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ABSTRACT The present paper aims to implement the knowledge on sessile oak (Quercus petraea (Matt.) Liebl.) in the Mediterra-
nean area where, although present, the species is rare both for natural and anthropogenic reasons. The focus is on two sessile oak
aged coppice stands in Tuscany (Central ltaly), classified as worthy of protection for their value at local to European level. In addition
to environmental and stand structure characteristics, the technological properties of sessile oak wood at the surveyed sites are pro-
vided and compared with data in literature. Wood features consist of the anatomical parameters (growth ring thickness, earlywood
and latewood thickness, fiber length, earlywood and latewood vessel diameter, amount of earlywood and latewood vessel) and the
physical and mechanical parameters (density, modulus of elasticity, strength, hardness). No appreciable technological differences
resulted between wood properties in the stands analysed and those from other Italian and French provenances reported in literature.
Results highlighted that, even if already managed as coppice, the timber produced by both the stands is basically qualified as source
of reproductive material for re-afforestation and to favour again the diffusion of this endangered species in suitable areas. All of this,
taking into account that wood quality is determined by technological properties, but also by growing conditions (i.e. site quality), and

by the quality of silvicultural management.
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Introduction

The species of subgenus Quercus, such as
sessile oak (Quercus petraea (Matt.) Liebl.)
and pedunculate oak (Quercus robur L.), are of
strategic importance for the European silviculture
and the forestry context. Basic knowledge on
ecology, ecophysiology, genetics, silvicultural and
management systems of these species, both under
natural/semi-natural and artificial conditions, is
largely available, especially for Central and Northern
European Countries (Bary-Lenger and Nebout 1993,
Timbal and Aussenac 1996). On the other hand, the
information is scarce in the Mediterranean countries
where both species, although present, rarely build
up pure woods or woods where they are dominant,
either for natural or anthropogenic causes . Even in
this case, the covered area is often negligible with
respect to the total forested area. More often, both
species can be found into mixed woods dominated
by other tree species.

This is especially the case of sessile oak in
Italy, where it can be considered as a rather
common species in the Alps and pre-Alps (Viciani
and Moggi 1997, Andreis and Sartori 2011) but it
becomes sporadic proceeding southwards where
the influence of the Mediterranean climate is
progressively and significantly higher (Viciani et al.
2016). Other reasons of this scattered distribution,
deals with the ecology of sessile oak, a mesophilous
oak which build fragile ecosystems, with a narrower
distribution than its potential (Thomas et al.

2002, Kasprowicz 2010) as a consequence of the
conversion of more fertile lands to agricultural uses,
of coppicing as prevailing management system and
of the artificial diffusion of Castanea sativa Mill.
(Bernetti 1987, Cutini and Mercurio 1999, Arrigoni
and Viciani 2001). In Northern-Central Italy and
Tuscany, sessile oak still shows a relatively wide
distribution and is present in the typical mesic and
dry-mesic communities which, although scattered
and localized, are often well-characterised (Viciani
et al. 2016).

Recently, the synergism of different factors
such as the increasing attention to biodiversity,
the attempts for defining more ecologically-based
management systems, the efforts for supporting and
promoting the evolution of degraded forest stands
towards more complex and better functioning forest
ecosystems, led to dedicate a special attention to
these communities. Several Authors (Cutini et al.
1993, Cutini et al. 1995, Barsacchi et al. 1997, Viciani
and Moggi 1997, Bruschi et al. 2000, Grifoni 2003,
Cutini and Giulietti 2006) highlighted and described
the presence of interesting small populations,
stressing the gap of knowledge about ecology and
distribution of the species with respect to Central
and Northern Europe and their potential importance
as a source of genetic variability.

The present paper aims to contribute with the
research activities carried out on two sessile oak aged
coppice stands in Tuscany (Central Italy), classified
as worthy of protection for their importance both
at the local up to European level (Cutini et al.

1-CNR - IBE Sesto Fiorentino — Italy
2 - Viale Matteotti Giacomo 19/D, Arezzo - Italy
3 - CREA |, Research Centre for Forestry and Wood — Italy

*Corresponding author: nicola.macchioni@ibe.cnr.it

1 http://dx.doi.org/10.12899/asr-1672



MicHeLE BRUNETTI, ANDREA CuTINi, FRANCESCO GRIFONI, NicoLa MACCHIONI, SIMONA LAzzeRI, LORENA Sozzi
Anatomical, physical and mechanical characterization of sessile oak (Quercus petraea Liebl.) wood from central Italy aged coppices

1993, Viciani and Moggi 1997, Viciani et al. 2016).
In order to enhance an often too narrow approach
in highlighting and describing these populations
and to give the deserving attention to wood
properties issue, this paper provides the analysis of
technological characteristics of wood grown there,
comparing results to data in literature. Specifically,
the following properties were examined: growth ring
thickness, earlywood and latewood thickness, fiber
length, diameter of earlywood and latewood vessels,
amount of earlywood and latewood vessels, density
at 12% moisture content, modulus of elasticity,
bending-compression-shear strength, Brinell
hardness, on small, clear specimens.

The aim of this paper is to evaluate the suitability
of these stands, coming from agamic regeneration, as
source of reproductive material for re-afforestation
and to favour the re-diffusion of this strategic oak
species. A more accurate definition of stand structure
and wood technological properties could help to
discriminate these stands from others, to evaluate
their potential re-diffusion, the suitability of wood
for traditional processing (sawing, slicing, splitting
and staving) to produce common and high added
value assortments and use at best their inherent
potential ecological and economic role.

Material and methods

Both sessile oak stands are located close to
Arezzo, Tuscany. One study site is located in Sargiano
(43’ 26 N, 11’ 52 E), the other one in Pieve a Quarto
(43 25 N, 11’ 51 E). The first stand is situated on a
gentle slope facing North North East, at 330-395 m
a.s.l;; the second one is located at 350-410 m a.s.],
same aspect, but, on a steep slope.

Mean annual rainfall in the area is 835 mm with a
maximum in autumn (November) and spring (March)
and a minimum in summer months (135 mm); dry pe-
riod ranges from half June to August. Mean annual
temperature is 14°C, the coldest and the warmest
monthly mean temperatures are 4.8°C and 23.5°C,
respectively. According to Thornthwaite classifica-
tion, both sites are included in the sub-humid climate
zone with moderate summer water deficit. Bedrock
material is ‘Macigno’, i.e. blocks of sandstone alter-
nated with schist, (Oligocene Lower Miocene). Both
sites present deep, acid and well-drained soils.

The first stand covers about 13 ha and was man-
aged in the past as coppice with standards, with a
rotation of 14 years (Cutini et al. 1993). From the
1980s, no regular exploitations were carried out.
Stand structure is therefore typical of an aged cop-
pice. Stand structure and mensurational parameters
were surveyed by four 314 m? circular plots. Stand
age ranges from 50 to 60 yrs; number of stools per
hectare (mean + standard deviation) is 2,6560+446,

number of shoots is 3,786+1,5616 and basal area is
25.91£2.14m2 Mean shoot diameter at 1.30m (dbh))
i59.7+1.9 cm while tree (standards and shoots) domi-
nant height is 16.1+2.7m. Sessile oak, mainly living
in the upper storey where an average of 154+12 ha-!
standards were observed, is the dominant species
representing the 86.5+9.0% of total basal area. Other
tree species, mainly living in the middle and lower
storeys, are Quercus ilex L., Fraxinus ornus L., Os-
trya carpinifolia Scop. and Arbustus unedo L.

The second stand is a mixed sessile oak and
chestnut (Castanea sativa Mill.) coppice with Quer-
cus ilex, Ostrya carpinifolia, Fraxinus ornus and
Arbustus unedo. Stand structure and mensurational
parameters were surveyed by means of six 400 m?
plots (Grifoni 2003). The stand structure is less ho-
mogenous with respect to the first stand: standards,
aged from 30 up to 135 yrs, are mainly represented
by sessile oak, while the number of shoots per hect-
are is here 773+486 and the (standards and shoots)
tree dominant height is 21.81+0.7 m.

Five shoots of average characteristics were
sampled from both stands. From each tree a bolt was
cut at a stem height of 1 to 2 m . From each bolt, a
diametric board 3 cm thick was sawn.

Samples were extracted from the board for the
anatomical characterization sampling the following
growth rings from the pith: (7) vessel measurements:
each 3 rings up to the 15" ring, then each 5 yrs up to
the 45" ring; (74) fiber length measurements, all the
rings from the 2" to the 15™.

Fiber length measurements were performed
through the disruption of the tissues from longitudinal
radial sections through immersion into a solution of
10% chromic acid and 10% nitric acid for 24 hours.
Mash obtained was rinsed with distilled water and
mounted on glasses by means of Arabic gum (20 g
in 100 cm? of distilled water). Glasses obtained were
directly measured through fibrescope, measuring at
least 100 fibers per growth ring.

Measurements on vessels were performed by an
image analysis software (AnaliSys®) from pictures
obtained by SEM on gold coated samples. For each
ring the radial and tangential diameters were mea-
sured on at least 15 earlywood and 15 latewood ves-
sels. Vessels amount was calculated from the aver-
age of three ring porous area and three final wood
pictures.

The analysis was performed on the mean values
per growth ring.

The physical and mechanical characterization
was made on small clear specimens according to
the ISO 3129/2012 standard (“Wood - Sampling
methods and general requirements for physical and
mechanical testing of small clear wood specimens”).
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The tests showed in Table 1 were performed af-
ter climatic chamber conditioning (T = 20+2°C e U
= 65+£5%) up to constant weight. Mechanical values
were referred to the conventional value of 12% moi-
sture content, according to the reference standards.

The statistical difference in mean between
provenances Sargiano and Pieve a Quarto has been
tested by student t test.

Table 1 - Properties measured and standard references.

Property Standard reference
Density (12%) ISO 3131
MOE ISO 3349
MOR ISO 3133
Compression ISO 3787
Shear ISO 3347
Hardness Brinell EN 1534

Figure 1 - Variation of the radial diameter of earlywood vessels
according to cambial age.
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Table 2 - Values of anatomical variables measured at the sites.

Results

Table 2 shows the mean values and the variability
indexes of main anatomical characteristics for site A
and site B.

The number of latewood vessels per square
millimeter excluded, the ¢ test for mean values
considered the two stands as a unique population,
the relative differences being not significant.

The standard deviation of earlywood vessels
is quite high. This is due not only to the large
dimension of these anatomical elements, but also to
the high variation showed by the earlywood vessels
at increased cambial ages (Fig. 1).

The tangential diameter of earlywood vessels and
the number of earlywood and latewood vessels per
mm? showed a similar pattern at increasing cambial
ages (Fig. 2). The average values showed larger ear-
lywood vessels compared to similar measurements
published by Berges et al. (2008), these coming
from Central France oak forests, and by Gricdr et al.
(2013) from Slovenia. Apparently, according to the
results from Fonti and Garcia-Gonzalez (2008), the
anatomical parameters of growth correspond to a Q.
petraea grown on sites characterized by high precip-
itations over the spring time.

Earlywood vessels in dry sites show smaller
sizes, also affected by the amount of precipitation of
the previous year.

As for the evolutive course across the cambial
age increase, most of the measured characteristics
show a first abrupt change (and a higher variability)
among 6 and 11 years; afterwards, a slope variation
becomes evident that, maintaining the same trend,
shows a less important change of the measured
feature. The describing curve normally becomes
more and more flat up to the cambial age of 30-40

yIs.

Provenance 1 2 3 4 5 6 7 8 9
(um) (um) (um) (um) (mm/10) (mm/10) (mm/10)

A Mean 249.1 25.6 197.3 24.3 6.5 235 29.9 12.1 71.0

Sargiano . 54 54 54 54 55 55 55 54 54
SD 65.55 453 46.53 4.24 2.96 11.86 13.65 7.07 21.99
cv 0.26 0.18 0.24 017 0.45 0.51 0.46 0.58 0.31

B Mean 269.3 245 207.3 227 7.1 27.2 34.3 8.8 91.4

g‘s;’ft : N° 55 55 55 55 55 55 55 55 55
SD 63.94 5.39 48.96 4.61 3.87 12.88 13.65 5.53 26.50
cv 0.24 0.22 0.24 0.20 0.54 0.47 0.40 0.62 0.29

A+B Mean 259.3 25.1 202.3 235 6.7 25.4 32.1 10.4 81.3
N° 109 109 109 109 110 110 110 109 109
SD 65.23 4.99 47.82 4.49 3.45 12.46 13.76 6.52 26.33
cv 0.25 0.20 0.24 0.19 0.52 0.49 0.43 0.63 0.32

Legenda: 1 = Radial diameter of earlywood vessels; 2= Radial diameter of latewood vessels; 3 = Tangential diameter of earlywood vessels; 4 = Tangential dia-
meter of latewood vessels; 5 = earlywood width; 6 = latewood width; 7 = Ring width; 8 = Earlywood vessels number/mm?; 9 = Latewood vessels number/mm?.
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Figure 2 - Number of earlywood (left) and latewood (right) vessels per mm?.
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Table 3 - Table of correlation between parameters with reference to Pearson’s coefficient. The first column and the first row are referred

the to the number used in Table 2. N° 10 is the cambial age.

10 1 2 3 5 7 6 8 9

10 1.000 .710 494 .670 .387 .080 -.089 -.121 -.587 .565
1 1.000 .385 .823 202 .298 .206 144 -775 441

2 1.000 .361 .658 -.082 -.019 .001 -.247 .307
3 1.000 187 .168 109 .073 -.683 454
4 1.000 -.143 -175 -.153 -.008 .168
5 1.000 .485 .259 -.340 .039

7 1.000 .970 -.298 -.059
6 1.000 -.234 -.075
8 1.000 -.473
9 1.000

Taking into account the correlations between me-
asured parameters (Tab. 3), we get quite good and
very significant correlations among normally rela-
ted parameters (e.g. radial/tangential diameter of
earlywood vessels), while the correlations are poor
or very poor among “different” parameters, e.g. ana-
tomical parameters and annual ring width, except
the highly significant negative correlation between
the diameters of earlywood vessels and the number
of earlywood vessels per square millimeter.

The measurements on fiber length values (Fig. 3)
show a very high variability across the first 8-9 yrs.
After that, a short plateau and the onset of a new fluc-
tuation are evident, but it is difficult to state which is
the parameter affecting this variability. In fact, even
if literature (Helinska-Raczowska and Fabisiak 1991)
reports about a dependency of fiber length on ring
width, this is not at all demonstrable by means of the
present dataset. The plot on Figure 4 shows that the
traced curve describes very poorly the cloudy data
distribution.

The analysis of increments shows that, as ex-
pected, tree ring width variation is associated mostly
to the latewood width variation (Fig. 5). The linear

Figure 3 - Fiber length variation with cambial age.
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regression is very close to the experimental data,
(r°=0.94). The ratio ring width/earlywood width is
vice versa not significant (+°=0.23). Earlywood layer
shows a quite stable width because less influenced
by environmental growing conditions than latewood.
This is confirmed also by Fonti and Garcia-Gonzalez
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Figure 4 - Ratio ring width/ fiber length.

Figure 5 - Linear regression ring width/latewood width.
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Table 4 - Wood properties of oak wood from Sargiano and Pieve a Quarto. (The number of samples varies according to the different size

of sampled trees).

A Sargiano B Pieve a Quarto
Property Unit Mean N° SD cVv Mean N° SD cVv
Density g/cm? 0.801 71 0.05 0.06 0.815 86 0.08 0.10
12%
MOE MPa 15,826 32 2,175 0.14 11,763 88 2,426 0.21
MOR MPa 126 31 124 0.10 105 88 17.3 0.16
Compres- MPa 55 38 5.2 0.09 55 86 7.3 0.13
sion
Shear MPa 14 76 2.0 0.14 16 85 3.0 0.19
Hardness kg/mm? 3.00 24 0.34 0.11 4.30 48 0.83 0.19

(2008) and by Matisons and Dauskane (2009). Both
demonstrate that earlywood layer width is less in-
fluenced by the seasonal weather variations, compa-
red to latewood.

Values of physical and mechanical properties
are shown in Table 4. Differences between the two
stands are high significant (p<0.001) for MOE, MOR
and Brinell hardness, significant (p<0.01) for shear
strength and no significant for density and compres-
sion strength.

Data comparison with those available on techni-
cal bibliography for the Italian provenances (Giorda-
no 1988), shows results among the mean references
(in terms of density and strengths). In the case of
French provenances (Sallenave 1964), the mecha-
nical performances have similar values even if the
measured density is higher than in the references.

Discussion

Both stands, not managed since a relatively long
time, show mensurational characteristics typical of
the aged mixed coppice forest, with an overall high
tree density (shoots + standards) and a sustained
height development as shown by shoots density, ba-
sal area and dominant height. Worthy of note is the

difference in sessile oak density between the two
stands with Sargiano having a number of shoots per
hectare (3,786+1,516) remarkably higher than Pie-
ve a Quarto (773+486), it depending on the relative
abundance of tree species mixture and on the num-
ber and age classes of standards released over the
past coppice cycles.

The distribution of anatomical parameters mea-
sured along the radius partially reflects what repor-
ted in literature. Hamilton (1961) quotes the presen-
ce of rings with a higher percentage of latewood for
the first-formed rings around the core for southern
red oak (Quercus falcata Michx.). It may be due to
the physiological reduction of increments in the last-
formed rings; such a trend is not detectable from our
data coming from stands originated and structured
differently.

The measured anatomical variation more similar
to literature reports is the distribution of vessels dia-
meters and number of vessels/mm? (Hamilton 1961,
Helinska-Raczowska and Fabisiak 1991, Helinska-
Raczowska 1994).

On previous works (Helinska-Raczowska and Fa-
bisiak 1991, Helinska-Raczowska 1994) the juvenile
age of Q. petraea is indicated being around 35-40
years of cambial age taking into account the conti-
nuous variations of several anatomical parameters
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during that period, fiber length included. They sup-
port this statement also by means of the evaluation
of sexual maturation of the tree that normally rea-
ches the reproductive phase at 25-30 yrs. Other au-
thors were probably more influenced by the abrupt
variation occurring during the first decade and stated
that the juvenile wood in most of the Quercus cadu-
cifoliae species occurs within the first 10 years.

From the viewpoint of wood technology, results
of the anatomical measurements show that the juve-
nile wood phase should include the period of rapid
variation of the parameters: i.e., the first decade. This
is also clearly visible through the analysis of fiber
length distribution along the radius.

Moreover, measurements made on the growth
ring, divided per porous zone (earlywood) and la-
tewood allowed to highlight that the ring porous zone
is clearly visible from the 6™-7" cambial year, having,
before that age, very small pores and, in some cases,
distributed almost as a semi-ring porous wood.

Even if the analyzed wood comes from forests
formerly managed as coppice and made at now by
outgrown shoots under natural evolution, the physi-
cal and mechanical properties of the Sargiano and
Pieve a Quarto stands are similar to those of other
provenances grown under the high forest system.
This outcome means that the reproductive material
provided by these stands will be suitable for the typi-
cal uses of the sessile oak wood, such as furniture,
parquets, barrels.

The real consistency for higher value-added uses
is given by wood defectiveness impact. Suited silvi-
cultural practices applied throughout the life cycle
may be the technical means acting more effectively
to get the awaited quality timber.

Conclusions

Results achieved so far implemented the knowled-
ge on two basic issues about sessile oak: the role of
silviculture, and of coppicing in the case, and of Me-
diterranean environmental conditions, generally un-
favorable for the species, on wood properties.

In spite of the origin from agamic regeneration
and the lack of management following the suspen-
sion of coppice system, no appreciable technological
differences were found between wood quality in the
examined stands and the one from other Italian and
French provenances in literature.

The genetic material from these stands will
be therefore qualified for the reforestation of this
endangered species in suitable areas, always taking
into account that wood quality is made by its
technological properties, by the growth environment,
but may be improved as well by well-grounded
silvicultural management all over the stand life cycle.
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