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Tree-oriented silviculture: a new approach for coppice stands

Maria Chiara Manetti, Claudia 
Becagli, Dalila Sansone, 
Francesco Pelleri

Tree-oriented  silviculture  is  an  innovative  approach  of  forest  management
aimed  at  enhancing  a  limited  number  of  early-selected  crop  trees  whose
growth is favored over the full rotation period by applying frequent thinning in
their neighborhood. This approach was originally applied to high forests, but
can also be applied to coppices to maintain or improve biodiversity by select-
ing valuable timber trees and/or minority species as target trees. The main
limitation of this silvicultural option is the need of specialized and qualified
operators in all the phases, from selection of crop trees to logging operations.
In this study, experimental trials were established by the Forest Research Cen-
tre of Arezzo (Italy) to verify the suitability of this approach to different struc-
tural and enviromental conditions. In coppices characterized by fast growing
species such as chestnut, tree-oriented silviculture has been applied to a lim-
ited number of crop trees (50-100 ha) to obtain more valuable and larger-
sized assortments in a shorter rotation period, reducing at the same time the
silvicultural costs. In mixed coppices, where the ordinary management (cop-
picing) was applied, the abandonment or the conversion into high forest gave
rise to a progressive loss in terms of species composition. Contrastingly, thin-
ning focused around a few (5-20) trees of sporadic species allowed to maintain
a high level of biodiversity, and led to favorable conditions for growth and
regeneration of these species.

Keywords: Tree-oriented Silviculture, Valuable Timber, Biodiversity, Thinning
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Introduction
During the past  centuries,  coppice man-

agement  has  been  strongly  affected  by
socio-economic  conditions  and  mainly  ai-
med to address the needs of local commu-
nities and the well-being of  town popula-
tions (Cantiani 2006,  Manetti et al. 2010a).
For  example,  short  rotation  time was re-
quired for coal production, pollarding was
adopted for fodder production (Bargioni &
Zanzi Sulli 1998), and the grazing in the for-
est fostered heavy stand thinnings (Amor-
ini et al. 1979).

Nowadays,  the  forest  structure  of  cop-
pices in Italy reflects either the lack of for-
est  management  or  even  management
practices not related to the ownership and
socio-economics  conditions,  as  well  as  to

stand dynamics and functionality.  The dis-
connection  between  silviculture,  coppice
services and human activity in Italy is a con-
sequence of: (i) the abandonment of rural
areas  occurred  in  the  second  half  of  the
last  century;  (ii)  the  prevalence  and  the
fragmentation of private ownership (66% –
INFC 2005); (iii) the complex and restrictive
national and regional laws (Abrami 2002).
Moreover, the firewood harvested in Italy
has recently become economically unprof-
itable due to the surplus on the local mar-
ket  of  low-cost  firewood  from  abroad
(Anonymous 2014). Indeed, Italy is current-
ly  the  first  importer  of  firewood  world-
wide, though coppice stands represent the
42% (3 663 143 ha) of the total forest area
(8 759 200 ha –  INFC 2005). The most im-

portant consequences are a widespread of
over-aged  stand  structures,  an  extensive
degradation of  coppices,  a  decreasing  in-
terest in local production and a loss of bio-
diversity (Mori & Pelleri 2012).

Nevertheless, some important character-
istics  of coppices deserve to be safeguar-
ded  through  a  suitable  silvicultural  ap-
proach: (i) they provide wood products in
short  time;  (ii)  are  strictly  linked  to  the
presence  of  human  activities;  (iii)  supply
very  important  non-wood  forest  goods
(e.g.,  mushrooms,  truffles,  fruit  berries);
(iv) are established on marginal sites (Ducci
et  al.  2015).  To revitalize the coppice sys-
tem,  the  silvicultural  management  should
be  a  combination  of  different  traditional
and  innovative  options,  according  to  site
characteristics,  stand  structure,  species
composition,  ecological  efficiency,  distur-
bance  factors  and  societal  and  economic
demand. 

Tree-oriented silviculture is an innovative
approach in coppice management aimed at
enhancing a limited number of crop trees
in the forest stand by applying well-defined
silvicultural  practices.  Such  approach  has
been  developed  in  oak  and  beech  high
forests of central Europe, in order to pro-
duce valuable timber of merchantable size
in  shorter  time  with  lower  costs  (Sevrin
1997,  Kerr  1996,  Bastien & Wilhelm 2000,
Abetz & Kladtke 2002, Wilhelm 2003, Oost-
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erbaan  et  al.  2008,  Spiecker  et  al.  2009,
Perin & Claessens 2009, Lemaire 2010, Pel-
leri et al. 2013) or to preserve and increase
the presence of  minor tree species (Spie-
cker 2006, Pelleri et al. 2010, Sansone et al.
2012, Pelleri et al. 2013). Tree-oriented silvi-
culture is  based on the early  selection of
single crop trees  within  the stand whose
free growth is  favored over  the full  rota-
tion period by applying frequent thinning.
This strategy can be carried out in coppices
both to maintain or improve tree biodiver-
sity,  enhancing  the  sporadic  tree  species
like in mixed coppices (Sansone et al. 2012,
Mori  &  Pelleri  2014),  and  to  improve  the
valuable timber trees like in chestnut (Cas-
tenea sativa Mill.) coppices (Manetti et al.
2010a).  This  silvicultural  approach may be
applied in different types of ownership, in
localized but favorable areas, to the whole
stand  or  it  can  be  integrated  with  tradi-
tional  silvicultural  systems  (Fantoni  et  al.
2012, Melini 2013). Its main limitation is the
need of specialized and qualified personnel
in all the phases along the rotation period,
from the selection of crop trees to logging
operations (Manetti et al. 2010b).

The goal of this study is to test two differ-
ent  silvicultural  management  systems  in
coppice stands of different age and speci-
fic  composition,  in  order  to  evaluate  the
growth  dynamics  of  valuable  and  mer-
chantable  trees,  and  the  stand  response
from an ecological and biodiversity point of
view.  In  particular,  we  focused  on  the
short-  and  mid-term  differences  in  tree
growth and stand biodiversity in coppices
managed  under  different  silvicultural  sys-
tems,  in  order  to  verify  the  suitability  of
tree-oriented  silvicultural  practices  to  dif-
ferent site conditions and species composi-
tion, according to multifunctional criteria.

This  study  reports  the  first  results  of
experimental trials established by the For-
estry Research Center  in  Arezzo (Italy)  in
mixed oak and chestnut coppices of  cen-
tral Italy.  In the mixed coppices, the silvi-
cultural  objective was to differentiate the
management and the timber assortments
by maintaining the coppice system to pro-
duce  valuable  timber  from  sporadic  tree
species,  selecting  a  few  target  trees  per
hectare and,  through the conversion into

high  forest,  creating  favorable  conditions
for their growth and natural regeneration.
Contrastingly,  in  chestnut  coppices  the
goal  was  to  obtain  more  valuable  and
larger-sized assortments in a shorter rota-
tion period with lower costs.

Materials and methods

The study areas
The  research  was  carried  out  in  two

important  forest  districts  of  Tuscany (Ita-
ly): Monte Amiata (Siena) and Colline Me-
tallifere (Grosseto), which were character-
ized by  a  wide presence of  coppices  and
an intense human pressure over  the cen-
turies (Fig. S1 in Supplementary material).

Monte Amiata is one of the most impor-
tant areas in Italy for chestnut timber pro-
duction due to its extension (3500 ha, 12.5%
of  the  total  forest  area),  site  quality  and
high productivity. Conversely, in the Colline
Metallifere chestnut has a rather marginal
role (1300 ha, 3% of total forest area), being
mixed broadleaf forests (38 400 ha 80% of
forest area), where Turkey oak is the domi-
nant species, largely prevailing.

Up to the half  of  the last century,  both
the districts  were characterized by  mines
(mercury in Monte Amiata; pyrite, copper,
lead and zinc in Colline Metallifere), which
exploited  wood  products  from  local  cop-
pices. Later, the mining crisis gave rise to a
discontinued use of many coppices for tim-
ber production. Currently, the forest area is
rather fragmented (often in patches < 1 ha)
and  the  private  ownership  is  common  in
both districts (90% in the Colline Metallifere
and 80% in the Amiata).

The  chestnut  coppice  stands  in  Monte
Amiata are located between 800 and 1200
m a.s.l.  on  a  trachyte  bedrock;  the  most
common  soil  is  Andic  Dystrudepts  coarse-
loamy, siliceous, mesic (unit GUA1 –  http://
sit.lamma.rete.toscana.it/websuoli/),  deep,
soft, not gravel, not calcareous, acid, well-
drained.  The climate is  mountain-Mediter-
ranean, with an annual rainfall of 1547 mm
concentrated in autumn and winter, and a
mean annual temperature of 10 °C (Fig. S2
in  Supplementary  Material).  Stand  man-
agement  differs  depending  on  the  prop-
erty: in the public ownership the rotation

time is 25-30 years, with thinning at the mid
of rotation and a low number of standards;
in  private ownership,  the rotation time is
about 16 years, no thinnings are carried out
and  more  than  60 standards  per  hectare
are released.

The study areas on the Colline Metallifere
are  located  from  580  to  750  m  a.s.l.  on
typic ustorthents loamy-skeletal, mixed, cal-
careous,  mesic,  shallow soils  (unit  CBO1)
originated from sandstone and limestone.
The  climate  is  Mediterranean  with  mean
annual  temperature  of  11.7  °C  and annual
rainfall of 1047 mm (Fig. S2 in the Supple-
mentary material). The forest area is mainly
managed  as  coppice  (coppice  with  stan-
dards), though conversion into high forests
has been locally carried out. The prevailing
stand types are Turkey oak (Quercus Cerris
L.)  coppices  and mixed broadleaved cop-
pices with hop hornbeam (Ostrya Carpinifo-
lia Scop.) and flowering ash (Fraxinus ornus
L.);  chestnut coppices show a smaller ex-
tension, but are an important resource for
local population.

Experimental trials
Eleven sample plots (Tab. 1) were estab-

lished in both districts (3 in Monte Amiata
and 8 in the Colline Metallifere) with differ-
ent dominant tree species (chestnut or Tur-
key oak), mixture degree (presence of spo-
radic or valuable tree species), age (from 11
to 48 yrs) and site quality (from medium to
good).

In the chestnut coppices of both experi-
mental  areas,  the impact of  tree-oriented
silvicultural  practices  (thesis  A)  was  com-
pared  with  the  absence  of  management
(thesis C) and with the standard stand silvi-
cultural  practices (thesis B),  characterized
by early  and frequent  thinnings  from be-
low (Amorini et al. 2000, Amorini & Manet-
ti  2002).  In thesis  A,  100 target  trees per
hectare were selected and crown thinning
was carried out to make their crown com-
pletely  isolated  from  the  surrounding  ca-
nopy.  The  thinning  was  focused  only  on
stools,  shoots  and  standards  around  the
target  trees,  whereas  no  treatment  was
applied  in  the  remaining  stand.  Target
trees  were  selected  according  to  tree  vi-
gor,  stem  features,  crown  shape,  lack  of

792 iForest 9: 791-800

Tab. 1 - Main site characteristics and research structure of the analyzed study-cases.

Characteristics
Chestnut coppices Mixed coppices

Monte Amiata Colline Metallifere Colline Metallifere
Age (yrs) 18 24 13-15 47 48
Sample plots 3 3 2 1 2
Site quality Good Medium Good - Medium Good Medium
Management goal High quality timber High quality timber Preserving and 

enhancing biodiversity
Preserving and 
enhancing biodiversity

Preserving 
biodiversity

Experimental 
thesis

(A) Tree-oriented 
silviculture; (B) Stand 
silviculture; (C) control

(A) Tree-oriented 
silviculture; (B) Stand 
silviculture; (C) control

A37 B18 - localized 
thinning from above 
around sporadic tree 
species

A39 - localized 
thinning from above 
around sporadic tree 
species

(A) Tree-oriented 
silviculture; (B) 
Stand silviculture

Altitude (m a.s.l.) 990 720 740 - 580 750 590
Exposure S-SE N-NW NW - NE NW S
Slope (%) 10 20 18 - 25 40 22
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disease  symptoms  (e.g.,  chestnut  blight)
and their spatial distribution. In both A and
B stands, the first thinning was carried out
early (11 yrs in Amiata and 17 yrs in Metalli-
fere).  However,  a  second  thinning  has
been carried out three years later only in A
stands  of  both districts,  to ensure crown
isolation for target trees.

Mixed coppices were analyzed only in the
Colline Metallifere district, considering two
different  study-case:  (i)  young  coppices
(A37 and B18) where the management goal
was to maintain the coppice system to pre-
serve  and  enhance  biodiversity;  (ii)  aged
coppices  (A39, FA and FB) where the con-
version into high forest was carried out to
preserve tree biodiversity. The plots have
been chosen for their relatively high abun-
dance of sporadic species, for suitable site
conditions, good trail density to avoid ex-
cessive costs. In young coppices (i), the tra-
ditional management approach (clear cut-
ting  at  25-30  years)  was  integrated  with
the tree-oriented silvicultural  practices:  5-
20 sporadic tree species ha-1 were selected
and favored by localized thinning at  13-15
yrs.  Tree  competitors  around  the  target
trees  were  removed  and  a  buffer  free
space of 1-3 m (dètourage) was created to
allow the free development of the crown.

In the aged coppices (ii),  thesis  A (tree-
oriented silviculture) was applied in plot FA
and compared with plot FB where thesis B
was applied. During the second thinning in
2007 (at the age of 44 years in FA), 144 tar-
get trees were selected both in the domi-
nant  layer  and  among  sporadic  tree  spe-
cies,  and  their  closer  competitors  were
removed  by  thinning  from  above.  The
same number of crop trees were chosen in
FB, but a thinning from below was carried
out, reducing tree density by 39%.

Mixed coppiced were particularly rich of
sporadic tree species, mainly wilde service
tree  Sorbus  torminalis (L)  Crantz.  There-
fore, tree-oriented silviculture was applied
to  stands  with  different  ages  (the  aged
coppice A39, 47 years old; and the young

coppice A37, 15 years old) to verify the ef-
fect of the same treatment on tree growth
in  stands  characterized  by  different  age,
density, and stools height.

Data collection and analysis
In all experimental plots, the species, the

diameter at breast height (dbh), the total
tree height (H) and the social rank of trees
were measured before (BT) and after thin-
ning (AT) since 2008 to 2014.  In chestnut
coppices, crown development was estima-
ted based on the measure of four orthogo-
nal radii and the main canopy cover charac-
teristics (Leaf Area Index – LAI and trans-
mittance – PAR) was monitored.

For each plot, the following stand param-
eters were calculated before and after the
thinning:  site  quality  (through  the  domi-
nant  height),  stand  density  (number  of
stools, shoots and standards), productivity
(basal area and volume), species composi-
tion (number of species, Shannon index –
Shannon 1948), importance value (average
of relative density  and relative basal  area
of the considered species or layer –  Chap-
man  et  al.  2006).  The  canopy  cover  was
assessed  by  measuring  the  LAI  (using  a
LAI2000 instrument  –  Li-Cor,  Linkoln,  NE,
USA)  and  PAR  (AccuPAR  Ceptometer  –
Decagon, Pullman, WA, USA) according to

Cutini (2001) and Bréda (2003). 
To allow the comparison of the different

silvicultural options, an equivalent number
of target trees (chosen among the largest
trees of the stands) was considered in the
analysis for all the three thesis (A, B, C). For
all  the target  trees,  several  additional  pa-
rameters (height at the crown base, crown
area and stem quality) were recorded.

Differences among the three thesis were
assessed  at  individual  (crop  trees)  and
stand  level  by  comparing  the  current  an-
nual increment in diameter (Tab. 2) and the
crown growth of the target trees, as well
as  the  stand  biodiversity.  Differences  in
current annual increment in dbh (CAI) and
periodical  increment  (PI)  were  tested
through the analysis of variance (ANOVA),
and  compared  by  the  post-hoc  Tukey’s  t-
test. All analyses were carried out using the
R package (http://www.r-project.org/).

Results

Stand characteristics and thinning

Chestnut coppices
The  structural,  ecological  and  stand  pa-

rameters recorded before thinning (Tab. 3)
revealed  the  suitability  of  the  selected
chestnut coppices in both districts for the
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ied plots.  (STD): standard deviation; (Qc); Quercus cerris; (St): Sorbus torminalis. 

Coppice
Type Area

Other
species Plot Obs Mean STD Min Max

Chestnut Monte 
Amiata

- A 23 8.2 1.6 4.8 12.4
- B 24 4.5 1.9 2.1 8.6
- C 24 2.6 0.7 1.1 3.9

Colline 
Metallifere

- A 26 5.1 1.4 2.8 8.0
- B 25 3.3 0.8 1.5 5.7
- C 21 2.2 0.8 0.5 3.5

Mixed Colline 
Metallifere

Qc FA 34 0.3 0.1 0.1 0.7
FB 35 0.3 0.1 0.2 0.5

St A39 52 0.4 0.2 0.0 0.8
A37 44 0.6 0.3 0.0 1.2

Tab. 3 - Chestnut coppices in Monte Amiata (A) and Colline Metallifere (M). Mensurational parameters, tree diversity and impor -
tance value in the study areas before thinning occurrence. (a): Tree-oriented silviculture (b): stand silviculture; (c): control.

Study area Aa Ab Ac Ma Mb Mc
Year of the thinning 2007 2007 2007 2008 2008 2008
Age (years) 11 11 11 17 17 17
Dominant height (m) 13.2 13.0 13.1 15.4 15.4 15.5
Number 
(n ha-¹)

Stools 968 800 736 1324 888 943
Shoots 6012 5972 5708 3588 2668 2449
Standards 84 68 88 68 72 64
Total 6096 6040 5796 3656 2740 2513

Basal area 
(m² ha-¹)

Shoots 25.71 23.49 23.43 29.55 22.80 18.23
Standards 6.74 7.07 7.18 2.43 3.98 5.29
Total 32.45 30.56 30.61 31.98 26.78 23.52

DBH (cm) Shoots 7.4 7.1 7.2 10.2 10.4 9.7
Standards 32.0 36.4 32.2 21.3 26.5 32.4

Tree diversity Shannon index 0.00 0.00 0.00 0.88 1.01 1.20
Number of species 1 1 1 7 7 6

Importance 
value (%)

Chestnut 100 100 100 80 82 72
Dominant layer 44 39 44 37 46 50

Canopy 
characteristics

LAI (m² m²) 6.28 5.61 6.31 5.3 5.1 5.2
Transmittance (%) 1.75 1.52 1.38 3.5 3.6 3.4

http://www.r-project.org/
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application of a silvicultural approach aim-
ed at producing high quality timber assort-
ments.  The  stands  in  both  areas  showed
good  site  quality,  adequate  number  of
stools,  high  productivity,  a  well-defined
dominant  layer  and  proper  values  of  LAI
(6.07 and 5.40 in Monte Amiata and Colline
Metallifere,  respectively)  and  PAR  (1.68

and  4.51,  respectively  –  Cutini  &  Fabbio
1997).  The  main  differences  were  related
to the age of the first thinning (11 years in
Monte Amiata and 17 years in Colline Met-
allifere) and the species composition (pure
chestnut in Monte Amiata, while up to 20%
in  number  and 15% in basal  area of  other
species – mainly Turkey oak – in Colline Me-

tallifere). 
In  the  studied  chestnut  coppices,  the

thinning carried  out  in the two thesis  (A:
from above; B: from below) was character-
ized  by  different  frequency  and  intensity
(Tab. 4),  resulting from differences in the
social rank of the harvested trees (Fig. 1).
In  both  districts,  an  additional  thinning

794 iForest 9: 791-800

Fig. 1 - Percentage of basal area (BA) 
removed by thinning  per social class in 
chestnut coppices managed under the two 
thesis (A: single-tree  silviculture; B: stand 
silviculture) in the two districts analyzed 
(Amiata and Metallifere). (D): dominant; (I): 
intermediate; (d): dominated.
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Tab. 5 - Structural parameters, tree diversity and importance value in mixed coppice plots before thinning in the Colline Metallifere.
(Qc): Quercus cerris; (Qp): Q. petraea; (Qcr): Q. crenata; (Qi): Q. ilex; (Fo): Fraxinus ornus; (Ac): Acer campestre; (At): A. monspessu-
lanum; (Oc): Ostrya carpinifolia; (Ia): Ilex aquifolium; (Jc): Juniperus communis; (Ms): Malus sylvestris; (Cm): Cornus mas; (Um): Ulmus
campestris; (St): Sorbus torminalis; (Sd): S. domestica; (Pp): Pyrus pyraster.

Parameter B18 A37 A39 FA FB
Year of the thinning 2011 2011 2011 2007 2007
Age (years) 13 15 47 44 44
Dominant height (m) 9.8 14.9 17.1 15.7 17.2
Number 
(n ha-¹)

Stools 1700 1201 1823 1363 1450
Shoots 2809 5111 2926 1500 1494
Standards 64 181 206 109 84
Total 2873 5292 3132 1609 1578

Basal area 
(m² ha-¹)

Shoots 10.27 11.01 25.97 20.26 20.58
Standards 1.57 5.92 7.85 3.27 2.33
Total 11.84 16.93 33.82 23.53 22.91

DBH (cm) Shoots 6.8 5.1 10.6 13.1 13.2
Standards 17.7 20.4 22.0 19.5 18.8

Tree diversity Shannon index 0.51 1.48 1.69 1.12 0.85
Number of species 6 6 6 13 12

Importance value 
(%)

Main species 93 94 93 88 92
Secondary species 6 1 1 7 4
Valuable species 1 5 6 5 4

Tree species Main species Qc Qc Fo Ac Qc Oc Fo Qc Qc
Secondary species Qp Fo Qp Ac Ac Ia Qp Jc Ms Fo Ac

At Cm Ia Um
Qp Jc Ms Fo
Ac Qcr Qi Ia

Valuable species St Sd Pp St St St Sd Pp St Sd Pp

Tab. 4 - Chestnut coppices. Number of selected target trees, thinning intensities and characteristics (I th: first thinning in thesis A
and B, simultaneously; II th: second thinning only in thesis A) carried out in chestnut coppices managed under the two theses (A:
tree-oriented silviculture; B: stand silviculture) in Monte Amiata and Colline Metallifere. (Cs): Castanea sativa; (Qc): Quercus cerris.

Parameter
Amiata Metallifere

A I th A II th B I th A I th A II th B I th
Target trees (n ha-¹) 96 96 96 100 100 100
Age of thinning 11 14 11 17 20 17
Removed trees (n ha-¹) 1444 1124 3592 1320 340 1508
% per species 100 Cs 100 Cs 100 Cs 80 Cs 77 Cs 85 Cs

- - - 18 Qc 20 Qc 8 Qc
Removed BA (m² ha-¹) 10.06 8.39 13.61 12.58 4.31 10.43
% per species 100 Cs 100 Cs 100 Cs 76 Cs 81 Cs 89 Cs

- - - 22 Qc 18 Qc 6 Qc
N (%) 24.0 29.0 59.0 36.1 16.9 55.0
BA (% ) 31.0 29.0 45.0 39.3 19.0 38.9
DBH (cm) 9.4 9.7 6.9 11.0 12.7 9.4
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after three years was necessary in thesis A
to ensure the crown isolation of the target
trees. However, the faster canopy recover
observed in the Monte Amiata required a
larger tree removal as compared with the
Colline Metallifere stands, likely due to the
higher site fertility and the younger age of
trees at the former site. Overall, consider-
ing  the  two thinnings,  the  basal  area  re-
moved was higher in the thesis A than in B
for both districts (Tab. 4).

Mixed coppices
The main  stand parameters  recorded in

the  study  areas  before  thinning  are  re-
ported in Tab. 5. The young mixed coppices
(B18 and A37) showed different values of
dominant height, density and productivity,
which were much more higher in A37 than
B18, as well as the tree biodiversity (Shan-
non index = 1.48 and 0.51 in A37 and B18,
respectively).

The studied aged coppices (A39, FA and
FB) had similar values for most parameters,
except site quality (which was lower in FA)
and  the  stand  density  and  productivity
(higher in A39). As for species composition,
the number of sporadic and valuable tree
species was higher in FA (13) and FB (12),
while Shannon index was higher (1.69) in
A39  than  in  FA  and  FB  (1.12  and  0.85,
respectively).  Sorbus spp.  was  the  most
important sporadic species in all  analyzed
plots.

In the plots B18, A37 and A39 the applied
silvicultural  practices  were  aimed  at  en-
hancing biodiversity and improving timber
quality  of  sporadic  species,  while  conver-
sion  into  high  forest  was  carried  out  ac-
cording  to  tree-oriented silviculture  in  FA
and  stand  silviculture  in  FB.  In  the  first
case, thinning intensity was lower (Tab. 6)
as  harvesting  was  carried  out  mainly
around the target trees. In B18 the thinning
affected almost exclusively Turkey oak (91%
of removed basal area), while in the other
two areas (A37 e A39), also other species
(34% in A37 and 31% in A39) and some valu-
able tree species (7% in A37 and 2% in A39)

were removed.
In FA and FB stands, a first thinning from

below was carried out in 2001 by the Forest
Municipality,  before  the  establishment  of
the experimental plots. In 2007, 144 target
trees per hectare, chosen among the most
vigorous Turkey oaks and valuable sporadic
species,  were selected in both FA and FB
plots to verify the growth differences after
the silvicultural approach applied. In both
areas, thinning involved almost exclusively
Turkey oak and the dominant layer (81% in
FA and 68% in FB), which represented 80%
of the basal area before thinning. The tree-
oriented practices applied mainly impacted
the dominant layer, thus the mean diame-
ter of removed shoots was higher (14.2 vs.

12.5),  despite a lower thinning intensity in
terms of basal area (Tab. 6).

Chestnut coppices

Growth performances
ANOVA results  based on current  annual

increment (CAI) of selected (target) trees
collected before the first thinning did not
reveal significant differences among theses
(A vs. B and C) and districts (Monte Amiata,
Colline Metallifere). In contrast, significant-
ly higher CAIs of the target trees after thin-
ning  was  observed  in  all  thesis.  As  ex-
pected, such increments were much higher
for thesis A, where the target shoots were
completely  isolated  and  the  competition
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ryTab. 6 - Number of selected target trees, thinning intensities and characteristics of the mixed coppice plots in the Metallifere dis-
trict. (Qc): Quercus cerris; (Qp): Q. petraea; (Qcr): Q. crenata; (Qi): Q. ilex; (Fo): Fraxinus ornus; (Ac): Acer campestre; (At): A. monspes-
sulanum; (Oc):  Ostrya carpinifolia; (Ia):  Ilex aquifolium; (Jc):  Juniperus communis; (Ms):  Malus sylvestris; (Cm):  Cornus mas; (Um):
Ulmus campestris; (St): Sorbus torminalis; (Sd): S. domestica; (Pp): Pyrus pyraster.

Parameter B18 A37 A39 FA FB
Target trees (n ha-1) 19 28 41 144 146
Valuable species 13 Sd 28 St 23 St 13 Sd, 3 St 29 Sd
Other species Qc Qc Fo Ia Qc Qp Fo Ac Um Qc Fo

Removed trees (n ha-1) 160 368 246 437 606
% per species 88 Qc 13 Qc 46 Qc 94 Qc 97 Qc

12 Fo 53 Oc, 28 Fo 28 Oc, 22 Fo 4 Qp+Fo 3 Qp+Jc+Qi
- 6 St 4 St 2 Pp+St -

Removed BA (m² ha-1) 0.57 1.41 3.23 6.93 7.39
% per species 91 Qc 59 Qc 67 Qc 97 Qc 98 Qc

9 Fo 25 Oc, 9 Fo 14 Oc, 17 Fo 2 Qp+Fo 2 Qp+Jc+Qi
- 7 St 2 St 1 Pp+St -

N (%) 5.6 7.0 7.8 27.2 38.4
BA (% ) 4.8 8.3 9.5 29.5 32.3
DBH (cm) 6.7 7.0 12.9 14.2 12.5

Fig. 2 – Trends of current annual increment (CAI) in diameter at breast height (± stan-
dard error) of the chestnut target trees in the three theses (A, B, C: different silvicul -
tural approaches) in the two districts analyzed. (At): after thinning.
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reduced  (Fig.  2).  In  Monte  Amiata,  the
growth  rate  resulted  fairly  constant  over
time  as  a  consequence  of  the  two  thin-
nings carried out, while in the Colline Me-
tallifere the trend was slowly  decreasing.
In  this  case,  such  negative  response  to
thinning  can  be  attributed  to  various
causes  (e.g.,  low  intensity  of  thinning,
stand age, stand fertility, seasonal climatic
trend, etc). In addition, the presence of the
gall  wasp  (Dryocosmus  kuriphilus Yasu-

matsu)  at  the  experimental  sites  of  both
districts  was  first  recorded  in  2011.  How-
ever, a reduction in tree growth after 2011-
2012 was observed in all the three theses,
though growth was higher  in  thesis  A  of
Monte  Amiata  compared  to  B  and  C
stands, which in turn showed similar values
to  those  recorded  in  the  Metallifere  dis-
trict. 

ANOVA and the Tukey’s t-test (Fig. 3) re-
vealed  significant  differences  in  periodic

increments (PI) among the three silvicultu-
ral options over the whole period of obser-
vation (6 years in Metallifere and 7 years in
Amiata).  For both districts,  the larger dif-
ference  in  diameter  PI  was  recorded  be-
tween the thesis A (characterized by two
closed  thinnings)  and  control  plots  (C),
while  the  smaller  was  between  C  and  B
stands,  where  only  one  thinning  was
applied during the study period.

Canopy characteristics
Annual  LAI  values  reflected  the  stand

capacity to restore canopy cover under the
different  silvicultural  options  (Fig.  4).
Before  thinning,   LAI  was  6.7  and  5.5  in
Amiata  and Metallifere,  respectively,  indi-
cating a  good level  of  stand functionality
with respect to the stand age in both dis-
trict. In the first year after thinning LAI val-
ues decreased significantly in thesis A and
B (depending on thinning intensities); how-
ever, the differences tend to disappear in
short time (2-4 years, depending on stand
age). The effect on LAI of second thinning
carried  out  in  thesis  A  showed the  same
pattern.

The  periodic  increment  of  crown  radius
(PIcr) recorded in the three years after the
first thinning, reflected the good reaction
of  the  selected  trees  under  the  tree-ori-
ented silvicultural  approach on both sites
(Tab.  7).  In  Monte  Amiata  (younger  and
more fertile stands), PIcr mean values were
three times higher in the option A (0.72 m)
than in the other two options, and no sig-
nificant  differences  have  been  observed
between B (0.26 m) and control plot (0.23
m) in  this  first  period.  Similar  differences
were  observed  in  the  Colline  Metallifere,
but the values were lower according to the
adopted silvicultural system (A = 0.54; B =
0.26; C = 0.11).

Mixed coppices

Tree biodiversity
In young coppices the highest biodiversi-

ty values were observed in A37, also char-
acterized by the highest fertility. Thinning
did not seem to affect species composition
and dynamics in the two plots (Fig. 5).  In
aged coppices, the differences detected in
Shannon  index  values  were  likely  due  to
stand density (as in the plot A39, character-
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ry Fig. 3 - Analysis of variance and 
results of the Tukey’s test for 
multiple comparisons of peri-
odic increment in diameter 
(PIdbh) of the chestnut target 
trees between the three theses 
(A, B, C: different silvicultural 
approaches) in the two districts
analyzed (Amiata e Metallifere).

Fig. 4 - Mean annual LAI values recorded in chestnut coppice plots managed under
the three thesis (A, B, C: different silvicultural approaches) in the two districts ana-
lyzed. (at): after thinning; (bt): before thinning.

Tab.  7 -  Mean periodic increment of  crown radius (in m, ±  standard error)  of  the
selected target trees in chestnut coppices and differences among the three theses in
Monte Amiata and Colline Metallifere. (A): tree-oriented silviculture; (B): stand silvi-
culture;  (C):  control.  Different lowercase letters indicate significant differences be-
tween means after Tukey’s test (p<0.05).

Thesis Amiata Metallifere
A 0.72 ± 0.06 a 0.54 ± 0.05 a

B 0.26 ± 0.04 b 0.26 ± 0.05 b

C 0.23 ± 0.05 b 0.11 ± 0.03 c



Tree-oriented silviculture in coppice stands

ized by the highest values of biodiversity)
and to stand fertility (as in the plot FA, with
higher dominant height values than FB). In
the latter plots, the biodiversity increased
after thinning, independently from the sil-
vicultural  option  applied,  and  remained
steady through time.

Growth performances
In  the  plots  managed  to  enhance  the

presence  of  valuable  tree  species  (plots
A39, A37 and B18), 171 target trees in 23.47
hectares  belonging to  7  different  species
were selected to assess the incremental re-
sponse to thinning and crown isolation. As
expected, CAI increased for all target trees
of all the observed species,  independently
from stand age and site fertility (Fig. 6).

Significant differences in CAI dbh of wild
tree service (the most important valuable
species present in the forest district) were
also found between plots A39 and A37 by
ANOVA and Tukey’s t-test (Fig. 7). Such dif-
ferences turned out to be significant both
before  (2011)  and  after  three  years  since
thinning (2014),  and can be mainly attrib-
uted to stand age, size of competitors, and
thinning intensity,  while the dimension of
the  selected  crop  trees  and  site  fertility
where similar in the two theses.

In the areas  under conversion into high
forest  (FA  and  FB),  no  significant  differ-
ences in CAI were observed 7 years after
thinning among the two treatment applied
(tree-oriented silviculture option, FA; stand
silviculture option,  FB -  Tab. 8).  However,
FA  had  mean  CAI  values  higher  than  FB
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after (AT) the thinning carried out in mixed

coppice plots. Values after seven years from
thinning (white bars) were recorded only

for FA and FB plots.

Fig. 6 – Mean cur-
rent annual incre-
ment in diameter 
(CAI dbh, in cm yr-1) 
of the selected tar-
get trees in the 
mixed coppices 
plots (A39, A37, 
B18), according to 
their species. Error 
bars represent the 
standard error. (Ac):
Acer campestre; 
(Am): Acer monspes-
sulanum; (Ap): Acer 
pseudoplatanus;  
(Ia): Ilex aquifolium;  
(Pa): Prunus avium; 
(Sd): S. domestica; 
(St): Sorbus tormi-
nalis. 

Fig. 7 - Analysis of variance and resuts of the
Tukey’s test for multiple comparisons

among means of current annual increment
in diameter (cm yr-1) of the selected wild ser-
vice trees in mixed coppices managed under

the two silvicultural options (A37, A39), at
the beginning of the experiment  (a, 2011)

and 3 years after thinning (b,  2014). 
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both overall (0.87 vs. 0.78 m2  ha-¹ yr-¹) and
for each of the target species considered
(turkey oak, flowering ash and wild service
tree).  Both  plots  showed  low  mortality
rate and an almost complete recover of the
canopy 7 years after the thinning.

Discussion and conclusions
In  this  study,  tree-oriented  silviculture

practices  applied  to  coppice have proved
to increase the growth of selected target
trees  as  well  as  the  stand  biodiversity  in
terms of valuable timber preservation and
production.

Chestnut coppices
In chestnut coppices the main goal of the

practices applied was the improvement of
valuable timber production. In this context,
the observed tree growth and the recovery
of  biomass  and  canopy  cover  clearly  de-
monstrated the  suitability  of  the  tree-ori-
ented  silvicultural  approach  applied  to
chestnut  coppice  (Manetti  et  al.  2014).
Moreover, the early selection of a limited
number of target trees (50-100 trees ha-1),
to  be  favored  along  the  whole  rotation
period through thinning, led to an increase
in  the  complexity  of  the  stands.  Indeed,
such  management  type  promoted  the
presence  in  close  proximity  within  the
same stand of  different  vertical  and hori-
zontal structures (unmanaged coppice, iso-
lated  trees  and  thinned  stools).  Irregular
stand  structures  are  currently  considered
to improve the environmental value at the
landscape  level  (Oliver  &  Larson  1996,
Spiecker 2003, Chapman et al. 2006).

In both silvicultural approaches (A:  tree-
oriented silvicultural option; B: stand silvi-
cultural option) thinning should be applied
early  (10-15  years)  to  allow  the  improve-
ment  of  both  stem  quality  and  crown
shape,  as  well  as  to  stimulate  the  radial
growth of trees. In this study, the tree-ori-
ented silviculture approach has promoted
a  higher  dbh  increment  and  a  greater
development of  crown area as compared
to stand silviculture approach. The removal
of  dominant  competitor  trees  during  the
first thinning can lead to a higher produc-
tion of larger wood assortments, thus mak-
ing such interventions more economically
feasible in stands aged 10-15 years. In fact,
the market of small assortments has been
subject to a remarkable contraction in the
last years, making early thinning in chest-

nut coppices unprofitable and hardly viable
even  in  suitable  areas  like  Monte  Amiata
(Montini P, U.C. Amiata val d'Orcia, Siena,
Italy, personal communication).

In this study, a higher and more regular
radial growth of target trees was observed
in  stands  characterized  by  frequent  thin-
nings from above (option A), which could
positively influence the timber quality and
reduce  the  ring  shake  risk  (Becagli  et  al.
2006,  Fonti et al. 2002). Furthermore, our
results  revealed  that  the  higher  thinning
frequency in option A has caused an overall
higher reduction of crown coverage in the
short term. However, such negative effect
was counterbalanced  by  the  high rate  of
crown  growth  for  target  trees,  which  al-
lowed a faster recovery of the canopy cov-
er  (2-3  years  after  thinning)  as  compared
with the other silvicultural options tested.
Indeed,  the  LAI  values  observed  in  both
thinned areas at the end of the study pe-
riod were similar to those recorded in the
control  plots or reported in the literature
for  similar  coppice  stands  (Cutini  2001),
indicating  a  good  stand  dynamics  of  the
plots  analyzed.  However,  site  fertility
should  be taken  into  consideration when
assessing  the  recovery  of  canopy  cover
after thinning, since soil fertility can affect
the development of tree crowns.

Mixed coppices
In mixed coppices the tree-oriented silvi-

culture was applied to increase tree biodi-
versity  (that  naturally  tends  to  decrease
with age in coppices) and to favor the valu-
able timber production and natural regen-
eration of sporadic species. This approach
can  be  conveniently  applied  in  mixed
stands  in  two  different  cases:  (i)  to  pro-
mote a restricted number of sporadic spe-
cies trees within the coppice in areas char-
acterized by good site quality, an adequate
presence of valuable trees and a good road
density, as pointed out for high forests by
Spiecker (2006) and Pelleri et al. (2013); (ii)
to convert coppice stands into high forest
by  selecting  a  higher  number  of  target
trees  chosen  among  the  dominant  and
sporadic tree species.

In  mixed  coppices,  single-tree  localized
thinning around a few number of sporadic
tree species (target trees) may create suit-
able conditions for their growth, allowing
them  to  reach  the  dominant  or  codomi-
nant layer fin the medium-long term, there-

by tree composition can be preserved and
stand biodiversity improved. Contrastingly,
standard  silvicultural  practices  can  main-
tain the same level  of  tree biodiversity in
the  short  period  by  preserving  sporadic
tree  species  in  the  dominated  layer.  This
approach does not involve to any relevant
improvement  of  growth  conditions  for
sporadic tree species, therefore leading to
a reduction of tree biodiversity in the me-
dium-long period.

In this study, a positive effect of thinning
on current increments in dbh was observed
for all  target trees of sporadic species. In
particular, wild service tree (the most valu-
able and commom sporadic tree species in
the study area)  has  shown differences  in
radial growth among different stand ages
and coppice development. At half rotation
period, its increase in growth after thinning
is  higher in young than in aged coppices,
and  this difference increases through time.
Young target trees react faster and better
to  thinning,  in  particular  those  belonging
to  light  demanding species.  Moreover,  in
young coppices the early selection of tar-
get trees  may favor their  balanced devel-
opment and affect their future commercial
value.  On  the  contrary,  the  number,  the
quality  and  further  growth  performances
of target trees can be constrained in aged
coppices, because the long period of com-
petition  experienced  could  compromise
the stem form and architecture of sporadic
and valuable tree species. Similar consider-
ations have also been reported in the liter-
ature  for  high  forests  and  other  species
(Duflot  1995,  Perin  & Claessens  2009,  Le-
maire 2010).

We did  not  found  any significant  differ-
ence in tree growth between different silvi-
cultural treatments in mixed aged coppices
converted  to  high  forests,  though  the
growth of target trees was slightly higher
in thesis A (tree-oriented silviculture) than
in thesis B (stand silviculture). This could be
due to the fact that the silvicultural  prac-
tices have been applied after a first tradi-
tional thinning and in aged stands, and this
could have influenced the growth response
of target trees.

In  conclusion,  the  tree-oriented  silvicul-
tural  approach  adopted  in  this  study  has
proved to be sustainable from an ecologi-
cal point of view (Manetti et al. 2010a, Ano-
nymous  2014),  whilst  further  studies  and
long-term surveys  are  needed  to  support
its economical suitability. Since this innova-
tive approach is not adopted yet in coppice
stands  in  Italy,  we  recommend  a  careful
planning since the first phases. The lack of
an  adequate  professional  manpower  can
strongly influence the production of valu-
able assortments,  and a  special  attention
should be payed to felling and logging op-
erations,  especially  during  the  first  thin-
ning. In addition, a good skidding road den-
sity and stand fertility are fundamental re-
quirements  to  be  carefully  evaluated  be-
fore defining the management choices.
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ry Tab. 8 - Stand dynamics of the aged mixed coppices under conversion into high forest,
7 years after thinning. (M): mortality rate; (CAI): current annual increment; (BA): basal
area; (DBH): diameter at breast height; (FA): tree-oriented silviculture applied; (FB):
stand  silviculture  applied;  (Qc):  Quercus  cerris;  (Fo):  Fraxinus  ornus;  (Sd):  Sorbus
domestica.

Parameter FA FB
M (%) 2 1
CAI BA (m² ha-¹ yr-¹) 0.87 0.78
CAI DBH Qc (cm yr-¹) 0.34 0.34
CAI DBH Fo (cm yr-¹) 0.33 0.22
CAI DBH Sd (cm yr-¹) 0.22 0.15
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Supplementary Material

Fig.  S1 –  Geographic  location  of  the  two
forest districts studied. 

Fig.  S2 -  Climatic  diagram of  the weather
station of Piancastagnaio (829 m a.s.l.)  in
Monte Amiata and Massa Marittima (732 m
a.s.l.) in Colline Metallifere (mean monthly
values in the last 20 years).
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