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Abstract
Trade-offs between high stand productivity and good wood quality exist for chestnut coppices and
related wood-based products. The main objective of this study was to determine the most suitable
duration (in years) of cutting cycles to maximize stand productivity and preserve wood quality. To this
aim, a growth model was developed to verify if wood quality of chestnut coppices at different stand ages
varies when the rotation period is modi�ed. Wood quality and stand productivity were analysed, using a
chronosequence approach, in stands characterized by four cutting cycles (15, 25, 30, and 50 years).
Results implied that the culmination of the mean annual increment occurs at 28 years, while the current
annual increment culminates 10 years earlier. The MOEd values revealed a negative correlation with
shoot age, however, a cutting cycle between 25 and 30 years might represent the best compromise for
balancing stand productivity and wood quality.

1. Introduction
Forests in the Mediterranean Europe are mainly located in mountain and inner areas and provide a range
of ecosystem services with important social-ecological functions (Scarascia-Mugnozza et al., 2000;
Pastorella et al., 2016). Coppice forests represent a relevant part of these landscapes (Cutini et al., 2021).
The coppice system is extremely e�cient, since it offers the bene�ts of simpli�ed and �exible silvicultural
approaches, fast tree regeneration, prompt biomass production (and carbon sequestration), and short
cutting cycles and high stress tolerance (Moscatelli et al., 2007). In the post-war years, coppice products
(�rewood, charcoal, paling) have suffered from the competition of industrial products, which has resulted
in a decreasing interest towards this traditional management system (Hédl et al., 2010). However,
growing interests for renewable energy sources and wood products currently make coppices a promising
multipurpose silvicultural system for addressing risks associated with climate change and related
disturbances (e.g., drought spells, forest �res) in agricultural and forest landscapes of Mediterranean
mountains and inner areas.

Such a renewed interest in coppicing has developed in many European countries (Rydberg, 2000) for
three major reasons: (1) the increasing importance of renewable energy sources as a substitute for fossil
fuels (BMU 2011, European Parliament 2009: directive 2009/28/EG), (2) the preservation of coppice
forests as an historical landscape element often characterised by a high nature conservation value
(Buckley, 1992; Lanuv, 2007; Scherzinger, 1996; Parisi et al., 2020), (3) the high ecological value of these
ecosystems, useful to support a wide diversity of fauna and �ora (Zlatanov et al., 2013). These reasons
(economic, social, and ecological) may open new perspectives for managing the abandoned coppices in
many areas of southern Europe and beyond.

In this context, chestnut (Castanea sativa Mill.), as one of the most symbolic tree species of southern
Europe, has the potential to deliver multifunctional services of economic, environmental, and social
importance (Fabbio, 2016). Chestnut forests covers more than 2.5 million hectares (Conedera et al., 2016)
and its expansion through European centuries has been favoured by the multiple uses of its wood-based
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products. Chestnut forests are usually managed as coppice stands, with or without reserve trees, but also
as traditional fruit orchards, often in the framework of agroforestry systems. In Italy, chestnut
agroforestry systems cover an area of about 800,000 ha (Giannini et al., 2014), 70% of which are
coppices, while the remaining 30% are managed as orchards for fruit production (Greco et al., 2018),
supporting agricultural systems in mountain areas.

Traditionally, chestnut in Mediterranean Europe has been successfully managed as coppice, which has
led to the development of sustainable coppicing modules, re�ecting the capacity of the system to adapt
to the market needs (Ciancio et al., 2004; Patricio et al., 2005). The �exibility and reversibility of the
system meet the market requirements, without compromising the resprouting ability and the provisioning
of services (Manetti et al., 2006). Indeed, depending on the social-ecological conditions, chestnut
coppices can be managed with short rotation periods (12-15-20 years) or with medium-to-long cutting
cycles (25-30-50 years) to process a variety of wood-based products, including wood for pole, timber for
sawing, �rewood, tool handles, and fencing material (Manetti et al., 2009).

Recently, several studies have focused on the effect of coppicing on the overall productivity (and,
therefore, carbon sequestration and stock capacity) (Knei� et al., 2015; Manetti et al., 2016; Esteban et al.,
2018; Marcolin et al., 2020). However, there has been less emphasis on investigating wood quality of
coppiced trees, with few exceptions based on non-destructive technologies (NDTs) (e.g., Russo et al.,
2019). Stress wave-based non-destructive acoustic techniques have resulted in very useful methods for
predicting the mechanical properties of woody materials (Guntekin et al., 2013). Among the parameters
measurable by acoustic methods, the most important are the modulus of elasticity of wood (MOE) and
the dynamic modulus of elasticity (MOEd), being related to wood anatomy and tree physiology. These
parameters are fundamental for the evaluation of wood quality, providing information on the resistance
to de�ection and the stiffness of material (Teder et al., 2011; Wessels et al., 2011).

To answer questions on the effect of different management approaches and environmental factors on
wood quality for a speci�c forest type, the history of tree growth can be reconstructed along a
chronosequence. Chronosequences, assuming space-for-time substitution, aim to infer temporal
dynamics from measurements at sites of different ages but similar in land-use histories (Aide et al., 2000;
Hedde et al., 2008; Pawson et al., 2009). In forestry, a chronosequence is a set of forest stands that share
similar attributes but are of different ages (Johnson and Miyanishi, 2008), re�ecting a time sequence
(Salisbury, 1952, Pickett, 1989). The key assumption of chronosequences is that each of the sites
represent different developmental stages, with the same initial conditions. When there are demonstrable
linkages between stages (i.e., the successional trajectory is predictable), chronosequences provide a
useful approach to study temporal changes in a long-term perspective (Walker et al., 2010).

In this study, a stand-level growth and yield model for chestnut coppices was developed using a
chronosequence approach. Chestnut coppices of different ages, growing in similar environmental (biotic
and abiotic) conditions, were selected in the “Aspromonte” National Park (Calabria, Southern Italy). The
model, replicable in other geographical contexts, was implemented to verify if the quality and quantity of
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wood-based products vary with changing rotation periods. More speci�cally, variation in wood quality
and productivity of coppiced chestnut was analysed for four different cutting cycles, referring to 15, 25,
30, and 50 years (hereafter C15, C25, C30, and C50, respectively). Our study was aimed to answer the
following main question: Does the extension of rotation periods induce a variation of wood quality and
productivity in coppiced chestnut? We hypothesized that wood production increased along with the
elongation of rotation timespan in chestnut coppice stands in a typical Mediterranean mountainous
region, without impairing wood quality.

2. Materials And Methods

2.1 Study area
The study area is located in Southern Italy (Calabria), within of the “Aspromonte” National Park,
(570304.25 E; 4226245.48 N) at an altitude ranging between 800 and 1100 m a.s.l.. Soils developed from
igneous and metamorphic rocks and are classi�ed as Umbrisols, Cambisols, and Leptosols (FAO, 2014),
with an udic soil regime moisture. The average annual rainfall is 1605 mm, and the mean annual
temperature is 10.6°C.

The studied forest stands were characterized by monospeci�c coppices dominated by chestnut, with an
age varying from 6 to 50 years. Stands over 30 years of age were subjected to at least one thinning
carried out between the 25th and 30th year of age. Altogether, the analysed plots were considered as
chronosequences, based on the assumption that all coppice stands share similar biotic and abiotic
conditions and disturbance legacies. These stands can be considered representative of most chestnut
coppices, as widespread forest systems in the Mediterranean context.

2.2 Data collection and analysis
Data collection was realized in 44 plots located in 16 stands with tree age ranging from 6 to 50 years,
arranged through a systematic sampling design. Table 1 shows the number of plots and their extent per
each age class, with an extension ranging between 530 and 1200 m2. All plots were chestnut coppices,
placed along with chronosequences, following a systematic sample grid, with a total area of 120 ha. On
average, each chronosequence was about 7 ha.
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Table 1
Number of plots and plot area per each age class.

Age class (years) Number of plots Plot area (m2)

6 3 531

9 3 531

12 3 531

15 7 531

18 3 908

21 3 908

24 4 908

27 2 908

30 5 1257

33 2 1257

36 1 1257

39 1 1257

42 2 1257

45 1 1257

48 2 1257

50 2 1257

In each plot, the following parameters were recorded: (1) number of stumps, (2) number of shoots per
stump, (3) the diameter at breast height (DBH) of all the shoots, and (4) the total height of 20% of the
shoots, homogeneously distributed across the different DBH classes.

Furthermore, the MOEd was measured on each shoot with a height greater than 1.5 m in 7 plots for the
age class of 15 years, in 4 plots for the age class of 25 years, in 5 plots for the age class of 30 years, and
in 5 plots for the age class of 50 years, for a total of 1952 shoots.

To measure the acoustic velocity, the TreeSonic™ (Fakopp Enterprise, Agfalva, Hungary) was used
inserting two sensor probes (a transmit probe and a receiver probe) into the sapwood, then introducing
the acoustic energy into the tree through a hammer impact (for further details, Vanninen et al., 1996;
Divos 2010; Russo et al., 2019). Three measurements were realized for each selected shoot and the
average of the three recordings was used as the �nal transit time. The acoustic velocity was then
calculated considering the distance between the two sensor probes and the time-of-�ight (TOF) data
using the following formula (Eq. (1)):
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CT = S/TOF (1)

where CT = tree acoustic velocity (m/s), S = distance between the two probes (sensors) (m), TOF = time-of-
�ight (s).

Afterwards, the MOEd was calculated, according to the following equation (Eq. (2)):

 

MOEd = WDij * CT2 (2)

where WDij = wood density (kg m-3), shared by DBH class (i) and age (j), and CT = velocity (m s-1).

Wood density was determined on a subsample of shoots, considering those where the TOF was also
measured. In detail, woody cores were extracted at breast height (1.30 m) with a Pressler borer from
stems, referring to each of the DBH classes at different ages. The fresh weight and wood volume were
measured in the laboratory. Samples were then weighed to the nearest 0.01 g with an electronic scale.
Oven drying of all samples was done at 105°C to constant weight. Wood density (kg m-3) was calculated
by dividing the dry mass by the sample volume.

2.3 Statistical Analysis
The analysis of variance (ANOVA) was carried out to test the differences in MOEd values obtained for the
different ages and in relation to the DBH classes. The signi�cance level of the differences was tested
using Tukey’s test. When the signi�cance level (p-value) was ≤ 0.05, the null hypothesis was rejected and
signi�cant differences in the means were accepted.

Growth and yield model was realized based on (1) the average number of shoots per ha, (2) the diameter-
height-age relationship, and (3) the average values of basal area, as speci�ed below.

In detail, the number of shoots per ha (NS) in relation to the stand age (Age), was estimated using the
following hyperbole function:

NS = β0 ∙ AGEβ1

The equation coe�cients were determined analytically after a logarithmic linearization:

 

Ln(NS) = β0 + β1 ∙ ln(AGE) (3)

where NS is the number of shoots per ha and AGE represents the stand age (years).
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The diameter-height-age model, according to the approach used by Clutter et al. (1983) and Marziliano et
al. (2013), was derived using the following function (Eq. (4)):

 

ln(Ht) = β2 + β3 ∙ NS + β4 ∙
1

Age + β5 ∙
1

dbh + β6 ∙
1

dbh∙ Age
(4)

where Ht = total shoot height (m), NS = number of shoots per ha, dbh = diameter at breast height (cm),
AGE = stand age (years).

To estimate the basal area development, we used the average basal area (g) as dependent variable, since
the NS (density expression) is structurally included in the stand basal area (G). Considering several
combinations of variables tested through stepwise procedures, the best model resulted the following
function (Eq. (5)):

 

ln(g) = β7 + β8 ∙
1

Age2 + β9 ∙ NS (5)

where g = average basal area (m2), Age = Age (years), NS = number of shoots per ha.

The stand basal area (G) per ha was obtained multiplying the average basal area (g) estimated with the
Eq. 5 by the number of shoots (NS), occurring at each speci�c age, estimated with the Eq. 3.

In the simulation of growth and yield development, once identi�ed the initial conditions of the stand (NS,
Age, DBH, G, H), stand volume and aboveground biomass were estimated using the equations reported
for chestnut coppices in the National Forest Inventory protocols, INFC 2005 (Tabacchi et al., 2011).
Finally, the mean annual increment (MAI), the current annual increment (CAI), and the percentage of the
current annual increment (PCAI) were calculated based on the estimates of tree volumes at the different
ages.

Moreover, to estimate the assortments obtainable at different ages, a taper function developed for the
chestnut coppices occurring in the region was used (Ciancio et al., 2004). The taper function estimates
the diameters along the stems at any height from the forest �oor. The assortments considered in this
study were grouped in four categories (Table 2).
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Table 2
Minimum size of assortments from chestnut coppices.

Assortments Diameter (cm) Length (m)

Small assortments 2–15 1–2

Small poles 8–15 2–4

Big poles 10–18 2-5.5

Beams and boards 15–20 6–10

3. Results

3.1. Growth and yield model
Values of NS in relation to the stand age are reported in Fig. 1. Table 3 shows the regression statistics, in
which all the signi�cant parameters are detailed. The NS decreased as tree age increased. More in detail,
the NS was very high in the �rst years after coppicing, then signi�cantly decreased due to competition
between shoots occurring on the same stumps. On average, from the occurrence of about 10000 shoots
per ha in the �rst years after coppicing (5 years), a signi�cant reduction in the number of shoots per ha
was observed, halving ten years after cutting. This trend was also con�rmed in the following years,
reaching about 2000 and 1000 shoots per ha at 25 and 50 years after cutting, respectively. Shoot
mortality was very intense up to 20–25 years, signi�cantly reducing afterwards (Fig. 1).
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Table 3
Estimation of each parameter used for the Equations 3, 4, and 5. Statistics for each equation are also

reported. NS (number of shoots), HT (shoot height), g (average basal area).
Equation   Parameters S.E. parameters R2 RMSE

Ln(NS) = β0 + β1 ∙ ln(AGE) β0 10.9884 0.1384 0.926 0.187

β1 -1.0601 0.0456    

Ln(Ht) = β2 + β3 ∙ NS + β4 ∙
1

Age +

+β5 ∙
1

dbh + β6 ∙
1

dbh∙ Age

β2 3.5479 0.0295 0.960 0.184

β3 0.0002 < 0.00001    

β4 -22.7110 0.9744    

β5 -6.1284 0.3351    

β6 10.2808 0.5148    

Ln(g) = β7 + β8 ∙
1

Age2 + β9 ∙ NS β7 -2.2041 0.3557 0.916 0.415

β8 125.186 58.825    

β9 -0.0009 0.00001    

In Fig. 2, the tree height-diameter curve (i.e., the hypsometric relationship) is reported, showing impacts of
the age factor. The regression coe�cients of Eq. 5 and their standard errors show good accuracy of �tted
curves. As expected, different tree heights were observed as ages varied: the height-diameter curve for
young shoots (5 years old) was steeper than the other curves (e.g., from 20 to 50 years old).

Table 4 shows results of the growth and yield model obtained for age ranging from 5 to 50 years. In Fig.
3, the trend of tree volume over time is reported, as well as MAI and CAI. Tree volumes ranged from about
160 to 535 m3 ha− 1 for C15 and C50, respectively. The culmination of MAI occurred at 26 years (14 m3

ha− 1 yr− 1), while CAI culminated about 10 years earlier (22 m3 ha− 1 yr− 1). The percentage increment
ranged from 26% at 6 years to 0.4% at 50 years.
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Table 4
Main structural characteristics estimated for the investigated stands at different ages (BA: Basal Area;

MAI: Mean Annual Increment; CAI: Current Annual Increment).
AGE N° shoots (N°

ha− 1)
Diameter

(cm)

Height
(m)

BA

(m2

ha− 1)

Vol

(m3

ha-1)

MAI

(m3 ha− 1

yr− 1)

CAI

(m3 ha− 1

yr− 1)

6 7720 4.7 1.6 13.16 21.68 3.61  

8 5871 6.7 3.2 20.46 47.59 5.95 12.95

10 4748 8.6 5.1 27.79 88.92 8.89 20.67

12 3992 10.5 7.0 34.29 139.52 11.63 25.30

14 3448 12.1 8.8 39.72 193.76 13.84 27.12

16 3036 13.6 10.3 44.07 247.47 15.47 26.86

18 2715 14.9 11.7 47.46 298.10 16.56 25.31

20 2456 16.1 12.9 50.05 344.30 17.22 23.10

22 2243 17.2 13.9 51.97 385.56 17.53 20.63

24 2065 18.1 14.9 53.35 421.81 17.58 18.13

26 1913 19.0 15.7 54.30 453.29 17.43 15.74

28 1783 19.8 16.5 54.90 480.37 17.16 13.54

30 1670 20.5 17.2 55.22 503.45 16.78 11.54

32 1570 21.2 17.8 55.32 522.98 16.34 9.76

34 1482 21.8 18.3 55.24 539.35 15.86 8.18

36 1404 22.3 18.8 55.03 552.94 15.36 6.80

38 1333 22.9 19.3 54.70 564.11 14.84 5.58

40 1270 23.3 19.7 54.29 573.15 14.33 4.52

42 1212 23.8 20.1 53.81 580.34 13.82 3.60

44 1160 24.2 20.5 53.28 585.92 13.32 2.79

46 1112 24.6 20.8 52.71 590.10 12.83 2.09

48 1068 24.9 21.1 52.11 593.07 12.36 1.48

50 1027 25.3 21.4 51.49 594.97 11.90 0.95

Based on the tree growth and yield model, but also on the taper function and the considered rotation
periods, the obtainable wood products were then estimated. For C15 (the rotation period usually adopted),
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about 57% of the wood production consisted of small assortments (diameter ≤ 5 cm), while the small
and large poles represented, respectively, 16 and 26% of the obtainable wood products. The yield of larger
assortments was negligible (Fig. 4).

For C25 and particularly C30, a signi�cant increase in large poles (respectively, of 42 and 54%) and a
signi�cant decrease in small assortments (respectively, of 31 and 28%) were observed. In both C25 and
C30, higher quality assortments (beams and boards) were also observed, although to a limited extent
(about 8%). However, for C25 and C30, the prevailing assortment referred to small and large poles, equal
to 61% and 63%, respectively (Fig. 4).

For C50, the percentage of beams and boards increases (of about 34%) represented, together with the
large poles (35%), most of the obtainable assortments (Fig. 4).

3.2. Wood quality
Results obtained for the MOEd along the chronosequences are shown in Fig. 5. In C15, MOEd values were
signi�cantly lower than in longer rotation periods (e.g., C25). On the contrary, for cutting cycles ranging
between 25 and 50 years, MOEd values decreased as the rotation period increased (Fig. 5). ANOVA
highlighted a signi�cant effect of the length of rotation periods on MOEd values (F3;1929= 11.769; p ≤ 
0.001). The Tukey’s test con�rmed that the MOEd was signi�cantly lower in C15 (on average 9536 MPa)
than in C25 (on average 10422 MPa), but signi�cantly higher than in C50 (on average 8724 MPa).
Figure 6 reports MOEd values recorded for all samples across the different DBH classes. The ANOVA
revealed that MOEd values decreased as the DBH increased (F19;1929 = 1.995; p = 0.006); more
speci�cally, with DBH over 30–33 cm, signi�cantly lower MOEd values were observed in comparison with
smaller DBH classes.

In Fig. 7, MOEd variation across the different DBH classes and in relation to the stand age is shown.
Generally, lower values of MOEd always occurred for larger DBH, while higher values characterized lower
DBH. ANOVA showed a signi�cant effect of the DBH classes on MOEd values for C15 and C50, while
minor effects were observed for C25 and C30.

The MOEd values decreased as the DBH increased for C15, with signi�cant differences observed between
the smallest and largest DBH. Particularly, for DBH higher than 12 cm, faster growth trends induced a
signi�cant decrease of the MOEd values.

On the contrary, for C25 and C30, the MOEd values did not vary signi�cantly when the DBH increased
(Fig. 7). Results demonstrated that in C25, but also in C30, though to a lesser extent, MOEd values
aligned, making the wood quality uniform across the different DBH classes.

Finally, in C50, the MOEd values were not only signi�cantly lower than in C25 and C30, but decreased
signi�cantly as the DBH increased, especially starting from the 30–33 cm DBH class.

4. Discussion
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We developed and tested a growth and yield model for simulating the temporal development of the main
structural traits for chestnut coppices in the Mediterranean climate change hotspot. Although this study
was focused on chestnut coppices at the southernmost distribution limit of the species, predictions
revealed high yield potential of these forest stands, con�rmed by the considerable wood volumes and
growth trends (MAI and CAI). Aspects of coppice productivity have been often ignored in common growth
modelling approaches (Vanclay, 1994; Pretzsch, 2009; Weiskittel et al., 2011). Therefore, this empirical
growth and yield model might provide useful insights in production modelling and forest planning
applied to chestnut coppices and aimed at balancing stand productivity and wood quality. Nevertheless,
the speci�c geographical context and the complexity of environmental conditions and forest structures in
which data were collected may limit comparisons with other modelling exercises (Bernetti, 1980; von
Gadow and Hui, 1999).

Angelini et al. (2013) estimated, on average, MAI ranging from about 7.2 to 13.0 m3 ha− 1 year− 1 for 18–
22 years old chestnut coppices in Central Italy. Ciancio et al. (2004), for 15–45 years old chestnut
coppices in Calabria, found MAI ranging from 12 to 16 m3 ha− 1 year− 1. In Tuscany, Cutini (2001)
recorded MAI of 17.6 and 12.8 m3 ha− 1 year− 1, for 15- and 38-years old chestnut coppices, respectively.
The present study reports model results aligned with previous observations on chestnut coppices. With
reference to the basal area, values of 25 m2 ha− 1 were observed for 11 years old chestnut coppices in
Tuscany (Manetti et al., 2016), while values ranging from 18 to 42 m2 ha− 1 were recorded for 6–22 years
old chestnut coppices in Lazio (Central Italy) (Mattioli et al., 2016). Again, results of the present study are
consistent with previous research on chestnut coppices and, thus, the model exercise may help
implementation processes and scaling procedures.

Although we are aware of the variability in local conditions across different geographical contexts, due to
speci�c environmental factors and different management options, we believe that our model results
clearly indicated high productivity of chestnut coppices in Mediterranean mountain systems. Indeed,
shoot heights reached 22 m in 50 years old coppice stands, thus potentially ensuring wood-based
products of high economic value. Particularly, the height-diameter curves revealed that, during the earlier
stages after coppicing, shoots might show a considerable height increment. In fact, a relevant height-
diameter curve differentiation was observed at these growth stages, probably due to the strong
competition for light between shoots occurring on each single stump. When the coppice reached an age
of 15–20 years and beyond, the height-diameter curve �attened, indicating a high level of spatial
competition between shoots (Marziliano et al., 2013, 2019). At these ages, the competition is mainly
affected by diametrical differentiation rather than by hypsometric variation, shoots growing more in
diameter than in height.

Chestnut is considered the tree species with the highest capacity to provide multiple goods and services
among Mediterranean forest species (Giannini et al., 2014), producing a variety of assortments other than
�rewood, even when it is managed as coppice stand. In this study, we highlighted the great potential of
chestnut for producing different wood-based products when the rotation period of coppice stands is
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extended. In this context, although the organic layer and the mineral soil, as a large carbon stock in forest
ecosystems, were not accounted for in this study, implications for carbon sinks and mitigation purposes
are also important.

On the other hand, for the same assortments, wood quality traits might signi�cantly vary, depending on
the length of rotation periods. In fact, MOEd values revealed a negative trend as stand age increased
(from to 25 to 50 years) while a positive trend at stand ages growing from 15 to 25 years. Moreover, a
negative trend of MOEd values was observed as DBH increased, both in C15 and C50. According to Detter
et al. (2008), chestnut wood-based products can be considered of good quality when the MOEd is not
lower than 7200 MPa. However, in C15 and C50, we recorded MOEd values lower than this threshold
value, for DBH higher than 18 cm (7000–7100 MPa) and 45 cm (5587–7100 MPa), respectively.
Therefore, almost all large poles (assortments of the greatest size) attainable in C15 and most of beams
and boards (assortments with considerable size) obtainable in C50 did not have the minimum quality
requirements for being classi�ed as adequate. Quality wood could, however, be produced at relatively
high stand age and DBH when chestnut coppices grow in good site conditions and with appropriate
silvicultural treatments (Manetti et al., 2020).

These results demonstrated that the advanced shoot ages, but also the high growth rates of chestnut
coppices, negatively affect the wood quality. For this reason, the dynamics of stem radial increments
might induce the production of a less-stiff mature wood, resulting in a signi�cant loss of wood quality.
Romagnoli et al. (2014) obtained similar results and observed, in coppice stands with age higher than
25–30 years, a decrease in the mechanical performance of chestnut wood near the threshold DBH of 35
cm. Therefore, to maximize and balance wood quality and stand productivity, coppicing in this
Mediterranean context should be rethought in terms of strengths and weaknesses of the system,
considering not only the shoot age, but also the shoot DBH at harvest (Genet et al., 2013), as well as
shoot height and basal area (Marini et al., 2021).

We observed that, when the rotation cycle ranged between 25 and 30 years, wood-based products of high
quality could be obtained, as well as a variety of assortments. Nevertheless, 20–30 years old chestnut
stands, growing on favourable sites and properly managed, could be considered young and still have
high growth rates (Cutini, 2001; Conedera et al., 2004; Manetti et al., 2009). Similarly, we observed MAI
equal to 13.3 m3 ha− 1 yr− 1 at 26 years (year of culmination). Amorini et al. (1997) found that wood of
good quality could be produced with rotation periods ranging between 30 and 50 years and with 2–4
medium-intensity thinning operations. It must be pointed out that, in many areas of Italy, common
rotation periods range between 10 and 15 years (Ciancio et al., 2004). Such short rotation periods appear
to be inadequate to ensure chestnut wood of good quality (Manetti et al., 2006). Indeed, only assortments
of small dimensions and poor quality were obtained in the present study with short rotation periods.
Nowadays, commercial operators and the timber market in general often require assortments of good
wood quality, obtainable from the chestnut coppices by lengthening the rotation period currently adopted
in most chestnut coppices to some extent (Angelini et al., 2013; Mattioli et al., 2016; Manetti et al., 2017).
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Extended rotation periods (in the range of 30–50 years) would also positively affect the provisioning of
ecosystem services related to environmental issues (Gondard and Romane, 2005; Gondard et al., 2006).

Thinning would allow a greater average DBH of shoots to be obtained at earlier growth stages, with
consequent differentiation of assortments (Mattioli et al., 2016). However, many studies have shown that
marked increments in stem diameter after intensive thinning might induce less-stiff mature wood,
resulting in a signi�cant loss of wood quality at high DBH (Zhang, 1995; Ikeda et al., 2000; Wang et al.,
2003; Štefancík et al., 2018). Marini et al. (2021) found a negative correlation between wood density and
dominant height and diametric growth of chestnut coppice stands, and this was associated to tree ring
width. Should stand density, i.e., the number of shoots per ha, be a factor affecting positively wood
density and the related mechanical properties, the application of low to moderate thinning might favour
the formation of wood-based products of good quality in chestnut coppices. Therefore, particular care
should be considered when thinning is planned and executed, avoiding both strong intensity and late
thinning. By modifying competition (the number of shoots per ha) and, thus, shoot diameter growth and
stand basal area, thinning might increase the risk of ring shake (Fonti et al., 2002; Becagli et al., 2006;
Romagnoli et al., 2014). All these negative effects would limit the use of chestnut wood for the most
valuable assortments, i.e., those usable as structural elements (Fonti et al., 2002).

4. Conclusions
The chronosequence approach was proved useful to show the effect of varying rotation periods on wood
quality of chestnut coppices. A moderately negative correlation between shoot age and wood quality was
observed. We also documented that innovative and non-destructive methods might produce wood
technological indicators, i.e., MOEd, which relate shoot age and DBH to wood quality. 

The obtained results may provide support to the decision-making process for stakeholders who require
quick and effective predictors for assessing the wood quality. Nowadays, in many regions of Italy, the
rotation period for chestnut coppices lasts 15-18 years. Therefore, lengthening the rotation period to 25-
30 years would bene�ts both productivity and quality of wood as well as landscape conservation and
climate matter in Mediterranean mountain systems.
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Figures

Figure 1

Number of shoots per hectare, observed and estimated, in relation to the stand age.



Page 20/24

Figure 2

Tree height-diameter relationship at different ages, estimated through Equation 4.

Figure 3

Trends of the mean volumes, CAI, and MAI with increasing stand ages.
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Figure 4

Assortments for the four rotation periods (in percentage).
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Figure 5

Variation of the MOEd at different stand age. Error bars indicate ± SE. The line through the box is the
median value.
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Figure 6

MOEd values at different DBH. Error bars indicate ± SE. The line through the box is the median value.



Page 24/24

Figure 7

Variation of the MOEd as DBH increase for the stands at 15, 25, 30, and 50 years. Error bars indicate ± SE.
The line through the box represents the median value.


