
land category. This category also includes all gjeasl from
wild lands to recreational areas as well as adticall and
silvo-pastural systems, subdivided into managed and
unmanaged, consistent with national definitions.

The living tree component of the siag volume (measured
in m® overbark).

The type of vegetation covering the Basurface.

The type of activity being carried out amunit of land.

For the purpose of this study, two difier meanings are
used for the concept of landscape. From a ecology

perspective, a landscape is a heterogeneous laga ar
composed of a cluster of interacting ecosystems iha

1 Aerosols may have either a cooling effect on the climate by reflecting incoming solar radiation or a warming effect,
by directly absorbing heat radiation and indirectly by changing surface albedo (e.g, black carbon soot from biomass

combustion) (IPCC, 2007; IPCC, 2011).
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LITTER

NET ANNUAL INCREMENT

OTHER WOODED LAND

PASTURE

PAYBACK TIME

POOL/CARBON POOL

repeated in similar form throughout. Most generalty
landscape is an area that is spatially heterogeneait least
one factor of interest. The causes and consequesices
spatial heterogeneity and how they vary with seald has
influenced management of both natural and human-
dominated landscapes.

From the European Landscape Convention the landssap
an area as perceived by people, whose charadtes result

of the action and interaction of natural and/or harfactors.
This concept refers to the features displayed pgréicular
territory as a results of the interactions thatetgiace
between the various components (cultural, ecolbgica
environmental and socio-economic) and in which st i
perceived by citizens. It highlights the importanoé
developing landscape policies dedicated to theeption,
management and creation of landscapes, and ebiaglis
procedures for the general public and other stdkeh® to
participate in policy creation and implementation.

Includes all non-living biomass with a diaimeless than a
minimum diameter chosen by the country (for exarifle
cm), lying dead, in various states of decompositove
the mineral or organic soil. This includes littumic, and
humic layers. Live fine roots (of less than the gegjed
diameter limit for belowground biomass) are incldde
litter where they cannot be distinguished frommipérically.

Average annual volume over tigeren reference period of
gross increment minus natural mortality, of allegeto a
specified minimum diameter at breast height.

Land with either: (i) a tree-crawcover (or equivalent
stocking level) of 5-10 % of trees which can readheight

of 5 m at maturity; or (i) a crown cover (or ecqalent

stocking level) of more than 10% of trees which osech a
height of 5 m at maturity (e.g. dwarf or stunteele) and
shrub or bush cover.

Grassland managed for grazing.

The time it takes to ‘pay off' the daon debt, i.e. the time it
takes for biomass to grow and absorb,S@that the excess
emissions that resulted from the combustion offtioenass
over the comparable use of fossil fuel are sequexhte
Achieving this balance may take decades or evetuges
in the case of forest biomass and greenhouse gaides
therefore reside in the atmosphere for a long time.

A reservoir. A system which has @apacity to accumulate
or release Carbon. Examples of carbon pools arestor
biomass, wood products, soils and the atmosphéee Lmlits
are mass.
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PRIMARY ENERGY CONSUMPTION

PRUNING

RELATIVE GHG SAVINGS

REMOVALS

ROTATION

SHORT ROTATION FORESTRY

SHORT ROTATION COPPICE

Indicates how much engeiig directly available for use in
the country (such as electricity imported or praziidy
hydroelectric power plants), or indirectly avaikbéfter
having been converted into products to be senhé¢oend
market (such as crude oil, which goes to refinetede
transformed into petrol or diesel oil) or havingehe
transformed into electricity (for example, fossiefs utilised
by thermoelectric power plants to produce eled¥jci

The cutting off or removal of dead or liginparts or
branches of a plant to improve shape or growth.

The reduction of emissions aile to the fossil fuel
alternative for a specific biomass use. As an BiG it
does not distinguish between different bioenergghways
and biomass uses.

Removals are a subset of fellings (the wwrcial part
destined for processing).

The planned number of years between thebéshment of a
crop (by planting or regeneration) and final fedlihe term

is applied where forest is managed under a mormocyli
silvicultural system.

It is a forestry practicéhwthe primary aim of dendromass
production, particularly for energy purposes, wiitle basic
principle of growing fast-growing, deciduous trgesies on
forest or agricultural land at a denser spacing higther
levels of maintenance (e.g. weed control, irrigatio
compared to traditional forestry. The biomass is/ésted
when the trees have reached a size that is easilyléd and
economically sound, typically between 2 and 25 yeafr
growth. It is a system for optimum utilization oftaral
resources using biological, physical, theoretical practical
knowledge in an ecologically acceptable manner. Sibhe at
harvest depends on plant material, growth condition
culture technology and desired end-product anceguently
between 10 and 20 cm diameter at breast height. iB&F
be regarded as forestry or agricultural practiqeedding on
whether a plantation is grown on forest or agrimalk land.
However, a sharp distinction between forestry aRif $
often impossible.

Short Rotation Coppice (SRE€an intensive practice of
growing multi-stemmed woody material over shoratans,
usually of less than five years, depending on piaaterial,
growth conditions and management practices. Hangest
takes place using a process whereby the stumgtisuid
new shoots can emerge from the rootstocks or stools
Species used in SRC, such as eucalificélyptusspp.),
black locust Robinia pseudoacacih.), willow (Salix spp.)
and poplar Populusspp.), are fast-growing tree species that

15



SHORT ROTATION FORESTRY (SRF)

SINK

SOIL ORGANIC MATTER

STANDING VOLUME

are able to be coppiced successfully, relativeynhiates of
growth and being productive on short rotationshtdgnsity
wood, suitable chemical characteristics, low moestu
content; easily harvested, using conventional nmaeki
capable of being harvested all year round. Planting
maintenance and harvesting is predominantly done by
established agricultural practices allowing farmessuse
methods and machines already known from annuapangp
According to this definition, SRC falls within SR&nd it
simply represents a specialized form of SRF more
specifically oriented to meet energy requiremeribe
abovementioned definitions will help the reader ensthnd
the following chapters to a greater degree.

Practice of cultivefi fast-growing trees that reach their
economically optimum size between few years, frota 15
years, employing intensive cultural techniques swash
fertilization, irrigation and weed control, and lizing
genetically superior planting material. Each plarttduces a
single stem that is harvested at around 15 cm dexmghe
crops tend to be grown on lower-grade agricultlaald,
previously forested land or reclaimed land and sondt
directly compete with food crops for the most prcite
agricultural land.

Any process, activity or mechanism that rentove
greenhouse gas, an aerosol, or a precursor ofemlgrase
gas from the atmosphere. Notation in the final estagf
reporting is the negative (-) sign.

Includes living and dead orgarmmatter carbon in mineral
and organic soils (including peat) to a specifiegptt
chosen by the country and applied consistentlyuitinothe
time series. Living soil organic matter refers til iota as

a whole: bacteria, algae, fungi, soil fauna andiplaots.
Soil fauna is typically divided in microfauna (neiodes,
protozoa, tardigrads and rotifers), mesofauna (sodro-
arthropods, i.e. mites, springtails, pseudoscori@notura,
diplura, insect larvae and so on, and enchytraeids)
macrofauna (ants, termites, beetles, diplopodshitopods,
isopods, earthworms), and megafauna (soil vertebrat
Live fine roots (of less than the suggested diaretst for
below- ground biomass) are included with soil ofgan
matter where they cannot be distinguished from it
empirically.

Volume of standing trees, living adead, above stump
measured over bark to a predefined top diametefudes
all trees with diameter above a given diameter raadt
height (d.b.h). The minimum d.b.h and the top di@meary
by country and are usually country defined.
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SUSTAINABLE YIELD

UNDERSTORY

WETLANDS

WOOD DENSITY

YIELD DETERMINATION

YIELD PLANNING

The equilibrium level of produan from the growth rate of
trees comprising a forest, annually or periodicalig
perpetuity. It means the continuous production il aim
of achieving an approximate balance between nettbrof
a forest and harvest.

It refers to plant life growing beneadthe forest canopy
without penetrating it to any extent. Plants in timelerstory
include an assortment of seedlings and saplingsanbpy
trees together with specialist understory shrulosheambs.

Category of land use which includes landvered or
saturated by water for all or part of the year .(epgatland)
and that does not fall into the forest land, croglagrassland

or settlements categories. This category can bdiadbd

into managed and unmanaged according to national
definitions. It includes reservoirs as a managdzdiuvision

and natural rivers and lakes as unmanaged subliatigis

Ratio between oven dry mass and fr&sim-wood volume
without bark. It allows the calculation of woodyohiass in
dry matter mass.

The calculation, by volume orybarea (or a combination of
both), of the amount of forest produce that mahdeested
annually, or periodically, from a specific areafofest over

a stated period, in accordance with the objects of
management.

The allocation over time of land usiwithin a productive
forest for harvesting in a manner calculated toldyie
sustainable amounts of logs and other productslewhi
ensuring the maintenance and regeneration of thestfe
productive capacity which may be required to suppat
production.

17



SUMMARY FOR POLICYMAKERS

The establishment and management of short rotébi@stry (SRF) and short rotation coppice (SRC)
plantations pose a number of potential threatskamefits to the environmefdto senswand landscape.
This report provides some insights, mainly basedffindings taken from literature, on the effects o
water, biodiversity, historical heritage, landscape

Potential threats to water quality mainly arisenfreoil preparations and harvesting operations.h Bot
stages can be controlled by good practice. Theativguality impact of SRF and SRC is expected—
mainly thanks to legislative constraints—to be édygbeneficial compared to the alternative landsuse
currently practised in areas generally considerpprapriate for conversion to SRF and SRC. In
particular, SRF and SRC are expected to signifigamiprove water quality compared to arable crogpin
or other forms of land-use, and while conversioromify limited areas of more intensively farmed land
may be appropriate, there are believed to be nmggportunities for targeted planting of SRF and SRC
mitigate potential pollutant sources and interrdptivery pathways to watercourses. Thus thoughtful
establishment of SRF and SRC could help to dedl thi¢ major diffuse nutrient and sediment pollution
pressures associated with agriculture and urbawitaes.

The principal water concern relates to the potehigh water use of SRF crops, which could have a
major impact on local water resources. Much wilpeled on location and scale of planting, with
inevitable trade-offs between improved biomassdyielarbon sequestration, and water quality on one
hand and reductions in the volume of water reachingrs and groundwater on the other. Specific
opportunities exist for utilising the high watereusf particular SRF crops for environmental gaurghsas
for wastewater treatment and flood risk management.

Regarding the likely impacts of SRF and SRC ongadlity (including attributes like organic matter,
nutrient content, compaction, erosion, and soitliviersity), it must be stated that land availalde SRF
in the Northern Mediterranean countries comes mdmm former agriculture. It is normally rich in
base cations, nitrogen and phosphorus. Growing 8RIFSRC crops for biomass may potentially lead to
significant soil nutrient reduction and acidificati over time. However, these effects may be species
specific, as undesalixandPopulusbase cations have been seen substantially redwbdst under other
species likeRobiniasoils have become less acidic. Litterfall quadityd quantity, in addition to original
soil status play an important role in altering soil organiatter content and carbon sequestration under
SRF and SRC.

Soil C sequestration rate is likely to increasengla gradient from broadleaves to spruce conifers.
Conversion of agricultural land to SRF has potdgtiaeneficial effects on soil carbon dynamics, hwit
reported gains in soil carbon of up to 20%. Soiboa sequestration by SRF and SRC is highest on
arable soils, as commonly they possess very loWwcsobon content in the Mediterranean region. Leaf
litter inputs and tree rooting will enrich the logoil carbon levels, improving soil quality and
biodiversity. The impact of SRF on the higher carlstocks of grassland soils is less certain, aihou
any reductions are likely to be outweighed by tadoon gain in woody biomass.

Management of SRF and SRC plays a significantirolde impacts on soil sustainability. Although
the need for N fertilisation under SRF and SRC ikimreduced compared to arable crops, there is the
possibility of leaching from excessive applicatiddgyoung tree stands.

SRF aids long term soil stability, and physicall syosion should be much reduced compared to
annual cultivation, with improved infiltration frorgreater litter and deeper rooting depth. However,
during site preparation and harvesting there maydrapaction of soils through frequent machinery
movements.
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The effects of climate change on soil quality un8&F and SRC plantations are rather uncertain.
There may have to be very different regional respento projected changes, from East to West
Mediterranean countries and depending on the degitand altitude. In general, SRF and SRC are
expected to have reduced productivity under ine@asmperature and moisture stresses, resulting in
lower carbon sequestration in the soil.

Regarding biodiversity, experience of SRF in thedM&ranean countries is restricted to few and
normally small-scale plantings and there are ndesgyatic assessments of their actual impact on
biodiversity. Potential impacts are therefore eated on the basis of available literature. Herggugh
an understanding of the early successional natutbeostructure and composition of SRF stands, an
evaluation of species’ capability to utilise thésditats has been made. The findings suggest stases
will have a positive biodiversity impact on woodiageneralist species when planted on previously
agricultural land. Also depending on placement, SRfads can reduce woodland fragmentation. These
benefits can be enhanced if complemented with gnadagement and design practices that promote
biodiversity.

Novel silvicultural techniques and tree speciesbaiag proposed for short-rotation biomass forests
the Mediterranean basin’s countries. We reviewewe to ascertain the risks of damage by mammals if
these crops become more widely established inatpem. There are a number of aspects of the prdpose
silviculture which gives cause for concern.

Planting containerised stock, especially in cleasgds, will make the young trees particularly
vulnerable to damage by mammals. Furthermoresthibe rotation and low-value product may make the
use of tree protection un-economic. Crops grownratations longer than 10 years will become
increasing vulnerable to damage by squirrels. Btamts established close to existing woodlandikedyl
to suffer more damage from deer and squirrels Hi@s well away from woodland cover. In contrast,
rodents, such as rabbits and voles, are more ltkdbe a problem in former agricultural sites.

Amongst the tree species proposed, hybrid aspdikely to be the most vulnerable to deer and
sycamore to squirrels. The Eucalyptus speciesharéeast likely to suffer damage. Given the noegslof
both species and silviculture, it is recommended ttials comparing growth and performance between
protected and unprotected plots of each specisswvaral sites where the target mammalian pestespeci
are present should be established as a prioritge @rops are established, regular monitoring ofatgm
iIs recommended, to provide warning and evidencargf change in the levels of damage that may
warrant additional management action.
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INTRODUCTION

Short Rotation Forestry (SRF) and Short Rotatioppgize (SRC) systems can play a role as feedstock
for bioenergy supply contributing to EU energy aclimate policy targets. However, substantial
expansion of SRF and SRC stands would have impacsoil and water resources, biological diversity
and subsequent ecological services.

The scope of this report is to review the potentigbacts of bioenergy forest tree plantations on
different features of the environment, includingl smd water quality, cultural heritage and langsxa
and biodiversity. In this respect, we distinguisto types of energy forest tree plantations: Short
Rotation Forestry (SRF) and Short Rotation CopfsfC) plantations, respectively defined as follows.

SRF is the practice of cultivating fast-growingetigpecies that reach their economically optimum siz
(from 10 to 40 cm diameter at breast height (Hastlea2006) between 2 and 25 years, dependingeon th
desired end-product, and employing intensive calti@chniques such as fertilization, irrigation aveed
control, and utilizing genetically superior plamgimaterial. The crops tend to be grown on lowedgra
agricultural land, previously forested land or a#wled land and so do not directly compete with food
crops for the most productive agricultural land.

SRC is the practice of growing multi-stemmed woaaaterial over short rotations, usually of less
than five years. Harvests take place on a twoue yiear cycle. The established root system and the
nutrients stored in the roots and stumps guaranggeous re-growth for the shoots. A plantation ten
harvested for up to thirty years before the sitedsdo be restored and the stand replanted. Spesésl
in SRC, such as willowSalix spp.) and poplarPopulusspp.), despite having relatively high rates of
growth (from 8 to 18 tons of dry woodchip per heetper year) and being productive on short rotation
do not meet the following six other criteria for afeal fuel wood as suggested by Ramsay (2004):
produce high density wood; have suitable chemitaracteristics; exhibit low moisture content; be
easily harvested; be harvested using conventiorsahimery; be capable of being harvested all year
round. SRC of species like willow and poplar prasgismall diameter material with a high moisture
content, low wood density and high bark contentictvitan produce corrosive substances when burned.
SRC plantation is harvested using converted agull machinery and this limits harvesting to pdso
when the soil is relatively dry.

In this respect we consider SRC a variety of SRificlwvis a broader term describing forest systems
for biomass production (for energy purposes amoitgre). Therefore, SRC falls within SRF and
represents a more specialised and intense praxftS&F dedicated mainly for energy purposes. Ia thi
report, we explicitly describe the effects of SRR the environment, referring in a few parts also to
effects of single stem trees used in SRF.

Currently, about 14,000 ha of willow SRC plantaidmve been established in Sweden, mostly on
productive agricultural land. The extend of SRénds is much more modest in the other EU countries:
about 6,000 ha in Italy, mostly poplar; about 3,0@0in Poland, mostly willow; about 3,000 ha in the
UK, mostly willow; about 1,500 ha in Germany, mggibplar (Dimitriou et al., 2011).

A further increase of SRC plantations is expectethe future: many country of Europe have planned
a big increase of area extent for SRC. In SwederSthedish Board of Agriculture predicts a shontater
increase of SRC to 30,000 ha (Jordbruksverket, 2@66 UK Biomass Strategy predicts that perennial
energy crops will occupy some 350,000 ha by 202BHRA, 2007), and in Germany, SRC cultivation
area may also increase markedly during coming yeaes to a changing subsidy policy and the
identification of high cultivation potentials forertain areas (e.g., 200,000 ha for the federak st
Brandenburg; Murach et al., 2008).
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In Italy the contribution of agro-energy to natibeaergy demand is still modest; nevertheless, dven
slowly, its relevance has increased in recent years

Over the last 20 years in Italy, supported by fagble public grant programs, SRC has grown to
comprise about 6,500 ha, mainly in the Po Vallesaal eaders in the Lombardy and Veneto Regions
have been the first to give subsidies for SRC, edplanting areas in these regions now account for
almost all the Italian land area dedicated to émsrgy crop, 4,000 and 1,300 ha, respectively (Bztte
and Fiala, 2011).
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PART A-IMPACT ON MEDITERRANEAN ECOSYSTEMS

1. POTENTIAL IMPACTSON BIODIVERSITY

The level of impact of a SRF plantation on biodsigrlargely depends on the environmental quadithg
particularly on the quality and type of land usenbeeplaced. If degraded or crop lands are replége
SRF, in most cases there will be a positive eftectbiodiversity. This positive effect, in the casie
cropland replaced by SRF, is mainly due to a rediwgeplication of herbicides and pesticides, which
enhances the habitat quality for the biota.

Principally in highly fragmented areas and in lomguction agricultural areas, the plantation of SRF
stands can protect the environment from contanunaind increase economical income to farmers. SRF
plantations can be used to create unsprayed stopsrding to EU Directive 128/2009, limiting the
impact of pesticide used in agriculture on nataral seminatural areas.

Literature suggests that the establishment of SRids can have a positive biodiversity impact on
woodland generalist species, when planted on andplar degraded land. SRF stands can reduce
woodland fragmentation and decrease the envirorahprassure by agriculture (Hardcastle et al., 2006
McKay, 2011).

The potential increase in biodiversity will be sigty affected by the pattern and scale of the new
plantation, in particular the relative edge lengtid the linking up of set aside areas, hedges xsting
trees in contiguity (Hardcastle et al., 2006). S#REablished on intensively farmed agricultural lade
shown to cause a positive effect on biodiversityogtl scale. The same crops planted on pastures,
shrublands or wetlands might, on the other hande megative effects on local biodiversity. At thte s
scale SRF systems can introduce additional hadniiéiniches into the environment (Tubby, 2007).

Although usually there is an increase in biodivgrsompared with cropland, climax taxa requiring
mature trees and/or dead wood will not benefit f@RRF establishment.

The impact of SRF plantations can be positivelyasaled by having mixed species/clones and diverse
planting arrangements and the following points sthbe considered (Schulz et al., 2010):

» plantation diversity: different rotation periodsfferent tree species; different ages;

« diversity of structures between stands: balk stimest inner borders; conservation of glades or
derelict land areas; special structures, e.g. stoneadwood piles;

» diversity of structures along the plantation bosdand other areas: hedges, balk structures,
solitary trees, special structures.

Regarding levels of biodiversity, there is a gratlief useful species which should be used in SRF,
with willow at the top, followed by poplar, blackdust and ailanthus (Schulz et al., 2010).

The biodiversity in SRC is enhanced most signifilyaby the structural richness within the poplar or
willow blocks and in the peripheral areas. Assule several animal species of conservationalevan
find a suitable habitat in SRCs. The increasingivation of Short rotation coppice (SRC) can leadit
slight improvement in biodiversity particularly oleared agricultural landscapes, but also to Sianit
adverse effects in landscapes with high consemvalivalue. Therefore, further research is required,
especially regarding species-rich invertebrate gsd®chulz et al., 2009).
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Short rotation coppice as a source of renewableggr@roduction is a new kind of crop management
in European Countries; different subsidies for gngadSRC have been introduced in several European
Countries. The main end-use of the material prodluiye SRCs is woodchips to be used in combustion
plants to generate heat and/or electricity.

The management practices for SRC (soil preparat@ed control, planting, fertilisation, harvest,
etc.) are more similar to those of agricultural@adrcrops than to forestry practices (see Intradogt

From a nature conservation point of view, arabtelleés suitable for establishing a SRC plantation,
once established that plantation sites do not heyataffect adjacent or nearby protected aread,ifin
the establishment does not have negative influencendangered species or creates excessive disturb
wildlife corridors (Baum et al., 2009a; Schmidt dalhser, 2009).

Once established, SRC requires no annual soilvetilbn and considerably less agrochemical input.
The lower intensity of SRC cultivation, particulathe lower nitrogen fertiliser application, resuih a
much lower carbon footprint compared with food mflel production based on annual agriculture food
crops (Heller et al., 2004).

SRC might require to be cultivated on a substaritedtion of all available agricultural land to
economically and energy-efficiently meet the biosnageds for fuel. This, coupled with the peculiar
features of SRC, will surely alter the appeararfat® landscape and have potential implicationgHer
local water and soil quality, hydrology, carbonrage in soil, and biodiversity. Possibly, habitafs
threatened species, as well as areas adjacentlemde should be avoided, whereas former arabldslan
and grassland fallows are generally well suitedu(B&t al., 2009a).

When comparing SRC plantations with other land ubesdogical diversity is often higher than in
arable fields, but lower than in old growth mixeeciluous forests. So, actually, only if establishred
areas dominated by agriculture, these plantatiansinctrease regional diversity.

The animal diversity in SRC stand has not yet mguately investigated. Most recent research did
focus merely on birds and ground insects.

Their biodiversity, equated with species richnekers considerably. Diversity of breeding birds i
higher in SRC than in agricultural cropland, bubhgslly lower than in forest ecosystems. Diversity
ground beetles has been recorded being higherableafields than in SRC. In general, the portion of
forest species is lower in SRC than in typical $bteabitats but rises with increasing age of stands

The animal diversity depends on various environadefactors. These include the surrounding
landscape, the shape and size of the plantationex@mple, small and oblong SRC are more favourable
due to the edge effect, for example. Besides tlmsdéscape ecological parameters, there are other
important factors. Willows contain both a greateedsity and higher abundance in most animal groups
than poplars. Some birds even prefer certain claviemn selecting a nesting site. Moreover, the habit
quality, the soil type and the relationship witke urrounding environments are also important facto

The habitat structures of a short rotation coppitange as its age increases and the composition of
the biocoenoses also changes as a result.
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11 STAND STRUCTURE

Compared to natural woodlands, and even to matlaetgtions, SRF stands are obviously more
homogeneous in terms of species and age class.shidrerotation length is a typical significant tiac
limiting the structural diversity of the habitath@ high stock densities expected in SRF will resulow
daylight levels reaching the ground, with subsetuempacts on the ground flora (Hardcastle et al.,
2006).

The canopy of early stages of the cycle can supperide variety of herbivorous and phytophagous
invertebrates (Oxbrough, 2010), which in turn supjpoedatory ground invertebrates. Older stands can
provide habitat for indigenous shade-tolerant ggettiat are typical of natural forest understorjeffet
al., 1995; Brockerhoff et al., 2001).

The biodiversity of SRF plantations of differentesyes appears to be strongly correlated with the
density of the canopy, which influences the lightdl reaching the ground and hence the abundance of
the herbaceous layer, as well as the pace of liteakdown.

In general, the litter of exotic species breaks mwanore slowly than similar material from native
species. It also carries lower numbers of phytopka@vicKay, 2011). Coniferous or sclerophyllous
species usually determine more acid litter, briggio slower decomposition rates and changes in the
composition of soil biota, compared to broadleasgeekcies (Lal, 2006).

Regarding the SRC the heterogeneity and spatiattsties play a critical habitat role. Many intelesyw
managed plantations have little ground vegetati@na result of chemical or mechanical weed control
early in the rotation cycle and of canopy shadatgrlin the rotation (Christian et al., 1998). @shieave
gaps in the canopy that allow other plant spe@egrow, differences in canopy height or woody dgbri
(Christian et al., 1998). This has strong influenca animal diversity (Shulz et al., 2009).

The ground vegetation cover was negatively comedlanith the plantation age component and
positively with the nutrient component. With an riease in the plantation age component, a shift in
species composition was proven towards more fdraisitat species, more nutrient-demanding species,
and increasing occurrence of indicator speciesb&mic soils corresponded in occurrence to incrgasin
nutrient availability (Baum et al., 2012).

Species composition in SRC plantations was inflednby plantation age/irradiance, and nutrient
availability; soil acidity and shoot age had nongigant influence. Findings suggest that phytodsity
in SRC plantations depends mainly on plantationaagkthus shifts over time (Baum et al., 2012).

Where SRC is grown to supply small local heat angdmwver stations, plantations will be much
smaller in scale, although they may still be cotrzgad (Dimitriou et al., 2011).

In mini-rotation, which is the main cultivation rhed for willow, the trees are harvested after two o
three years. The tree density is 16,000 to 20,@hpctare. Midi-rotation takes four to six, at e
years with a tree density of 6,000 to 9,000 petdrecand is often used for poplar.

The third rotation type can be a maxi-rotationtale for trees likePopulus Alder, Acer, Tilia,
Sorbusand takes 10 to 20 years with densities betwes®0land 3,000 trees per hectare (NABU, 2008).

The establishment of small-structured plantatioith @ifferent species and different rotation tines
advisable to enhance structural, and thereforegicdl, diversity (Dimitriou et al., 2011).
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Variable SRC structures (shoot age, species/clares, shape) and habitat diversity (intensive land
use mixtures) are recommended for sustainably SRCtipe and to increase ecotone area and thus
phyto- and zoo-diversity (Dimitriou and Bolte, 2012

Plantation size and shape also seem to be impddariodiversity, with higher species numbers
recorded at the edge of a plantation than withifAtigustson et al., 2006; DTI, 2004; DTI, 2006;

Gustafsson, 1987; Weih et al., 2003).

Table 1. Characteristics of the species used for SRC

Salix s Populus s Robinia
Pp- P Pp- pseudoacacia L.
Crop density stools*ha1 12,500-
15,000 8-12,000 8-12,000

Harvesting cycle (years) 1-4 1-6 2-4
Average butt diameter at harvest 15-40 20-80 20-40
(mm)
Average height at harvest (m) 3.5-5.0 2,5-7,5 2.0-5.0
Growing stock at harvest (fresh t*ha 30-60 20-45 15-40
Moisture content (% weight) 45-62 50-55 40-45

Source: Source: EUBIA, 2007; EEA/JRC/Rothamsteditlite expert consultation workshop, 2007
(http://www.eubia.org/index.php/about-biomass/biesiprocurement/short-rotation-foregtry

12 SPECIESTO BE USED FOR SRF AND SRC PLANTING

Ecosystems characterised by low-intensity managenmsrch as wetlands, shrubs, or abandoned
farmlands, often provide ideal habitat for a langenber of plant and animal species, and estabgistuin
SRF on such a site would invariably lead to a deswen conservation value (McKay, 2011).

SRF can have a beneficial impact compared to atabteand grassland on a number of species from
a range of taxon oDiptera, Arachnids Birds and Fungi (Sage et al., 2006). In particular, solil
mycorrhizas can enhance the total soil biodiversftyhe areas involved, increasing both soil reeie
and quality of crop yields.

A survey for rare or threatened species shouldruertaken before SRF is established, especially
where the biodiversity is not well studied.

Although there is evidence that SRF benefits séxg@mups, others such as bryophytes, lichens and
soil fauna have limited dispersal distances andlikedy to take time to colonise sites and subsatjue
recolonisation after each rotation.

In commercially managed SRC plots a greater dixeddiwildlife and higher densities of birds were
recorded compared to proximal arable plots. Thebamof species usually increases in the first two
years after establishment, and it decreases therewath increasing age of the plantation (Burgeale
2005; Delarze and Ciardo, 2002; DTI, 2004; Gustafs&987, Wolf and B&hnisch, 2004).

Different tree species and clones are plantedriergy crops, however little is known about how the
different crops influence phytodiversity and abthg variations concerning species composition and
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vegetation development on the ground over time ifBatial., 2009a). Such information is to be acquire
for Mediterranean Countries.

13 INVERTEBRATES

Several surveys state that SRF has positive eftectgopulations of honey bees and wild bees (Letvis
al., 2010), as well as small mammals, evidencedapyorial birds being able to catch more mice (Best
Practices 2011).

Eucalyptus spp. are likely to support less diverse arthropsdemblages than the other trees
recommended for SRF (McKay, 2011).

Molluscs (mainly snails) are not well suited to heitanding the disturbances caused by the soil
cultivation of cropland, and are poorly adaptedgtockly recolonise fields once annual crops have
become established. The relative stability of tRé&System, combined with the higher humidity of the
understory environment, will provide habitat betaited to molluscs (Tousignant et al., 1988).

Worms also benefit from the reduced exposure ttudiances and are well adapted to the cool and
moist understory environment and benefit from th@rigion of large quantities of organic materiathe
form of leaf litter (Hubbard et al., 1999; Whal@0©04).

Many insect groups benefit from the decreased @Ggesticides in SRCs, and soil fauna as a whole
has showed high values of diversity, both in ridsa@nd abundance, where cultivation areas were
transformed in forestry plantations, such as SRételdver, earthworms are favoured by the longer soil
rest period (Makeschin, 1989; Makeschin, 1994).

The relatively wider, more sheltered and less sitesly managed headlands of SRC plots provides a
potentially good habitat for butterflies. Butteelfi were restricted to the headlands of both the &RIC
arable control plots. However, the SRC headlandsanted higher numbers of butterflies than the larab
headlands (Cunningham et al., 2004). In more eastadal willow coppice, both the number of individual
butterflies and the number of butterfly speciesorded within the SRC increased over four year
(Cunningham et al., 2004).

Coleoptera are generally species-poorer in somesSRah on agricultural crop land. For example, on
English sites significantly more ground beetle sggeevere found in arable fields than in poplars SRC
(Britt et al., 2007; Liesebach and Mecke, 2003; kesdorf et al., 2008; Brauner and Schulz, 2009% It
hard to demonstrate that this might happen evedountries like Italy, where the beetle biodiversgy
much higher and their coenoses show higher valo#ls in richness and abundance than in the UK
(Vigna Taglianti, pers. comm.)

About arachnids, more individuals and species aaeglly found in SRCs than on nearby
agricultural crop land (Blick and Burger, 2002;diet al., 2003).

The total number of invertebrates was highly vdddietween sites although there was a tendency for
the edge of the plots to have higher numbers oériebrates than the interior. The mean number of
invertebrate orders increased with subsequent braftthe coppice. The majority of invertebrates
recorded from the SRC belong to the ColeopteraHamdiptera orders, with other orders present in low
numbers (Cunningham et al., 2004).
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In general, a higher zoodiversity for native autbohous tree and plant species was demonstrated,
(Tharing, 2007; Schulz et al., 2008b). Large nurab@rinvertebrates are known to be associated with
Salixspp. (Kennedy and Southwood, 1984).

Italian soil biota shows values higher than otherogean or Mediterranean Countries, therefore a
detailed programme of soil biota monitoring hasropeposed to assess the role the value and qoélity
such assemblages (ISPRA, 2012).

14 BIRDS

An increase of invertebrate densities in SRF coegbdo arable land and grasslands has been shown to
lead to an increase in the diversity of birds. Ehésals in bothSalix spp. andPopulusspp. SRF
contained higher densities of resident birds, whilkow also contained higher numbers of migrantbi
species compared to surrounding open habitat (8agé, 2006). In particular, canopy Afnus may
support high aphid biomass, providing food for cts@rous birds (Hardcastle et al., 2006). Some ra
bird species adapted to open habitats would betdmed by the addition of SRF to a landscape, and
could become locally extinct if significant aredsS&RF were planted (McKay 2011).

Animals that depend heavily on the vertical streestisuch as many breeding birds, can benefit from
the growth characteristics of SRC. This is partadylthe case when SRCs are planted in an agrralltu
landscape with little structural diversity (Schetzal., 2009).

Results obtained in the USA, the UK, and Swedemvghat bird abundance and diversity is generally
high in short rotation coppices (Anderson et abQ# Berg, 2002; Christian et al., 1997; Dhondt and
Sydenstricker, 2000; Dhondt et al., 2007; SageRwigkrtson, 1996). Some species, as snipe, woodcock,
finches, thrushes, tits and warblers prefer staigtion coppice crops to arable and grass fieldshye
Different bird species are associated with diffee classes of SRCs (Sage et al., 2006; JedioRé;
Gruf3 and Schulz, 2008).

Densities of migrant bird species were as highhm ¢dge of established SRC as they were in the
surrounding hedgerows and adjacent boundariesd&gdbird species tended to prefer the hedgerows to
the SRC. Bird species associated with open habitase largely absent from established SRC
(Cunningham et al., 2004). Some birds even prefgrain clones when selecting a nesting site (Soétulz
al., 2009).

Thus, SRC crops can surely help bird biodiversitgmtropized areas in Mediterranean countries.

15 MAMMALS

The establishment of SRF in an agricultural langecsan potentially benefit most species of mammal
due to the provision of additional cover by theetoeop and by the herbaceous vegetation assoeidtted
unplanted zones. Much like set-aside, these zonksalso provide forage for both large and small
mammals, and cover for smaller species (McKay, PO$RF plantations can widely be exploited by
small mammals, especially in autumn and that captate is highest in “double-row” stands. The
distance from woods or other arboriculture standss wegatively correlated to small mammal’s
abundance. SRF plantations can be consideredabkutiabitat for small mammals and may work as a
“corridor habitat” between fragmented patches d@bsle habitats (Giordano and Meriggi, 2009).
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The suitability of the understory habitat for smaihmmals depends mainly on the abundance of
understory vegetation (Christian et al., 1998).n8¢awith sparse understory vegetation will provide
neither cover nor forage for small mammals, bat dfegree of understory cover is achieved, speuaids s
as field vole, bank vole, common shrew, and woodigeowill find cover and forage. These mammals
will benefit from the cover and relative lack ofstlirbance compared with agricultural land of the
unplanted zones associated with the stand. Thisrgemcrease in mammal biodiversity will need & b
balanced against the possible increase of rabtsdaer, both potential pest species for treesoémer
crops. Mammalian predators such as foxes, badgelescats, stoats, and weasels will be attracteithdy
presence of prey species, by the relative haliahilgy, and by the provision of cover, whenceytlvan
also make foraging trips into the surrounding l@age (McKay, 2011).

16 SOIL FAUNA AND MICRO-ORGANISMS

Natural ecosystems and low-intensity farming syststrow a more diverse, fungal-dominated soil food-
web with larger organisms, compared to intensivecatjural systems (Bardgett, 2005).

Generally foresters are least disturbers of saltahinevertheless logging equipments tear up the
vegetative cover and compact the soil. Increasesiar might result, and the new seedlings hardig &
favourable medium for their growth. Each soil types a range of best tree species that grow ondt, a
careful attention has to be placed on this isslas{é&r, 2003).

Changes in plant species composition and the dooéaf fast growing species that produce litters
and rhizodeposits, reductions in the complexity hatérogeneity of organic matter inputs, reductions
the habitat complexity of the soil environment amcreases in physical disturbance of soil from ekehi
traffic, grazing and tillage, are all factors tleatcourage bacterial growth (Bardgett, 2005). Feetis
have been shown produce a direct inhibitory eféecthe growth of both decomposer fungi (Donnison et
al., 2000) and arbuscular mycorrhizal (AM) fungitfdson et al., 2003a, b).

Although intensification of agricultural managemean rapidly replace fungal-dominated soil food-
webs by bacterial-dominated ones, the reversahisf ghift in community composition is a long-term
process (Bardgett, 2005). Therefore, short-terrashoy does not seem to increase soil biodiverkit
on the long run, provided that soil biota qualindaliversity are preserved.

The diversity of soil fauna is generally increage®RF, compared to arable land (Makeschin, 1994).
Soil biota can benefit from SRF, in terms of botil $auna and microorganisms. SRF differentiates
homogeneous upper soil horizons into several distitorizons thereby increasing soil biomass and
biodiversity (Baum et al., 2009).

Fundamental components of microbial biomass, whiaght be affected by SRF, is represented by
AM fungi (Rooney et al., 2009), mutualistic assticias between the roots of the majority of plant
species and soil borne fungi belonging to Glomemotg (Schfler et al., 2001; Smith and Read, 2008).

Despite the relevant changes in plant communitiesthe rapid recolonization of uncultivated soils
by mobile macrofauna, following cessation of cwdtien activities Scheu and Schultz (1996) found a
very slow change in the oribatid mite communitye af the most abundant soil conenoses in a vast
majority of soil types and climates. In this capintation of SRF can increase the diversity of soi
mesofauna and accelerate the resilience of thengrisoil community as a whole.
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17 FLORA AND VEGETATION

Many factors influence the vegetation in a SRC tatgon: light climate and the tree age play a kalg r

for species composition, species number and vegetebver. Furthermore, the land use history amd th
vegetation in the surrounding landscape have ceraite influence on species composition in SRC
plantations. The more diverse the surrounding leayols, the more species are able to establish in the
plantation (Baum et al., 2009a).

Generally, SRC stands in homogenous arable landscdmave highest positive effects on
phytodiversity and established SRC stands contaire repecies of plants and greater levels of vagatat
cover than traditional arable crops (Dimitriou @&ulte, 2012). This reflects the fact that the haads of
the SRC plots tended to be wider and subjecteduwer levels of chemical drift from herbicides and
fertilisers than the headlands of the arable plots.

Vegetation cover (DTI, 2004) and floristic heterngigy (Weih et al., 2003) have been reported to be
higher in SRC fields than in arable land. In congzar to arable fields and grassland fallow, willand
poplar plantations have been shown to contain speeies than arable land and higher or similarispec
richness to grasslands (DTI, 2004; Fry and SI2@09; Heilmann et al., 1995).

Species composition in SRC stands depends very mdlght intensity which is highest in young
plantations due to the lack of canopy closure. Ligtensity is also dependent on the planted tpeeiss
and greatly influences the development and compasif the ground vegetation.

The first species able to establish in SRC areralyupioneer ones. Species that demand large
amounts of light and nutrients, along with mild feratures, typically colonize the plantations ie th
early stage (Delarze and Ciardo, 2002), in whighgtound vegetation is dominated by annuals (Delarz
and Ciardo, 2002; DTI, 2004; DTI, 2006; Baum et 2009a).

As a consequence of increasing canopy closurggtradiand temperature decrease, ground vegetation
shifts from the initially ruderal and pioneer sgsctowards woodland species (Britt et al., 2001aize
and Ciardo, 2002; Kroiher et al., 2008), and framuals and biennials towards perennials (DTI, 2004;
DTI, 2006; Baum et al., 2009a).

Ground vegetation cover is also dependent on tetgadl crop. Different species and genotypes have
different growth habits and are differently affettey habitat conditions. There is an increasingligrat
in ground vegetation cover from poplar to hybrigersand willow due to differences in radiation cien
resulting from different leaf phenology, growth fiand biomass of the trees (Heilmann et al., 1995)

Many plants currently found in SRC may compete i crop for moisture. Slow growing perennial
species associated with more stable woodland halhiteve low water and nutrient requirements and are
to be encouraged as they reduce the amount of ciimpewithin the willow crop for water. The
presence of these species within headlands ans coldd provide nectar sources for beneficial itsec
such as parasitic wasps, with the ability to cdrgest outbreaks (Cunningham et al., 2004).

18 FUNGI

Over 80% of plant families are mycorrhizal, andsthiutualistic association between plant roots and
fungi are the norm in Nature, not the exceptionl{d et al., 1980). Most terrestrial ecosystenmseahel

on mycorrhizae, which promote the establishmerdwgr, and health of plants. Mycorrhizal fungi are
particularly crucial in forest systems where thendfit trees by augmenting inorganic nutrient uptak
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and providing protection from heavy metals, drougidthogens, grazers, and other organisms (Fogel,
1980).

In response to such symbiosis, bioenergy cropgidaulrn benefit by an increased biomass yield and
a greater cropping resistance (Rooney et al., 2608e AMF are largely known to have a fundamental
role in plant nutrition and protection against raotl shoot pathogens (Smith and Read, 2008).

Some tree species used in SRF,$alix Alnus EucalyptusandPopulus are capable of hosting two
types of mycorrhizal associations simultaneousita@ycorrhizas and endomycorrhizas), which has
been shown to increase the fungal diversity ofraa &uttsepp, 2005).

Salix and PopulusSRF and SRC stands in Mediterranean environmanthoat species of natural

riparian forest ad actarius controversusleccinum aurantiacumXerocomus ripariellusTricholoma
populinumtogether with more generalist or forest ubiqugsices (Table 2).
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Table 2 Ectomycorrhizal fungi in SRC and SRF compared with natural Mediterraipeaian woods

P. x

Populus

- Populus x Habitat
. - Populus |canescens, F tremula x . Salix Sy
Host species Populus albaPopulus nigrg Sl deltoides | Populus alba Salix caprea e eurargiarlcanc Naugjgigooo
nigra (#
(1) = Jakucs |(2) = (3) = Godbout(4) = 5) = (6) = (7) = Baum et(8) = Data |(9) = Data
and Agerer, |Beeneken et |and Fortin, |Danielsen L. |Danielsen L. |Hrynkiewicz |al., 2002 from: ISPRA |from: ISPRA
1999a, 1999hal., 1996; Dat|1985; Data |et al., 2013a |et al., 2012 |and Baum, "Progetto "Progetto
2001; Jakucsifrom: ISPRA |from: ISPRA 2003 Speciale Speciale
Authors 2002 "Progetto "Progetto Funghi” Funghi”
Speciale Speciale Database Database
Funghi” Funghi” (releves by C
Database Database Lavorato e M
Rotella)
ItGlerrEan_?_/; Canada, Italy  France France G A%%rmﬁﬂyf Calabri
L ocation Hungary g%’r%ag]r'];a (Emilia (Orleans, (Orléans, (Freerirgl?rng% V(Vildezﬁauge'w (?t;y;'a Italy
Veneto Romagna);| Sologne), Sologne), )
Natural forest in Mediterranean
Species climate (ISPRA "Progetto Speciale
Funghi" Databas:
- Broadleaved woods, mixe
Agaricus broadleaved and coniferous woods +
praeclaresquamos Acacia cyanophyll stand
Agrocybe aegeri Ubiquisi + + +
Cenococcum geophilt Root: + + +
Coprinus micacel Temperate Forest ubigt + +
Cortinarius atrocoeruleL  [Temperate Forest ubiquist, shruble +
Cortinarius decipien Temperate Forest ubigt +
Cortinarius trivialis Forest ubiquis +
Entoloma sinuatu Broadleaved fores +
Hebeloma helod: Bogwoodland +
Hebeloma sacchariole Broadleaved fores + +
: Mixed Coniferous and broadleav
Inocybe curvipes forest,Picec andCedrus pkantation i
Inocybe fuscomargina Riparian woods, Mediterranean mac +
Inocybeglabripes Temperate woo( +
Laccaria laccati Ubiquisi +
Lactarius pubesce Betule andBetule-Picee woods + +
Laccaria tortilis Forest ubiquis + + +
Lactarius controverst Riparian wood + + +
Leccinum aurantiacu Riparian and Temperate fore + +
Lyophyllum decast Ubiquisi +
Paxillus involutu Forest ubiquis + + + +
Peziza ostracodern Greenhouse st + +
Phialophora finlandii Boreal fores +
Russula amoenole Temperateand Mediterranean fore +
Scleroderma citrinui Ubiquisi +
Scleroderma areolatu Forest ubiquis +




P. x

Populus

: Populus x Habitat
. : Populus |canescens, R tremula x . Salix =
Host species Populus albaPopulus nigra el deltoides | Populus alba Salix caprea e euraril*erlcanc Natg;zgooo
nigra (#)
(1) = Jakucs |(2) = (3) = Godbout(4) = 5) = (6) = (7) = Baum et(8) = Data |(9) = Data
and Agerer, |Beeneken et |and Fortin, |Danielsen L. |Danielsen L. |Hrynkiewicz |al., 2002 from: ISPRA |from: ISPRA
1999a, 1999hal., 1996; Dat|1985; Data |et al., 2013a |et al., 2012 |and Baum, "Progetto "Progetto
2001; Jakucsifrom: ISPRA |from: ISPRA 2003 Speciale Speciale
Authors 2002 "Progetto "Progetto Funghi” Funghi”
Speciale Speciale Database Database
Funghi” Funghi” (releves by C
Database Database Lavorato e M
Rotella)
Itger(rg?r:}?i/él Canada, ltaly ~France France German (A%%ranc]ﬁrr%f Calabria
L ocation Hungary Rgma na (Emilia (Orleans, (Orléans, (Freibur 3; Wildeshauseh (italy) Italy
Vene?o' ' | Romagna);| Sologne), Sologne), 9 ) y
. Temperate forestJuniperu: coastal
Scleroderma bovista dunes, Mixed wooc + +
Scleroderma verrucost Forest ubiquis +
Riparian woodsE. angustifolii and
Tomentella ellisii hymenial surface of ol@hellinus + +
punctatu
Roots ofFagus sylvatic, Carpinus,
Tomentella pilosa Populus lower surfaces of pumice +
boulders lying upon the grout
Decayed wood of broadleaved tre
Tomentella subtestacea roots ofPopulus sp +
Tricholoma cingulatut Riparian wood +
Tricholoma populinut Riparian wood + + + +
- : Temperate and Mediterranean fore
Tricholoma ustaloides mixedwoodk +
Tuber albidur Forest ubiquis
Tuber magnatu Broadleaved fores +
Volvariella bombycin Riparian wood + + +
Xerocomus bubalinus BetulaandPopuluswoods on sandy +
Soils
Riparian forest, Reforestation star
Xerocomus ripariellus with Pinusspp. orEucalyptuson + +

coastal sand dunes-
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19 LICHENS

Lichens may be associated with poplar plantation. In a stodgucted in poplar stands of different age,
in Veneto (Northern Italy), 17 species of lichens were found. Mosteof tare eliophilous and tolerant of
high level of nutrients. The number of species grows with the agenof @aiido, 2010).

Table 3 Lichens in poplar stands, at different age

Species Age of stand

4-5 5-8 >8

years years | years
Arthrosporum populorum. Massal. + + +
Caloplaca cerinellgNyl.) Flagey. + + +
Candelaria concolofDicks.) Stein + + +
Candelariella efflorescersuct. eur. +
Candelariella reflexgNyl.) Lettau.
Catillaria nigroclavata(Nyl.) Schuler + +
Hyperphyscia adglutinaté-lérke) H. Mayrhofer and Poelt. + + +
Lecania cyrtella(Ach.) Th. Fr. + + +
Lecania koerberiand. Lahm. +
Lecidella elaeochroméAch.) M. Choisy +
Lecanora sambucPers.) Nyl. +
Lecidella elaeochrom@Ach.) M. Choisy. +
Phaeophyscia chloanth#@&ch.) Moberg. + + +
Phaeophyscia hirsutéMeresck.) Essl. +
Phaeophyscia orbiculari@Neck.) Moberg. + +
Physcia adscenderiBr.) H. Olivier + + +
Xanthoria parietingL.) Th. Fr. + + +

In general, poplar SRF are a lichen-poor environment s comparetutalrfarests, and most lichen
species are to be found on trees of surrounding agro-ecosystem.
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1.10 DIVERSITY IN DEAD WOOD

In the past, deadwood was perceived as a negative elemenesifrhanagement, normally associated to
mismanagement, negligence, and wastefulness of the applietf@esgement (Stachura et al., 2007).
It was regarded as a potential source of biotic pests, masbcts (Bitler, 2003; Marage and
Lemperiere, 2005). The presence of deadwood was also seenhesatadf the spread of abiotic
disturbances, e.g fire (Thomas, 2002; Travaglini et al., 2007). Ingedrstands, deadwood represented
an obstacle to silvicultural activities (Travaglini and Ghjri2006; Travaglini et al., 2007) and
regeneration (Thomas, 2002).

However, from the ecological point of view, dead wood is vitatigortant for habitat provision for a
number of species. As a matter of fact, dead wood has beenedebectone of the Pan-European
indicators of sustainable forest management (MCPFE, 2002). Dedd# also one of 15 main indicators
of biodiversity proposed by European Environmental Agency (Humphrey et al., 2004).

In natural forests, deadwood originates from tree mortality, lwkither is the result of inter-tree
competition or senescence processes, or it is caused by mhstwabances, which can differ in terms of
quality and quantity (Rahman et al., 2008).

The biological importance of deadwood depends on several factorsrticulpa on tree species,
dimension, vertical and horizontal position, decay stage, and memsticenmental conditions (Radu,
2007).

The rate of deadwood decay depends on the chemical composition of woddjsagdpecific for each
tree species. Some tree species are decay resistaekafople oak or pine. Softwood species such as
willow, birch, and poplar, have a much shorter period of decomposition (Radu, 2007).

From all deadwood characteristics, the amount of deadwood is usakdly as an indicator of
biodiversity (Stokland et al., 2004; Vandekerkhove et al., 2009).

Short rotation management produces little quantity of dead waidate beneficial to saproxylic
insect species (Jukes et al., 2002), several of which hhighaconservational value (Campanaro et al.,
2011). In SRF rotations there will not be enough time for dead woodroes to develop and therefore
the ability of this habitat to support saproxylic species Wwél low. Within plantation forests the
proportion of dead wood capable of supporting dead wood species does not atzumtil 80 years
after planting (Brin et al., 2008). Short rotation management prodiittesjuantity of dead wood that
are beneficial to saproxylic insect species (Jukes €2@)2). In SRF rotations there will not be enough
time for dead wood resources to develop and therefore they affilihis habitat to support Saproxylic
species will be low.

Native species will generally have a higher arthropod loattiag exotics and their litter is usually
broken down more rapidly by micro-organisms which have adapted to it (Hiéedstaal., 2006).

If SRF plantations are located in close proximity to old ghomative woods or mature plantations
then SRF may have a use as foraging ground (Afas et al., 2008) edhiltl benefit species from several
taxonomic groups, as Syrphidae. The majority of Syrphidae largagreedead wood to complete their
early development stage, but adults feed off flowers witlorenopen habitat so SRF planted within their
range may be beneficial (Gittings et al., 2006; ISPRA, in press).

Future research should focus on belowground characteristic and on thenemts of different type
of deadwood in SRF, which is currently not sufficient for invensorieor forest management, more
specific guidelines with regard to forest type and/or region avina helpful to favourish sufficient
amount of deadwood for biodiversity (Mergémia et al., 2012).
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The potential biodiversity of arthopods that directly populate thévithdhl trees and plants —
particularly phytophagous beetles and butterflies — can varyfisagtly between tree and plant genera.
Kennedy and Southwood (1984) only found two species of insects dRothiaia genuswhich is a
neophyte in Europe, but 450 @alix Salix genus is known to provide a habitat for more arthropod
species than most other trees and, in general, displaysettegrpotential of animal diversity (Brandle
and Brandl, 2001).

111 INVASIVENESS

Many tree forest species proposed for bioenergy production axteseler precisely the same traits
which make invasive species successful. Several spemednafact, already considered invasive
elsewhere. Species/genotypes used for SRF have to be salpeetentry weed risk assessments before
cultivation and to a post-entry monitoring programme for those spels passed the initial risk
assessment (Crosti, 2010a).

The potential adverse impacts of new biofuel crops or biofwgping systems should be balanced
with the short-term commercial benefits. Introductions that eacsidental damage to habitats and
ecosystems could be significantly cut by minimizing invasixets during horticultural breeding
programs and by adopting cultivation criteria to mitigate itheasiveness of biofuel crops (Crosti,
2010Db).

Many invasive plant risk systems have been developed forraldeurope (Weber and Gut 2004),
North America (Reichard and Hamilton, 1997), and by FAO (2005) for deiwvel countries (Crosti,
2010Db).

Several countries have adopted formal risk assessmenidentify high-risk species, facilitate
decision-making on prevention and eradication and to avoid ecologicatandmic harm. IPPC, EPPO,
and ISPM were involved in Pest risk analyses (Crosti, 2010).

Between species used in SRifanthus altissimae Robinia pseudoacaciare particularly invasive but
don’'t show to penetrate in Mediterranean context, for exampteataral woods of oaks if they are
correctly managed.

HoweverRobiniaandAilanthushave to be used with caution. They can become a dangerous weed in
places where their presence is not desired, since they fcealdtb eradicate and cutting stimulates the
emission of new suckers.

In case ofAilanthus altissima plantatiqra large buffer zone of 100 metres should be ploughed at least
once every three years to reduce the likelihood of establishment cdsp€oosti, 2010b).

The clones oPopulusx euramericanacan hibrydize witHPopulus nigraand to influence the genetic
quality of naturalPopulusspp. In the important communitary habitat (according directivd392CC)
92A0 “Salix albaand Populus alba galleri€'s So they have not to be planted near areas where this
habitat is established.

Eucalyptusspp. show no invasive capacity and its capacity of reproductioreditdranean climate
is very low and rarely it penetrate natural environments.

Therefore potentially invasive SRF species should not be glaidse to sites that can act as source
systems, stepping stones, or ecological corridors (Crosti, 2010a).
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RobiniaandAilanthushave to be used with caution. They can become a dangerous weledes
where their presence is not desired, since they are diffioutradicate and cutting stimulates the
emission of new suckers.

However, Ailanthus altissimaand Robinia pseudoacaciare particularly invasive in Mediterranean
climate anthropic context (urban sites, railway and highwapamkment, degraded or artificial river
shore). However, these species do not penetrate in natural woods when tloeseatly cnanaged.

The clones oPopulus x euramericanean hibrydize witiPopulus nigraand to influence the genetic
quality of naturaPopulusspp. Where the 92A05alix albaandPopulus alba galleriésimportant habitat
(according to Directive 92/43/EEC) is established, these cultivars shoue péanted to prevent genetic
pollution of natural stocks.

112 IMPACTS ON LANDSCAPE-LEVEL BIODIVERSITY

The reduction of habitat quality and the increase in homogeneiggridultural landscapes are major

causes of biodiversity loss (Benton et al., 2003; Donald et al., 2086%e changes have reduced the
availability of resources such as food, shelter and breeding sitesd®m@bid mammals both in arable and
pastoral lands (Vickery et al., 2001; Firbank, 2005).

The size and distance between suitable habitat patchearplenportant role in the survival of animal
populations; the connectivity between these patches within the &pwlstatrix has therefore become a
key issue in the conservation of biodiversity (Hanski, 1999).

For some animals good management of SRF in high intensity ateliviands can help the
establishment of “stepping stones areas” and the establistonemiintenance of green corridors.
However, a rapid large-scale shift from “conventionalfi@agtural crops to SRC may create negative
implications on a range of environmental issues.

In areas neighbouring power stations using biomass as a fueldpproximate radius from power
stations of up to 100 km) SRF and SRC should be cultivatedsubsiantial fraction of all available
agricultural land to fulfill biomass needs for fuel in powetistes, simultaneously being economically
and energy efficient (Dimitriou et al., 2009b).

Impact assessments and ecological evaluations of landsgagi®ihs need to carefully consider site-
specific conditions (soil type, climatic parameters, e#s) well as existing environmental goals.
Furthermore, the land use history and the vegetation in tmeusding landscape have considerable
influence on species composition in SRC plantations.

Maintaining SRF stands of different ages provides altemndtabitat for animals displaced by the
clear-cut felling of a stand (Sage, 1995). Also, given a heteeoys landscape with differing aspect,
exposure, soils and soil moisture, greater conservation value iewalchieved by siting new plantations
so as to cover a range of these differing abiotic conditions. Althaulwgtifer zone should be left between
SRF and existing woodlands or hedges (Maudsley, 2000).

Planning will also need to take account significant ‘viewgder setting of heritage sites and the
identification of most sensitive landscapes that have toxbkided by SRF establishment (McKay,
2012).

The contribution of SRC species composition to gamma diversitheatandscape scale depends
strongly on landscape structuring, land-use variability and dtabiversity (NABU, 2008). Positive
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effects of SRC plantations were found in agrarian regiorts wvitform landscape structures where SRC
sites are reputed to be a source for plant species ricf®estafsson, 1987; Weih et al., 2003, Kroiher et
al., 2008). The temporal variation of SRC structure is an impoason for the positive phytodiversity
effects on them (Bolte, 2012).

To have positive effects on landscape, it is necessary t@|abegign and manage the plantations in
such a way that they maximize variation in habitat typelandscape. A good biodiversity management
would be to plant several varieties (preferably of differemdgr) within the same plantation in sections
or parallel stripes in order to facilitate harvest actions.

Following correct, ecology-wise strategic decisions, the biosityemcrease effects of SRC show
their best performance in homogenous, species-poor, anthropized and degradategés.
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2. IMPACTSON SOIL SUSTAINABILITY

It is important to evaluate impacts of SRF on soil quality,uidiclg organic matter, nutrient capital,
compaction, erosion, and soil biodiversity. SRF could affect soiitgual causing changes in organic
matter, soil acidity, flux of nutrients and nutrient capacityl lsiodiversity, erosion (Doran et al., 1994,
Paul et al., 1997; Reeves, 1997; Lal et al., 1998).

The absolute impacts of SRF can be summarised into two sections:

» direct soll effects of the crop on Organic matter, Acidity Nutrient dyos .and Biodiversity;
» effects of silvicultural and management operations, inclutliegimpacts on soil erosion and
compaction.

The SRF management is associated with minimal mechanidairbdiace of the soil and less
agrochemical inputs in comparison with conventional cropping sysi@esius and Lal, 2005;
Dickmann, 2006). This, together with the leaf litterfall of decidutnees, is likely to promote the
increase of soil organic carbon (SOC), nitrogen (N) and phosphBjusoftent, as well as of soil
microbial biomass (Lal, 2003; Liebig et al., 2005; Ritter, 2007; lovieno et al., 2010).

The reduced cultivation of soil associated with a change df t@nagement from annual crops to
SRC or SRF could reduce erosion and increase the organic matter contdn(fTaftdxyi, 2007).

Short-term studies have demonstrated increases in surfacerganlic-matter content, reduction in
erosion and nutrient losses in surface runoff (Mann and Tolbert).2B@deasing soil organic carbon,
structure, water-holding capacity and storage and availalfitputrients SRF systems can facilitate
abundance and diversity of soil biota and increased resistance to tomgislann and Tolbert, 2000).

Growing SRF crops for biomass may potentially lead to signfifisai nutrient depletion and
acidification over time. These effects are species-gpeédr example undeBalix and Populus base
cations were substantially reduced, whilst unBexxinus Tilia and Alnus an increase was registered.
Removal of essential major and micro nutrients (e.g. nitroglonsphorus, potassium and boron),
eventually leading in subsequent rotations to lower soil fertiity potential loss of tree growth (Nisbet,
2012).

Land available for SRF in the region comes mainly from foraggrculture, where soil is generally
enriched by nitrogen and phosphorus fertilizers. Most agrielltureas that can be used for SRF in
Mediterranean and sub-Mediterranean climate are on acidubtrxislic vulcanic soils, or on near-to-
neutral alluvial soils. These soils are fertile in particuldere they had a long history of agricultural
activities. In these areas, the best species for SRF were reacbgsfaanthus altissimaEucaliptusspp.,
Populusspp.,Robinia pseudoacaci&alixspp..

Secondary surfaces, like small agricultural and ex-agui@llplaces on mountain range, are often on
steep slopes and in absence of management they becameeeadible. In these areas, SRC with
Populus tremulaSalix spp.,Acer spp.,Castanea sativ@&an be used in to fight soil erosion and to give
economic revenue to the remnant farmers. Where the soil isfawveall the year, or frequently
waterlogged, the establishment of multiple willow rotationSRC has been found to contribute to the
long-term enrichment of soil organic carbon (Lockwell et al., 2012).
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21 CHANGESIN ORGANIC MATTER AND SOIL CARBON
SEQUESTRATION POTENTIAL

SRF may play an increasing role as a source of renewabigyeared could be very important for yield
estimates on the one hand and for C sequestration on the other hand.

Using short rotation forests might reduce C emissions with direct carboessedion by reforestation
and afforestation that yields a stock of carbon in standing.tfe@thermore the forest products can
substitute fossil fuels or fossil fuel intensive goods sucktes and concrete. In both instances, carbon
offset occurs by preventing the emissions from fossil fueticlwwould otherwise have been used
(Baral, 2004).

The decomposition of leaf litter is largely influenced by the eatrations and ratios of nutrients
(Berg and McClaugherty, 2008). In general, decomposition rates inaxmthsa decrease in the ratio of
carbon to N (C/N ratio), which is an important indicator of litter qualitggl-et al., 1997). In general, the
litter of exotic species breaks down more slowly than ammaterial from native species. It also carries
lower numbers of phytophages (McKay, 2011).

A constituent limiting the rate of litter degradation is ligrie.g., Melillo et al., 1982; Osono and
Takeda, 2005), a complex aromatic heteropolymer in cell walls, which is one dfehedmponents that
are most recalcitrant to decomposition (Osono, 2007; Berg and McCiaydt¥8). Therefore, not only
the species mixture of the litter but also the presence ened®f individual litter species can influence
the decomposition rate.

Conversion of agricultural land to SRF has potentially benefiéfatts on soil carbon dynamics, with
reported gains in soil C of up to 20%. Crop residues and theongmsition are the main factors
determining the organic matter content of soils (Paul ett8B7). Minimum tillage can increase the
organic carbon content in soils of crop systems, especralbyiiface soil layers (Johnson et al., 1995;
Paul et al., 1997; Baum et al., 2009).

Under plantations, the high deposition of organic matter in the foriraskes and woody debris
provides soil organisms with a more varied and abundant resharcés provided by agricultural crops,
and this leads to a more species-rich and abundant assemblageeroanid soil-living organisms
(Makeschin, 1994; Bardgett, 2002).

Inputs of crop residues and their decomposition are the mamrdadetermining the organic matter
content of soils (Paul et al., 1997). Minimum tillage, in particular, can inetbasorganic carbon content
in soils of SRF crop systems, especially in surface soirdai@hnson et al., 1995; Paul et al., 1997,
Baum et al., 2009).

Litterfall quality and quantity, in addition to original soil &ts, play an important role in altering soil
organic matter content and C sequestration under SRF. Soil C sequesttatistikely to increase along
a gradient from broadleaves to conifers.

Leaf litter from broadleaved trees provides organic materigénerally decomposed and incorporated
into the upper soil horizon (Drift, 1961). Litter decomposition strongly relate to Ngmid tontent, C/N
ratio, leaf area and Ca content (Cornelissen, 1996; Wedderburn ged €899; Peterken, 2001; Reich
et al., 2005; Hobbie et al., 2006; Vesterdal et al., 2008).

Additional important factors affecting the rate of leaf @leposition are soil pH and soil moisture,

with moist, base-rich soils providing conditions for the quickest of decomposition (Witkamp and
Drift, 1961; Pereira et al., 1998; Hunter et al., 2003; Reich et al., 2005).
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Broadleaved and deciduous exotics have a similar effect i teonative broadleaves (Peterken,

2001). In general, the litter of deciduous broadleaved trees haweficta# effect on soil chemistry and
structure.

Eucalyptus species takes longer to decompose (Cornelissen, 1998il] datompose more quickly
than that of native conifers (Wedderburn and Carter, 1999). Theokd&lcaliptus stands can be

relatively dry dued to high capacity &ucalyptusspecies for water uptake and interception. This may
slow the decomposition rate.

A pronounced increase of soil organic matter content was evidentodie presence of poplar
plantations on arable soil (Moscatelli, 2008).

Litter of Robiniastands, as species occurring early in natural successian bb#v high lignin and
high N contents. The shorter term effects of its presapmeear to be increased N availability
(Montagnini et al., 1986).

Table 4 Rate of decomposition of some tree species used in Short Rotation Forestry

Species Litter Breakdown
Rate

Acer spp. 1

Alnus glutinosa?l Fast

Corylus avellana?l

Robinia pseudoacacia?

Castanea satival

Salix alba 1 Intermediate
Populus spp?.
Eucalyptus spp. ! Slow

1Hardcastle et al, 2006;2 Lee 2011

Table 5 Nutrients in the litter of some species

Species Litter N Litter BC Litter C pH C/N
% content %
Acer 0.941 3.031 46.21 6,45 30.1-491.9
pseudoplatanus
Castanea sativa 0.48-1.31L5 | 1.19-1.281 49.7-501 4.46 6 38,2--103
5,6
Alnus 2.14- 2.664 | 4.82-5.63% 4.09-32.48 | 7.92-7.962 | 10.06-
Glutinosa 2,34 13.7424
Corylus avellana | 1.341 2.61 4-2010 4.3-58 39,4°
Populus x 1.937 4,87 2,44-2,722 | 7.9-82 8.12-9,082
euramericana

BC = base cation Ca+K+Mg% as defined by Cornelissen and Thompson, 1997
1 Mc Kay, 2012; 2 Perez-Corona et al., 2006; 3 McTiernan et al., 1997; 4Mileti al., 2012; 5

Scheid et al., 2009; 6 Marschnera and Noble, 2000;,7 Kaushal and Verma, 2003; & R&nmE&r0;
9 Hladyz et al., 2009, 10 Smith, 2004
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The quantity of litter influences soil organic matter and itwaay over time and with species, age and
planting density.

The amount of litterfall can be influenced by difference imate and deposition. For example, total
annual litterfall of pine is 3.8 t/ha for year and of beecB.%t/ha for year in low N deposition areas
compared to 8 t ha-1 y-1 and 3.9 t ha-1 y-1, in a high N deposition area (Vanguelova and Pitman, 2009

The following ‘bad practise’ can reduce the potential for biomasigi$\s to reduce carbon emissions
from a ‘whole life cycle’ perspective:

. Cultivating soils with a high carbon content for the production of eneapscr

. Using intensive crop management regimes including inorganiiskns, irrigation and
pesticides.

. Inefficient fuel processing and fuel transport logistics.

. Sub optimum conversion technologies (Tubby, 2007).

There is a significant increase in the horizon surface due tfication of organic matter if the killed
strains are grinded the residual organic of works remains in site.

The impact of SRC on soil affects C sequestration, nutrientingydrom litter and soil
microorganisms. The C turnover under SRC grown on agricultural pmlgously cultivated with
conventional crops is more similar to that in forests than in aralide(Svensson et al., 1994).

The C accumulation after conversion of fields with conventiondlei@ops to SRC is reported to be
concentrated in the topsoil (Makeschin, 1994; Stetter and Makest®97; Neergaard et al., 2002;
Dowell et al., 2009). Estimated rates of C accumulatioopsdil, e.g. 0-40 cm, of arable sites were 40-
170 g C/m2/yr during the first decade following SRC establishment (Gartez), 200

The increased C concentrations in SRC soils can be explainbd kack of tillage in SRC (Dimitriou
et al., 2011) and the high annual amounts of leaf litter depositdtemoil surface (average 1 to 5 t/ha)
(Verwijst and Makeschin, 1996; Bowman and Turnbull, 1997) and by the increasedrtodrasfsimilates
into external mycelium of mycorrhizal fungi (Ek, 1997).

2.2 CHANGESIN SOIL ACIDITY AND BASE CATION CONTENT

It was reported for former agricultural sites a slightease of soil pH after tree establishment of Salix
but a drastic decrease und&nus plantations Alnus Prunus Fraxinus and Tilia have been shown to
raise the soil pHTilia cordata Betula pendulaAcer pseudoplatanusndFagus sylvaticditter increased
soil pH and base saturation the most in the organic and top mswislcompared with coniferous
species (Reich et al., 2005).

Most planting and potential planting places of SRF in Latiumearagricultural land which is rich in
base cations, nitrogen and phosphorus. Removal of base cations cansmidba#fering capacity and
leading to increased soil and stream water acidifica@wer time, growing SRF may lead to significant
soil nutrient depletion and soil acidification. During the growth BFSpH is likely to be reduced,
particularly if the land use change is from arable to woodland.eiery this effect may be species
specific.



Ad example short rotation afforestation wiBopulusspp. andSalix spp. on former arable soils in
Germany decreased soil pH in topsoil and Cation Exchange Gaf@&C) after 10 years. Soil Ca
saturation decreased but Mg increased over seven years tigoleambined with fertilisation treatments
(Jug et al., 1999).

About Robinia pseudoacacjafast decomposition of flower and leaf litter significantly ressed
membrane phosphate in the soil.

2.3 CHANGESIN SOIL NUTRIENT DYNAMICSAND NUTRIENT
CAPACITY

The long-term sustainability of soils in short-rotation biomass productiomdejy the balance between
removal of nutrients by harvesting and nutrients added by natural or indudesifiem.

Nutrients can leach from the soil or move with erodednilicles so it's important to choose flat or
low degree areas.

Harvesting can remove large amounts of total nutrients (Mamh, 1988; Ranney and Mann, 1994,
Heilman and Norby, 1998). Research in short-rotation systems of aspen, hybrid yoplagre, willow,
and alder have demonstrated that the amount of nutrients removevested wood is approximately
proportional to the accumulation of biomass without leaves ovelirtlee df each rotation (Mann and
Tolbert, 2000, Perala, 1979; Korsmo, 1982; Borjesson, 1999).

Poplar cultivated as SRF stand removes nitrogen at the muclhr lyghetity than the traditional
poplar stands, as rotation cycle of the latter is about 10 yéarawlanting density of approximately
300 stems for hectare. The removal of N at harvesting in @ @Bntation equal the amount of N
removal in a conventional agriculuture crop, like wheat or corn.

Table 7 Comparison of removal of nitrogen (N) in poplar SRF with long term plot and sofne of t
most common herbaceous crops (from: Massatcal, 2012)

Farming Product Yield Dry matter N In Dry N removal
(t ha') (%) matter (%) | (kgha™ year™)
Mais Grain 9 84,5 1,7 182
Stalks and 15 50 0,7
leaves
Wheat Grain 4 86 2,3 117
straw 5 86 0,5
Poplar srf (10- Industrial 200 50 0,4 31-40
15 years) wood
Poplar SRC Biomass 42 45 0,7 70
(First harvest fuel
of 2-year
rotation cycle)
SRF Poplar Biomas 66 45 1,01 151
(Second fuel
harvest of 2-
year rotation
cycle)
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Eucalyptug(E. globulug leaves caused strong soil inorganic N immobilisatiom{g/N g-1 residue —
C) compared to legume specieséeck locust leaves immobilised nitrogen first and then remineralised
the N later (Adams and Attiwill, 1990; Corbeels et al., 2003).

The rapid nutrient-cycling oRobinia pseudoacacidrough flower litterfall and rapid decomposition
benefit the plant itself in the growing season, when nutraisand is increasing. Rapid nutrient-cycling
IS a strategy that hels. pseudoacacito persist in poor soil environments (Lee et al., 2011).

Robinia causes an increase of nitrogen in soil through its symbwashs nitrogen-fixing bacteria
belonging to the Rhizobia family and other mycorrhizal fungi. Thewmof nitrogen made available
from Robiniais considerable: in a population of 4 years has been estinmatiefixing nitrogen for the
benefit of the species itself amounts to 30 kg / ha (IPLA, 2000).

Deposition of nitrogen compounds from the atmosphere can increasesbiproductivity, especially
near urban areas, and this has reduced the need for nitrogkseferfihe availability of nitrogen-rich
waste (e.g. sewage sludge) provides opportunities for theliregyaf nitrogen in the urban-rural
environment. In some areas, the abundance of nutrient-rich sludge sste-water can trigger the
establishment of short-rotation crops for bioenergy purposes (Vervad) 2

It is therefore appropriate to explore new systems of plantatanagement in which N may be added
via fixation (Khanna, 1997). Mixed plantation systems seem to bmtis¢ appropriate for providing a
broader range of options, such as production, protection, biodivemigeiwation, and restoration
(Montagnini et al., 1995; Keenan et al., 1995; Guariguata et al., 1995; Pambtaowles, 1999).

In intensive SRF crops large losses of K occurred and owviaélihe in soil Mg and Ca was evident
(Ranger and Belgrand, 1996). The recommendations were to leave bilendgdrts of trunks at
harvesting to maintain fertility of the soil for regrowth, asrdate as little soil disturbance as possible
(should replanting be necessary) to minimise nitrification losstisoil beneath (McKay, 2011).

In Northern Europe some studies show the capability of SRC tobebsitrogen. Drainage water and
groundwater under the plantation shows low values of N despitings¢hef fertilizer during the time of
observations (Aronsson et al., 2000, Bergstrom and Johansson, 1992, Goalag@¥, Mortensen et
al., 1998).

It's recommended for sustainably SRC practice cultivatenthve fields located close to N sources
(animal farms, wastewater treatment plants etc) to deefdautflow to adjacent water bodies (Dmitriou
and Bolte, 2012).

Deposition of nitrogen compounds from the atmosphere has increasedsbigm@ductivity,
especially near urban areas, and this has reduced the agrerdrdgen fertiliser. The availability of
nitrogen-rich waste (e.g. sewage sludge) provides opporturati¢isef recycling of nitrogen in the urban-
rural environment. In some areas, the abundance of nutrient-ricte shimdigwaste-water can trigger the
establishment of short-rotation crops for bioenergy purposes (Verva3d).2

In Sweden after testing different irrigation regimes witastewater under different soil conditions,
wastewater application at least 150 kg N/ha yr should not pgstheeat to extensive NO3-N leaching
(Aronsson, 2000).

About Robinia feature of its root system is the presence of symbiogts mifirogen-fixing bacteria
belonging to the Rhizobia family and fungi (mycorrhiza). The amoumitocdgen made available from
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locust is considerable: in a population of 4 years has been extitat fixing nitrogen amounts to 30
kg/ha (IPLA, 2000).

In forests of poor environments proximal formationdRebiniaare able to modify the nitrogen cycle
giving rise to an increase of the quantity to the ground, tn&ibution increased through precipitation
and to an increase of mineralization rate of this element (Rice ed@4.).2

24 IMPACTSON SOIL BIODIVERSITY

As there is no need for annual cultivation in SRC and SRIEEmgsthe biodiversity value of soils under
these crops may be higher than for soils under conventionabltigrét crops. Fungicide, herbicide and
insecticide applications are likely to be absent or lesguknt in SRF systems compared with
conventional agricultural crops (Tubby, 2007).

Soil biodiversity is directly linked with the soil qualiincluding soil texture, nutrient regime, organic
matter, moisture, acidity and Green House Gases (GHG). Iticaddis tree species differ in the amount
and quality of litter produced, these differences may direatlyndirectly affect the associated soil
invertebrates.

Whereas earthworm populations are likely to increase with @norg litter, numbers of Carabid
beetles are likely to decrease. However, balancing positigacts due to the non-tillage management
might increase both abundance of earthworms and an increased diversitglmfii€éBaum et al., 2009).

The effects of SRF on earthworm populations appears most cledatgd to soil C/N ratio, the
phenol content of the litterfall and the soil status in termswaf or modern humus type development.
Earthworms role in organic mixing is vital, but where wormghhiincrease under heavier litterfall,
Carabid beetle populations might well fall.

The beneficial presence of ectomicorryhizal fungi has been dematmistindePopulus Salix, Betula
andEucalyptusspecies, present in much higher numbers than in similar arable soils.

Soil biodiversity is directly linked with the soil qualiincluding soil texture, nutrient regime, organic
matter, moisture, acidity and green-house gases (GHGg)dItioa, as tree species differ in the amount
and quality of litter produced (Table 6), these differencag directly or indirectly affect the associated
soil invertebrates. Generally higher diversity of epigeal invertebrateresent in SRC respect intensively
cultivated soils (Liesebach et al., 2000).

Under plantations, the high deposition of organic matter in the forieaskes and woody debris
provides soil organisms with a more varied and abundant resharcés provided by agricultural crops,
and this leads to a more species-rich and abundant assemblaitgerchnd soil-living organisms
(Makeschin, 1994; Bardgett, 2002).

Soil microbial communities are important regulators of prazessuch as nutrient cycling and
decomposition, and can offer protection against pests and disease® ieroorganisms rely
predominantly on organic matter provided by root exudates, secratidnsther rhizodeposits, including
root turnover.

Microorganism communities in SRC are greatly influenced lantpkpecies and genotype. For

example, the diversity of saprotrophic microfungi in the rhizosphigpended on the willow variety
grown in SRC plantations (Slapokas and Granhall, 1991; Baum and Hrynkiewicz, 2006).
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The change in vertical distribution of soil microorganisms urslRC on former arable sites was
caused by lack of tillage in SRC. The microbial biomass in thénsoeased in the upper 5 cm of soil but
decreased in subsoils compared to the agricultural soil under&kegchin, 1994).

Investigations have revealed that above-ground vegetation ganahgreat influence on the below-
ground earthworm population and diversity (Muyset al., 1992; Zou, 1993; Sarlo, 2006).

Earthworms are favoured by the longer soil rest period the atksteuse of pesticides (Makeschin,
1989; Makeschin, 1994). Earthworm communities varied consideraiye®etgrassland sites that were
afforested with different tree species depending on the quality and quarnkigylifer produced (Muys et
al., 1992).

2.5 DECONTAMINATION OF SOIL BY SRF AND SRC CROPS

Important environmental functions in some polluted areas can be groupedhengbytoremediation, ie
the use of plants for environmental clean up, by absorption or dégrada stabilization of various
forms of compounds dangerous in the soil, water and air (Lichta ebdafgls, 2005). The hazardous
compounds that can be deactivated through phytoremediation are sewtraht elements to plant or
phyto-nutrients (primarily nitrogen-N, and phosphorus-P), many hea&tglsn(Cu, Cd, Zn, Pb), many
organic pollutants, petroleum hydrocarbons (Lichta and Isebrands, 2005ydatkt al., 2004).

In Mediterranean coastal land are very anthropized and polldtecse fre big industrial areas,
intensive agriculture, traffic and cities. So in these ar&ds &n help to decrease air pollution (McKay,
2011).

The species of geneRopulusspp. andSalix spp have been proposed in recent years for the ability t
accumulate heavy metals (Robinson et al., 2000) and many toxic ®agampounds (Lunackova et al.,
2004; Hinchman et al., 1996), including atrazine (Burken & Schnoor, 1®@dtpcarbons (Jordahl et al.,
1997), herbicides (Gullner et al., 2001) and trichlorethylene (Newman €2@r) ielong to this family.

The poplars are generally able to accumulate Zn and Cd in Roplein cut short for bio-energy and
phytoremediation leaf tissues (Gallagher et al., 2008; Chaiad, €008), and are also been used as bio-
indicators for pollution of As in soil, some clones of willow shdvg®od ability to relocation of Zn and
Cd in the leaves and branches (Rosselli et al., 2003).

Some poplars also seem to tolerate well the presence of lseawg metals in soil managing to
maintain a good rate growth in soils strongly degraded by tle=mee of these pollutants (Massacci et
al., 2012).

The tolerance oP. x canadensigwards high Cu concentrations (T125 = 93.0 and TI75 = 77.2) was
remarkable, as well as its ability to accumulate theamet the root system without suffering from
toxicity. The wide and well-expanded root apparatus of this clon&l de advantageously exploited in
phytostabilization programs to avoid the spreading of pollutants thréxagentvironment (Borghi et al.,
2008).

In the Valley of River Sacco were identified many agrioadt areas off-limits to human activity for
industrial pollution, as a measure of safety measures for the eliomrwdtthe risk of contamination in the
food chain and for protection of public health and the environment. le #ress has been activated
cultivation of biomass for processing agroenergetic (poplar StaigtiBn Forestry) in substitution of
intensive crops (Massacci et al., 2012).
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The characterization @&alicaceagdriven by small genome, easiness of agamic propagationjgenet
susceptibility to transformation and the availability of genetaps and genomic resources appear
promising for selecting candidates for phytoremediation (Tognetti, &04.3).

In roots ofSalix spp., the capacity to bind heavy metals, such as Cu and Zn, aeltheall has a
protective action against the deleterious effect of metalediycing the amounts of cytosolic metal, and
representing plant suitability for phytostabilisation (Brunner et al., 2008)

The establishment of willow for urban green structures able taég as SRF, such as sound barriers,
snow fences and wind breaks, along highways and streets coulckrepiztic trees, promotes air quality
and remedy to water and soil multi-metal pollution.

Research to examine the abilityéulowniato take up nitrates, heavy metals and land contaminants
has been conducted over the past two decades (www.worldpaulownia.corefhediation.htm)l

Paulowniais an ideal crop for use in areas where large amounts of manurese lha&vspread. Pig and
poultry farmers in the USA are using the trees to spread mamuas they can utilise a huge amount of
nutrients (Woods, 2008) It has a very high uptake of nitratesyheatals, contaminants and other
elements from shallow and deep sub soil (World Paulownia Institute).

SRC plantations can be used as vegetation filters for traatihés possible to locate plantations as
buffer strips for capturing the nutrients in passing runagifer (Berndes et al., 2008). When planted and
managed as part of a controlled programme, trees and woodland gaanpimportant role in the
rehabilitation of derelict land, including landfill sites (Jonesed al., 2001; Pulford and Watson, 2003;
French et al., 2006; Strycharz and Newman, 2009). A key benefit dter wuality is reducing the
mobilisation and leakage of contaminants that have the patetat pollute both surface and
groundwaters.

Trees can assist remediation in a number of ways: by hdipiagrich the soil with organic matter,
which is important for immobilising many contaminants (Hutchings, 200%) providing a semi-
permanent landcover, reducing the risk of soil disturbance and rrgsiaeducing surface
runoff/groundwater recharge and thus the potential for leachimpraminants to water; and by the
active uptake of contaminants and fixation in woody biomass (oki et al., 2009). There is also a role
for planting woodland adjacent to contaminated land, which can help uoer¢ide offsite migration of
contaminants by intercepting polluted runoff and by reducing windi@r and trapping airborne
contaminated soil.

The shallow rooting behaviour of willow, combined with a high prentlensity, makes SRC of this
species particularly suitable for use as a vegetatitan. fAround 80% of the root hairs of willow are
found at depths of less than 40cm (Rytter and Hansson, 1996; &mviHouston, 2004). The high
planting density (> 15,000 stools/ha) allows the development ohsedeot hair system over the entire
area occupied by the crop. Many scientists have appliedotieept of a vegetation filter to SRC, in
particular for the treatment of organic compounds and the almogtdirectly assimilable nutrients and
some heavy metals (Perttu and Kowalik, 1997; Aronsson, 2001).

Furthermore willows have been reported from early stagéseofcommercial bioenergy use to take-
up large amounts of Cd (Perttu, 1992; Riddell-Black, 1994).

Willow SRC is of particular interest for collective fary treatment of effluents from small
settlements (domestic effluents for less than 500 inhabitant egpispbr industries.

Large difference may occur in environmental performance betaefsment species of SRC. The
species of generRopulusspp. andSalix spp have been proposed in recent years for the ability to
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accumulate heavy metals (Robinson et al., 2000) and many toxic ®agampounds (Lunackova et al.,
2004; Hinchman et al., 1996), including atrazine (Burken & Schnoor, 1I®@dpcarbons (Jordahl et al.,
1997), herbicides (Gullner et al., 2001) and trichlorethylene (Newman €2@r) ielong to this family.

The poplars are generally able to accumulate Zn and Cd in poglanicut short for bio-energy and
phytoremediation leaf tissues (Gallagher et al., 2008; Chaiad, €008), and are also been used as bio-
indicators for pollution of As in soil, some clones of willow shdvg®od ability to relocation of Zn and
Cd in the leaves and branches (Rosselli et al., 2003).

Some poplars also seem to tolerate well the presence of lseawg metals in soil managing to
maintain a good rate growth in soils strongly degraded by tleemee of these pollutants (Massacci et
al., 2012).

The tolerance oP. x canadensigowards high Cu concentrations (T125 = 93.0 and TI75 = 77.2) was
remarkable, as well as its ability to accumulate theamet the root system without suffering from
toxicity. The wide and well-expanded root apparatus of this clon&l de advantageously exploited in
phytostabilization programs to avoid the spreading of pollutants thréxagentvironment (Borghi et al.,
2008).

Besides the positive effects of SRC to reduce heavy metakatrations in soil, willow and poplar
SRC have been reported to remediate soils from various orgampounds such as chlorinated solvents,
explosives, petroleum hydrocarbons, cyanides, pesticides, and @bkr®g@r et al., 1997; Aitchison et
al., 2000; McMillan and Schnoor, 2000; Corseuil and Moreno, 2001; Hretliar, 2001; Kelley et al.,
2001; Ciucani et al., 2004; Ma et al., 2004; Ucisik et al., 2007).

Mediterranean Europe coastal lands are very anthropized andcegptin¢re are big industrial areas,
intensive agriculture, traffic and cities. In these area€ $&n help to decrease air pollution (McKay,
2011). For example in hardly polluted area of Sacco Valley inoL&NR have begun experimental
plots againsp-hexachlorocyclohexane pollution using Poplar (Massacci et al., 20l@2)ese areas has
been activated cultivation of biomass for processing agroere(geiplar Short Rotation Forestry and
Short Rotation Coppice) in substitution of intensive crops (Massaccj 20aP).
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3. IMPACTSON HYDROLOGY

The principal water concern relates to the typically higitewase of SRF crops, which could have an
adverse impact on local water resources. Potential shteavater quality is likely to be the delivery of

sediment to watercourses as a result of ground damage caubkedvbgting operations, which can be
controlled by good practice (Armstrong, 1999).

The overall quality impact of SRF is expected to be largehetiaal compared to the alternative land
uses currently practised in areas generally considered appropriataiersion to SRF (McKay, 2011).

The generally reduced fertilizer and pesticide applicatiorSRf compared with agricultural lands
will benefit runoff and recharge water quality.

There are serious potential impacts from SRF on hydrology in pame of Mediterranean Europe,
especially when climate change predictions are includedpiidwsion of advice to potential planters on
where SRF could affect critical water supplies, and may reebd tontrolled, seems to be a high priority
(Hardcastle, 2006).

The principal hydrological concerns associated with changes in landeuse ar

annual or long term flow out of a catchment as a result of differences in atrappr
dry season flows;

flood flows;

water quality;

changes to the above under a future climate change scenario.

About the impacts of SRF on dry season it would be expected: secri@ainterception and
transpiration that can cause soil moisture deficits and eeflaws and an Increase of soil infiltration
rates will lead to higher soil water recharge and increased dry-seassr(larcdastle et al, 2006).

In general run-off quality should be superior to that from agucalltiand, but quantity likely to be
reduced (Hardcastle et al., 2006).

The greatest threat is presented by conifer and some broadleavetdopREuch as Eucalyptus, while
the use of other broadleaved species could possibly benedit kgaburces (McKay, 2011). In particular
E globulus, the species widely planted in Spain and Portugal, isocerdial because of its negative
hydrological impact is not hardy in UK (Evans, 1986).

The production of food crops reliant on unsustainable irrigationuthem Europe could be replaced
by growing less demanding SRC or SRF species. Large arednafequipped with irrigation
infrastructure have been abandoned in Southern Europe. SRC @o8KFe grown on this land using
modest amounts of irrigation compared to fruit and vegetable crops (Héeddas., 2006).

However it's important to note that most of used plants are deeped and generally have high
water consumption compared with conventional crops (Dimitriou et al., 2011).

To reduce the ecological and economic risk of SRC, the knowledlgegame parameters as
clone/species-specific water demand for a different rotamesnagement, annual precipitation,
precipitation during the vegetation period are essential.ddenSRC and SRF with high consumption of
water could be used to manage flood risk in alluvial plains (Hardcastle 2006).

The levels of water consumption of SRC in relation to othepsgrown in the same area seem to
depend on site-specific factors such as solil type, precipitatioathads, and may vary from case to case.
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Although results obtained in Germany suggested that infiltrdtaom poplar SRC fields was almost 3
times less than neighbouring agricultural fields (Knur et al., 20ifigrs suggest that such differences
are significantly lower (Dimitriou et al.,, 2009; RELU, 2009) and thHa water use by SRC in
comparison to other crops largely depend on site-specific factors.

SRC is generally considered to improve the water qualityivelto conventional agricultural crops in
a given area (Hardcastle et al., 2006) due to the managemetitgzat SRC (weed control only during
the establishment phase, tillage only before the establishment phase, arnddogesric fertilization than
other crops).

All the above about water quality and SRC indicate that when 1@Bl@ces conventional agriculture
crops, groundwater quality improvement is anticipated. In fawgral authors suggest the use of SRC in
intensively managed agricultural areas to improve the duwater quality and meet EU obligations in
terms of water quality expressed in the Water Frameworkciiee (Jgrgensen and Mortensen, 2000;
Eppler et al., 2007; EEA, 2008).

Fast canopy development and high leaf area index during the grosdsgrsare the special features
significantly affecting transpiration rates from leavewl anterception evaporation from the canopy.
Potential deeper rooting of SRC species compared to annual crodsodgvour higher rates of water
consumption.

A potential impact of SRC on the water use and balance iertairc area should be judged in
comparison with the crops that will be replaced in a potesiidil to SRC. Several authors report that
evapotranspiration from SRC fields with willow and poplar is iostncases significantly higher than
arable crops but lower than conventional forest (Persson, 133He®is et al., 2001; Hall, 2003; Knur et
al., 2007). Interception and transpiration of a regrowing willdéand are comparatively small until
canopy closure is achieved (Dmitriou and Bolte, 2012).

As a consequence of the higher evapotranspiration rates reported, assucopitensing the effect of
willow and poplar SRC were reported (Hall, 1998; Allen et al., 19397y et al., 2001) suggesting
potential negative effects to water body enrichment from retpeecolation to groundwater due to
willow and poplar SRC.

Modelling exercises (Stephens et al., 2001) indicated 10-15 % reckiadf the hydrologically
effective rainfall in SRC fields compared to arable crops in the UK.

Relatively high-yielding SRC plantations (above 12 t DM/hagyguld be avoided — as a precaution —

in areas where precipitation is below 550 mm, since the consegueheduced hydrologically effective
rainfall can be much more serious in such areas (Hall, 2003).
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4. IMPACTSON LANDSCAPE AND CULTURAL HERITAGE

The European Landscape Converfjoarticle 1, defines the landscape as 'area, as perceived by

people, whose character is the result of the actind interaction of natural and/or human factbend

in article 2 specifies thathis Convention applies to the entire territorytloé Parties and covers natural,

rural, urban and peri-urban areas. It includes lanohland water and marine areas. It concerns
landscapes that might be considered outstandingedisas everyday or degraded landscdpes

The landscape, thus conceived, has a broad meaning that enotosgsd (with value or not), and a
complex system of relationships between population and territory.

In spite of the somewhat subjective nature of landscape agipoacithere is general consensus as to
what constitutes good design in the creation of new planting in the landscape.

The landscape analysis to that extent assess the visualctgdr of the plantations as a landscape
element in interaction with their surroundings. The assessrmetd its theoretical references in the
perceptive studies developed by K. Lynch (Lynch, 1964) declined &rititerial scale. The appearance
of the energy forests and their impact on the landscape walyzet and described on the basis of the
aesthetic and of the visual and perceptive character ofotest$ as an element of the landscape in
interplay with their surroundings.

To achieve this, in the first place it is necessary to congirdephysical and aesthetic character of the
plantation in reference to the surrounding landscape. These are:

. Form of new planting, whether ‘geometrical’ or ‘natural’. The tesof a Swedish study defined
that the form is understood to be its linear perspective targtulptural expression. The linear
perspective can be described in terms of even or uneven. Thergngaconditioned by the time
of growth of the plants: when newly planted, a field may appeagular since different plants
receive a different start. However, after a few yehescultivation appears more compact. The
sculptural impression of the form of SRF depends partly osttheture,i.e. the skeleton of the
forest and the plants that characterize the type of grawd the sculptural structure, and partly
on thetexture i.e. the external impression, the pattern, that is created bglitage, the density
of the plants, etc (Skéarback, 2008).

. Extension of new planting within an established landscape framework.

. Divergity of species/colour/texture, reflecting the inherent diversity of the landscape. According
to the study the colour can be characterized on three parameters:

2 The European Landscape Convention puts the landscape in the center of the European policy and introduces
important innovations. It identifies the landscape both as representative of the identity of the people, and as an
economic, ecological and cultural resource. A resource that needs protection, management and planning. It defined a
policy for the landscape that provides “strategies and guidelines that permit the taking of specific measures aimed at
the protection, management and planning of landscapes”.

The term “landscape protection” defines the actions aimed at safeguarding the part of the territory which is
characterized by an identity value derived from its natural configuration and/or from human activity.

The policy of “landscape management” aims at ensuring sustainable development and to harmonize the changes
brought about by socio-economic and environmental processes.

The Convention provides the “active planning” understood as both the enhancement and renovation of part of the
territory and as the creation of new landscapes to fulfill the needs of the population.

The main innovation of the Convention consist in being able “to recognise landscapes in law as an essential
component of people’s surroundings, an expression of the diversity of their shared cultural and natural heritage, and a
foundation of their identity” (art. 5.a).
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* lustre, ranges from matt to shiny. Newly planted fieldssarey but change after one or two
year to matt;

e grey scale, from dark to light- grey;
* colour scale, defined on the basis of the composition of the colour (green, yetoeta:).

The Swedish study defines the texture as compact or dense pataly elegant o pervious. The
feeling of compactness has very much to do with direction ofuhdight and with growth of the plants
(Skarback, 2008). These characteristics are strongly linked tohttiee of species. The choice do not
always coincide with the traditional tree species preserthe site, particularly if we consider the growth
factor and resistance.

* Unity of the new planting, meaning its coherence and degree of harmonization with the
existing/surrounding landscape (LTS, 2006).

*  Speed of change of planting, a characteristic of SRF which makes tteecdi the plantation
variable over time. It is important to consider this factor dutirgdesign stage because it
causes a visual impact on the landscape. However, the fadhéh&RF cultivation is a
relatively dynamic form of cultivation that varies over ttwurse of time, and which is a
subject of relatively intense upkeep, means that the landridesppear to be abandoned,
like waste ground, and is therefore regarded in a relatively posgivt (Skarback, 2008).

These physical characteristics are related to the faeiars for the localization and introduction of SRF
in a specific area have to coincide with those used in good landscape(dabigrsB).

Assuming that SRF is carried out within this design princjflesforecast of the new planting within the
landscape is likely to be related to another number of factors, amongktavhi

* Functional Location, the new plantations are likely to meet less resistanéess densely
populated landscapes where the primary land use and employment is todenfomtensive
arable cultivation. The SRF, when newly planted, are most sirtolafields growing
agricultural crops. Then, as the fields gradually develop thgy bbe take on the appearance
of overgrown land, or in other words waste land. When fully growrSRE is reminiscent
of a forestry (Skarbéack, 2008). The localization in the afiucal, industrial, polluted and
degraded context can foster public acceptance. The lattezategif the activity of SRF is
related to the local needs (LTS, 2006). Resistance is likely to beigrdatre there are long-
established and settled communities characterized by a rgmeatge of employment
opportunities (LTS, 2006). The new planting is likely to be reghfdeorably by the public
if it's related to energy generation projects and if the benefitdlgiirecolve the community.

» Accessbility, the new planting needs the infrastructures for the implementati the
production process. The visual impact of related features sudtessaoads and buildings
involved in the transport, storage and processing of SRF products needs taderedns

* Landform, it is a fundamental characteristic to consider in the decishase of landscape
design. Careful thought will need to be given to the design of B&#ations in areas of
higher relief, where they may be visible from a distance.



Table 8 Key principles for the landscape insertion of a new planting of SRF

VISUAL IMPACT

The relationship of the planting with the natural
landform and surrounding landscape. The visual
impact of the planting of SRF strongly depends on
its location. A new planting situated on a ridgeaar
has a greater visual impact than a planting located

a downstream zone. Planning also need to take into
account significant ‘vistas’ and the wider settiofg
heritage sites.

PERCEPTION OF THE PLACE

The landscape effect of SRF plantations is likely t
be very strong due to the dense structures they are
going to create. As with biodiversity the
establishment of permanent energy crop plantations
at a small-scale in intensively used and open
agricultural landscapes will contribute to landseap
diversity. Where they become dominant, however, or
destroy the characteristics of traditional open
landscapes they bring about a very strong change of
landscape characteristics. It is likely that thiff tne
perceived as a negative impact by most observers
and users of the landscapes. Especially for
landscapes that have a strong identity value which
gives a particular landscape its unique charaater o
significance. One should use caution with extensive
SRF planting in the most sensitive landscapes if
there is a lack of a high level of design input.

OBSERVANCE OF SYSTEM OF PROTECTION

The analysis of the system of protection in theaare
of intervention is detectable by tools of the
landscape, territorial and urban planning and from
any source of law.

PRESENCE OF HISTORICAL-ARCHITECTURAL
AND ARCHAEOLOGICAL ELEMENTS

By comparing historical and current cartographtes i
is possible to identify the historical permanenée o
the territory. The historical knowledge enablegais
understand the characteristics of each landscape to
address the design choices. The main categories of
historical elements can be: punctual, linear aedlar
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41 KNOWLEDGE OF THE TERRITORY AND LANDSCAPING

Understanding the landscape of the sites likely to be usedRierp&anting is considered a fundamental
phase for the selection of areas for the location of cultur€&6t It is realized through the analysis that
highlights the natural and human elements that determine thactdvéstics of the site: hydrography,

landform, vegetation, land use, urbanization, presence of prot@aas, presence of protected natural
sites, presence of historic and landscape areas of intermatieer@st, national and local points and
scenic routes, areas characterized by a high value of perceptuatatiiy.id

In general, the knowledge and evaluation of the features cditldsdape are moments preparatory for
the landscape design and then for the location and the inclusion of ardes3&F.

Following the basic types of landscape analysis are described:

Table9 Types of Landscape Analysis

Types of Landscape Analysis

Sources

Analysis of the levels of landscape and
environmental protection

Tools of the landscape, territorial and urban
planning, in particular the landscape
territorial plan

Sectoral plans

National, regional and local regulations

Analysis of the natural, ecological and
human components of the landscape

Cartographies and territorial and urban
plan
Direct Survey

Analysis of the historical evolution of the
territory

[t considers the transformation of the
places during the years (study for
significant phases)

Historical cartographies
Historical Aerial Photography

Visual quality analysis of the landscape

Cartographies
Aerial Photography
Direct Survey

The knowledge and evaluation involve different varies spatiales according to the general and
specific geographical features of the places. There are at ledstvdis the local and territorial scale.

The basic knowledge are sometimes largely already al@ilsiimetimes they are to be built. they are
a precise reference for the interdisciplinary study oflamelscape the documents (technical and non)
developed in the sector of planning, but also of the protection afribadt and artistic heritage and
landscape, as well as those explicitly dedicated to reneveasitglegies. The Italian articulated reality
requires verification of regulations and guidance documesisaped by the authorities and prescriptive

(Regions, Provinces, Municipalities, etc.).
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5. EFFECTSON SILVICULTURAL AND MANAGEMENT OPERATIONS

Arguably the most important factor affecting soil loss and quafityin-off during site preparation is the
quality of the planning and execution of operations (Kort et al., 1998).

Silvicultural and management operations on soils can cawsorerand compaction. Existing
publications provide a protocol for sensitive management irregerd (e.g. DEFRA 2002; Hall, 2003).
Protocols for sensitive management in this regard includefulssv-pressure tyres, driving on lop and
top to reduce soil compaction. Minimisation of soil compactionnduharvesting should be assured
through judicial timing and the exercise of care during operatmis.compaction and the potential for
gully erosion are reduced if there are not mechanised apptisadf agrochemicals and fertiliser (LTS
International, 2006).

The periodic removal of the canopy may subject the unprotecteddytouncreased risk of erosion.
This can be reduced using for SRF areas with low steepoessdimg to characteristic of soil and
climate. Compared with arable land use, good management of BB ltas a stabilising effect on the
soil, due to the relative infrequency of soil cultivation (Makeschin, 1994

The high water use of SRC may be used to advantage to reduc@gvesland delay the onset of
local flooding: using them to dry the soil profile on deep swith large potential water storage would
result in the soil accepting more winter rainfall before reackatgration (Tubby, 2007).

During the planting and establishment of SRC on former arablengal high nutrient losses are
possible because tillage promotes the mineralization and weedla@uuces the organic matter input
(Granhall and Slapokas, 1984; Makeschin, 1994; Jug et al., 1999b; Baum et al., 2009b).

5.1 FERTILISATION

The high productivity of the crop and the periodic removal of theverground biomass making SRF
systems particularly demanding in terms of soil nutrientstt{Pand Kowalik, 1997; Borin, 2003; Uri et
al., 2007).

The intake of nutrients by spreading manure could be a valuable ¢p8earvatorio agroambientale,
1997; Heinsoo, 2002; Regione Lombardia, 2004; Rockwood et al., 2004; Mirck20G8; Bisoffi et al.,
2009), allowing the disposal of waste in an effective way frbwn énvironmental point of view
(Laureysens et al., 2005c; Borjesson et al., 2006; Scarascia Magand Paris, 2007), thanks to the
strong ability of phytoremediation of SRF (Rosenqvist et al., 198ndenhove et al., 2001; Mertens et
al., 2004; French et al., 2006; AA.VV., 2008; Rossignolo, 2008). A correct spgeaidnanure can help
to hinder the pressing needs of the livestock system, charact by strong excess waste and serious
problems for their disposal due to the lack of available dtpral land (Bassanino et al., 2006) and
severe limitations of regulatory systems (Sangiorgi, 2003;9€ceftsal., 2007).

A correct use of agronomic manure must take into account etyaif factors, including the content
of nutrients in the wastewater, the homogeneity of distribution, the modeiming of spreading in
relation to the need of the crop (Grignani et al., 1999) and théyabiliemove nutrients from the soil by
plants, but which vary in relation to their availabilitythe ground, at the growth stage of the plant, the
availability of water, temperature, and other factors (Tano andiLA986). For a proper management of
the sewage is necessary to set up a correct calculatibe &f balance that determines the dose of N to
be made (Nnex) in relation to excision of culture (Na), anagtadability both from residual and natural
flows. The formula most frequently used is the following: Nnex = Na - (Np+N\Nr + No).
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5.2 PREPARATION OF SITE FOR PLANTING AND HARVESTING

Only the rows where planting stock is to be planted requitecsltivation. The initial site preparation
associated with SRF establishment is likely to raise f@mgironmental concerns as loss in soil C than
soil cultivation associated with the establishment of annagisc(McKay, 2011). Compared with arable
land use, SRF is likely to have a stabilising effect on the doe to the relative infrequency of soll

cultivation (Makeschin, 1994). The frequency of site preparation necessarydpr.&RnNce every 8 - 20
years (LTS International, 2006).

Northern European countries have put into practice a model ofatidh based onextremely high
density (15,000-20,000 plants/acre) and the use of clones of willowypantly resistant to cold. Harvest
can be annual, biennial or, where the growth slowed by climatidtomomg] also for three years and four
(Scandinavia). This model in Mediterranean zone was adjust@tti®asing the density from 6,000 to
14,000 plants/ha, using species such as poplar, black locust and eucalyptus (\genettura, 2013).

Table 10 Cultivation models for SRC in Europe and USA

Croppin . . . Species or clones Planting densi Productivi
pattlgl)'n ® SR ED 6 i used (plfnts ha'tls)’ (that yr'tl}),
Populus, clone
Annual coppicing “Pegaso” 12,689 16.2
Robinia
pseudoacacia 8,000-12,000 11.1-12.5
European model Coppicing biennial Robinia
with single row pseudoacacta 3,333 4.9
Populus 10,000 11.5
Populus clone
Coppicing biennial “Monviso”* 9,009 9.0
with twin row Salix 10,000 12.2-20
Populus alba 1,667 7.9
Round five years, Populus, clone 11.1
first round “Monviso” ! 1,667
Round five years,
second round Populus 1,333 14.7
USA Model Round five years, ,
first round Salix" 1,333 16.2
Round five years,
second round Salix 1,333 20.3
Round five years, Robinia
first round pseudoacaciJa 1,500 6.6

'Veneto Agricoltura, 2013Baldini et al., 2008

About the hedge effect, important in biodiversity terms, smallecks have a higher proportion of
hedge than large blocks, thus favouring richness in species (Hard2888¢
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5.3 CONTROL OF COMPETING VEGETATION

Especially in the first stages of development, if not propesiytained, herbaceous weeds may limit the
rooting of cuttings choking sprouts issued, determining limitatup to 50% of the seedlings accretion
after the onset of phenomena of competition for space and nut(@otsrelli et al., 2009). Such
interventions turn out to be an expensive operation for the farmer (Beegaait, 2006).

Compared to conventional agricultural crops, the application otlawestrol chemicals during the
entire plant rotation cycle is limited, since aften@py closure there is no further requirement for weed
control until the start of the next rotation cycle.

Active ingredients of the most common herbicides used in farmiegregarded as quickly
biodegradable into environmentally friendly or benign compounds, thusanstng negative effects on
water or soils. However it's best to minimise application abiwgdes ensuring rapid canopy closure
through vigorous tree growth after a good choice of place andespéciS International, 2006).
Herbicide or insecticide application can result in decreasaint,flngi and insect biodiversity (Dreyfus,
1984).

5.4 CHOICE OF SPECIES AND PROVENANCE

About SRF in general, exotic species have less biodiversigngalt than native species, as animals,
especially arthropods (an important basis of the food chainyaradapted to them. The understory
vegetation is also very important and is largely dependent aratiapy density. Species such as ash and
birch have a much lighter canopy than Sycamore or Eucalyptus (McKay, 2011).

About species likely to be used in Mediterranean climates important to identify ecological
necessity of species in relation to typical summer dryness.

For exampleEucalyptsare particularly sensitive to low winter temperatured aan be planted in
coastal areas with good water supply; Poplar and Willowseamsitive to water limitations and can be
used only in reclamation areas and in flood valley.

The species typically used for SRC for production of biomassniengg mainly are fast-growing and
produce more biomass, compared to other tree species. For Europedadafiis activity are the
autocnousBetula pendula Betula pubescensCorylus avellana Populus ssp., Salix ssp, Rhamnus
frangula Juglans regia the exotic Acer negundp Ailanthus altissima Juglans nigra Eucalyptus
camaldulensis, Pawlonia tomentgs&obinia pseudoacaciaand various clones ofPopulus x
euramericanaHowever, most plantations consist of specific poplar clones.

The use of native trees in SRC, can provide a natural habitatedny species of wildlife including
some that are suffering because of intensification of land use overttBé gsars.
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Table 11 Ability of vegetative reproduction and yield of wood of deciduous trees

Coppice shoots VIS G itels ?(i?jr&atisjn
ecies (Ienpi)h of annual (annual volume | Calorific value (F))DT (Oven
=t 9 increment: m* (G * m®) s
shoot [cm]} R dry tons) * hd
ha”* year-) * year®
Acer pseudoplatanus 150" 15 -19,3 10,1 3-7
Ailanthus altissima 80-180 20 4,%F
Alnus glutinosa 120" > 10° 9,2 3.5
Castanea sativa 100" 10,43 (3 ys) 16 3-6
Corylus avellana > 6 10,79° 1-2
Populus x > 107 9,8-9,9° 524
euramericana
Populus nigra 150" > 10° 74" 7,5°
Populus alba 100" > 10° 74" 9"
Populus tremula > 10° 8.6'° 10
Robinia pseudoacacia 150" 23 (ten ys) 17.83- 18.67 10-15°
Salix sp. 150 > 10 77 6%,'1%,?1

1Stahr., 2006; 3National Research Council (U.S.). Advisory Committee on Teghrhiehovation,

1983; 4Tubby and Armstrong, 2002;5Hein, 2008; 6Sheikh, 1993; 7lllick and Brouse, 1926; 8Marziliano
et al., 2013; 9Hardcastle, 2006; 10https://www.ecn.nl/; 11Bergante and Faccioto, 2011;
12http://lwww.tsec-biosys.ac.uk/; 13Murgante et al., 2013; 14Benetka, 2007; 15Canmfabal., 2000;
16Jardine, 2009; 17Francescato et al., 2008; ik al., 2012; 19van Oosten

54.1 Acer pseudoplatanuk.

There is a growing interest in usidg pseudoplatanusn SRC more widely because of its potentially
high economic and ecological values. This tree regeneratég although competing ground vegetation,
damage by browsers and bark stripping by grey squirrels may endanger (Hein, 2&08jetich over 35

m on suitable sites. Coppices well but stools are often gnge lived. This species is suited to a wide
range of fertile and deep soils, but growth is poorer on acid or poorly drsoiis.

Its current distribution extends from Turkey and Spain tatland Sweden (Fremstad and Elven,
1996; Rusanen and Myking, 2003) and even to North America, South AmEew Zealand, and India
(Binggeli, 1992). Beech is the species most commonly found in Eurdpessis in association with
sycamore (Jones, 1945; Bartelink and Olsthoorn, 1999; Piovesan2804), In Europe this species is
frequent in beech dominated woods and mesophile oaks woods, fromohiipritane belt. At the
regeneration stages the two species are often seen in intiméieemi

The rapid coppice regrowth on clearfelled sites has often beenitedpio restock stands and archive
good quality sprouts (Bryndum and Henriksen, 1988; Henriksen and Bryndum, 198% T2084.).

From the ecological point of view. pseudoplatanusupports a wide range of epiphytes, herbivores
and ground flora (Bingelli, 1993). Its litter improves humus formatiod autrient cycling (Wittich,
1961; Weber et al., 1993; Heitz and Rehfuess, 1999). Maintaining or pngnsgtamore may therefore
enhance the ecological values of a stand and contribute tottreitdandscape diversity (Stern, 1989;
Pommerening, 1997; Bell, 2008). It can be used in abandoned lands on suprare-mediterranean
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climate in areas relatively wet with alkaline or sukadihe soils. In this climatic context is more frequent
in Italy and Balkans, only sporadic in Iberian Peninsula Meditean zone, more frequent on Atlantic

coast of Spain.

Figure 1 Distribution of Acer pseudoplatanyEUFORGEN)
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5.4.2 Ailanthus altissimaL.

This fast growing tree in optimal conditions can grow to anfteg3 to 4 m in a period of 5 months. It

was introduced into Europe from China in 1760 and has establishedperégenclimates throughout

the world. The tree extends from subtropical dry to wet thraogh temperate dry to wet forest zones.
It tolerates frost and chilling winters and grows well wath annual precipitation of 300-2500 mm
tolerating a dry season of up to 8 months, optimal annual temperature of 10-20 °C, &rigpB.

It's naturalized throughout the region and used for coating slgpesy which spreads rapidly on
marginal or abandoned lands. This is due to its abundant productimotouckers, some of which
emerge at distances notable from the tree of origin to digasfche order of one hundred feet, and
damage rise to plants "daughters.” It is a species very hardy andmesisirought.

Ailanthus grows in all types of land (even in the cracks h& old walls) and has no special
requirements for the water supply because the water stordn iroots allows the tree to tolerate dry,
rocky soils and extended drought. Even the seedlings show a good tolerance to drought.

It can grow in arid soils in warm lowland stations and thezoarihilly in marginal lands, wetlands,
places built, industrial areas, docks and railway embankments, Wialer beds, gardens, grounds and it
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can colonize grasslands. It tolerates the presence of salighd and air pollution. However the best
development oAilanthusoccurs on nutrient-rich soils and clayey soils.

If the initial regeneration is accomplished from seed or fooitings, once it is stabilizedjlanthus
grows extremely fast and reach great heights quickly. Tédliegs reach 1-2 m during their first year of
life.

Through its allelopathic properties, high capacity for vegetasind generative reproduction, rapid
growth, pioneer character, superior competitive ability agatisér alien or native plants, Ailanthus
altissima is able to form dense populations wich dominatemttaeléd plant communities and inhibits
growth of other plant species, often displacing native vegetation (Sirbupaed, Q010).

The ecological consequences Af altissimainvasion have long been recognized especially in the
Mediterranean basin, where it has been recently included in tHeEERE project (“Exotic Plant
Invasions: Deleterious Effects on Mediterranean Island Ecmsgs), supported by the European
Commission (Traveset et al., 2008; Vila et al., 2008; Affre, 201@2)t'S best to manage existing plots
than plants news and however to be carefully respect at the possibilitsasion of natural plots.

If the initial regeneration is accomplished from seed @mfcuttings, once it is stabilizedjlanthus
grows extremely fast and reach great heights quickly. Theisgedeéach 1-2 m. during their first year of
life.

The Ailanthus stands in National Forest Inventory (INFC, 2007a, 2G0@bassociated together with
Robiniain a category that covers 4053 hectares, 1,74% of regional forest surfaces.

In Mediterranean Countries, thglanthusits use is good in Short Rotation Forestry, while SRC is
recommended only in contaminated and degradated lands, to countexaoh eand in abandoned
industrial sites and, naturally, in existing stands.

5.4.3 Alnus cordatalL.

In its native range ltalian alder has a very limited dhigtion, and it is present only in Southern Italy and
Corsica. This species was introduced to Britain in 1820 andihees been planted widely in shelter-belts
and woodland grant schemes. It thrives best on sites with highllranth relatively mild winters
(Claessens, 2003; McKay, 2012).

The use ofAlnus cordatain Europe, although also species indigenous only in Italy, staliecome
more popular because alder is preferred to black locust fdigtiteess of the wood, for the ability to
retain the leaves for a longer period vegetation and becausecawtrollable in terms of intrusiveness
(Regione Toscana, 2012).

In the natural distribution area the average temperatuteeicoldest month, do not fall under -1/-2
°C. Mean annual rainfall: 700 - 2000 mm; Mean annual temperature:1T0°€; Mean maximum
temperature of hottest month: 23 — 30 °C; Mean minimum temperature oftcutatgs: 0 — 4 °C.

Occurs naturally on damp, moist or wet soil. It's suitable darly and clay soils and can grow in

heavy clay and nutritionally poor soils. pH can variate frond &gibasic. It can grow in semi-shade
(light woodland) or no shade and can tolerate maritime exposure.
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54.4 Alnus glutinosal.

In addition to natural seed stands, black alder very often forms coppice. Thestestta strong ability of
the species to sprout from stumps, especially while relatjming. Black alder trees grow intensively in
height between years five and ten, and in diameter between the fiféeehtiventieth year of age.

European alder has a broad natural range that includes most of Babpgtends into North Africa,
Asia Minor, and western Siberia (Robinson et al., 1979). It is iptwi@espread from mid-Scandinavia
to the Mediterranean countries, including northern Morocco and Alfdeasel et al., 1965; Jalas and
Suominen, 1976; Kajba and Gracan, 2003). Densest distribution islowlla@ds of northern Germany,
northern Poland, White Russia, and the northwestern Ukrainea&1a972). At the drier limits of its
range, it finds refuge in the humid microclimates of valleys @ong rivers (Claessens et al., 2010). This
species in Mediterranean climate can be found on streas andeon poorly drained areas. It can grow
up to 30 m tall but coppices well and grows rapidly when it is young.

The duration of low winter temperature limits the range obgean alder and the species does not
extend into regions where the mean daily temperature is abeemg for less than 6 months of the
year. Black alder is relatively tolerant to late autumnal and eanilygsfrosts (Claessens et al., 2010).

Tolerant of wide range of soils, preferably moist ones wipiHabf more than 6. It should not be used
on acid peats or badly aerated soils.

Alnus glutinosas a species capable of symbiotic nitrogen fixation (AkkernaenasVan Dijk., 1976;
Blom et al., 1981). It can fix nitrogen through association withnti@o-organism Frankia which forms
nodules on the root systems. So this species is often used radetbgr impoverished soils to improve
fertility.

Optimum soil pH for nodulation appears to be between 5.5 and 7.0 (Griffiths and McCormick, 1984),
Seedlings already nodulated grow satisfactorily when outplanteditess with pH as low as 3.3
(Ferguson and Bond, 1953; Quispel, 1958). This tree add significant amounts ohritregd. Canopy
of Alnus may support high aphid biomass, providing food for insectivorous. Hiftisdcastle et al.,
2006). Flowers provide an early source of food. Seeds remain odutieg winter, and are fed on by
many birds, in particular redpoll, siskin, and tits (Eppler and Petersen, 2007).

The presence of small mammals such as the woodmApseémus sylvaticisthe common shrew
(Sorex araneysand the field voleNlicrotus agrestiywill depend mainly on the presence of understory
vegetation. Deer will be attracted by the cover provided byréeecrop. Predators such as badger, fox,
stoat and weasel will be attracted by the presence of pexyes and the relative stability of the SRF
habitat (Eppler & Petersen, 2007). It can support rich lichen flora (Epplétetacsen, 2007).

Alders have been recommended for afforestation of disturbed #memsghout much of the
temperate world (Knabe, 1965; Limstrom, 1960). Their tolerance of lovargHtheir rapid growth,
abundant leaf litter production, and ability to fix atmospheri@gén combine to make European alder
especially desirable for planting on spoil banks, which typicatigtain little organic matter and
available nitrogen. In Mediterranean countdsus SRC needs adequate experimentation in its natural
areal.
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545 Castanea sativa.

Chestnut is a species typical of the area of the Mediteanaard Eastern Europe, but it was exported
from long time outside its native distribution. Now, it is sceegive that it is difficult to understand what
is its true distribution area of origin.

The phytoclimatic range of the chestnut goes from the uppes lohihe olive (termomediterranean),
until the whole strip of grapevine (meso — and supramediterranei#imthe transgressions in the upper
regions (subcontinental).

In Italy it is widespread both on the mainland and on thedslaf Italy and, according the National
Inventory of Forests and Tanks Forestry Carbon (INFC, 2005), cameasea of about 790,000 hectares.
In the Alps and the Alpine foothills it does not exceed 900-100@mnets.l., while in the Apennines
goes up to 1200 m. and up to 1500 m. in Sicily. Up to half of last centuay pilayed a major role in the
economy of rural areas for the wide variety of products thatdo® obtained from it (Manetti et al.,
2006).

The distribution of chestnut in Spanish territory is digjomonospecific stands occupy 137,657 ha.
The biggest range is in the north, between Galicia and Nawsith 70% of the total (Melicharova and.
Vizoso-Arribe, 2012).

Castanea sativMill. forests in Greece occupy 33.000 ha of mostly mountainous latehdrg from
400 to 1000 m in altitude and are considered to be wild, native steosy (National Forest Survey,
1992).

This tree, that grows to 30 or more metres tall, is consid@neexcellent coppicing species. Smaller
sizes of timber can also be used to make cleft chestnut phlsg calcifuge species and prefers deep
acid sandy, loamy and clay with good drainage. It is not suited tdypirarned or calcareous soils. The
optimum pH value for the species is around 5.5 (Bourgeois et al., 20pdfdrs sandy, loamy and clay
well-drained, dry or moist acid to neutral soils. It can growery acid and poor soil and can tolerate
drought.

For example in Lazio (Italy) grew good from the hilly belt tontane one on volcanic and arenaceous
substrata where it's largely managed from many centuries.
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Both coppice and fruit cultivation dfastanea sativare good for biodiversity. For example in
Castanea sativpopulations in northwestern Spain were reported 156 species dof, [88mf Birds, 10
of ants, 78 of beetles (Guitian et al., 2012).

Chestnut forest, cultivation and coppice systems are particuleh in Basidiomycotina and
Ascomycotina. In Greece are reported 168 species, with 56 mygarfungi and 57 saprotrophic and
soil fungi (Diamandis & Perlerou, 2001), in Italy 338 species (e ISPRA). The mycorrhizal group
includes some highly valued edible speciedanita caesarigA. rubescensBoletus edulisB. aereus
Cantharellus cibariusCraterellus cornucopioide$lydnumrepandumH.rufescens

54.6 Corylus avellana..

Native across a wide area of Europe, parts of north Afmchwestern Asia normally it lives as a shrub
species in the understory of native broadleaved woodland. In Edrapecommonly found as an
understory species in lowland oak, ash or birch woodland as well stsub and hedgerows. It is an
important component of the hedgerows that were the traditional field beesadatowland England.

European natural population are spread in oceanic to subcontinengérége meso- to lower
orotemperate humid to hyperhumid climate with enclaves in supramediterizelea

In Mediterranean area it finds a favourable habitat in copstés of Black Sea of Turkey, Adriatic
coasts, Apennines and Vulcanic hills of Italy, Catalonia regfd®pain where it can form distinct natural
forest association refered to Corylo-Populion tremulae (Br.-BIOeBolos 1973; Rivas-Martinez and
Costa, 1998).

It grows better in areas where the annual average tempemaifil8e 4 °C, the average temperature in
the coldest month is not more than 3.5-5.5 °C, the average teanpdrathe warmest month reaches
22-23 °C, and annual rainfall is 1500-2000 mm (900-1200 mm during the grongd)d®irotadze et
al., 2009).

It can be cultivated under humid temperate climatic conditioreh(®hbacher 1991). Regions with
annual mean temperature of 13-16 °C have the most favourablei@os@iir cultivation. Such regions
must not have a minimum temperature in winter months below -8ZHnd the highest temperature in
summer months above 36-37 °C. Yet, in order to ensure pollination, such regions shouldxagma
temperatures exceeding 21 °C for at least three days and, mgavevo weeks at the beginning of
June (Beyhan and Odab4996; Tous2001). Also, total annual precipitation should be over 750 mm.
And it should have a regular distribution over months.

Relative humidity should not go down below 60% during the months June an@adubkal, 2002).
Although it is possible to cultivate it in regions with half-humid climéteeeds irrigation due to lack of
precipitation.

Corylusis one of the excellent shrub species that can improve théesdity by promoting the
formation of soil water stable aggregate. The corylusr litntains rich mineral elements and its
mineralization speed is faster. In consequence, the soil bameeunder theorylusclusters increase
and the soil acidity is neutralizedCorylus promotes the activities of bacteria and other of
microorganisms, which accelerate the humus-forming process (Chen 608@)., 2

In Mediterranean region it’s intensively cultivated for élamt production in commercial orchards in

Europe, Turkey, Iran and Caucasus. The three greatest produdeasgetiiuts are (percentage of the
world production), Turkey (70%), Italy (12%), United States (6%) and Spain.
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Hazel is particularly suited to coppice management, produangg Inumbers of shoots or rods from
the cut stools, which can be harvested on a 6 to 10 year rot@tonaim, 1956). Stools can survive for
several centuries and tends to produce a number of small disstestes. It can grow on a wide range of
fertile soils, but best where there is some moisture as clay-loams

In Mediterranean European countries it's possible to introduce indbkadyigy systems the harvesting
of this species made in agricultural contexts.

5.4.7 Eucalyptusspp.

This genus of evergreen tree is indigenous in Oceania (aBpd@smania, Australia and New Guinea)
and belonging, with about 600 species, to the family Mirtacee.

Two speciesEucalyptus globulusind Eucalyptus grandisorm very extensive industrial plantations
in the tropical and sub-tropical regions of the glolicalyptus camaldulensisnd Eucalyptus
tereticornisare widely used in semi-arid zon&scamaldulensisndE. globulusare most used in forestry
in mediterranean context.

Among the species identified for the implementation of intdrees and the SRF in
thermomediterranean arek&s camaldulensiss that with increased plasticity with wide tolerance for
temperature and precipitation (Ciancio et al., 1981) and 'abléitstand long periods of drought, It lives
in environments with average rainfall of 300-400 mm per ymdraaerage annual temperatures between
12 and 18 °C and can withstand temperatures only up to - 6 °C.dtyigustic and adapts to a wide
range of soils, from clay to peaty.

It has good capacity of resprouting and it has a large adaptataiffitult terrain, dry, clay or even
periodically submerged (Ciancio et al., 1981).

There is also widespread use of hybrid and clonal material. Farpéxan the 90's with a genetic
improvement program fifteen new clones were selected by CRAePRome within crosses betweEn
camaldulensisvith E. globulus subsp. globulus. globulus subsp. bicostata. viminalisandE. geandis

Eucalyptusspecies have characteristically high nutrient uptake andrwse. So they usually are
planted on alluvial plains to keep them dry. Rgpulusspp.Eucalyptusare efficient in removing nitrate,
phosphorus and potassium, providing scope for forming an effective wadstepolishing system
(Sugiura et al., 2008).

Eucalyptushas been used from the beginning of 20th century to “drain” nazaciaind to deliberately
lower the water table where saline water has risen toutiace (Calder, 1992). In reference to actual
distribution and very high water table best areasfaralyptugplantation are coastal flat and remediation
lands.

5.4.8 Fraxinus excelsiorL.

Fraxinus excelsiofEuropean ash) is the fast growing species most widelsibditgd ash species in
Europe. It is a valuable broadleaved tree for SRC due todlsgecal characteristics, outstanding wood
properties and high economic valbeaxinus excelsiocoppices well, and natural regeneration is often
so prolific that the species can become invasive. Regeneratparticularly good in woodlands where
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canopies are dense. The species is strongly shade-tolerdsffiist seven years or so (up to about 4 m
tall), but becomes very light-demanding thereafter.

In particular in central Europe silvicultural methods have prech@ommon ash in the last 30-40
years due to the high economic value, supporting natural regenemanting and thinning (Plidra and
Heuertz, 2003).

Its distribution extends across Europe from the Atlantic cwatite west into continental Russia,
almost to the River Volga, in the east. Its northern limitNorway) is at 64 °N, and it extends south to
the Mediterranean, through the northern parts of Spain, Italy, areté&rand as far south as 37 °N in
Iran.

Figure5 Distribution ofFraxinus excelsiom Europe (Fraxigen, 2005)

It requests fertile, rich in humus, moist and deep soils and usa@ilyrs in woodlands formed on
lime-rich soil, doing best where the pH is greater than 5.5 (RdifidaHeuertz, 2003; Nelson and Walsh,
1993; Silva-Pando and Rigueiro, 1992).

Ash have a high demand for nitrogen, calcium, magnesium and phosphorous tridré aupply
depends on the nutrient content of the soil with respect to egehhle cations and citric-acid-soluble
phosphorous (Dobrowolska et al., 2011).
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To grow wellF. excelsiorrequires base-rich, y sandy, calcareous loams, with pH 7-8, apétci
the lower parts of the soil profile (Silva-Pando & Rigueit892). The ideal site is a well-drained
alkaline soil, that be a rich deep marl, or a shallow soil over lonegFRAXIGEN, 2005).

Hilly and mountain mixed mesophilous woods dominatedAbgr spp. andrFraxinus excelsiolare
considered of great scientific and conservation interest in Europe and are reshaigeority habitat by
the European Union (cod. Natura 2000: 9180, Annex | of Directive 92/ 43).

54.9 Paulownia tomentosgThunb.) Sieb. & Zucc. ex Steud.

Paulowniatrees originate from China and are also grown throughout Asia, B&#ralia and Europe.
Although a number oPaulownia species exist, only the ornamental speéaslownia tomentosas

currently grown in SRF.

Paulowniatrees can tolerate a range of temperatures and have beerddpatow at altitudes up to
2000 m and latitudes 40° N and 40° S, but can be damaged by frost amd eegbeltered place for
growth (Woods, 2008). Optimal temperatures for growth are mxbaot range from 24-29 °C and have
been reported to withstand temperatures ranging from -10 °C to +&afuldwnia tomentosgrows best
in temperatures ranging from 24-30° C but that mature indasdcan endure temperatures as low as -

20* C.

Paulownia tomentosaequires minimal management and little investment (El-Shamdk EI-Showk,
2003) and has been receiving greater attention as a shommotatody crop in recent years (Bergmann
et al.,, 1997) because with optimal conditions in terms of liglit moisture Paulowniais one of the
fastest growing trees in the world: it can grows 5-6 mdating the first growing season and adds 3 to 4
cm in diameter annually if optimal growing conditions are pre¢ekhShowk and EI-Showk, 2003;
Woods, 2008), with yields of more than 80 t/ha x year (Woods, 2008).

The site requirements for successful growtRPatfilowniawere:

* sloping and effectively drained site;

» site with no frost hollows and with sufficient air drainage as heavysfiostpring can damage
the stems of young trees and kill new growth;

» sheltered site, which is especially important when thes taee young ((Lyons, 1993; Woods,

2008);

For the efficient production of biomasBaulowniatrees are planted at a higher density than that
required for timber production (1960 and 750/ha respectively). Tloemraended density for biomass
purposes is 1680 trees/ha (Woods, 2008).

Paulowniawood is used in house construction, for paper pulp, furniture makimg jrigplements and
musical instruments (Ayan et al., 200Bpulowniatimber air dries readily and has excellent thermal and

electrical insulation characteristics (Lyons, 1993).

The branches of the tree can be used for household energyl@ngear old trees can produce 350-
400 kg branches for fuel (Zhaohua, 1987).

Paulowniaalso has a range of medicinal properties (Ayan et al., 2003)haridaves can be used for

animal fodder. In China, after one year's growth wRanlowniawas cut down, the leaves were offered
to pigs and sheep (Zhaohua, 198%ulownialeaves are suitable for combining with wheat straw or hay
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for feeding to cattle, sheep or goat (Woods, 2008). Naturally $opatatabilityPaulowniashould be
protected from grazing animals which would damage the bark whilst feeding

At difference of other species the application of animal wastdifferent N application rates as an
inorganic fertiliser did not have a pronounced effect on tree survival andhgf\Woods, 2008).

5.4.10 Platanusspp.

Eastern planeRlatanus orientalid_.) occurs in Europe only in the eastern part of Mediteeranmegion,
including some remnants in Calabria and Sicily. Its naturalerapgeads eastward through Caucasus and
Asia Minor to Iran (Mossadegh, 1979; Panetsos, 1984). The natural gbRlstanus orientalisare of
European interest according to Habitat Directive 92/43/CE, &odé n. 92C@Platanus orientalisand
Liquidambar orientalisvoods (Plantanion orientalis).

P. orientalisis a fast growing species having both economical and ornamiempartance. It
hybridizes with americarPlatanus occidentalisand selection could produce high vyielding varieties
capable to establish short-rotation plantation for fibers or energy.

A limitation for a wider cultivation of the species in Eurapéts frost sensitivity and therefore in the
other parts of central and western Europe hybrid plane (London, [féatanus x acerifolia Willd.) is
preferred (Santamour, 1970; Panetsos et al., 1994).

Platanus orientalisis cultivated with success in Greece, where it showssiderable plasticity,
growing on a variety of soils and climate all over the cou(@anetsos, 1984). It can be propagated
vegetatively and planted without difficulty.

Other advantages include a moderate shade that is sufficiafiow grass or other plants to grow
below it, tolerance of city conditions, tolerance of difficult swinditions, drought and tolerance to
pruning.

5.4.11 Populusspp.
The genu$opulusis particularly adapted to SRC for various reasons:

rapid growth in the juvenile stage (Dickmann, 2006);

easy asexual propagation through cuttings (Sekawin and Prevosto, 188®l &t al., 2008);

easy genetic selection and hybridization with the creation of numeteuseictions or hybrids;
very high production of biomass (Frison, 1974, Laureysens et al., 2005 a, b);

emission capacity of numerous suckers after coppicing (Jordan, 1974);

good resistance to parassites and pathogen;

high survival rate of stumps to coppicing repeated frequendy ime (Herve and Ceulemans,
1996);

e good capacity adaptive to different site conditions (Mitclieal., 1999; Ceulemans and Deraedt,
1999; Salvati et al., 2007).

Artificial poplar stands with no use of pesticide can accommdaledecommunities in a very similar
way to the one of natural riparian forests (Archaux and Ma20)09) and are home to more species than
cropland or conifer plantations (Baum, 2009). They contribute¢mease the biodiversity of vascular
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plants in the agricultural landscape hosting community diffefesm the surrounding fields and
meadows (Weih et al., 2003).

However species richness of young poplar plantations wasasiamilkslightly lower in comparison to
old-growth mixed deciduous forests (Weih et al., 2003).

The increase in biodiversity would be significant if the plaotais placed in areas devoted to
agriculture. SRC oPopuluscan be an important habitat for beetles, as are found in fit@setions
more species than in cultivated fields (Berthelot et al., 2005).

The genusPopulusdue to its characteristics of rapid growth in the juvenégest(Dickmann, 2006),
ease of asexual propagation through cuttings (Sekawin and PreM@8&@o Afas Al et al., 2008), ease of
genetic selection and hybridization with the creation of numerowssedtions or hybrids, high
production of woody biomass (Frison, 1974), emission capacity of numerousssafiex coppicing
(Jordan, 1974) involving increased production of biomass (Laureysahs 2005 a, b), good resistance
to attacks parasites pathogens, high survival rate of stwnpsppicing repeated frequently over time
(Herve and Ceulemans 1996), good capacity adaptive to differerosititions (Mitchell et al., 1999;
Ceulemans and Deraedt, 1999; Salvati et al., 2007).

The Short Rotation Forestry (SRF) of poplar is a crop of potenterest for our territories as it
presents productions high quantity and quality. PopRopilusspp.), especially modern hybrids, are
well adapted to site conditions in ltaly, and are the most conireenspecies used in SRF plantations
(Paris et al.,, 2011). Some hybrids growing vigorously especialliheé juvenile stage, and they are
particularly suitable for realize high-density plantatiaisrees per hectare (5 -10,000). The calorific
values for the components of the poplar biomass are between 4.3 and 4.8 lelbda, (X006).

Best areas for this kind of plantation are representeidfluvial valley. These areas are flat, with
high water table and alluvial soils and good fertility. In SRéps in Po Valley (Lombardy) poplar clones
in turn have given annual production of 30-40 t/hectare/year of fresh if&teelli et al., 2006).

The river plain and reclaimed area in mediterranean cliofftes favourable conditions for biomass
production of selected hybrid poplar clones, highlighting very high progugpbtential. The poplar
clones AF2, tested in Tiber plains near Monterotondo, at aboatytw#ometers from Rome. It had the
best performances in terms of growth and yield in submealitean climate on alluvial soils (Di Matteo
et al., 2012).

Poplar trees prefer soils rich in organic matter; they ddaterate drought of long duration and they
have difficult to grow on inconsistent and sterile well-draingits @nd in nature they prefer the wetlands
near rivers and streams.

To avoid diminution of nutrient in the soil it is should therefperiodically bury good organic
fertilizer at the foot of plant, at least twice a yelflls also recommend watering the poplars during
prolonged periods of drought. In the selection of land to be dedicatedltw,gbp early risk factors are
the availability of fine soil, or the presence of a lotlafy. The second factor can create hydromorphic
horizons that are already risky when you are 1.5 m deep (Kellezi, 2006).

In Europe poplar plantations cover a total area of 940.200 heatatdbe major countries for poplar

plantations are France (236,000 ha), Italy (118.500 ha), Hungary (109.300 ha)(9%8@00 ha) and
Romania (55.300 ha). In Croatia they cover 13.056 hectares (Croatian Poplar Commissi
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5.4.12 Populusclones

The clones of poplar are considered most important tree speci&REC in Italy. They required good
water supply but no waterlogged conditions, average annual tempexbbtwe 7,6 °C, yield depends on
soil fertility and water availability, neutral to mildly alkaline pH.

Populusclones has proven the most adaptable for biofuel productiom.t@vgears, the development
of new specific clones for biomass production (at the moment, teeimportant are AF2, Monviso, and
Pegaso) and improvement in cultivation techniques have madesiblgoso obtain remarkable yield
increases.

Poplar clones are highly suitable for phytoremediation of contaedrsails (e.g. extraction of Cd, Zn
and degradation of organic pollution) caused by their high biomass pimdutcombination with high
fine root density.

The ltalian poplar can currently count on about forty clones edrafi the National Register of
Clones Forestry (which will be merged into the registry oftthgic materials, "tested" category by virtue
of Decree Law 386/03 of transposition of Directive 1999/105/EG)ha¢h almost enrolled half over the
past decade, thanks introduction into the national legislatigheofnstitute of provisional registration,
implemented at the level Committee (Facciotto, 2008). Mostasfesl are being evaluated officially by
the National Commission for the poplar.

Gene introgression from cultivated poplars is a potential tttioeaP. nigra Very few clones are
extensively cultivated and contribute to a large exiterthe pollen and seed pools. Also p&#enigra
varieties are concerned like the male tree 'italica’ disted all over the continent (Cagelli and Lefévre,
1995). In addition, the cultivated poplars seem to alter the igtegxpathogen populations (Pinon and
Frey, 1997). In particular the widespread cultivation of the eeri@an hybrids P. x euramericana
(Dode) Guinier), represents a risk of genetic pollutionpgression by P. deltoides, the female parent
of the euramerican hybrid is very often observed in areas oftapEous regeneration (Cagelli and
Lefévre, 1995).

5.4.13 Populus albal .

Populus alba(White poplars) is a tree species, closely related torizare aspenHopulus deltoides
distributed naturally on the bank of rivers in arid and semi-&ggbns, it covers a natural range which
includes Central and southern Europe, North Africa, western Asia and CesiggdFAO, 1980).

Actually its habitat is highly fragmented and its distributramge has been subject to long-term
human interference, resulting in debate surrounding whether certailaf@paiare native or exotic in
origin.

In Mediterranean basin White poplar represents an importaive ngtecies of the riparian plant
communities and partecipates to comunitary interest habitedl en directive 92/43/EEC “3280
Constantly flowing Mediterranean rivers with Paspalo-Agrostidipecies and hanging curtainsSafix
andPopulusalba’ and “92A0 Salix albaandPopulus albagalleries”.

It has low demands about soil and water respect to Biygulusspecies. Although growth may be
best in moist but not saturated soils, white poplar and its hygrms in a variety of soil types and
textures. It can grow on sandy loam and clay loam soils and eddragh PH of soils (8-9.9) as well as
high density of soluble salts up to 4.53 (Chitsazi, 2012). Growth is ragstoh wet soils, on poor acid
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soils and on thin dry soils, for natural mediterranean riparianra@maents are observed Typic
Xerofluvent soils with little evolution.

Several cultivars are traditionally cultivated in the Naad Middle East (‘Roumi’; ‘Ankara AT’

‘Kabudeh Schirazih’; ‘Kabudeh Bumi’) and many more were seteeind introduced to commercial
culture in the second half of the twentieth century.

The clone named ‘Villafranca’ was obtained at the Poplar Refsdastitute, Casale Monferrato
(Italy) in 1954 by crossing a femake albafrom Villafranca Piemonte (Piedmont, Italy) and a male
specimen of the same species from Lucca (Tuscany, Italy). This clonegistened for commercial use
in Italy (1989) and Hungary (1987). ‘Villafranca’ is used for reftation in the plains along rivers and
in specialized stands for the production of sawlogs (Confalonieri et al., 2000).

More recently, ‘Villafranca’ was tested in a research and dematiast program undertaken by ENEL
(Italian Electric Company) with the aim of setting up suitable culture reddelarge-scale production of

wood for energy by means of short rotation forestry systemie(®oe et al., 1997). ‘Villafranca’
showed good production of biomass (about 9 oven dry}/year‘l).

Populus albaforms hybrids withPopulus tremulaIn its native habitatsP. alba x P. tremula
backcrossed with white poplar more often than with European aajueng the Ticino River in northern
Italy, P. albax P. tremulabackcrossed with white poplar but not wiRhTremula(Fossati et al., 2004).

In ltaly were obtained the clorfellarte and Saturno with high productivity and suitable for biognerg
purpose.

5.4.14 Populus nigralL.

Populus nigraL. (European black poplar) is a pioneer tree species ofipaeian ecosystem, strictly
heliophilous, which forms metapopulations by colonising open areas threeggds and propagules
(cuttings, root suckers) (Herpka, 198@opulus nigral., has a wide distribution area ranging from the
Mediterranean border in the south to 64° latitude in the north,rarmdthe British Isles to western Asia
mostly along rivers and streani3ue to its plasticityP. nigrais of economic interest and is used for
wood production, soil protection, and afforestation in polluted indugoizes (Popivshchy et al., 1997).

It has a very high demand on temperature and soil and it can be grown in warmiesdimaa willow, as

in Italy and Spain (Dallemand et al., 2008).widespreads from temperate to mesomediterranean belts.
In presence of high water table it can be cultivated in thermaoenshiean belt too.

Poplar prefers soils rich in organic matter and has difftcugrow on inconsistent and sterile well-
drained soils. Natural populations usually grew on Typic Xevehts, with profile AC or AA/C,
always very rich in skeleton, especially in the sub-surfagezons or deep gravel processed and
average size highly variable (Bacchetta et al., 2005). Thisespecsensitive to water limitations and do
not tolerate drought of long duration, so It can be used only in retenrareas and in flood valley.
Although hygrophilous itself, it does not tolerate prolonged flooding (GC&kefévre, 1995).

Populus nigrais widely planted in Turkey for domestic use: 60 000 ha of row plangatcompared
to 70.000 ha of hybrid plantations for industry (Tunctaner, 1995).

3 Selectors: Franco Alasia, Cavallermaggiore (CRpaBae Scarascia Mugnozza, Universita della Tug£ig
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The species is used as a parent pool for poplar breeding mrogsaP. nigrais hybridised withP.
deltoidesand other exoti®opulusspecies, providing adaptability to various soil and climate tiondi
in relation to rooting and transpiration ability (Lefévre et al., 1998).

The European black poplar was recognised as a priority spkcidgaternational collaborative
activities on forest genetic resources in Europe. A politicaméwork for strengthening gene
conservation activities was created by adopting Resolutidntt®aStrasbourg Ministerial Conference
on the Protection of Forests in Europe in 1990.

The follow-up committee then organised an international survey ostéies and perspectives of
forest genetic resources in European countries and suggestedoration in networks of the
EUFORGEN.

5.4.15 Populus tremulal.

European aspen is one of the most widely distributed trees in dHd, with a natural range that
stretches from the Arctic Circle in Scandinavia to Norfhica, and from Britain across most of Europe
and north Asia to China and Japan. It also occurs at one sitetmvast Africa in Algeria. In the south
of its range, it occurs at high altitudes in mountains.

Eurasian aspen occurs where annual precipitation exceeds ewmapo&ion, in oceanic to
subcontinental temperate meso- to lower orotemperate humidptrhumid climate and also in the
humid or hyperhumid supra and orotemperate thermoclimatic belisbofesliterranean mountains of
Western Mediterranean Subregion.

All around Mediterranean, in particular in oro-mediterranean ggnteatural forest ofPopulus
tremulaare locally frequent. It can be used as SRC and SRF species in montane ardauboontext
on poor soils for its low demands but it have a low growth and diffadone production. However in
Mediterranean climate, in particular in place with more than 600 mm of rainfadlitsnfrom sandy clay
to clay sandy reported growth &fopulus tremulawas higher than in northern countries were it's
normally used in SRC and SRF. So this native species haveitvdstigated to be used in SRC and
SRF in Mediterranean contest in particular in supramediterranearnxtaitterelatively high rainfall.

It is able to grow in a wide variety of soils (mainly Alfisols, Spodosols, aceptisols) ranging from
shallow and rocky to deep loamy sands and heavy clays (von Wil#328). Easy to grow in moist,
humus-rich, fertile soils rich of sandy or Clay and with pHweein 4.5 to 8. It favours moist soils so
long as they are well aerated and not stagnant (von Wuhlisch, 2009).

Aspen's main method of reproduction is vegetative, with new suckeesnets, growing off the roots of
mature trees. The numbers of new shoots produced in this wayeceery prolific, especially after a
major disturbance such as fire, with the density of ramets reaching 70,00@tpee he

Eurasian aspen hybridises naturally witbpulus albaforming P. x canescensArtificial hybrids
have been produced with a number of other poplar specie(etgmuloidesP. grandidentata, P.
davidiang. Some hybrid progenies, as thosd?otremulaby P. tremuloidesandP. davidianaand vice
versa are significantly faster growing and less susceptible¢asdis than the parental species.

Like other poplar species, aspen has been subject of a varietyseérch, especially in tree
improvement including genetic modification since 1990 (von Wuhlisch, 2009).
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Many insect species benefit from aspen and it provides habitat Wide variety of mammals and
birds requiring young forests. Numerous leaf, bark and wood inhabisegts and fungi exist on aspen
(von Wihlisch, 2009). Aspen is resistant to browsing pressure by mgealabits due to its unpleasant
taste.

5.4.16 Robinia pseudoacacia.

The Robinia pseudoacacies a species of North American origin, although surveys fossiins to be
present in Europe, from southern France to the valleys of the Rinithe, tertiary (Schimper and Scenk,
1890). To dateRobinia occupies the third place after poplars and eucalyptuspread productive
plantations in the world (Demené and Merzeau, 2007). It was estimate the seecied among the most
abundant broadleaf deciduous trees in the world (Boring and Swank, 1984).

The wood ofRobinig due to its high calorific value, is considered a good source ofjyergeveral
tests have shown values equal to 18.2 to 19.8 KJ/Kg. For his esiagia consolidator of the soil has
been spread especially along the railway embankments and raadssda level up to 1000 meters
altitude in all the region.

In the natural zone of distribution the average temperature @féhraest month ranges of between 21
and 26 °C (with peaks up to 37° C) and that of the coldest montredretl and 7 °CRobinia also
tolerates temperatures up to -23 °C. and prolonged frost iwiater due to the location protected gem
and for the late entry in vegetation (Bernetti, 1995; Convei3®4)1 The seedlings are instead much
more sensitive especially if late frosts (Allegri, 1938)ring the growing season is very demanding in
the summer heat: it has a short period of vegetation, givenateefdliation, and with longitudinal
development concentrated in the months long day (Bernetti, 189%jatural distribution areas the
average number of days without frost in a year varies between 140 and 220 $€Eph984).

This species is good in warm and wet sites but it rejedtisriwgged soils and is frost sensitive. It is
resistant to pest and contaminant and tolerant to air pollutaritscan be used on polluted soils and
contaminate areas. It grows at pH 4,6 - 8,2 and it has an higlouBsgrcapacity. The soils more
favourable to the productivity dRobiniaare those loose and fresh (Bernetti, 1995; Maltoni et al., 2012).

It has a remarkable ability to adapt to all soils excepseahexcessively dry or excessively drained
compact or not. It is well on calcareous soils so as in thos@anticularly advanced, is also able to
survive and grow on deposits of debris with an acid reactiontiresflom mining activity, better than
any other species except perhaps Neapolitan alder (Converse, 11384ndifferent to the reaction of
soil: pH values between 4.6 and 8.2 do not seem to have pariitill@nces on growth (Converse,
1984).Robiniaalso has a good tolerance to salinity (Watson Gilman, 1994)addytability to difficult
situations and poor soils has favoured the use in urban and degradated emigonme

The high calorific value and low water content in the freakesdre of a locust species suitable to be
exploited for firewood and biomass for energy use (IPLA, 20&®binia pseudoacaciahave a
significantly lower yield production compared Ropulus and Eucaliptusin terms of biomass, but
exhibits characteristics of extreme interest for SRF systatdni et al., 2012):

» high resistance to parasites that allows to avoid the pesticitieérgs;

o ability of the plant to fix atmospheric nitrogen through symbiagith bacteria of the genus
Rhizobium, thus not having to resort to the contribution of feetiliorganic or chemical; strong
ability pollonifera;

e Resistance of the stumps to rot that allows you to preserveitiges ability pollonifera over
time, even after the inevitable damage sustained during the uses;
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e strong competitiveness of this species in relation to herbaseeeds that allows you to not
having to carry out weeding;

e  resistant to periods of drought;

+ low tendency to invade good managed natural woods.

The largest area of black locust SRC is found in Hungary, byt (Spinelli, 2007) and Poland
(Dallemand et al., 2008) also have significant plantations. Béalst grows fast in youth, sprouts well
both from root and trunk, has got large volume density and low moistmtent, but burns well even
when it is wet. A ten year old black locust plantation contasnsiach dry matter rate as a twenty year
old traditional forest (Dallemand et al., 2008).

It was shown in studies conducted in Montalto di Castro (proviné&afe) and referred to the first
two-year cycle that in a context of low-intensive farmingdules, without contributions of fertilization
and irrigation, the locust is able to provide productions quantitatisexy close to those obtained with
poplar plant chosen for SRF: respectively 2.9 t/hal/year of dtiemf@r Robinig 3.75 t/ha/year poplar
planted in single row, 4.14 t/halyear for the poplar planted on double reg®(fe Toscana, 2012).

Shifts of utilization are reduced to two or three years. They invob/eetimoval of young plants with a
high ratio in terms of mass of branches and bark with re$pebe mass of lignified, with consequent
impoverishment of the soil with regard to the mineral subssaagailable. However, nitrogen fixation
atmospheric typical of this species prevents impoverishment of ithegarding this nutrient.

The black locust produces an excellent wood for building, considemagetitive with that of some
exotic hardwood and more regular and quality equivalent to teak iDep2007). In addition, this
species is long used for parquet, kitchen furniture, handles for @ndissolid wood panels (Regione
Toscana, 2012).

The bark ofRobiniais very resistant to fire (IPLA, 2000), so as to facilitéieir use in the
constitution fire fender of green type (Leone and Signorile, 1997).

SRC stands can be associated with bee-keeping. IR&ohiais one of the main species of bees in
the United States, Asia and Europe and is included in the alaggecies to increased production of
nectar (> 500 kg * hY. It produces a honey monofloro along to crystallize (thankbecdigh content
fructose), very light, smooth, fragrant and flavour delicate amlla. In Italy, the acacia honey is
produced primarily in the foothills of the Alps, Tuscany and, tesser extent, in Emilia Romagna,
Abruzzo and Campania. But large quantities are importing from f&aSteopean countries and China,
because domestic production is not able to satisfy the request intexgedr(®& Toscana, 2012).

In Mediterranean countries its use is good in Short Rotatioaskyg, while SRC is recommended
only in contaminated and degradated lands, to counteract erosian abhandoned industrial sites and,
naturally, in existing stands.

5.4.17 Salix spp.

Willow (Salixspp.), a genus of more than 300 species and numerous hybridée(NMeB4), are mostly
pioneer species (FAO, 1979; Verwijst, 2001) adapted to occupy distusbédts and many of them are
characterised by a fast juvenile growth. Like several othmdbeaved tree specieBdpulussp.,Alnus
sp.,Eucalyptussp.), willows have an ability to tolerate repeated disturbances.

The intensive planting of willow stakes is a recognised bioeagimg solution for speeding up the
protection of actively eroding river banks, but SRF cultivation lzendesting operations would have to
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be carefully managed to ensure that they did not cause sighifieanage to riparian soils, which are
particularly vulnerable to disturbance and erosion (McKay, 2012).

The species is characterized by considerably high water ndenia asks an average annual
temperature more than 7.5°C, during the growing season more tba@ &8d a pH above 5.0. Best sites
are sunny with good ground and water supply.

Like several other broadleaved tree spedresp(lussp.,Alnussp., Eucalyptussp.), willows have an
ability to tolerate repeated disturbances and after being caoppesv shoots sprout from the stump,
forming a stool (Sennerby-Forsse et al., 1992).

Many willows can also be vegetatively propagated and plantedoass by stem cuttings. These
characteristics are of main interest when cultivating SR®B4Capplying short harvest intervals, referred
to as cutting cycles of 3-5 years, shoots are kept in aijevstage with high growth rate and hence,
biomass vyield is optimised (Nordh, 2005).

Willow is grown in SRC mainly in the northern parts of the Europggaion. Sweden, UK, Finland,
Denmark, Ireland and the Netherlands produce willow for energy pwpdésamania also holds
substantial willow plantations, planted for wood production andr@mwental purposes (Dallemand et
al., 2008).

In driest places the species of this genus have no interest for ShortiRBtagstry. In Mediterranean
areas they can be planted only in alluvial plain or in rentedéands where the availability of water is
good in driest period too.

Measures of abundance, species diversity and community séwdtuwo groups of mites. Under
willow (Salix sp.) on ex-agricultural land suggested that sdlifiv@tion had negative effects on their
abundance and diversity during the first year of establishménb( et al., 2004). However, following
the initial disturbances, the abundance and diversity of soil mitesagenl significantly over time.

The diversity of saprotrophic microfungi in the rhizosphere depeadete willow variety grown in
SRC plantations (Slapokas and Granhall, 1991; Baum and Hrynkiewicz, 2006).

The abundance of earthworms (Lumbricidae) (Makeschin, 1994), haeresi@pilionida) and
woodlice (Isopoda) increased on experimental sites with willows oomelr arable soils after the
conversion to SRC (Makeschin, 1991).

The abundance of carabids (Carabidae) and spiders (Araneid@®askx after this conversion.
However, under fast growing trees a greater diversity abods (Carabidae) was detected. Centipedes
(Chilopoda) and millipedes (Diplopoda) did not change after conversion fadtedo forest land use.

Number of individual butterflies and number of butterfly speaesnded within Salix SRC increased
as the willow coppice became more established The Mean numbmedibrate orders increased with
subsequent growth of the willow coppice (Cunningham et al., 2004).

The bird community changed in response to increased willow growtheXample in some plot
studies the densities of Tits, Finches and Warblers irmteager the time. Thrushes reached a maximum
density in 2 year-old SRC, Game birds in 1-year old SRC and gpeies identified as preferring open
habitat such as Skylarks and Wagtails declined as thewwllecame established (Cunningham et al.,
2004).
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5.5 FERTILISATION

Depending on management regimes, SRC and SRF have the pdtmgaluce fertiliser input on
agricultural land compared to conventional crops (Hardcastk, é006). Typically, much less nitrogen
fertiliser is applied to SRC compared with agriculturalpsr (Gustafsson et al., 2007). The vast majority
of SRC standsin Europe are not supplied with inorganic fertiliteall. Normally minimal or no
fungicide and insecticide are applied, although sometimescidgbiare used during the establishment
phase (Dimitriou et al., 2011).

If there is good nutrient supply from former land use, nutrientlifation is not needed in the
establishment year (Boelcke, 2006; DEFRA, 2004; Fry and Slater, 2009; Larso2@97).

For some species or clones the high productivity making SR@msysparticularly demanding in
terms of soil nutrients respect to fertility of soils Reand Kowalik 1997; Borin 2003; Uri et al., 2007).
So in some European country it is common to use sewage sludggilaserf in SRC plantations. The
practice may solve a waste problem, but is debated, becaesgi@nmental concerns (Dimitriou et al.,
2006; Hasselgren, 1999).

A correct spreading manure can help to obviate the pressing ok#us Italian livestock system,
characterized by strong excess waste and serious problems fatishesal due to the lack of available
agricultural land (Bassanino et al., 2006) and severe lionigbf regulatory (Sangiorgi, 2003; Ecosse et
al., 2007).

The intake of nutrients by spreading manure could be a @olidgithis problem and to low fertility of
many soils damaged by secular of bad management (Ossenagasambientale, 1997; Heinsoo, 2002;
Regione Lombardia, 2004; Rockwood et al., 2004; Mirck et al., 2005; Bestoéfi., 2009), allowing to
dispose of the waste in an effective way from the environmpatat of view (Laureysens et al., 2005c;
Borjesson et al., 2006; Scarascia Mugnozza and Paris, 2007), thanke tstrong ability of
phytoremediation of SRF (Rosenqyvist et al., 1997; Vandenhove et al.,N8f&ns et al., 2004; French
et al., 2006; AA.VV., 2008; Rossignolo, 2008).

The sludge is normally dewatered and applied in spring afteteivharvest every 3 to 5 years.
Nutrient losses and leakage to the groundwater zone are reduceqiplpya sludge to an actively
growing crop instead of bare soil (Hasselgren, 1998; Hasselgren, 1999).

Sludge application as a fertilizer may influence the groundtagge and has been reported to affect
ground vegetation cover (Hasselgren, 1999), but very little krigeleof sludge application on
phytodiversity in Italy is currently available.

5.6 PREPARATION OF SITE FOR PLANTING AND HARVESTING

For economic reasons chemical treatment are used in mostbedges establishing a SRC plantation
(Boelcke, 2006; Stjernquist, 1994), but it's possible to use only meatamethods (Sage, 1998),
However, the options of mechanical treatments have not yetfbke explored (NABU, 2008, Baum et

al., 2009a). For creating optimal conditions it is common praatiqgdaugh or grub up to 30 cm depth
and harrow afterwards like in conventional agriculture (Baum ,e2@09a).

In spring, before planting, the field is grubbed (Schildbach et al., 2pl@@)ghed (Burger et al., 2005)
or harrowed (Boelcke, 2006; Burger et al., 2005).
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Treatment is recommended in autumn for cohesive soils whereas spring is tirad&st more loose
soil, so that already germinating seeds can be ploughed in (Larsson et alR@d@7t al., 2008).

5.7 CONTROL OF COMPETING VEGETATION

In the first stage of stand establishment willows and poplarsntolerant of weed competition, and even
low levels of weed cover will cause uneven growth and greatlyced yields. A completely weed-free
site is required at planting and must be maintained usmtititbp foliage shades out the weeds (Tubby and
Armstrong, 2002).

The dense canopy of a vigorous SRC crop should shade out mostameede crop has become
established. Subsequent weeding should only be required after harvesting.
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,IZ'?\\IF\[))TSgF- POTENTIAL IMPACTS OF PESTSAND PATHOGENS ON SRC

1. INTRODUCTION

The species suitable for short rotation forestry should havehow resistance to pests, parasites,
pathogens, etc. There are potential threats to SRF ptargafiom the pests and pathogens already
present in Mediterranean European countries.

A relatively high level of leaf damage can be tolerate &R with little adverse effect but severe or
repeated attacks will reduce yield. For example, removaél08b of leaves had little effect on yield
whereas removal of 90% of leaves in June and August reduced yield by 40%l(kKeadal996).

11 Acer Pseudoplatanuk.

The most common diseases of this species are sycamorecaot@apowdery mildew, cankers, root rot,
and wood roots. Anthracnose is one of the most severe diseadbsstkitd of tree can get. This disease
causes defoliation. Death of the leaves and new growth catuallg cause the death of the tree due to it
not receiving nutrients from the sun and the inability to complete photosimthes

Rhytisma acerinupmVerticillium dahliae Nectria cinnabarinacan cause significant local mortality.
Cryptostroma species cause sooty bark disease and can kilivinezh are under stress due to drought.
Death of maples can rarely be caused by Phytophthora root rot and Ganauterdecay.

Cryptostromaspecies cause sooty bark disease and can kill trees wi@chnder stress due to
drought. Death of maples can rarely be causdehyyophthoraroot rot andsanodermaoot decay.

About insects leaf-mining Lepidopté&hylonorycter geniculellaand various species of aphids, can
cause damage and loss of production (Phillips and Burdekin, 1992).

The reports of damaging biotic agents included more than 30 gé&uereertain root rot and decay
fungi were consistently associated with sycamore, particubartyillaria andKrezschmaria A number
of foliar pathogens also frequently infected sycamore. Thesedadt: Cristularia depraedanswhich
causes striking white spots on leaves and leads to earlfalegRhytisma acerinuncause large, black
leaf spots; andphiognomonia pseudoplatan(giant leaf blotch of sycamore), that spreads rapidly to
form a large, necrotic lesion, which can occupy 20-70% of thenkand premature leaves fall (Barrett
and Pearce, 1981).

However, all pathogens are considered to be conspicuous but unimpeagéahey normally cause

little if any lasting damage to affected trees (Strouats &inter, 2000). The species is often damaged by
grey squirrels.

12 Ailanthus altissimaMill.
Ailanthushas the reputation of being disease and insect free. Iryratlédast six species of fungi attack

foliage, stem and vascular system; five species of dagayi have been isolated from the roots and
rotting trunks.
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Wilt diseases, caused Merticillium spp., remain the most potentially important fungus disease of this
species (Hepting, 1971).

Damage tAilanthusfrom insects is rare and largely undocumented. Webworms onatveslavere
recorded in North America (Feret, 1985).

13 Alnus cordata(L oisel.) Desf.

The most common pests of Neapolitan alder is the beetle ctiderAgelastica alniwhich feeds on the
leaf parenchyma, leaving intact only the ribs. The blight, tesulthe woody tissue necrosis, infection at
the beginning of lenticels, with the emission of a reactignid and viscous brownistA. cordatais
susceptible to chlorosis in very alkaline soil.

14 Alnus glutinosa(l..) Gaertn.

A number of weak pathogens were implicated in the dieback oiclhes and stems, but they were

unlikely to be very damaging unless alders are weakened hyfathers such as fluctuating water tables
or climatic factors (McKay, 2012).

Between acari th&riophyes laevigEriophyoidea) can cause galls on the leaves. Other pekided
Chionaspis salicigRhynchota, Diaspididaef;roesus sempentrionaliédymenoptera, Tenthredinidae)
andPhalera bucephaldLepidoptera, Notodontidag¢)McKay, 2012).

Among pests recognized as potentially troublesome is the saigedsawfly,Hernichroa croceaa
Hymenoptera Tentredinae native of Europe that is now found acrabemotnited States and Canada
(U.S. Department of Agriculture, Forest Service, 1985). It presitwo generations per year. From July
through September larvae occasionally eat all of the alder lessestehe midrib and larger veins

The most serious pathogen is the alder oomycBtegophthora(Gibbs et al., 1999) and by
ascomycete$aphrina tosquinetjiprovocating heavy foliar damage, addctria galligenathat can cause
cancer of the trunks and leads to the breaking off of Bemkillaria root rot was considered to occur
quite commonly on alder.

European alder suffered less damage by deer browsing and rubbindittta willow, or other
hardwood species.

15 Castanea sativiill.

As Alnus and Acer this species can be damaged by oomycBtegophthoraand by ascomycota
Cryphonectria parasiticaagent of the chestnut cancer. Native to Asia, chestnut bigiabhonectria
parasiticg was first discovered in 1938 in Europe in northern Italy. Sinae titve fungus has spread
rapidly throughout southern and Central Europe where chestnuts tivatedland has been recorded in
Austria, Belgium, Bosnia and Herzegovina, Croatia, France, Gerr@aagce, Hungary, Montenegro,
Poland, Portugal, Serbia, Slovakia, Slovenia, Spain, Switzerthrdformer Yugoslav Republic of
Macedonia, Turkey and Ukraine (Smith et al., 1997).
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Armillaria  mellea Armillaria gallica,, Melanconis modonia Microsphaera castanae
Mycosphaerella castanicoland Mycosphaerella maculiformialso cause damage to chestnut, while
Cryphonectria radicalishas attracted a lot of attention due to its weak pathoger{Riamandis &
Perlerou, 2001).

Dryocosmus kuriphilugOriental chestnut gall wasp; Hymenoptera: Cynipidae),sersmus pest of
chestnut worldwide with a high potential for spread throughoutegmsm through female flight and
movement of infested chestnut plants and plant materidlasibeen discovered in the southern part of
the Piemonte region of Italy, where management attempts incladsical biological control (FAO,
2009).

In particular ancient no longer cultivated chestnut orcharde hardly damaged by these disease. In
the fight against these two pathogens, the conversion to coppicé ebahdoned chestnut orchards
allowed to retain this species in almost all areas where it wasp(&aziliano et al., 2013).

16 Corylus avellanal..

In central Italy (Viterbo province) and northern Gredéseudomonas avellanathe agent of bacterial
canker, provokes serious economic losses (Scortichini, 2002a).

It can be attacks by various Coleoptetzpersinus fraxiniLytta vesicatoria Stereonychus fraxini,
Xyleborus dispar Obera linearisMelolontha melolontha Polyphylla fullo) and Hymenoptera
(Tomostethus melanopygushom larvae or adult destroy wood with their galleri@sarculio nucum

(Coleoptera, Curculionidae), can cause major damage ititéfeated Palomenaprasina (Rhynchota,
Pentatomidaegauses the death of the flower buds and the deterioration of the plant.

Between Lepidopter&ypsonoma dealban#rchips rosanusChoristaneura rosacean@ortricidae)
andHyphantria cunegErebidae) can cause damage with feeding of larvae on thesleaautumn and

eating buds, catkins, young shoots and then spun leaves in thg Gfner important pest in Europe are
Phytoptus avellanagArachnida, Eriophyidae)

17 Eucalyptusspp.

The most common disorders Biicalyptsseen in Mediterranean stands tend to be common decay fungi
asArmillaria spp.,Chondrostereum purpureyrmdypholoma fasciculare

Table 12 Most common disorders of Eucalypts in Italy

Disorder/Pathogen Type of damage/symptoms
Armillaria spp. Root rot/decay
Chondrostereum purpureum Decay

Hypholoma fasiculare Decay

Weather related Winter cold damage
Water excess oedema Over-watering damage
Cultural/miscellaneous Multiple symptoms
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The numerous pathogens of eucalypts elsewhere in the world hightighisgact on SRF plantations
and they should ever arrive in Italy. It underlines the needffecteve plant health measures if seeds or
cuttings are imported from major Eucalyptus growing regions artiumavorld such as Australia and
South America.

In the first decades of XXI century knot insed®phelimus maskelliand Leptocybe invalsa
(Hymenoptera Eulophidae), parasites of most specid=uchlyptus have spread along Mediterranean
basin. But they were controlled with biological fight using paoéds. In the 2010 a new parasite,
Glycaspis brimblecomb¢Hemiptera, Psyllidae) was identified.

Adults and nymphs of this specie, native of Australia, feed oramdpproduce large amounts of
honeydew on which sooty mould develops. Damage caused includes |eddrdisen and, in heavy
infestations, severe leaf drop and twig dieback. Infested treesuaceptible to attacks by secondary
pests such as cerambycid beetles. Severe and multiple defoligtioresalt in tree death.

Three other exotic psyllid are reported in mediterranean desnt€tenarytaina eucalypti
Ctenarytaina spatulatandBlastopsylla occidentaliall natives of Australia (Garonna et al., 2011).

Ctenarytaina eucalypiblue gum psyllid) prefers immature foliage for oviposition deglelopment
of the nymphs. It is primarily a pest tBucalypt plantations outside Australia, where it has been
introduced in the absence of natural controls. In southern France dhdrnodltaly, Ctenarytaina
eucalyptiis usually well controlled by an introduced hymenopteran parastgyillaephagus pilosus

In EuropeCtenarytaina spatulatavas first found in Portugal and later in France (in 2003), Italy
(Liguria in 2003), Portugal (central part in 2002, widespreac?003), Spain (Galicia in 2003,
Extremadura and Andalucia in 2004). C. spatulata has been obserkZzedadyptus camaldulensik.
globulus E. grandis E. parvifolig E. viminalig. In France and Italy, it was only seenBnparvifolia
cultivated for cut foliage. In Spain it was foundBnglobulus

Blastopsylla occidentalizrias recently reported fé&. camauldulensig a park of Napoli.

Leptocybe invaséHymenoptera, Eulophidae, blue gum chalcid), native to Aisstia a serious pest of
young eucalypt trees and seedlings currently. It's spreadingghrAfrica, Europe and the Near East
and attacks many Eucalyptus speciés l{otryoidesE. bridgesiana E. camaldulensiskE. deanei E.
globulus E. gunii E. grandis E. maidenij E. nitensE. robustaE. saligna E. tereticornis E. viminalig
(Mendel et al., 2004; EPPO, 2008).

Leptocybe invasaauses galls on the mid-ribs, petioles and stems of new shaaisayptus trees.
Heavy infestations can lead to deformed leaves and shoots,gaodith reduction of the tree. Serious
damage to young plantations and nursery seedlings has been reppadddren Mediterranean
countries, including France, ltaly, Portugal and Spain, where gusalye widely grown for forestry
(EPPO, 2008).

Gonipterus scutellatuss a indigenous to Australia leaf-feeding beetle that is jamagefoliator of
eucalypts. Now it occurs in many countries throughout the world whaoalypts are grown.
Infestations of this beetle are known to cause serious damags pest is a major threat worldwide as it
continues to spread, both within continents where it currentlurecand to previously uninfested
continents. In Europe is reported for France, Italy, Portugal, p&i®, 2009). In Spain and ltaly,
Gonipterus scutellatushowed a clear preference for the leavels.aflobulus E. obliqua E. longifolia,

E. grandisandE. propinquaand did not attack. cinereaE. gunnij E. polyanthemq<£. stuartianaand
E. RostrataRivera and Carbone, 2000; FAO, 2009).
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Biological control of this species by means of the importatiomdphes nitengHymenoptera:
Mymaridae), an egg parasitoid, has been highly successful in amaag. Where the biological control
of G. scutellatusis unsuccessful, the alternative is to use tolerant host plgecies (Rivera and
Carbone, 2000).

Phoracantha recurvaand Phoracantha semipunctat@goleoptera: Cerambycidae) are both serious
borer pests of eucalypts, particularly those planted outsidentu®ral range. In their native Australia
they are considered minor pests (FAO, 2009). The larvae dig tunnel theddark and into the
cambium layer and ring bark the host trees. The larval feezhngrapidly kill the trees or cause
significant damage to the timber of affected trees. About tdednean countries they are reported in
France, Italy, Portugal, Spain, Turkey (FAO, 2009).

Biological control with natural enemies is possibly the bekitti®n to controlling long horned borer
populations. Some examples of biological control agentBlioracanthaspecies include the Australian
parasitic waspsAvetianella longai Callibracon limbatus Jarra maculipennis J phoracanthaand
Syngaster lepidygndHelcostizus rufiscutufiom California (Paine et al., 2000).

1.8 Fraxinus excelsiorL.

Common stem defects in F. excelsior are canker and forkingeise cankers can be caused by the
bacteriumPseudomonas savastarwithe fungusNectria galligenaand these may damage trees badly if
they are grown on unsuitable sites.

Between fungusomes ignariusandF. fomentariusattack the wood deeply with loss of consistency
and giving it a spongy appearance whitish for the destruction of]igme fruiting bodies of the parasites
are visible on the outside of the logs are attached and sham@thor socket; same type of damage due
to theSchizophthora omnivoraith fruiting bodies shaped orecchiette grayish.

Phytophthora omnivoraaffects young seedlings in seedbeds with necrotic lesibrthieo neck.
Microsphaera alniand Phyllactinia sufflataattack the leaves and young green twigs, causing whitish
patches powdery consistency.

19 Paulownia tomentosdThunb.) Sieb. & Zucc. ex Steud.

Little is known regarding potential disease issuesPlaulowniain mediterranean climat&aulownia
grown in China may be attacked by many diseases and insects, the roostiseing witches broom.

Witches broom symptoms are characterised by a clustering ofhiesaaad it impairs tree growth and
vigour and can lead to premature death. The disease affectatiohds of the tree, trunk, flowers and
roots. The wood of an infected tree is of poor quality as growthaede®duced substantially and is then
often unfit for commercial use (Lyons, 1993).

Other diseases reported to have occurred in China are: Antheaentisngal disease also known as
leaf blight; andSphaceloma paulowniaend mistletoel(oranthussp.) can also cause some considerable
damage (Lyons, 1993).



1.10 Platanusspp.

Platanus belong to woody plants seriously attacked by microscopic pdiasgitisApiognomonia veneta
that cause the disease known as anthracnose. This diseasesstwasdrded on Platanus occidentalis in
Britain in 1815 (Neely, 1976). Leaves are disfigured and shoots and twigraemgo away.

The asexual stage @ipiognomonia venets Gloeosporium platan{Mont.) Oud., occurring only on
leaves ofPlatanusspp. (lvanova et al., 2007). This disease is a regular problem arglit causes minor
damage to most trees. When this necrosis affects the pétipteyokes premature desiccation and leaf-
fall. This type of attack is not normally very important,haligh it produces a defoliation that in
exceptionally favorable years can reach a greater importance @wselmamature leafdrop.

The fungus can enter the buds and overwinter there, producing bud degtteerting shooting.
This can lead to the formation of adventitious buds around the deahtube sprouting of leaves from
these adventitious buds. More commonly, as a reaction to the futtgek, ahe shoots from these
adventitious buds grow in whorls (when there is a proliferation of too many btidslzdse of the shoot).
They are shorter than normal, with shorter internodes.

An other frequent disease is powdery mild@hicfosphaera alni(DC.) Wint.). It can cause severe
early defoliation occurred during July and August (Tello et al., 2000).

More harmful fungus, in particular for old exemplars, is tlaak@r stain(Ceratocystis fimbriata)lt
causes reddish brown lesions on old branches and the trunk, itcal\arip and lightly depressed. The
disease is transmitted by natural grafting between roots artbydrees or by water runoff. Pruning
utensils also can carry the inoculum.

111 Populusspp.

The high incidence of damage caused by pests is linked to trectrestics of extreme specialization of
poplar plantations, that are more similar to an ecosysype of agrarian than to a forest environment.
Planted forms oPopulusinclude numerous cultivated hybrids, varieties and clones of poptary of
which have been produced from plant breeding programmes to gffdrg@wth as well resistance to
various diseases: particularly rust fungi of the gelletampsoraand bacterial cankexanthamonas

populi.

Other species or clones of poplar have a considerable sepditiviisect and fungi, with a major
impact on biomass production (Gielen and Ceulemans, 2001). The diifkyees and species can vary
greatly in their susceptibility to the many diseases that affecapdpladdition, the high density plants in
SRF poplar create a microclimate characterized by a highiditymcondition optimal for the
development of parasites.

Several insects can be harmful to the poplar, insects defslif@hrysomela populiPhyllodecta
vitellinag, Leucoma salicis etc.), aphids Rhloeomyzus passerijjii cochineal Diaspis pentagona
Chionaspis salicisQuadraspidiotusspp.), insects and corticicoli silofagt@¢ssus cossu®aranthrene
tabaniformis Saperda carchariaseCryptorhynchus lapathj over which to different crittogame as rusts
(Melampsoraspp.), the bronzingMarssonina brunnéa or forms of cancerSeptoria mosajc(FAO,
1979; Steenackers et al., 1996; Gruppe et al., 1999; Samson et al., 1999).

Agrilus suvorovi populneu&oleoptera, Buprestidae) is an insect particularly lirtkdelopulus nigra

and cultivated hybrids. The larvae, that feed for a certaiiog in the subcortical area, cause cracking
and necrosis of the cortex. It is important, when there arervgdiortages, intervene promptly with
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emergency irrigation, which are in many case sufficienttop $nfestation, for example oAgrilus
suvorovi populneussausing the immediate reaction of the plant.

At CRA-PLF in Monferrato (Piedmont) are in course of processetic improvements through
selection of parent speci®opulous deltoidesnd Populus nigraused in the creation of hybrids Bf
canadensisesistant to attack ylarssonina brunneandMekampsoraspp.

In experiments conducted by near Rome on three different SR&ntamf clones of PoplaP¢pulus
X canadensisAF2, Populusx generosax Populus nigraAF6 e “Monviso”) were identified various
potential pathogens and parassite (Giorcelli et al., 2008)adt abpserved the first year the presence of
Gypsonomaaceriana(Lepidoptera, Torticidae) whose larvae develop in the lelrstsand then in the
shoots blocking their growth. However, the development of supernumerargdiudsmpensate the loss
due to the deformation and It not necessary to use specific methods of struggle

Then it was observed the presenceMiinosteira unicostatgHeteroptera, Tingidae) on the low
leaves. The insect causes with his repeated bites Eadlaiation. Again, with low frequence, sporadic
attacks of Chrysomela populi(Coleoptera, Chrisomelidae). During second year, despite a specific
pesticide treatmenChrysomela populinfected again the plantation. The diffusion of pests was helped
by presence of savage plant®Papulusnear SRF stands.

The different clones and species can vary greatly in theieptistity to the many diseases that affect
poplars. Between identified species that could attack poplaplophora glabripenniss particularly
dangerous because the only control strategy is based on destfcaffected plant by shredding and
burning of debris. Some countries are experimenting chemical and biological eheansrol.

A wood destroying basidiomycet@hellinus pilattj caused serious symptomsRopulus albarees
in low Po Valley in Italy, with decay extends from the stemeb@sthe branches (Bernicchia et al.,
1995).

About mammals browsing, bark stripping, and fraying damage by deerdamagePopulus
plantations.

112 Robinia pseudoacacia.

The only insect able to compromise, in general only partidily, ghotosynthetic capacity &obinia
pseudoacaciacausing damage to its leavesPerectopa robiniellalt is a species belonging to the order
of Lepidopteraand the familyGracillaridae and native of natural areas of locust and its presence in Italy
has been recorded since 1970 in Lumbardy. The female lays hesretigs underside of the leaf and the
caterpillar digs tunnels inside the leaf (Regione Toscana, 2012).

The bug potentially more dangerous for black locust trédeigacyllene robinialt is a beetle that
belongs to Cerambycida, which compromises, digging tunnels in the weoposkibility to obtain the
production of poles or of sets of good quality from entire plantationki®fspecies in America (IPLA,
2000).

Among the fungi, harmful pathogens are not reported, only borne pathogens of weagreisdly of
the root mainly including species of the genus Armillaria (A. mellea amghliica). Of senescent
individuals manifest often root rot and it is common to tip of stumps that show olsigmssof
deterioration of the roots main. In Piedmont hymenomicete Ungulinea faaisipeesent mainly in
populations of locust aged or fresh stations (IPLA, 2000).
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PART D - RELATIVE IMPACTS OF LAND-USE CHANGE

Land use change can be positive or negative for the environment, dependhe type of original land
use and the land use to be established.

The SRF, owing to the high density and competition, grows with rwete light limitations,
associated with susceptibility to pest attacks (Giorcelile 2010). Hence, SRF plantations should be
planted on “optimal sites”, with the support of “optimal cultural pcas.

We take only in consideration the change of destination frobleaeand ex-agricultural land to SRF
because all native forests in Latium are protected by natemhlregional laws. About the pasture land
most of them are protected by directive 92/43/EEC “Habitat” babgngp 6210 Semi-natural dry
grasslands and scrubland facies on calcareous substrates dfBrstonetalia) (prioritary if “important
orchid sites”) and prioritary Habitat 6220 “Pseudo-steppé witasses and annuals of the Thero-
Brachypodietea” according to Natura 2000 classification.

On productive cropland the establishment of SRC will in most iostarlead to a positive
environmental balance, but there can also be no-go areas for engpgglantations, e.g. semi-natural
grasslands or wetlands. SRC plantations may also be est¢ablie treat wastewater, create flood
retention areas and riparian buffer zones, or for phyto-remediation pu(pasiesnand et al., 2008).

1. ARABLE TO SRFAND SRC

The production of food crops dependent on unsustainable irrigation or osgisorould be replaced by
growing less demanding SRF species. Land mainly available for SRF is fgnoeaittaral land, which is
rich in base cations, nitrogen and phosphorus. Growing SRF crnop®ifieass over time, potentially can
lead to significant soil nutrient depletion and soil acidification.

After afforestation an enhanced mobilization of easily decongb®ssbove ground and root litter
residues takes place. Subsequently the carbon and nitrogen cafitefftsrested soils increase in the
long term mainly due to the litter input and the lack of frequent soilzatitin (Makeschin, 1994).

Studies of invasion of old field by forest, and limited inforimatffrom short rotation plantations, lead
to suppose that SRF increases soil C (McKay, 2011). Soil C wmdble land use has usually been
reduced from native, undisturbed levels (Grigal and Berguson, 19983, iouch as 30% or more of their
organic carbon content (Paul et al., 1997).

Within 2-3 years after plantation establishment, mulching by ligaf, the lack of cultivation and
increased rhizodeposits (Baum et al., 2009) slow decomposition ancetaipC. This effect is specie-
specific; for example, some experimental results with fiylerid poplar plantations, from 6 to 15 years
old, found no differences in soil C compared to adjacent row cropsydand (Grigal and Berguson,
1998). By contrast, other studies have shown increases in stored C under (dedtnslal et al., 2008).

Studies carried out in the experimental area POPFACE (Tasd4terbo), shows that a poplar short
rotation forest (SRF) in comparison with the previous culture @énopgased the organic C storage in soil
by about 23% in the second rotation cycle. Under elevated tB®increase of above- and belowground
productivity supported a greater accumulation of labile C in fiburing a microbial C immobilization
process. Fertilization treatment induced short-term changeseinsail C content, without overall
modifications in the second rotation cycle (Lagomarsino, 2009).
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SRF may affect soil moisture (McKay, 2011). After thdiahiyear of establishment, as trees become
taller and structurally more complex than agricultural cropy, ithiercept and subsequently evaporate a
greater proportion of incipient rainfall, and thus reduce rteeamount of water reaching the soil. In
addition, their greater leaf area index (LAI) enables higher potevdiar uptake from the site.

Net effects on hydrology of conversion from agricultural useSRF production of biomass are
reduction in percolation to aquifers, plant-available soil wateface run-off from site. It is possible that
the reduced percolation under SRF as compared with agricuénds will result in less leaching of soil
nutrients, which may represent a water quality benefit in nitrate vibleezanes, but these benefits might
not always be realisable (Hardcastle, 2006). If trees havecces® to the water table and they are
therefore dependent on soil water recharge via local pratogp, their water consumption is likely to be
similar to that of agricultural crops in drier areas, imaty exceed that of agricultural crops in areas of
higher rainfall (Cannell, 1999). There may be increased watekeigtom evergreen species such as
Eucalyptus.

Converting arable land to short-rotation forestry can resukduced amounts of nitrate, phosphorus,
pesticides, and herbicides in runoff and groundwater (Hohenstei#weagtt, 1994; Ranney and Mann,
1994; Lal et al., 1998; McLaughlin and Walsh, 1998; Borjesson, 1999). So changing land uBertaySR
improve water quality by reducing soil erosion as well as levsitdte, phosphorus and other chemicals
and surface runoff and ground water. This land conversion may impodveicdiversity and quality
habitat.

During the life-span of the SRF plantation physical soil eroshould be much reduced compared to
annual cultivation, and infiltration should be improved with greatetimg depth. During site preparation
and harvesting there may be increased compaction of soils thnaepgleft traffic movements (McKay,
2011).

Among soil organisms, microbial biomass and most faunal grogpgcielly decomposers, are
advanced under tree plantations. The diversity of soil fasimgenerally increased compared to arable
land (Makeschin, 1994).

The conversion of current arable land to SRC plantations dhoumost instances bring positive
benefits for soil resources and water quality. Due to the higkerwaquirements of many perennial
energy crops there could be, however, negative consequencesundwgater re-charge or water cycles
(Dworak et al., 2007).

The reduced cultivation of soil associated with a change of ranagement from annual crops to
SRC or SRF could reduce erosion and increase the organic matter contdr(iHzrseastle et al., 2006).

2. GRASSLAND TO SRFAND SRC

The conversion of grassland to SRF or SRC may be taken insideoation only for grassland deriving
by abandonment of marginal agriculture in irrigated land, redelry phytosociology to the order of
Agropyretalia (on clay soils) andPotentillo-Polygonetalia(temperate and mesophilous climates, in
Mediterranean area principally on alluvial soils). The grasslandsestbne in Mediterranean belt ought
to be excluded because they are referregritwritary habitat according to Directive 92/43/CE “6220
Pseudo-steppe with grasses and annuals of the Thero-BrachypodiEteethe same reason, we don’t
take into account in our analyses the Apennine pasture referrédbitat “6210 Semi-natural dry
grasslands and scrubland facies on calcareous substattgscp-Brometalip(*important orchid sites)
of supramediterranean and oromediterranean belts.”
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About impacts on biodiversity we have to underline Brametalia rubenti-tectorurare very rich in
species. The land-use dchange for example, to poplar cultivatida &significative reduction of plant

species richness.

Table 13 Comparison of the effects on hydrology of agriculture, SRC and SRF

Aspect Pasture Agriculture SRF
Rainfall interception medium low high
Evapotranspiration low medium medium-high
Groundwater use low medium medium-high
Percolation to aquifer low medium high
Soil moisture low medium high
Quantity of runoff medium high low-medium
Quiality of runoff high low high
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PART E - DAMAGE BY MAMMALS

Foresters and conservationists are increasingly awateafidgative effects of heavy deer browsing in
wooded habitats: these include prevention of natural tree regenetaowsing of planted trees, damage
to the stems of young trees, and reduction of the structural epiypdf the understory (Baines et al.,

1994; Rambo and Faeth, 1999; Fuller and Gill, 2001; Stewart, 2001).

However, exclusion of deer from stands of SRF is likely to furteduce the rate at which shade
tolerant plants are able to colonise the area, as in sases deer act as seed vectors for such species
(Vellend et al., 2003; Mouissie et al., 2005).

Wild boar is an other animals that can impact negatively st&hd of SRF and young SRC plantation
seldom damage trees and their grubbing activity favours tlablissiment and spread of understory
plants.

Acer pseudoplatanuseedlings are highly palatable @apreolus capreolysCervus elaphusand
Dama dama Lwhich feed on the leaves, buds, and young shoots (Gill, 1992).

Young seedlings (less than 3years) can be severely browsed and showieal sates after damage
(Eiberle and Nigg, 1987) or reduced growth in subsequent years (Kcipigid and Bugmann, 2008).
Older seedlings are more resilient to repeated browsing (Heiim 20@8).

The sensitivity of sycamore to browsing is comparable to thaslf(Kupferschmid and Bugmann,
2008) and higher than beech (Modry et al, 2004); where the sggoiesn mixture, a high browsing
pressure leads to the dominance of beech in regeneration.

Sycamore is very susceptible to bark damage by squirreten Gtiffers from tar spot in autumn
(Hardcastle, 2006). Bark stripping of sycamore by the Americagy gquirrel §ciurus carolinensis
Gmelin) has repeatedly been reported recently from Northaiy (Bertolino and Genovesi, 2002;
Signorile and Evans, 2007). Stems below 30 cm DBH are the mivgtrable to debarking by the grey
squirrel, and the fastest growing individuals seem to be the most dfetzteis, 2005).
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CONCLUSIONS

As discussed in previous chapters of this report, the estakithoi SRC and SRF plantations in
Mediterranean arable cropping and other land-use systems may have both paosdithegative effects on
environment features and landscape.

In order to achieve maximum positive effects and minimize piatenegative effects from SRC
cultivation, proper site selection and management adjustmenkewfactors. These factors should be
implemented taking into account the research results relateddh of the aspects affected by forest
bioenergy cultivation.

Unfortunately, as SRF and—particularly—SRC cultivation is qaitgew approach, research results
on the effects on environment features, cultutal hetitage andcipelare limited and do not cover cover
spatial diversity and dynamic processes. In addition, they dedrespecific field observations carried
out in few plots, mainly relatively small.

The assessment of environmental positive and negativaseif$eag big challenge that all stakeholders
involved in SRF and SRC cultivations must consider. Of cdarseers need to be convinced to grow
forest energy crop because it provides an economic profit egual higher than that of alternative
farming crops. As demonstrated by the economic analysis carriedtbirt the Proforbiomed project the
profit of such investments is not certain. Thus, decision-makeagsconsider various direct or indirect
incentives for farmers, to encourage shifts in land use d@mventional farming to forest energy crop if
this would result in environmental benefits. For instance, enfiat economic compensation could be a
form of “reward” to farmers helping to fulfill set enviroemtal goals (including carbon sequestration),
while keeping agricultural land in production.

A prerequisite for such incentives is, however, science basédodsefor quantification of the
environmental benefits of shifting to SRC cultivation and evalneof the value of these benefits for
society. In this regard, the results of ongoing and new @s@aograms will assist in underpinning the
understanding of the interactions between SRF and SRC crops, envitptemelscape and cultural
heritage and promoting SRF and SRC as valuable component in $uieenable land use and energy
systems.
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