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ABSTRACT Fast growing tree species can generate high wood production in a short time frame. However, maximum productivity
is dependent on environmental and management conditions as well as intrinsic plant traits. Within this framework, our research was into
tree species with the highest Mean Annual Increments (MAIs) in southern Italy, particularly in Sicily. Eucalyptus spp., Acacia saligna
(Labill.) H. L. Wendl., Ailanthus altissima Mill. (Swingle), Pinus halepensis Mill. (including Pinus brutia Ten.), Pinus canariensis C.Sm. and
Pinus radiata D. Don. were identified. In particularly suitable conditions, the MAI of eucalypt coppices ranged from 8 to 12 m3 ha-1, and
from 13 to 19 m3 ha-1, in )YGEP]TXYW camaldulensis Dehnh. and )YGEP]TXYWKPSFYPYWLabill., respectively. The MAI of E. camaldulensis high
forests was slightly over 6 m3 ha-1, while that of E. globulus high forests was very similar to its coppice value. Considering the preliminary
data, Acacia saligna can achieve good wood production. Pinus halepensis and Pinus brutia Ten. achieved MAIs of 5-7 m3 ha-1. The
other species discussed may be promising but either data is very limited or their invasive potential requires careful consideration. This
historical review has shown that with optimal tree species-planting site-cultivation technique combinations, tree species can achieve
wood yields typical of fast-growing species in Mediterranean Italy, too.
KEYWORDS: Acacia, Ailanthus, Eucalyptus, timber and wood production, wood arboriculture.

Introduction
The history of forest plantations in Southern Italy
and Sicily, and related wood production, are strongly bound up with the historical reasons underlying
the use of forest species in these regions. Firstly,
tree species were historically largely used in Mediterranean contexts in massive afforestation which
shaped the landscape and vegetation features across
large areas. In the Mediterranean basin, the introduction of exotic forest species for afforestation
was the most significant forest phenomenon of the
last century (Corona et al. 2009, Nyssen et al. 2016).
Exotic woody taxa were extensively used due to
their expected rapid growth, considerable resistance to abiotic stresses and capacity to survive in poor
soil conditions (Le Floc’h 1991, Pausas et al. 2004,
Vallejo et al. 2012). Tree genera such as Acacia spp.,
Eucalyptus spp. and Pinus spp. were mainly used
for the primary goal of rapidly restoring hydrological
soil processes, thus protecting against soil erosion
(La Mantia 2013, Nadal-Romero et al. 2016, Sferlazza
et al. 2017a), and also acting as preparatory species
fostering the development of more complex, resilient
and stable forest stands (Pausas et al. 2004,
Vallejo et al. 2012, Badalamenti et al. 2017,
Sferlazza et al. 2017b). In many Mediterranean
countries, including Italy, such forest plantations
were also expected to respond to significant
demands for wood for heating, domestic and
industrial purposes until at least the 1960s
(Scarascia-Mugnozza et al. 2000, La Mantia 2002
and 2009, La Mela Veca et al. 2016, Sferlazza et

al. 2018). In Italy, particularly, the need to produce
large amounts of biomass in a relatively short time
via the cultivation of Fast Growing Species (FGS)
has long been considered more important than
searching for higher-value wood tree species (Pavari 1916 and 1940, Palazzo and Palazzo 1932). In this
context, extensive experimentation with and dissemination of exotic forest species in Italy, from the
1920s onwards, powerfully boosted the identification of fast-growing species, subspecies, hybrids or
clones (Pavari 1916). Subsequently, since the 1950s
intensive FGS cultivation systems have progressively spread and consolidated (Facciotto and Bergante 2011). These systems, collectively referred to as
Short Rotation Forestry (SRF), were predominantly
economic and productive in purpose, especially in
the very early stages of experimentation (Facciotto
2012). However, they have recently attracted special
attention for their potential to increase the use of
wood as a renewable energy source, in the place of
fossil fuels, thus helping to mitigate the effects of climate change (Dimitriou and Rutz 2015). To respond
to such a wide range of needs, tree species were primarily required to be fast growing. Regardless of the
main purpose, our aim was to identify the FGS best
suited to Sicily and Southern Italy, in the light of both
past experiences and future perspectives. After species identification and selection, productivity data
recorded over the last fifty years throughout Italy
was summarized.
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Materials and Methods
Our bibliographic research was designed to find
the fastest growing tree species in Sicily and Southern Italy, including native and exotic species. Part
of the literature consulted fell under the so-called
‘grey literature’ category, outside traditional commercial or academic publishing. As regards wood
productivity data, the main parameter used in the
text is Mean Annual Increment/s (MAI/MAIs) which
indicates average wood production (in m3) on a
yearly basis per hectare, and this is the most frequently used at a national and international level. Since
our interest was assessing fast juvenile growth, we
only considered plantations which were 25 years old
or less (Ciancio et al. 1980). It is important to highlight
that many national papers use Pavari’s phytoclimatic
classification (1916) which, conversely, is seldom
adopted at the international level. It should be considered that Pavari’s Lauretum basically corresponds
to the thermo-Mediterranean bioclimatic belt(RivasMartinez 1996). In Mediterranean Italy, all vegetation
aspects dominated by evergreen sclerophyllous woody species are encompass, such as Mediterranean
maquis, with Quercus ilex L. being the dominant tree
species (Gianguzzi et al. 2016). Pavari’s Castanetum
mostly corresponds to the meso-Mediterranean bioclimatic belt (Rivas-Martinez 1996) which is dominated by deciduous oaks, primarily Quercus pubescens
Willd s.l., and also includes notable hardwood species such as ash, chestnut, maple, etc.

Results
Overall, six forest species were chosen and characterized for their effective or potential fast growth
in Southern Italy, particularly Sicily. We selected Eucalyptus spp., Acacia saligna Labill. H. L. Wendl.,
and Ailanthus altissima Mill. (Swingle) in the broadleaf category, and Pinus halepensis Mill. (including Pinus brutia (Ten.) Holmboe), Pinus canariensis C. Sm. and Pinus radiata D. Don in conifer terms.
The highest performance of these species in terms of
MAI, as well as ecological information regarding cultivation sites and techniques, is shown in Table 1. No
soil working whatsoever was done in any of the plantations, except in the experimental A. saligna trial
where soils were ploughed and harrowed (25-30 cm
deep) before planting (Facciotto and Nervo 2011).

Hardwood species
Eucalyptus spp.
Although eucalypts, along with poplars, have been
the most promising broadleaved species in Italy’s
long forest tree experimentation, they have generally
not met expectations, with numerous failures, while
still maintaining good productive valorisation potential. The Eucalyptus genus includes more than 700
32

species (Slee et al. 2006), almost exclusively trees of
various habitats, ecology and morphology coming
from Australia. Eucalypts have spread massively outside their native range (FAO 1981, Silva-Pando and
Pino-Pérez 2016), and currently represent the main
hardwood species genus used in wood plantations
worldwide, with a total area approaching 18 million
hectares (Carle et al. 2002). One specific feature of
eucalypt introduction history has been the variety
of environments in which they have been cultivated, which is linked to their use versatility including
as agricultural crop protection windbreaks, swamp
area reclamation, ornamental use in urban villas and
gardens and reforestation of bare, sterile and unproductive soils, as well as wood and cellulose production (Pavari 1940, La Mantia 2013, Badalamenti et al.
2018a). Eucalypts were indicated as the most suitable species for the thermophilous belts of Southern
Italy and the islands early on, for their ability to grow
even in the presence of powerful constraints such
as poor and superficial soils, and prolonged summer
drought, where native species were considered unsuitable. Pavari (1916) argued that (o.t.) “... without
any doubt the gen. Eucalyptus can be considered
the most important type of exotic broadleaved trees
for our Lauretum”, also affirming that (o.t.) “for the
rapidity of growth the eucalypts compete with the
poplar and sometimes rival it” (Pavari 1937). Despite the considerable number of species in the genus,
only E. camaldulensis Dehnh. and E. globulus Labill.
were historically considered particularly promising
for productive purposes (Pavari and de Philippis
1935). In Italy, experiments with eucalypts began
in 1923 with 30 experimental plots being set up by
Florence’s Experimental Forestry Station (Giordano
1970). Notable traits associated with eucalypts are
their rusticity and remarkable adaptability to varied
ecological conditions, but also their high, relatively
short term wood production potential (Pavari and de
Philippis 1941a). The potential for hybridizing different eucalypt species to obtain more productive or
stress-resistant hybrids was also soon hypothesized,
effectively anticipating what has happened since the
end of the last century: (o.t.) “Hybridization can
often be an advantage because hybrids are usually more vigorous than progenitors. For example,
many hybrids of the genus Eucalyptus, Populus,
Salix, Cupressus, Abies, etc.” (Pavari and de Philippis 1941a). Giordano (1970) reported that a (o.t.)
“Comparative study of 24 origins of E. camaldulensis, obtained from seeds collected at sites located at
different latitudes in Australia” showed differences in terms of “resistance to low temperatures and
summer drought, adaptability to calcareous soils,
and attitude to rooting”. In Sicily, eucalypt plantations for large-scale wood production started only
in the 1950s, for the purposes of supplying pulp for
a local paper supply chain encouraged by the high
MAIs recorded in some plantings. However, this was

Annals of Silvicultural Research

Emilio Badalamenti, Sebastiano Sferlazza, Donato S. La Mela Veca, Federico Maetzke, Giovanna Sala, Tommaso La Mantia
Which are Southern Italy’s fastest growing tree species? Lessons from the past for future perspectives, with a special focus on Sicily

absolutely preliminary data, regarding the first coppicing experiments and often in areas which were
not representative of average conditions in Sicily (de
Philippis 1962, Giordano 1970). In Bosco Bellia (Piazza Armerina), in highly fertile sites, on deep and fresh

soils, MAIs higher than 10 m3 ha-1 and 19 m3 ha-1 in
E. camaldulensis and E. globulus, respectively, were
recorded (Cantiani 1976). For a historical review of
the heated debates and discussions concerning eucalypt productivity in Sicily, see La Mantia (2013).

Table 1 - Tree species with the highest mean annual increments recorded in Sicily (stand age < 25 years). Sicilian provinces:
AG = Agrigento, CL = Caltanissetta, CT = Catania, EN = Enna. (n.a. = data not available). MAI = Mean Annual Increment.
Species

Locality
(Province)

Age
(years)

Mean altitude
(m a.s.l.)

Temperature
(°C)

Annual
rainfall
(mm)

Soil texture

MAI
(m3 ha-1
year-1)

Reference

Acacia saligna

Mussomeli (CL)

2

n.a.

n.a.

500

n.a.

19.50

Facciotto and
Nervo (2011)

Eucalyptus
camaldulensis
coppices

Aidone, Enna,
Piazza Armerina (EN),
Mazzarino (CL)

13 (First
agamic
cycle)

650-850

15.0

850

Sandy and
clay

10.70

Cantiani
(1976)

Piazza
Armerina (EN)

10

600

15.8

477

Sandy and
clay

9.55

Ciancio et al.
(1981)

Mazzarino (CL)

12

485

15.8

477

Sandy and
clay

9.26

Ciancio et al.
(1981)

Mazzarino (CL)

14

400

15.8

477

Sandy and
clay

9.39

Ciancio et al.
(1981)

Enna (EN)

15

700

14.9

820

Sandy and
clay

8.86

Ciancio et al.
(1981)

Aidone (EN)

22

815

14.9

805

Sandy and
clay

8.47

Ciancio et al.
(1981)

Mazzarino (CL)

13
(Second
agamic
cycle)

480

14.9

734

Sandy

12.50

Barbera et al.
(2001)

Mazzarino (CL),
Niscemi (CL),
Piazza Armerina (EN)

14

400

15.9

505

Sandy and
clay

6.29

Ciancio et al.
(1981)

Aidone (EN)

22

850

14.9

805

Sandy and
clay

6.20

Ciancio et al.
(1981)

Aidone, Enna,
Piazza Armerina (EN),
Mazzarino (CL)

8 (First
agamic
cycle)

650-850

15.0

850

Sandy and
clay

19.04

Cantiani
(1976)

Piazza Armerina (EN)

10

600

15.8

477

Sandy and
clay

14.63

Ciancio et al.
(1981)

Aidone (EN)

13

800

14.9

805

Sandy and
clay

13.83

Ciancio et al.
(1981)

Enna (EN)

15

700

14.9

819

Sandy and
clay

16.81

Ciancio et al.
(1981)

Mazzarino (CL)

7 (Second
agamic
cycle)

550

14.9

734

Sandy and
clay

6.64

Barbera et al.
(2001)

Eucalyptus
camaldulensis
high forests

Eucalyptus
globulus
coppices

Eucalyptus
globulus
high forests

Caltagirone
(CT)

21

200

16.0

532

Sandy and
clay

18.21

Ciancio et al.
(1981)

Mazzarino (CL)

24

500

15.8

477

Sandy and
clay

12.21

Ciancio et al.
(1981)

Pinus brutia

Bivona (AG)

24

650-750

16.7

819

Clay

6.71-7.50

Garfì et al.
(1998)

Pinus
halepensis

Bivona (AG)

24

650-750

16.7

819

Clay

4.95-5.53

Garfì et al.
(1998)

Caltagirone
(CT)

21

70-250

16.0

532

Sandy and
clay

6.96

Ciancio et al.
(1981)

*The MAI was derived from the annual biomass production (12.4 Mg dry matter ha-1), applying the basic wood density of A. saligna.
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Subsequent systematic surveys showed a prevalent
failure of most eucalypt plantings in Italy and Sicily
(Ciancio et al. 1981, and 1981-1982, Barbera et al.
2001). Nationally, two-thirds of plantations achieved low MAI levels, between 3 and 5 m3 ha-1, while
only one third achieved MAIs of 6-7 m3 ha-1 (Ciancio
et al. 1981-1982). Fewer than a quarter of Sicilian
plantations achieved a MAI of 5 m3 ha-1, a minimum
threshold identified for worthwhile production levels. Hence, most Sicilian eucalypt plantings should
be replaced by more complex and stable forest stands, dominated by native species (Ciancio et al. 1981,
Barbera et al. 2001). However, by appropriately changing cultivation modules, adopting rotations shorter
than 8 years and carrying out necessary tending operations, such plantations were expected to achieve
MAIs of 7-9 m3 ha-1 (Ciancio et al. 1981). Effectively,
in the best suited conditions (i.e. flat valleys, loose,
deep soils, and an average annual rainfall of at least
700 mm), the E. globulus plantations achieved these
production levels (Barbera et al. 2001). Field surveys
carried out approximately 20 years ago confirmed
the low productivity of Sicilian eucalypt plantings, as
less than 10% exceeded a MAI of 5 m3 ha-1 (Barbera
et al. 2001). These enquiries enabled the main causes
of failure to be identified and potential solutions for
more appropriate land use to be obtained. Some of
the reasons for failure were the pre-eminently protective purpose of the plantations, unsuitable ecological conditions in most of the planting sites and the
limited attention paid to propagation material origin,
as well as to varied Eucalyptus species autoecology
(Ciancio et al. 1981-1982). Such problems could be
overcome and eucalypts (o.t.) “... if properly cultivated…are able to provide results that are clearly
superior to any other exotic species”. Indeed, E.
camaldulensis, E. globulus, E. botryoides Smith, E.
maidenii F. Muell., and E gomphocephala A. Cunn.
ex DC. successfully passed the experimental phase and could be used in larger areas (Ciancio et al.
1981-1982). It was seen as essential not to repeat the
mistakes of the past, adopting cultivation techniques
specific to wood arboriculture on small, suitable areas and using high-quality propagation material (Ciancio et al. 1981). To achieve these goals, an extensive
program of genetic improvement, individual selection and controlled crossings was implemented in
the 1990s at the CRA-PLF (now the CREA Research
centre for forestry and wood). The provenance of E.
camaldulensis from Lake Albacutya (Victoria, SW
Australia) was identified as the most suitable for the
pedoclimatic conditions of Mediterranean Italy, and
a special arboretum with seeds of known origin was
established. Hybrid clones were selected for their
high production potential and resistance to biotic
and abiotic stresses (Mughini et al. 2014). By hybridizing E. camaldulensis mother plants and the pollen
of E. globulus subsp. globulus, E. globulus subsp.
bicostata, E. viminalis Labill and E. grandis W. Hill
34

(from individuals of known origin), six particularly
promising clones were selected and proposed for
patenting (Mughini et al. 2011), with the Viglio and
Velino clones showing the highest wood production
potential (Mughini et al. 2014). Two possible cultivation modules were identified: a model with a density
of 5,000-5,500 plants ha-1 and rotations of 2-3 years,
and a model with a density of 1,100-1,600 plants ha-1
and 5-6 year rotation cycles. The field trials showed
higher productivity from hybrid clones as compared
to parental E. camaldulensis. In thermophilous sites
(at Cosenza, Calabria), with adequate water availability and limited pathogen presence, on average the
clones achieved 22.2 and 16.1 Mg of dry matter ha-1
year-1, compared to 18.8 and 12.8 Mg ha-1 year-1 in parental trees, in the two cultivation modules respectively (Mughini et al. 2011). The main problems related
to the use of eucalypts in short-rotation coppices
are linked to technical and cultural aspects, as well
as ecological issues. Firstly, persistence over time
of sprouting ability and growth rates will need evaluating over time, considering that a decrease in the
growth performances of clones from first to second
production cycles (Mughini et al. 2014), and significant changes in productivity in subsequent agamic
cycles in Eucalyptus occidentalis Endl. and Eucalyptus x trabutii Vilm. have been observed (Avolio
2008). Obtaining adequate wood production levels
will require significant consideration of water and
nutrient requirements as the most productive clones
are notably resource-demanding, thus posing a potentially high soil fertility and stability risk (Gonçalves et al. 2008). A possible solution might be the use
of agricultural, zootechnical or urban residue water.
Another is the use of urban wastewater pretreated,
using the purification method developed by the Basilicata University’s Department of Engineering and
Environmental Physics (Mughini 2016). However,
this solution may be applicable only to plantations
close to populated areas, which is not very common
in the Sicilian inland areas where the eucalypts have
mainly been planted. Last but not least, it should be
remembered that the eucalypts might potentially lead
to profound changes in the ecological and landscape features of large swathes of the Mediterranean,
where their natural regeneration has been increasingly observed in recent decades. We would, however,
highlight that such a risk is relevant only near rivers
and streams as riparian vegetation and habitats are
particularly threatened by eucalypt invasion (Badalamenti et al. 2018a). Finally, we would argue, in common with other authors (Scarascia-Mugnozza et al.
2007, Bisoffi et al. 2009, Facciotto 2012, Romano et
al. 2013), that it is still possible to enhance the productive function of the eucalypt plantations established in suitable ecological conditions, also in order
to feed new small biomass plants for a local forestwood-energy supply chain. The eucalypts currently
occupy an area of almost 40,000 hectares in Sicily
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(Camerano et al. 2011), more than half of the whole
Italian area (Ciancio and Nocentini 2000). Therefore,
before deciding on their total replacement, the pros
and cons of such a definitive choice must be carefully
evaluated, from the environmental, social and economic perspectives. Recent data on eucalypt coppices
in Calabria have shown promising results in relation
to their potential use for energy purposes (Mendicino and Nicolaci 2008). In the second agamic cycle,
with a 9-year rotation period, the MAI of E. occidentalis and E. x trabutii (a hybrid of E. camaldulensis
and E. botryoides) plantations ranged from 3.5 to 8.0
m3 ha-1, and from 5.1 to 9.5 m3 ha-1, respectively. After
10 years, E. x trabutii achieved MAIs as high as 1215 m3 ha-1 after the first agamic cycle (Avolio 2008).
A virtuous example of productive use of eucalypts in
Southern Italy comes from the Massanova estate in
Cilento (Campania), where a MAI of 12.1 m3 ha-1 was
achieved after 20 years (Arcidiaco et al. 2000), confirming the good growth rate initially found 4-5 years
after the planting (Ciancio et al. 1992a). Ultimately,
we believe that a sufficient wealth of technical and
cultural knowledge, supported by past experience, is
available, and productive and sustainable use of the
wood from eucalypt plantings is still possible, provided that certain critical issues are overcome.
Acacia saligna
The Acacia genus has been widely used in the
afforestation of arid and semi-arid Mediterranean
areas, as well as for dunes and backdune consolidation. By contrast, there are few examples of the
use of Acacias in wood plantations or in SRF. In Italy, the most promising Acacia species has been A.
saligna, which was included early among the twelve
hardwood taxa worthy of further testing (Pavari and
de Philippis 1941a). Later, Allegri (1962) considered
the Australian acacias to be incapable of providing
good wood production but excellent for coastal dune
fixation and creating afforestation fire barriers in
Southern Italy and the islands. According to La Mantia (2011), the same main uses apply to the species
in Sicily, where it has also been used in polluted and
contaminated site restoration (Quatrini et al. 2003) as
well as in afforestation (La Mantia and Pasta 2001),
where it currently causes ecological problems due to
its high invasive potential (Crosti 2008, Badalamenti et al. 2018b). Other Acacia species used in Sicily
did not achieve high productivity levels and showed
highly invasive tendencies (Badalamenti et al. 2014).
The revival of interest in a productive use of A. saligna follows Ciancio et al. (1981-1982) who suggested
testing it in coppice systems for the production of
carbon and firewood due to its rapid juvenile growth,
as its (o.t.) “sprouting ability, as well as the height
increment, declines rapidly so it is best to adopt
rotation periods of 5-10 years”. For these reasons,
the species passed the trial phase and could be used
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on larger areas (Ciancio et al. 1981-1982). Despite
the large scale use of A. saligna in Sicily and its high
suitability to its environmental conditions, very little
wood production data on it exists. Recently, A. saligna productivity was compared with that of E. camaldulensis, E. globulus, Robinia pseudoacacia L. and
the poplars, in experimental plots in inland hilly areas (Facciotto and Nervo 2011). After two growing
seasons at Mussomeli (Caltanissetta), A. saligna
achieved the highest production, 12.4 Mg ha-1 year-1
of dry matter, compared to values between 3.9 and
5.3 Mg ha-1 year-1 for the eucalypts, and less than 2 Mg
ha-1 year-1 for the black locust and the poplars. Considering A. saligna’s basic wood density (634.7 Kg
m-3, Mmolotsi et al. 2013), this biomass production
would correspond to a very high MAI, 19.5 m3 ha_1.
The notably lower productivity (about 2.1 Mg ha-1
year-1) recorded at a different site (Misteci, Caltanissetta), in similar experimental trials, showed the crucial role played by soil water availability. In fact, the
Acacia plants were subject to markedly different irrigation regimes, ranging from 30 mm at Misteci to 450
mm at Mussomeli. Indeed, considerable wood production increases as a function of water availability
are very marked in this species (Hobbs et al. 2009).
Although these are preliminary data, they do provide
valuable information about the possible use of the
species for productive purposes in Sicily. Interestingly, the amount of biomass produced at Mussomeli corresponds to the upper productivity threshold
recorded by A. saligna in Southern Australia (3-12
Mg of aboveground dry matter ha-1 year-1), where it
is considered one of the trees with the best potential
for biomass production in areas with reduced rainfall, less than 650 mm per year (Hobbs et al. 2009).
Not for nothing, A. saligna is considered one of the
most useful wood production species (for example,
for particleboard) in the arid and sub-arid areas of
North Africa (El-Lakany 1987). However, production
continuity and sprouting ability persistence in other
sites and the Sicilian environment will need verifying.
To ensure high levels of productivity, a critical aspect
is that A. saligna needs high water input, a factor
which is not negligible given average conditions in
Sicily, particularly vulnerable to desertification.
Ailanthus altissima
In Mediterranean environments, including Sicily,
one of the tree species which is most commonly associated with the concept of rapid growth, is certainly
Ailanthus altissima. It is a dioecious and mediumsized Asian tree which has been widespread outside
the native range since the second half of the 18th
century, firstly in Europe and then in North America.
This species has successfully invaded the temperate
and Mediterranean regions of the world (see Badalamenti et al. 2012 for the Italian species introduction
history). Some of Ailanthus’s biological traits were
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discovered early: the positive ones (hardiness, ecological plasticity, rapid growth, etc.) justified its use
for productive purposes, the negative ones (irregular
growth, marked invasiveness) probably contributed
to preventing its use. In effect, Ailanthus’s dual nature would seem to have coexisted until the present
day. It was soon regarded as a (o.t.) “markedly invasive species” (Pavari 1916) but, at the same time, was
included among the exotic species which possess the
(o.t.) “to quickly produce large quantities of wood!”
(Pavari and de Philippis 1941a). It also showed its
potential to produce pulpwood and cellulose (Palazzo and Palazzo 1932), although (o.t.) “the extent and
regularity of wood production on the area unit”
needed verifying (Pavari 1937). However, as Allegri
(1962) stated (o.t.) “Ailanthus periodically feeds great hopes”, but it has not been subject to special experimentation, so its use for productive purposes is
unlikely to increase. Interest in productive use of the
species has decreased over time and awareness of
its negative ecological impact in invaded areas has
correspondingly increased. Indeed, Ailanthus has
successfully invaded various habitat types in the Mediterranean, threatening biodiversity and changing
natural ecosystem characteristics (Vilà et al. 2006,
Badalamenti et al. 2015), including in forests (Maetzke 2005, Badalamenti and La Mantia 2013). Recently, it has been cited as a species usable in SRF in
Mediterranean environments (Bianco et al. 2014),
but its ability to spread into new areas a long way
from cultivation sites constitutes a high risk factor.
For these reasons, Crosti (2010) has proposed fixing
buffer zones at least 100 metres wide, to be ploughed
at least once every three years. Experimental trials
at the University of Palermo (SAAF Department) tested Ailanthus’s vegetative propagation potential, in
order to minimize its anemochoric dissemination. In
detail, grafting was performed on 39 young Ailanthus individuals, with a mean basal diameter of 2.3
cm, using only scions from mature male Ailanthus
individuals. To the best of our knowledge, this was
the first time that grafting was trialled as a means by
which to stop seed production in this invasive species while ensuring wood production. Tests results
were encouraging, both in terms of survival (80-100%
of the scions) and growth rates, which maintained an
exponential trend for the first year of growth, recording mean height increments of 0.7-0.8 cm per day-1
(Badalamenti 2017). In marginal and unproductive
areas, with no specific ecological and/or scientific
value, and where eradicating Ailanthus would seem
to be impractical and pointless, productive biomass
use may represent a valuable management option in
species control (Sitzia et al. 2016). According to the
Virginia Department of Forestry (2009): “…we are in
no way implying that this invasive weed should be
cultured for profit. Ailanthus plantations would not
be a profitable enterprise for landowners and would
only contribute to further spread and proliferation
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of this species. Market development as a means of
mitigating impacts of invasive tree species is a novel approach that may hold promise for addressing
multiple problems.” Outside such restricted and specific conditions, we believe that the disadvantages of
Ailanthus cultivation far exceed the potential advantages.

Softwood species
Pinus halepensis (including Pinus brutia)
The Aleppo pine was not practically considered
for productive purposes until recently, although it
was the preferred reforestation species for soil protection on a massive scale in the Mediterranean basin in the last century. However, its rapid juvenile
growth, up to 20-25 years, and notable resistance to
drought and strong pioneering character have been
known for a long time (Ciancio et al. 1981, Eccher et
al. 1986), as has the importance of tending operations
such as thinning and pruning to enhance its inherent
fast growth (Ciancio et al. 1981). In fact, (o.t.) “The
inaccurate knowledge of the productive capacities
of many species, and the generalization of data
collected in populations of natural origin, have
been the limiting elements for the use and spread
of many native species, including the Aleppo pine
and the stone pine, not considered suitable for such
purposes” (Ciancio et al. 1981). The limited productivity data in the literature mostly refers to protective reforestation not affected by ordinary cultivation
treatments. Such evidence, also supported by recent
experimental data, has led several authors to judge
the productive potential of the species favourably,
especially in Mediterranean thermophilous belts, up
to 500 m a.s.l., even on poor and superficial soils, provided that intensive cultivation modules, specific to
wood arboriculture are adopted (Gentile et al. 2007).
Ciancio et al. (1981) stated that Aleppo pine MAIs
can reach 7-9 m3 ha-1. In effect, the lower presumed
range limit had been achieved by some plantations
surveyed by these same authors in Enna province.
A constraint on productive use of the species is the
shape of its main trunk and branches which are often
irregular, twisted and excessively branched (Eccher
et al. 1986). From this point of view, a comparison
with the Turkish pine or Brutia pine (Pinus brutia)
is relevant with the latter being so taxonomically close to P. halepensis that it is considered a subspecies
(Pinus halepensis subsp. brutia (Ten.) Holmboe) by
some authors (e.g. Sarris et al. 2011). The Turkish
pine has a typical pyramidal crown, with thin, mostly horizontal branches. Historical data suggested
higher growth potential for Pinus brutia than for P.
halepensis, with MAIs of 6.3-9 m3 ha-1 and 6.3-7 m3
ha-1 respectively at 20-25 years and at the culmination
of the mean increment (Eccher et al. 1986). In a comparison carried out in the Sicilian Sicani mountains,
Aleppo pine and Turkish pine MAIs were between
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4.9-5.5 and 6.7-7.5 m3 ha-1, respectively (Garfì et al.
1998). Although P. brutia grew more slowly than the
Aleppo pine in its early years of life, from its tenth
year onwards it began recording increasing longitudinal growth, (o.t.) “reaching at 24 years old values
higher by 28% compared to the Aleppo pine” (Garfì
et al. 1998).
We believe that the Turkish pine is worthy of further consideration for its (o.t.) “marked superiority…from the point of view of the shape and structure of the trunk”, as well as its potential for producing
(o.t.) “better woody assortments, both qualitatively
and quantitatively, than those obtainable from the
Aleppo pine”. In the Mediterranean, it is estimated
that both species could achieve high MAIs, up to 1215 m3 ha-1 (Fady et al. 2013). The most recent data
from wood arboriculture plantings present in Southern Italy fully confirm P. halepensis’s productive
potential. At Massanova estate (Salento, Campania),
the species was planted by Lu.Ca.For. S.p.A. using
funding from Cassa per gli Interventi Straordinari
nel Mezzogiorno (CISM)1. At 19-20 years, annual productivity was quite good, 11.1 m3 ha-1 (Arcidiaco et
al. 2000). Garfì et al. (2002) in nearby areas within
the Cilento basin (Campania) found MAIs ranging
from 9.1 m3 ha-1 to 9.5 m3 ha-1 in 19-20 year old plantations subject to ripping and multi-directional tillage, respectively. Greater differences were found
between plantings subject to multi-directional tillage, but differing in planting types (in settonce or
rectangular) and plant density (1,473 vs. 2,222 plants
ha-1, respectively). MAIs were 29% lower in the lowerdensity areas, i.e. 10.0 m3 ha-1 vs. 14.1 m3 ha-1. This
positive wood production shows the importance of
maintaining sufficient planting densities, which can
be ensured with adequate initial densities and/or low
mortality rates. Water-saving cultivation systems aimed at maximizing soil water availability should also
be adopted, especially in the early phases of cultivation (e.g. during soil preparation and processing)
(o.t.) (Garfì et al. 2002, Gentile et al. 2007). In conclusion, “the high MAIs confirm that the Corsican
pine and the Aleppo pine behave like FGS” (Garfì et
al. 2002). Finally, Gentile et al. (2007) assessed the
productivity of six wood arboriculture plantations
established with CISM funds at Mazzone estate (Cosenza, Calabria). Average annual rainfall at the study sites is slightly over 600 mm and the planting site
takes place in warmer, more summer drought prone
areas than those previously surveyed by Garfì et al.
(2002) whose annual rainfall exceeds 1,000 mm, and
may significantly benefit from high atmospheric humidity due to the nearby Tyrrhenian Sea. Indeed, the
Calabrian plantations have MAIs of 7.6 m3 ha-1 (Gentile et al. 2007). However, this is probably the highest
wood production potentially achievable in these pe1 The Italian acronym CISM means Extraordinary Intervention Funding Agency for Southern Italy. It was a state-owned agency funding structural intervention
in marginal areas of Southern Italy until the late 1980s.
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do-climatic contexts, since an intensive cultivation
module has been adopted, an adequate road system
has facilitated regular tending operations (soil preparation, pruning, thinning, etc.) until harvesting,
and the land is virtually flat. Ultimately, in agreement
with Gentile et al. (2007), we believe that the Aleppo
pine (o.t.) “has proven capable of appropriate valorization even in the wood arboriculture plantations
in the Mediterranean environment”. With this aim,
the selection of proper forest stands for seed collection and propagation material will be one of the near
future’s more challenging issues.
Pinus canariensis
Pinus canariensis. (Canary Islands pine), endemic to the Canary island archipelago, has long been
considered to be one the conifers potentially usable
in the Lauretum phytoclimatic area. According to
Pavari (1916), the species (o.t.) “prefers granitic
and sandy soils and is notable for its shape, rapid growth and quality of wood”. Pavari (1937) argued that P. canariensis was one of the (o.t.) “pines
worthy of full consideration for the Mediterranean
region”. Subsequently, Allegri (1962) considered it
a rather humidity-demanding species, a feature that
strongly limited its use to a few locations, although
he still considered that it could generate (o.t.) “interesting results if used in limited special environments”. Giordano (1970) considered it a species
of uncertain results for which further research was
needed. However, for Morandini (in Giordano 1970)
(o.t.) “the experimentation is complex because in
the native range the climate is on average warmer
than the Mediterranean regions, with rainfall prevailing during the summer months, and due to the
extreme difficulty in supplying the seed”. Ciancio et
al. (1981-1982) were the first to find promising data,
considering that the species could provide (o.t.)
“promising woody increments at 20-30 years, ranging between 5.7 and 14.1 m3 ha-1 year-1. The potential for setting up short-term plantations, for ease
of asexual reproduction and rapidity of growth of
coppice shoots, is to be verified in order to obtain
shredding material”. P. canariensis has therefore
been considered a species with specific purpose
potential (windbreaks, street trees, etc.) and/or for
very limited wood arboriculture areas (Ciancio et al.
1981-1982). One very promising trait for Mediterranean-climate regions is its high adaptability to wildfire
and ability to produce new shoots very soon after
fire (Climent et al. 2004). The recent naturalization
of the species in Sicily proves its excellent adaptability to local conditions, opening up new perspectives
for further investigation (Badalamenti et al. 2013).
Height growth rates of almost 1 m per year have also
been observed in individuals from xeric sites with
average annual rainfalls lower than 350 mm (Climent
et al. 2004). Taking into account the extreme variability of both altitudinal range (300-2,000 m a.s.l.) and
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precipitation regime (250-700 mm of annual rainfall)
characterizing the P. canariensis (Climent et al.
2004, Grill et al. 2004) native area, a crucial aspect
for the possible productive use of the species is seed
coming from areas compatible with planting sites.
Pinus radiata (= Pinus insignis Douglas ex
Loudon)
The Monterey pine (Insignis pine or Radiata
pine), native to the Monterey Bay in California, was
identified very early on as one of the most promising
FGS for Italy. Here, although the first plantation took
place in 1914, experimentation began in 1924 in 18
experimental plots, mainly located in the centralsouthern regions and the islands (Pavari and de Philippis 1941b). This interest was due to the remarkable
results achieved by the species in different southern
hemisphere countries, primarily New Zealand, Chile
and South Africa. From the first half of the last century onwards, New Zealand has supplied most of the
Radiata pine seed used in reforestations and productive plantings outside the native range (Pavari and de
Philippis 1941a). Pavari (1937) wrote that Pinus radiata was capable of (o.t.) “producing in 12-15 years even 300 m3 ha-1 of excellent wood for cellulose”
corresponding to MAIs of 20-25 m3 ha-1 (Pavari and
de Philippis 1941a). Pavari and de Philippis (1941b)
stated that (o.t.) “The insignis pine occupies one
of the “best places as a tools” for intensive forestry
with a very rapid production cycle”. However, its
rapid dissemination in wood plantations across the
southern hemisphere has not been accompanied by
a similar process in Italy, where productive plantings
date back only to the end of the 1970s (Ciancio et al.
2006). This is probably due to the species’ specific
ecological characteristics, such as its high humidity
requirements. For this reason, and owing to the negative effect of wildfires, the total area covered by the
species in Italy, from previously higher values, has
decreased to 18,000 hectares (Eccher 1997 in Ciancio
et al. 2006). Whilst Radiata pine growth rates seem to
be inherently faster than those of Mediterranean pines (Giordano 1970, Ciancio et al. 1980), this superiority may come to fruition only in fully suitable areas.
A P. radiata plantation, established in the Lauretum
in the Camaro forest (Messina) simultaneously showed its potential advantages and the many difficulties involved in making effective use of this exotic
species in Sicily. At this site, despite its poorly developed soils, adequate water availability ensured by
a favourable precipitation regime (annual average of
1,200 mm with around 50 mm in summer), allowed
for MAIs of 10.8 m3 ha-1 at 13 years (Gambi 1958). A
decade later, Eccher (1969) produced a map of ecological limitations verifying potential cultivation areas
for the species in Sicily through the overlapping of
climatic and edaphic parameters assessing whether
limited areas located on the north-eastern slopes of
the island, between 500 and 900 m a.s.l., in fresh and
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deep soils, were suitable. Indeed, optimal areas for
productive purposes, where (o.t.) “at the culmination of the mean increment, annual wood production may even exceed 20 m3 ha-1….altogether represents less than 1% of the regional area” (Eccher
1969). Taking into account the greater profitability of
agricultural crops in many of these areas, the author
came to the natural conclusion that (o.t.) “its spread
on the island can only be limited”. This is, in fact,
what happened in Sicily where Monterey pine plantations are very rare and localized and pursue protective purposes only. By contrast, interest in the species
has fluctuated over time in Italy as a whole. On the
basis of good results observed in experimental plots,
Allegri (1962) argued that experimentation with P. radiata (o.t.) “deserves to be resumed and extended”.
With this goal in mind, the Rome Agricultural and Forestry Experimentation Center set up approximately
50 plots comparing production performances from
different provenances (Giordano 1970). P. radiata
was considered one of very few exotic species (o.t.)
“capable of ensuring rapid growth and high productivity at the end of the rotation period” (Ciancio et al. 1980) and for which ample opportunities
for productivity increases based on careful choice
of planting areas using high-quality planting material
and adopting appropriate cultivation treatments exist (Ciancio et al. 1980, 1981-1982). Accordingly, it was
regarded as one of the species best suited to wood
arboriculture (Ciancio et al. 1980, and 1981-1982) and
(o.t.) “among the conifers it is the fastest growing”
(Ciancio et al. 1981-1982). Such expectations have
been corroborated by productivity data from historic Italian plantings, where MAIs between 15 and 18
m3 ha-1 at 20-25 years have been reported (Eccher et
al. 1986), as well as by recent data. At Massanova, at
altitudes of 100-300 m a.s.l., MAIs were 19.8 m3 ha-1,
in 19-20 years old plantations (Arcidiaco et al. 2000).
In cooler and more humid sites in the same regions
(altitudes of 700-800 m a.s.l.), higher production levels, rather homogeneous growth rates and excellent
morphological characteristics of tree trunks have
been found. This difference has been attributed to
the fact that (o.t.) “decrease in the duration of the
vegetative stage, following increase in altitude, is
offset by shorter critical summer period length,
when rainfall is rather scarce”. In effect, mortality
rates were found to be lower at higher altitudes. At
Cemola estate (Campania), it has been reported considerably increased MAIs from 9.2 m3 ha-1 in 9-10 year
old plantations (Ciancio et al. 1992b) to 26.3 m3 ha-1
in 19-20 year old plantations (Arcidiaco et al. 2005).
In addition, more than 39% of the tree population fell
within the good fertility class (basal area > 67.8 m2
ha-1). Using these latter and other historical data (Maetzke 1992), Ciancio et al. (2006) compared the wood
production recorded in six tree farms located near
Salerno (Campania), in Mediterranean climate areas, at varying altitudes between 100 and 800 m a.s.l.,
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and under favourable rainfall regimes (at least 1,000
mm per year). MAIs ranged from 15.8 to 26.3 m3 ha-1,
and 19.3 to 20.5 m3 ha-1, in 19 and 20 year old plantings respectively. In tree populations belonging to
the good fertility class (basal area > 50 m2 ha-1), MAIs
were significantly high, ranging from 21.6 to 32.7 m3
ha-1. Even in the low fertility class, MAIs never dropped below 11 m3 ha-1. The significant positive effect
of cultivation practices, especially soil tillage and
irrigation, on increasing P. radiata productivity was
detected early (Giordano 1970). Furthermore, (o.t.)
“the use of carefully selected plant material…the
implementation of the first cultural operations and
thinning, to limit losses due to auto-thinning, are
essential measures” (Ciancio et al. 2006). Considering the main limiting factors (low temperatures and
limited air humidity) for P. radiata growth (Ciancio
et al. 2006), the most suitable areas for productive
purposes have Mediterranean climates with oceanic features, mild winters and relatively cool, humid
summers, mostly in Lauretum and hot Castanetum
belts (Eccher et al. 1986). Combining site suitability
and proper cultivation practices, the MAI of Italian P.
radiata plantations (12-16 m3 ha-1) fall within the global range, which is between 12 and 34 m3 ha-1 (Mead
2013).

Discussion and conclusions
This paper confirmed that maximum FGS productivity in Sicily is affected by intrinsic species traits,
environmental characteristics and cultivation techniques (Table 1). Although the area estimated to be covered by wood arboriculture plantations in Sicily is a
small percentage in national terms (Centro di Ricerca Foreste e Legno 2017) (Table 2), such plantations
may effectively occupy larger areas and show great
future development potential. This review focused
on tree species considered, either effectively or potentially, most important for Sicily and Southern Italy
in terms of early fast growth and wood production.
Other restricted ecological niche species in Sicily,
such as poplar (Clerici and Asciuto 1991, Cassarà
2001), black locust (La Mantia et al. 1999) and other
acacias, which have not been considered in the current research, may also generate interesting results.
This research supplements recent work in Sicily to
define the ecological suitability of woody species
for the various Sicilian environments (Maetzke et al.
2008 and 2017, La Mela Veca 2009) and it may help
avoid repeating past errors and mistaken choices
(La Mantia et al. 2000 and 2004, La Mantia 2002). In
the most suitable and fertile sites, the two most widespread eucalypt species on the island, namely E.
camaldulensis and E. globulus, achieved high MAIs.
In ecologically suitable sites, and applying arboriculture for biomass production cultivation techniques,
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eucalypts seem to stand out among the broadleaved
species. Although long-term consolidated knowledge and robust experimentation is lacking, some
hybrid clones are generating promising high growth
rates and outstanding wood production (Mughini et
al. 2014). However, suitable sites are neither common nor particularly representative of the average
environmental conditions in which eucalypts were
extensively planted in Sicily. Indeed, in inland hilly
areas, particularly vulnerable to summer drought,
with poor and/or poorly developed soils, eucalypt
plantation MAIs are considerably lower. In such limited ecological conditions, it is worth remembering
that “enabling the species to express the productive
potential” often entails use of significant energy or
water inputs. Hence, careful and in-depth consideration of the effective environmental sustainability
of intensive cultivation systems is needed. Other
promising broadleaves (e.g. A. altissima and A. saligna) suffer from the far from negligible drawback
of being harmful invasive species which may spread
and invade natural habitats of particular scientific
interest. Therefore, their exploitation should be limited to areas in which they are already present, as an
alternative way of control, or those considerably far
away from ecologically important to areas. Although
the search for exotic species at a national level has
mainly regarded conifers, few of these have provided
satisfactory results in Sicily and Southern Italy. On
the contrary, the most suitable species are probably
native species which are already widespread at a regional level. In strongly limited ecological contexts,
such as xeric environments, on nutrient-poor and
shallow soils, including clayey soils, from sea level
up to 500 m a.s.l., the Aleppo pine seems to be the
species best suited to meeting both environmental
and productive needs. In better ecological conditions
such as high and medium hilly areas on sufficiently
developed soils, P. brutia seems preferable as it can
produce a higher quantity of wood of presumably
better quality as a consequence of the good shape
and structure of its main trunk and branches. Two
conifers which could be used on specific sites are the
Radiata pine and the Canary Island pine. The former
is well suited to thermophilous areas with high atmospheric humidity, from 500 to 900 m a.s.l. Knowledge
of the productive potential of the latter is still limited, but some of its characteristics are interesting.
In conclusion, the productivity data collected seems to confirm that wood arboriculture is feasible
even in Mediterranean contexts (o.t.) “provided that
intensive cultivation modules are adopted and that
fast-growing forest species are used in areas with
characteristics corresponding to their ecological
needs” (Arcidiaco et al. 2000).
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Table 2 - Wood arboriculture plantations in Sicily (Centro di ricerca Foreste e Legno 2017, modif.).
Type

Most common species1

Specialized poplar plantations

Populus spp.

Wood plantations of other hardwood species

Juglans regia L., Prunus avium L., Ceratonia siliqua L.

Wood plantations of chestnut

Castanea sativa Mill.

Wood plantations of softwood species

Pinus halepensis Mill., Cupressus spp., Pinus pinea L.

Total

Area
(ha)

Relative
contribution
to National
area (%)

25

0.1

2,725

6.6

100

2.1

2,575

59.2

5,425

5.6

1: Information is from Hofmann et al. (2011).
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