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As a consequence of past deforestation, degraded areas in Italy have been subjected
to afforestation since the beginning of the XXI century. These afforestations have been
done mainly with conifers (Pinus nigra, Pinus pinaster, Pinus halepensis, Pinus pinea),
and with the aim to 1) protect the soil and to 2) prevent floods. Exotic forest tree
species have been used for the afforestation of selected sites of the Apennine. In the
case of Douglas fir, it is possible to state that after ninety years the results are very
good in terms of both ecological adaptability and high growth-rate.
Nowadays, the lack of silvicultural treatments, the ageing processes, insect and fungi
outbreaks have led pine afforestations to a condition of an unsteady biological
equilibrium in many sites. Moreover, this condition seems to be due to additional
factors related to climate change such as wind storms and dryness. The restoration of
these pine afforestations is therefore one of the main aims of the present Italian forest
management policy which aims to increase their level of resilience. In particular, the
priority of the researchers has been given to the most fragile stands where three
possible objectives of restoration measures should be considered:
1. To rehabilitate conifer stands by introducing native broadleaves when these
stands are in a very degraded condition, and when the local wood energy chain needs
to be started;
2. To conserve the conifer stands in the cases where the cultural, aesthetic and
recreational functions, are the prevailing obtainable ecosystem services;
3. To foster the mixed stands, with the conifers of the old cycle and native
broadleaves, which could increase resilience to the extreme events.
In regards of Douglas-fir stands, new silvicultural models have been developed which
aim to a) conserve these stands and to b) combine a higher growth rate with a much
improved mechanical tree stability.

Keywords
Afforestation; Exotic forest tree species; Forest restoration

Contents

Reforesta Scientific Society

1
2
3
4

Ital ian fo r es t p o li cy
Con if e r a f for e sta tio n s
Man a g em en t op t ion s
For e st r e stor ati on
4. 1
Gr ad u a l r e mo vi n g cu t s

51
52
53
53
54

50

REFORESTA (2016) 2: 50-59

5
6
7
8

4. 2 Str ip -cu ttin g s sy st e m
4. 3 Gap - cu tt in g sy st e m
4. 4 Var ian t w ith n atu ral r eg en era tion
4. 5 Var ian t w ith art i fi cia l b r oad l ea v ed p lan t ati on s
4. 6 Var iat ion w ith so w in g o f n a ti v e con i f er s
Bro ad l ea v e s p lan t ati on s
Re s tora tio n p er sp e cti v e s u n d e r c li ma t e ch an g e
Con clu s ion s
Re f er en c e s

La Marca et al.
54
55
55
56
56
56
57
57
57

1 Italian forest policy
Afforestation has been historically the main tool of the Italian forest and
mountain policy (Lazzarini 2002). Afforestation activity starts with the first Italian
Forest Act of 1877 and continues with Forest Act of 1923 until the 1970s. The
legislator's objectives have been the soil protection and an attempt to find a solution
to unemployment in mountain areas. The main problem with soil erosion was due to
the serious state of degradation of the lands and woodlands which characterized the
end of the 19th century with the consequence recurrence of flood events. During the
1970s, afforestation objectives have focused more on wood production which, thanks
to State funding, gave rise to great interventions, especially in the southern and
insular Italy.
By the 1980s, nearly 1,100,000 hectares had been afforested. Conifers were
the most used species because they gave assurances of rapid initial establishment and
development to allow a prompt and effective soil cover and greater adaptability to soil
heterogeneity. In descending order, the interested species were the following: Black
pine (Pinus nigra sl), Maritime pine (Pinus pinaster Ait.), Aleppo Pine (Pinus halepensis
Mill.), Umbrella pine (Pinus pinea L.). Furthermore, even some other exotic forest
species (Douglas fir, Radiata pine, Cedars) have produced good results as shown by a
series of experimental trials (Ciancio et al. 1984, 1997).
Other particular aspects have distinguished the Italian forestry system. First of
all, during the 1930s poplar plantations that supply paper and panels industries, have
been subjected to a considerable development in the Po Valley with a maximum in the
late 1960s. Currently, the area has been reduced to approximately 80,000 hectares.
The best result obtained by these practices was the selection of poplar hybrids that
are now known worldwide (I 214, Luisa Avanzo, etc.). Secondly, between the 1950s
and the 1980s, about 72,000 hectares of eucalyptus were established in the south of
Italy (Eucalyptus globulus Labill. ssp. bicostata, E. globulus Labill. ssp. globulus, E.
occidentalis Endl, E. x trabutii M. Vilm., E. camaldulensis Dehnh., E. viminalis Labill).
Approximately 54,000 of them were used for soil protection and wood production.
Thirdly, from 1994 to 1999, about 100,000 hectares of pure or mixed broadleaves
were established in Italy (with EU funds in the implementation of policies on setaside). In particular, in the 75% of afforestations were used high quality wood tree
species (common walnut, wild cherry, maples and ashes, etc.), whereas in the 22%
were used hybrid poplars. Negligible were the interventions with conifers (Colletti
2001).
If one compares the past with the present situation, it is possible to realize
that there has been a turning point in the way that afforestation measures are
considered. The changes regard: a) a passage from State- to private-interventions, b) a
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change in plant species adoption from coniferous to broadleaved species; and c) a
change from afforestation on large bare lands to small farmlands.

2 Conifer afforestation
The general results obtained with conifer afforestations have been positive
during the early years in regard of seedling establishment and development. In
particular, the operators have noticed occurrence of remarkable effects from both a)
soil-conservation and b) socio-economic point of view. On the other hand, when
considering wood production these afforestations have resulted to be largely
unproductive for several reasons such as: 1) the adoption of not-adequate cultivation
techniques, 2) the lack of planning and lack of financial resources; 3) the onset of
timber market crisis in recent decades.
Mainly in the pinewoods, the absence of thinning produced a high level of
stand-density. In addition other negative factors were active in these afforestations
such as: 1) a structural fragility; 2) the arrest of dynamic processes; 3) a high
susceptibility to damages from winds and storms; 4) the spread of insects and
pathogens. Part of these afforested stands are 80-130 years old, and for this reason
they have reached a stage of biological maturity characterized by a fragile biologicaland mechanical-stability.
On the contrary, Douglas fir afforestations have been successful firstly
because they have been established on better sites and secondly because they have
been thinned regularly due to financial return.
The restoration interventions and the consequent type of management to be
adopted for conifer afforestations depends upon a) the ecosystem service selected
and b) their degree of bio-structural evolution.
In regard of the ecosystem services to perform there could be two cases:
1) Soil protection.
By taking into consideration the characteristics of the sites where these afforestations
were established, it is possible to state that they are generally susceptible to be
restored.
2) Wood production.
When these afforestations have regarded unadapted sites it is possible to foresee that
they will be unable to provide future satisfying production increments. For this reason
these type of afforestations could be subjected to restoration. Instead, when these
afforestations were made on successful sites, they could be conserved and actively
managed.
In regards of the degree of bio-structural development there could be two
different cases but it is possible to predict the afforestation intervention for both:
1) Sites characterized by dynamic processes of evolution.
2) Sites characterized by absence of dynamic process of evolution.
The above elements are important to choose the future choice of forest
restoration strategies.
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3 Management options
Where conifer afforestations have been encroached by broadleaves under
canopy cover, a gradual transformation into mixed broadleaf stands with a component
of the old conifers is predictable. These will be generally stands of high naturalistic and
aesthetic, even if they have a low economic value.
Conversely, in cases where conifer afforestations are characterized by a high
tree density, there could be an intrinsic structural fragility (high slenderness ratios h/d,
etc) which makes it extremely difficult (if not impossible!) to maintain these stands
under such conditions by taking into account their susceptibility to fires, wind
damages, and insect outbreaks as well.
When afforestations are in good conditions (as it seems to be the case of
those located in deep and flat soils), the assumption could be made that the best
strategy could be to conserve these stands. A significant example are the Douglas-fir
plantations that in some Italian regions have reached important surfaces extensions
(15-20,000 hectares the total Italian surface area).
According to recent investigations conducted by La Marca (2016), these stands
gave a production of 700-750 m3 ha-1 after 45 years with an annual mean increments
(main crop) of about 15 m3 ha-1 yr-1. In some Douglas fir stands, natural regeneration
has also been observed (La Marca and Pozzi 2016). This last aspect highlights the
occurrence of a high resilience to biotic and abiotic stressors, and this element is very
important to ensure the conservation of these species. Despite the current economic
crisis of timber which affects the majority of European countries, there are signs that
induce to foresee an increasing demand of woody products for the coming future.

4 Forest restoration
The restoration (or rehabilitation, into mixed broadleaved or coniferbroadleaved forests) of conifer man-made stands represents one of the main
objectives of forest policy in many countries. (Malcolm et al. 2001; Kenk and Guehne
2001; Mc Alpine and Drake 2003; Spiecker et al. 2004; Hansen and Spiecker 2005; Kint
et al. 2006; Dekker et al. 2007; Wang and Liu 2011; Harmer et al. 2012; Muscolo et al.
2014). The problem of restoration has arisen in Italy since reforestation with pines had
been performed. After a first transitional phase, the preparatory species are is
replaced with definitive ones. For the Black pine stands, which are the most consistent
in the Apennines, restoration is one of the main objectives of their management (La
Marca 1998, 1999; Mercurio 2010, 2015).
The objectives of forest restoration are the following:
- To steer the stands toward greater compositional and structural
complexity;
- To reactivate the natural dynamics, i.e. the mechanisms of self-regulation;
- To enhance the forest system resistance and resilience to environmental
stresses;
- To increase soil fertility; and
- To obtain biomass for energy uses.
The choice of the intervention depends on stand features (tree composition,
density, age, phytosanitary state, degree of natural encroachment of broad-leaves, soil
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evolution, longevity), on the sites features (altitude, exposure, geo-pedology and
climate) and on the objective of the restoration.

4.1 Gradual removing c uts
Gradual removing cuts can be applied to two storied stands (an upper-storey
of conifers that dominate an under-storey of encroached broadleaves) and consists in
the removing the upper storey of conifers. This intervention is performed ignoring the
rotation age, but evaluating the phytosanitary, structural and dynamics conditions.
Gradual removing cuts may be applied by thinnings, strip-cutting, or small clearcutting (<10,000 m2) of different configuration.
De Mas (1993) reports experiences carried out in the Venetian Pre-Alps, in a
50 years old Black pine afforestation with phytosanitary problems but characterized by
regeneration of a good under-canopy cover of broadleaves. In these experiments two
theses were compared:
a) the total elimination of Black pine of old cycle and the consequent
broadleaves release
b) b) the elimination of the 80% of the old pines, by releasing 100-150 pines
per hectare (biological heritage) and broadleaves.
The best results were obtained with the complete pine-removal which
facilitates the growth of broadleaves such as manna ash (Fraxinus ornus) and
hornbeam (Ostrya carpinifolia). Based on these initial experiences, a lower
environmental impact intervention was proposed. In this case, by starting from
regeneration nuclei, alternate strip-cuttings 10 m wide were carried out, with a slight
inclination downwards to obtain a 'herringbone' pattern with pine strips of the same
width.
In Black pine afforestations located in Casentino Mountain (Tuscany) Bianchi
and Paci (2003) a cultural model was applied based on a progressive reduction of pine
cover. In the first phase two or three interventions, aimed to obtain a two-storey
structure, with 50-70 large trees on the upper storey and broadleaves in the lower
storey. In these cases, the pine trees could be kept up to their natural mortality, or cut
down in order to speeding up the transformation into the new stand dominated by
broadleaves (linden, ash, mountain elm and maple).
Another example was undertaken in 70-years old afforestations of Black pine
in the Chianti district (Tuscany), where there was extensive broadleaved regeneration
(oak, maple, chestnut) in the dominated storey. This intervention consisted of small
clear cuts of 3,000-10,000 m2 of the pine stand and the coppicing of the broadleaves
present under the canopy cover (Nocentini 2008).

4.2 Strip- cuttings system
Experiences of strip-cuts were performed in a 65 years old afforestation of
Black pine on calcareous lithosols, in the Abruzzi Apennines (Pizzoli, AQ). The lack of
thinning operations had resulted in excessive density of the stand followed by an
arrest of its natural dynamics. In fact, in the lower storey, the advanced regeneration
of both a) trees and b) shrubs species was almost absent because of shortages of light
and formation of dense carpets of grasses, mosses and needles. The cuts were done
using a series of 15 m long and 100 m wide strips (3 per hectare to remove the 45% of
the pinewood) alternate with uncut strips. After logging operations, performed with
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three different extraction methods (i.e., horse-powered, forest-winches, and cablecrane) no significant soil damages were observed. Nevertheless, in the first two cases,
occurrence of grasses and mosses removal in nearly 40 percent of the cut surface was
observed, whereas no impact occurred when the cable crane method was used
(Mercurio 2015).

4.3 Gap-cutting system
The gap-cutting system (gap-cutting silviculture -sensu Van der Meer et al.
1999- and gap-based approach -sensu Coates and Burton 1997) attempts to mimic the
natural gap size and frequency observable in gap-disturbed forests where a judicious
use of well-planned partial cutting is applied (Mc Carthy 2001).
This approach has been used in a number of forests types around the world
(Coates and Burton 1997; Coates 2002; Mc Carthy 2001; Diaci et al. 2005; Raymomd et
al. 2006; Cater et al. 2014; Ponzanovic et al. 2014; Vilhar et al. 2015). In particular, gap
cutting is designed to allow the establishment of new regeneration, where this is not
present (Schliemann and Bockheim 2011).
The application of this type of intervention assumes that frequent small-scale
disturbances produce:
- a fine-grained stand texture,
- a multi-aged age structure,
- high variability of tree sizes in a small area,
- continuous (at stand scale) regeneration process,
- small spatial-temporal variation in biomass accumulation.

4.4 Variant with natural regeneration
The first trial was performed in the Abruzzi Apennines (Introdacqua, AQ) Black
pine afforestations in the spring of 2000. Four gaps were opened: 2 in a 50 years old
stand, (85-154 m2) and 2 in 90-years old stand (132-260 m2) by removing soil organic
layer, herbs, and mosses during logging operations. After 15 years of monitoring
(Gugliotta and Mercurio 2003; Mercurio et al. 2009; Muscolo et al. 2011; Mercurio and
Spinelli 2012; Mercurio and Schirone 2015), the results show that all the gaps are well
regenerated. An initial prevalence of Black pine regeneration was followed by a
regressive phase. The last field surveys indicate that the re-arranged vegetation type is
represented in multi-layer structures by holm oak (Quercus ilex) (30% of the canopy
cover) followed by other broadleaves such as hop-hornbeam (Ostrya carpinifolia),
pubescent oak (Quercus pubescens) and manna-ash (Fraxinus ornus), sometimes with
maples and cherries mixed with Black pines. These species are the main component of
the native vegetation type. The optimal size of the gap was, in these cases, higher than
250 m2.
Other experiments on 50-years old Black pine afforestations began in 2003 in
the Calabrian Apennine (Capistrano, VV). The results obtained after 10 years (Gugliotta
et al. 2006; Muscolo et al. 2007; Bagnato et al. 2012; Mercurio e Spinelli 2012;
Muscolo et al. 2014) revealed that in the large gaps (1,520 m2) Black pine regeneration
prevails. In the medium gaps (855 m2), and especially in the small gaps (380 m2), the
late successional species (silver fir and beech) prevail, whereas the Black pine
regeneration presents a subordinate role. These results suggest that, if the aim of
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restoration are the native woodlands, the gaps of 300-400 m2 are the most
appropriate.

4.5 Variant with natural regeneration
With the intent of creating dissemination spots within the stand and in
presence of favorable environmental conditions, broadleaved species have been
planted in opened gaps. For example, Turkey oak (Quercus cerris L.) and sessile oak
(Quercus petraea -Matt.- Liebl.) were planted in a Black pine afforestation 40 years old
Black pine afforestation site in the Calabrian Apennine (Bagnato et al. 2013). In the
Tuscan pre-Apennine (Pratomagno), sessile oak (Quercus petraea -Matt.- Liebl.) was
planted in gaps created in 30-50 years old Black pine afforestations (Cantiani et al.
2003; Plutino et al 2009).

4.6 Variation with sowing of native conifers
The Poletto Method was developed in the Calabrian Apennine (Azienda
Agricola La Foresta at Serra San Bruno, VV) in man-made Black pine stands. This
method consists of applying selective thinnings every 10 years when 20% of the
standing trees are removed. After the last thinning, when trees were about 60 years
old, and crown cover was partially open, a series of tilled strips about 80 cm wide were
made every 3.5 m. In September, silver fir (Abies alba) cones were collected in the
surrounding stands, disjointed and the collected seeds were immediately seeded in
the strips. After a few years when the silver fir seedlings are well established, the old
pine stand is removed in two times. Subsequent treatments consist: 1) cleaning
between the strips (manly bramble, bracken) with brush cutter; 2) cleaning from silver
fir regeneration (Bagnato et al. 2013).

5 Broadleaves plantations
The results obtained with poplar plantations are very positive and the reason
relays on the fact that they have been limited to the very best sites in alluvial plains. In
fact, these plantations represent one of the most important wood resources for Italian
industries.
In the case of eucalyptus plantations, the results are not exactly as expected,
primarily because of the selection of harsh soil conditions and secondly for the
shortage of water supplies. In these cases, the replacement with other species (i.e.
pines) or restoration should be considered.
In the case of broadleaved plantations aimed for high-quality wood
production, the results are often negative. The failure is due to a number of factors
such as: inexperience (use of nursery materials of poor quality, inappropriate soil
preparation, poor knowledge of auto-ecology of the species), economic speculations
that extended the plantations even in unsuitable areas (degraded soils, sites subject to
water stress), and the lack of adequate cultivation techniques. However, there are also
examples of successful plantations. Where these plantations have failed, the total or
partial replacement with the other tree species should be considered (once the cycle
ends); in alternative, return to crop cultivations should be considered.
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6 Restoration perspectives under climate change
Climate change projections indicate that remarkable changes in the regional
climate might occur in the next few decades. A substantial warming and a significant
decrease of precipitation might affect the region in the period 2021-2050 (IPCC 2014).
The worsening of environmental stresses added to the abandonment of forest
practices going on during the last decades could increase beyond any catastrophic
perspective the recurrence of forest fires, wind storm, insect and pathogen attacks,
and the ungulate population explosion. In order to mitigate these consequences many
afforestations, which are in non-optimal soil/climate conditions, should be restored to
strengthen their resilience.

7 Conclusions
All forest restoration initiatives taking place in Mediterranean areas should be
programmed by considering the occurrence of small-scale anthropological and
environmental disturbances. The experiences of new management/restoration
approaches carried out in Italy in many mountain areas, indicate that, in presence of
global change (climate, economic and social), any intervention should take in
consideration the adoption of different cultural techniques in relation to different
ecological and structural situations but also in relation to the degree of social
acceptance of the proposed measures. Moreover, while the climate change effects
remain a long-term perspective with a high margin of uncertainties, at local scale
there are other factors which could affect immediately the success or the failure of
forest management or restoration initiatives. One of those initiatives is the high
pressure of ungulates. Finally, it is necessary that new European and national forest
rules regarding forest restoration should be implemented.

8 References
Bagnato S, Mercurio R, Scarfò F (2012) Conifer afforestations in Italy: an opportunity for wood energy
and
forest
restoration.
L’Italia
Forestale
e
Montana
67
(2):
167-172.
http://dx.doi.org/10.4129/ifm.2012.2.03
Bagnato S, Mercurio R, Scarfò F (2013) Manuale di buone pratiche di gestione forestale in Calabria: i
rimboschimenti di conifere. https://robinwoodplus1.files.wordpress.com/2012/12/manuale-dibuone-pratiche-di-gestione-forestale-in-calabria-i-rimboschimenti-di-conifere.pdf (accessed 7
december 2016)
Bianchi L, Paci M (2003) Tipologia delle pinete di pino nero del Parco Nazionale Foreste Casentinesi,
Monte Falterona e Campigna. Ann. Acc.It. Sc. For., LI: 73-120.
Cantiani P, Ciofini A, Cutini A, Piovosi M, Samaden S. (2003) Prove di rinaturalizzazione di
rimboschimenti di pino nero in Pratomagno (AR). Sherwood 91 (2): 13-17.
Cater M, Diaci J, Rozenbergar D (2014) Gap size and position influence variable response of Fagus
sylvatica
L. and
Abies alba
Mill. Forest
Ecol Manag 325: 128–135.
http://dx.doi.org/10.1016/j.foreco.2014.04.001 0378-1127/
Ciancio O, Mercurio R, Nocentini S (1984) La sperimentazione di specie forestali esotiche in Italia risultati
dopo un sessantennio. Annali dell'Istituto Sperimentale per la Selvicoltura, Vol. XIII, (1982): 107730.
Ciancio O, Mercurio R, Nocentini S (1997) Introduction and cultivation of exotic forest trees in Italy.
Proceedings of a Discussion Meeting: Native and Non-Native in British Forestry. University of
Warwick, March 31- April 2 1995, pp.193-200.

Reforesta Scientific Society

57

REFORESTA (2016) 2: 50-59

La Marca et al.

Coates KD, Burton PJ (1997) A gap-based approach for development of silvicultural systems to address
ecosystem management objectives. Forest Ecol Manag 99: 337-354. DOI:10.1016/S03781127(97)00113-8
Coates KD (2002) Tree recruitment in gaps of various size, clear-cut and undisturbed mixed forest of
interior
British
Columbia,
Canada.
Forest
Ecol.
Manag
155:
387−398.
http://dx.doi.org/10.1016/S0378-1127(01)00574-6
Colletti L ( 2001) Risultati dell’applicazione del Reg. CEE 2080/92 in Italia. Sherwood 70: 23-31.
Dekker M, van Breugel M, Sterck FJ (2007) Effective height development of four co-occurring species in
the gap-phase regeneration of Douglas fir monocultures under nature-oriented conversion.
Forest Ecol Manag 238: 189–198. http://dx.doi.org/10.1016/j.foreco.2006.10.012
De Mas G (1993) Tecniche selvicolturali nel restauro ambientale. L'esempio della rinaturalizzazione di
aree rimboschite con pino nero. Monti e Boschi 44 (1): 16-22.
Diaci J, Pisek R, Boncina A, (2005) Regeneration in experimental gaps of subalpine Picea abies forest in
the Slovenian Alps, Eur. J. For. Res. 124: 29–36. doi:10.1007/s10342-005-0057-7
Gugliotta OI, Mercurio R (2003). Prime osservazioni su tagli a buche in pinete di pino nero in Abruzzo.
Monti e Boschi 54 (1): 18-21.
Gugliotta OI, Mercurio R, Albanesi E (2006) Dinamiche della rinnovazione naturale in tagli a buche in
pinete di pino laricio (Pinus laricio Poiret) dell'Appennino meridionale. Forest@ 3 (3): 380-386.
[online] URL: http:www.sisef.it/. doi: 10.3832/efor0401-0030380
Harmer R, Kiewitt A, Morgan G (2012) Effects of overstorey retention on ash regeneration and bramble
growth during conversion of a pine plantation to native broadleaved woodland. Eur. J. For. Res.
131 (6): 1833-1843. http://dx.doi.org/10.1007/s10342-012-0636-3
Hansen J, Spiecker H, (2005) Conversion of Norway spruce (Picea abies [L] Karst.) forests in Europe In:
Stanturf JA, Madsen P (Eds) Restoration of boreal and temperate forests. CRC Press, Boca
Raton, pp. 339-347. ISBN 9781566706353
IPCC (2014) Summary for policymakers. In: Climate Change 2014: Impacts, Adaptation, and Vulnerability.
Part A: Global and Sectoral Aspects. Contribution of Working Group II to the Fifth Assessment
Report of the Intergovernmental Panel on Climate Change [Field CB, VR Barros, DJ Dokken, KJ
Mach, MD Mastrandrea, TE Bilir, M Chatterjee, KL Ebi, YO Estrada, RC Genova, B Girma, ES
Kissel, AN Levy, S MacCracken, PR Mastrandrea, LL White (eds)]. Cambridge University Press,
Cambridge, and NewYork, pp. 1-32.
Kenk G, Guehne S (2001) Management of transformation in central Europe. Forest Ecol Manag 151: 107119. http://dx.doi.org/10.1016/S0378-1127(00)00701-5
Kint V, Geudens G, Mohren GMJ, Lust N (2006) Silvicultural interpretation of natural vegetation
dynamics in ageing Scots pine stands for their conversion into mixed broadleaved stands. Forest
Ecol Manag 223: 363-370. http://dx.doi.org/10.1016/j.foreco.2005.11.018
La Marca O (1998) La rinaturalizzazione dei boschi italiani. Atti del II Congresso Nazionale di Selvicoltura,
pp. 381-396.
La Marca O (1999) La rinaturalizzazione dei boschi: un impegno per i forestali del 2000. In: Ciancio
O.(ed) Nuove frontiere nella ricerca forestale, Accademia Italiana di Scienze Forestali, Firenze,
pp.165-178.
La Marca O (2016) Realtà e prospettive nella selvicoltura di impianto in Italia: il caso della douglasia
(Pseudotsuga menziesii var. menziesii) . Accademia dei Georgofili, Firenze (in press).
La Marca O, Pozzi D (2016) Dalla selvicoltura d’impianto a quella a rinnovazione naturale. Accademia dei
Georgofili, Firenze (in press)
Lazzarini A (ed.) (2002) Disboscamento montano e politiche territoriali. Alpi e Appennini dal Settecento
al Duemila. Franco Angeli, Milano pp. 608. iSBN: 9788846439758
Malcom DC, Mason WL, Clarke GC (2001) The transformation of conifer forests in Britain- regeneration,
gap
size
and
silvicultural
systems.
Forest
Ecol.
Manag.
151:
7-23.
http://dx.doi.org/10.1016/S0378-1127(00)00692-7
Mc Alpine KG, Drake DR (2002) The effects of small-scale environmental heterogeneity on seed
germination in experimental treefall in New Zealand. Plant Ecol. 165 (2): 207-215.
doi:10.1023/A:1022247707932

Reforesta Scientific Society

58

REFORESTA (2016) 2: 50-59

La Marca et al.

McCarthy J (2001) Gap dynamics of forest trees: A review with particular attention to boreal forests.
Environ.l Rev. 9: 1-59. DOI: 10.1139/a01-00
Mercurio R (2010) Restauro della foresta mediterranea. Clueb, Bologna, pp. 368. ISBN 978-88-491-33998.
Mercurio R (ed.) (2015) Linee guida per la rinaturalizzazione dei rimboschimenti di conifere in Abruzzo e
per l’utilizzo di biomasse. Linea Grafica editrice, L’Aquila pp.134 ISBN 978-88-95453-26Mercurio R, Spinelli R (2012) Exploring the silvicultural and economic viability of gap cutting in
Mediterranean
softwood
plantations.
For.
Stud.
China
14
(1):
1–63-69.
http://dx.doi.org/10.1007/s11632-012-0103-8
Mercurio R, Schirone B (2015) Black Pine Afforestations in Abruzzo (Central Italy): Perspectives and
management. Journal of Environmental Science and Engineering A 4: 494-500
http://dx.doi.org/10.17265/2162-5298/2015.09.007
Mercurio R, Mallamaci C, Muscolo A, Sidari, M, (2009) Effetti della dimensione delle buche sulla
rinnovazione naturale in rimboschimenti di pino nero. Forest@ 6: 312-319.
http://dx.doi.org/10.3832/efor0591-006
Muscolo A, Sidari M, Mercurio R (2007) Influence of gap size on organic matter decomposition, microbial
biomass and nutrient cycle in Calabrian pine (Pinus laricio Poiret) stands. Forest Ecol. Manag.
242: 412-418. http://dx.doi.org/10.1016/j.foreco.2007.01.058
Muscolo A, Mallamaci C, Sidari M, Mercurio R, (2011) Effects of gap size and soil chemical properties on
the natural regeneration in black pine (Pinus nigra Arn.) stands. Tree and Forestry Science and
Biotechnology 5 (Special issue 1), 65-71.
Muscolo A, Bagnato S, Sidari M, Mercurio R. (2014) A review of the roles of forest canopy gaps. Journal
of Forestry Research 25 (4): 725-736. http://dx.doi.org/10.1007/s11676-014-0521-7
Nocentini L (2008) Rinaturalizzazione dei rimboschimenti. Sherwood 143: 17-20.
Plutino M, Piovosi M, Cantiani P (2009) Rinaturalizzazione dei rimboschimenti di pino nero. Sherwood
150: 9-14.
Poznanovic SK, Poznanovic AJ, Webster CR, Bump JK, (2014) Spatial patterning of underrepresented tree
species in canopy gaps 9 years after group selection cutting. Forest Ecol. Manag. 331: 1–11.
http://dx.doi.org/10.1016/j.foreco.2014.06.029
Raymond P, Munson AD, Ruel JC, Coates KD (2006) Spatial patterns of soil, microclimate, light,
regeneration, and growth within silvicultural gaps of mixed tolerant hardwood–white pine
stands. Can. J. For. Res. 36: 639–651. http://dx.doi.org/10.1139/x05-269
Schliemann S, Bockheim J (2011) Methods for studying treefall gaps: A review. Forest Ecol. Manag. 261:
1143-1151. http://dx.doi.org/10.1016/j.foreco.2011.01.011
Spiecker H, Hansen J, Klimo E, Skovsgaard JP, Sterba H, von Teuffel K, (eds) (2004). Norway spruce
conversion: Options and consequences. EFI Research Report n. 18. S. Brill Academic Publishers,
Leiden, pp. 269. ISBN13: 9789004137288
Van der Meer PJ, Dignan P, Savenh AG (1999) Effect of gap size on seedling establishment, growth and
survival at three years in mountain ash (Eucalyptus regnans F.Muell.) forest in Victoria.
Australia. Forest Ecol. Manag. 117: 33-42. http://dx.doi.org/10.1016/S0378-1127(98)00471-X
Vilhar U, Roženbergar D, Simončič P, Diaci J (2015) Variation in irradiance, soil features and regeneration
patterns in experimental forest canopy gaps. Annals of Forest Science 72: 253–266.
http://dx.doi.org/10.1007/s13595-014-0424-y
Wang G, Liu F (2011) The influence of gap creation on the regeneration of Pinus tabuliformis planted
forest and its role in the near-natural cultivation strategy for planted forest management.
Forest Ecol. Manag. 262: 413–423. http://dx.doi.org/10.1016/j.foreco.2011.04.007

Reforesta Scientific Society

59

