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Abstract

The laurel (Laurus nobilis L.) is a common species in southern Europe but the properties of its wood are not well
described in the literature and from that perspective any novel information is valuable. Because of that, a group
of laurels was felled for analysis of wood properties on small defect-free specimens (17 trees and 1,250 valid
specimens). The sampled wood was moderately heavy and unstable. The following mean values were obtained
(density at 12% moisture content: 699 kg m=; basic density: 566 kg m=; total volumetric shrinkage: 18.0%;
volumetric shrinkage coefficient: 0.59%). Highly significant inter-tree and intra-tree variation was observed for
most of the properties considered. The inter-tree variation was attributed to tree dimensions, being remarkable
that volumetric, radial and tangential shrinkage coefficients were significantly related to breast height diameter
and slenderness. The trends of these variables suggest that in trees older than those used in the study (24-41
years old) the dimensional stability would increase. As regards the in-tree variation, a low but highly significant
decreasing was found for density at highest positions in the tree. Volumetric and linear shrinkage diminish very
significantly along the stem. Due to the uniformity of density and the increment of wood dimensional stability

along the trunk, it is advisable the harvesting of the full stem.
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Introduction

The laurel (Laurus nobilis L.) is a lauraceous tree species, considered original from the Anatolian peninsula
(Turkey). It grows in all the Mediterranean countries and it is common in Spain, whether naturally regenerated or
cultivated. It is frequently distributed in Galicia (NW Spain) along wet areas with warm temperature, such as

riverbanks, coastal lands and low altitude forests.

The laurel is an evergreen broadleaf tree, shrubby or arboreal-shaped, that reaches its optimum development in
loose and humid soils (Ruiz de la Torre 1979). The laurel woodlands can be considered as arboreal scrublands
with forest structure. It grows 8-12 m high (Fig. 1), although it can reach up to 20 m (Garcia Esteban and
Guindeo Casasus 1989). The stem is straight, with a very thin bark (around 1 cm thick in the biggest trees). The
wood has white sapwood and darker heartwood. It is a homogeneous wood, heavy, strong and quite hard, with
checks that tend to appear during drying: some big checks from the pith, occasional micro-splits no longer than
the ring width, and mostly small and numerous fissures covering several growth rings (Fig. 2). Because of that, it
is convenient to saw the logs by radial cutting before drying checks appear. The wood rays are not perceptible to
the naked eye. The vessels are also not perceptible, although the growth rings can be noticed since the wood is
ring-porous (Garcia Esteban and Guindeo Casasus 1989; Ruiz de la Torre 1979), with tendency to form semi
porous rings. The spring band of the growth ring has a very variable width. Supernumerary or fake rings are

frequent.

The wood is somewhat aromatic, machinable, and admits decorative polish. It is used to craft small marquetry
objects, and for carving and turnery (Garcia Esteban and Guindeo Casasus 1989). Nevertheless, it is highly
abrasive on the cutting tools and toxic by inhalation, since it irritates the mucous membrane and produces

breathing problems.

The laurel contains essential oils that are more abundant in the palisade parenchyma and central nerve of the leaf.
The laurel leaves are collected for the production of bio-oil, which has been largely used for flavoring food and
for therapeutic uses and it is been tested nowadays as wood preservative front of fungal decay (e.g. Akbas et al.

2016; Ertas and Alma 2016).
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Despite the environmental value of the laurel tree, its woodlands have been frequently replaced by crops,
meadows or plantations of other forest species. The lack of interest of the forest managers towards the
conservation of the laurel may be partially explained by the low prices its wood has, substantially lower than

other domestic hardwoods.

There are other factors contributing to the deterioration of the laurel stands: the fragility of these forests due to
their usual fragmentation, riverbed channelling, dam construction, landscaping of the riverbanks, drainage or arid

extraction (Rigueiro Rodriguez 2003).

Any measure aimed to the preservation of the genetic diversity of the laurel tree starts with its characterization,
including the study of the laurel wood. No such studies have been published in Spain. In a European level the
information is scarce, despite the species is being harvested both in mature and juvenile stages. A pioneering
study of physical properties of laurel wood has to comprise gravimetric properties (specific gravity and density),
since they are common indicators of wood quality (e.g. Forest Products Laboratory 2010; Zobel and Buijtenen
1989). What is more, the laurel wood density affects the hydraulic conductance (e.g. Li et al. 2016; Savi et al.
2017) and the ecological strategies in woody plants by controlling the proportion of carbon invested per unit
stem volume (e.g. Martinez-Cabrera et al. 2009). Likewise, wood stability should be addressed by means of the
variables that quantify the volumetric shrinkage, and the shrinkage in the main directions of wood, since the final

destination of the material is influenced by how its dimensional stability faces changes in the air humidity.

Finally, the unstable juvenile wood abounds in young trees, which limits their logging exploitation. The
assessment of the shrinkage on the wood fibre direction (longitudinal shrinkage and longitudinal shrinkage
coefficient) can be used to detect juvenile wood, since both variables in juvenile wood show high values and

dispersion (e.g. Forest Products Laboratory 2010; Panshin and de Zeeuw 1980; Zobel and Buijtenen 1989).

The main objective of this study is to assess the density and dimensional stability of the laurel wood, and their

inter-tree and intra-tree variation.

Material and methods
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In a stand located in the Ermo parish, municipality of Ortigueira (Latitude: 43.624552, Longitude: -7.893340,
WGS 84; altitude: 197 MASL), an inland area of Galicia (north-western Spain), 17 individuals of Laurus nobilis
L. were selected and felled for investigation taking advantage of a commercial laurel tree harvest that it was been
performed in a coastal eucalypt plantation (Eucalyptus globulus) where laurel tree was mainly part of the
accompanying ground vegetation. The number of trees accomplished with the Spanish standard UNE
56528:1978 (IRANOR 1978a) and with the European standard EN 384:2016 (CEN 2016). The stand was located
by its coordinates with a gps navigator. The altitude was calculated with a barometric altimeter. Breast height
diameter was measured by averaging two rectangular tree calliper measurements (to the closest millimetre) and
total height with a Blume-Leiss hypsometer. The over bark and under bark trunk volume were obtained by the
two-entry merchantable volume equations for the species in the province of La Corufia (DGCONA 2001). The
age of each tree was established in laboratory by growth ring count on basal slices of the stems. The sample was

formed by juvenile trees, judging by their age distribution and dimensions (Table 1).

From each felled laurel, cross section slices were obtained, at the stem base, at 1 and 2 m stem height, and
further if the stem diameter was big enough. Slices were cut with an approximate thickness of 15 cm and were
sawn to obtain two types of prismatic specimens: 2 cm X 2 cm x 4 cm and 4 cm X 4 cm x 2 cm as radial,
tangential and longitudinal target dimensions respectively (Fig. 2). The slices were sawn when they were fairly
dry because sawing wet laurel wood yields fibrous, fuzzy surfaces and measurement on the irregular faces of the
specimens leads to errors. The drying of slices was slowly carried out in the hygrothermal conditions of the
laboratory but the laurel wood is very prone to crack, and the occurrence of fissures did not allow to cut
prismatic specimens under a planned pattern (from the pith to the bark, for instance). Instead of that, the
complete discs were cut out and afterwards only clean wood specimens were selected for tests. On defect-free
specimens, with negligible fibre deviation, growth rings parallel to the specimen arris and with low curvature
rings (which indicates separation from the pith), the mass and the three main dimensions were measured at three
successive wood moisture contents: saturation, ca. 12% wood moisture (air-dry wood or wood in equilibrium
with the moisture content in the laboratory environment) and 0% moisture (oven-dry wood). The weight of each
specimen was measured with an accuracy of one-hundredth gram, and the volume was obtained considering each
specimen as a perfect prism and multiplying the measurement of each dimension with an accuracy of one-
hundredth millimetre. The physical properties displayed on Table 2 were then determined according to the

Spanish standards UNE 56531:1977 (IRANOR 1977a), UNE 56532:1977 (IRANOR 1977b), UNE 56533:1977



145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

(IRANOR 1977c¢), UNE 56528:1978 (IRANOR 1978a) and to the European standards EN 13183-1:2002 (CEN
2012a) and EN 408:2011 (CEN 2012b). The variables related to longitudinal stability were only obtained on 2
cm x 2 cm x 4 cm specimens in order to detect on the longest dimension the small variations inherent to the axial
direction. Similarly, the variables related to radial and tangential stability were only measured on 4 cm x 4 cm x
2 cm specimens to perceive variations in transversal direction on the longest dimensions. The width of annual
growth rings was assessed in each saturated specimen and was calculated as the dimension of the longest radial
segment in the transversal section divided by the number of rings, and averaging the measurements made on
both faces. The air-dry density was referred to the 12% moisture content according to the correction equation in
UNE 56531:1977 (IRANOR 1977a). The sampled specimens per tree were 74 on average, with a minimum of 23

specimens in a particular tree.

The analysis of small, defect-free specimens allows to characterize the wood and to compare wood from
different origins, since the presence of defects or singularities in the wood is a source of variation which would
impede to detect the influence of other factors on the properties of the material (Riesco Mufioz and Remacha

Gete 2011).

The descriptive statistics of the physical properties (Table 2) were obtained after validating and refining the test
results. The wood properties assigned to the laurel wood were calculated as the arithmetic mean values of all the
valid data from the specimens obtained from the sampled trees, considering specimens as sampling units, all of
which had the same weight in the sample. The dispersion of the results for the properties analysed was quantified
by means of the coefficient of variation (standard deviation/mean quotient, expressed as a percentage). The
coefficient of variation represents an estimate of relative dispersion, which was useful in this case to compare the

dispersion of results among variables of different nature.

In order to find relationships between quantitative variables (those in Table 2) and qualitative variables (namely,

tree and height in the stem) a one-way analysis of variance was performed.

Any p-value lower than 0.05 was considered statistically significant. Values below 0.01 were considered highly

significant.
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All statistical analyses were carried out using IBM SPSS Statistics software (version 20).

Results and discussion

Basic descriptive statistics

Table 2 shows the main statistics of the studied physical properties. The mean width of the growth rings leads to
consider the laurel as a slow growing species according to the Redington classification (1999). The wood density
is intermediate-high: density at 12% moisture content was 699 kg m=, which is in the range of the semi-heavy
hardwoods (510-700 kg m™), following the UNE 56540:1978 interpretation criterion (IRANOR 1978b). It is
possible that in maturer trees the wood may be characterized as heavy, as it is cited in Garcia Esteban and
Guindeo Casasus (1989), since there is usually a positive relation between wood density and cambial age (e.g.
Desch and Dinwoodie 1996). The density was very even, with coefficients of variation around 6-7% (typical of
conifers) and lower than those of hardwood species with porous growth ring (e.g. Riesco Muifioz et al. 2009;
Riesco Muiioz and Remacha Gete 2011). The density was homogeneous in each tree even considering that ring

width variability increased in bigger trees (Fig. 3).

The low density heterogeneity vs. ring width heterogeneity allows speculating about a weak link between density
and ring width in a stand-level scale. Additionally, it must be taken into account that the ring width attributed to
every specimen was the averaged width of the group of rings counted on the transversal section (between 1 and
27 rings per specimen in the sample). Because of that, it is expected a higher ring width variability if smaller

specimens, as regards transversal section, are considered.

The hygroscopicity is normal and the wood is volumetrically unstable according to the UNE 56540:1978
interpretation criterion (IRANOR 1978b), although judging by the Koehler volumetric constant (Koehler 1931)

laurel wood is significantly more stable than it should be, given its high density.

The longitudinal stability is highly variable, which is a characteristic trait of immature trees, where juvenile
wood is abundant. Taking into account that specimens near the pith (juvenile wood) were intentionally rejected
for tests, it is possible that most of the wood analysed was juvenile. Additionally, longitudinal shrinkage is

significantly lower than expected, given the density the wood presents (Koehler 1931).
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The fibre saturation point or cell wall saturation point is normal according to Gutiérrez Oliva and Plaza Pulgar
criterion (1967). Nevertheless, the fibre saturation point in the longitudinal direction (21% on average) is low
under the same criterion. This trait indicates that wood distortions (bow, spring and twist) start to occur only if
the wood humidity drops below 21%, which is a practical threshold to consider because sawn wood is usually

dried below that level, according to commercial standards.

The transversal stability of wood (radial and tangential shrinkage) is moderate, and with somehow low
variability. Radial shrinkage and tangential shrinkage are significantly lower than expected, given the density of
wood (Koehler 1931). Despite the absolute anisotropy is high and variable, the coefficient of anisotropy is low
under the Rijsdijk and Laming (1994) interpretation criteria, which leads to conclude that radial and tangential
shrinkages are somehow similar. This is a positive feature of this wood as raw material for sawing, because

distortion of the square or rectangular cross section of the planks after drying will be less visible.

The relative error in the estimation of the variables was always lower than 5%, upper threshold proposed by
UNE 56528:1978 standard (IRANOR 1978a), except for some of the variables related to longitudinal stability

(because of their high coefficient of variation).

Due to the absence of previous results about the wood properties of Laurus nobilis, the values in Table 2 were
compared with those in the early work of Peraza Oramas and Lopez de Roma (1967) for Laurus canariensis
Webb & Berthel., a species of the same genus, with similar shape and height, and similar wood as regards
macroscopic characteristics. The results revealed that sampled wood of Laurus nobilis is 5-7% denser and more

unstable than wood of Laurus canariensis.

Inter-tree variation in the characteristics of wood

The analysis of variance using tree as a factor shows that every assessed physical property of the laurel wood
presents a very significant (p < 0.01) variance among trees (Table 3). The inter-tree variation was not attributed
to genetics because genetic diversity was not expected to be high among trees sampled in close proximity in the

same stand. Surely, there would be a reasonable degree of relatedness among individuals growing next to each



234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

other in the same plot. Additionally, environmental conditions were almost constant for all sampled trees as there

were not any remarkable differences in site quality.

The inter-tree variation in wood characteristics may be therefore attributed to tree factors such as age,
dimensions and growing. The correlation matrix between average tree wood properties and dendrometric tree
characteristics (not included here) showed that, on the basis of Pearson’s correlation coefficient, the most
remarkable relationships were those related to density and mean growth (in mm year™"), and volumetric stability

of wood and tree breast height diameter or slenderness. The highest Pearson’s correlation coefficients were:

- r=-0.67** between volumetric shrinkage coefficient and breast height diameter

- r=0.69** between volumetric shrinkage and slenderness.

Since the breast height diameter increases with age, and slenderness reduces, it is expected that for ages of
felling older than those of this study (24-41 years) the high volumetric shrinkage coefficient values would
diminished. Therefore, with a later age of felling the volumetric stability of the laurel wood would improve,
which in turn would facilitate its use in the industry. In Figures 3 and 4 the box plots of representative variables

distributed by tree or position in the stem are presented.

Wood characteristics variation along the stem

The analysis of variance using stem height as a factor shows that, similarly to the previous section, every
assessed physical property of the laurel wood presents a very significant (p < 0.01) variance in different positions
along the stem, except for a few variables (Table 3). As the noted variability of density along the stem was
actually rather small, it has no practical interest (Fig. 4) and, from the harvesting point of view, the wood density
may be considered constant along the stem. On the other hand, the reduction of the volumetric shrinkage from
the root collar to 3 m height is 16.3%, which indicates that the higher logs present a more dimensionally stable

wood (Fig. 4).

Conclusion

The laurel wood is moderately heavy, and also moderately stable if its high density is taken into account. The

physical properties vary significantly from one individual to another. The dimensional stability is higher in thick
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and slenderless trees, which are usually maturer, so it is expected that in trees older than those used in this study
the dimensional stability would increase. Commercial exploitation of the complete trunk is recommended as
wood density is very homogeneous along the stem and wood dimensional stability is higher at upper positions in

the stem.
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353 Table 1. Dendrometric characteristics of the 17 sample laurel trees. CV (%) = coefficient of variation.

minimum maximum mean CV (%)

breast height diameter, dbs (cm) 13.7 28.9 20.8 25
total height, 4 (m) 5.1 13.1 8.6 26
age (years) 24 41 32 15
slenderness (4/dbh ratio) 0.21 0.77 0.44 37
over bark volume (dm?) 43 263 146 49
under bark volume (dm?) 34 210 116 49
mean growth (dm? year™) 1.3 8.4 4.5 44
mean growth (mm year™") 2.3 4.5 32 21

354

355

14



356 Table 2. Descriptive statistics of the assessed physical properties of the laurel wood. » = number of valid tests;

357 CV (%) = coefficient of variation; e (%) = relative error in the estimation of the mean.

n minimum  maximum mean CV (%) e (%)

ring width (mm) 1212 1.2 14.8 4.8 45 2.5
density at 12% moisture (kg m=) 1249 441 826 699 7 0.4
oven-dry density (kg m=) 1250 415 792 668 7 0.4
basic density (kg m~) 1250 370 676 566 6 0.3
hygroscopicity (kg m™) 1249 0.3 5.8 2.9 19 1.0
volumetric shrinkage (%) 1250 8.8 29.8 17.9 12 0.7
volumetric shrinkage coefficient (%) 1249 0.18 0.95 0.59 14 0.8
radial shrinkage (%) 225 2.6 8.7 5.5 17 22
radial shrinkage coefficient (%) 225 0.08 0.28 0.19 19 2.4
tangential shrinkage (%) 225 5.8 15.7 10.9 14 1.8
tangential shrinkage coefficient (%) 225 0.17 0.40 0.31 13 1.7
longitudinal shrinkage (%) 706 0.0 3.9 0.4 86 6.3
longitudinal shrinkage coefficient (%) 706 0.00 0.14 0.02 82 6.1
anisotropy coefficient 225 1.1 3.1 2.0 17 2.2
absolute anisotropy (%) 225 0.9 10.7 53 27 3.5
fibre saturation point, in volume (%) 1249 17 53 31 12 0.7
radial fibre saturation point (%) 225 23 43 29 12 1.6
tangential fibre saturation point (%) 225 27 44 35 9 1.1
longitudinal fibre saturation point (%) 649 9 44 21 28 2.1
Koehler volumetric constant 1249 13.5 42.5 26.8 9 0.5
Koehler radial constant 225 4.8 132 82 14 1.8
Koehler tangential constant 225 10.8 21.8 16.2 11 1.4
Koehler longitudinal constant 706 0.0 52 0.7 86 6.3

358

359

360

361
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362 Table 3. F-values (F) and significance levels (p-values) in the one-factor analysis of variance for physical

363 properties of laurel wood with the variables tree and height in the stem as factors.

quantitative variable tree factor height in the stem
F Sig. F Sig.

ring width (mm) 43.346 <0.01 29.614 <0.01

air-dry density (kg m) 43.868 <0.01 30.308 <0.01

oven-dry density (kg m™) 38.530 <0.01 28.759 <0.01

basic density (kg m) 44.290 <0.01 25.998 <0.01

hygroscopicity (kg m-) 14.800 <0.01 29.745 <0.01

volumetric shrinkage (%) 20.064 <0.01 43.882 <0.01

volumetric shrinkage coefficient (%) 20.223 <0.01 27.502 <0.01

radial shrinkage (%) 11.548 <0.01 15.252 <0.01

radial shrinkage coefficient (%) 9.882 <0.01 13.893 <0.01

tangential shrinkage (%) 6.645 <0.01 6911 <0.01

tangential shrinkage coefficient (%) 7.394 <0.01 3.828 <0.05

longitudinal shrinkage (%) 10.429 <0.01 13.467 <0.01

longitudinal shrinkage coefficient (%) 10.186 <0.01 8.947 <0.01

anisotropy coefficient 5.529 <0.01 5.321 <0.01

absolute anisotropy (%) 4.508 <0.01 1.939 0.124

fibre saturation point, in volume (%) 10.862 <0.01 6.197 <0.01

radial fibre saturation point (%) 4.644 <0.01 7.399 <0.01

tangential fibre saturation point (%) 3.358 <0.01 3.414 <0.05

longitudinal fibre saturation point (%) 7.297 <0.01 10.604 <0.01
364
365
366
367
368
369
370
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Fig. 1 Laurel trees (Laurus nobilis) in the edge of eucalypt stands (Lugo, Spain)

Fig. 2 Laurel wood. a) log from a felled laurel tree; b) sampled slice for this study; c) prismatic specimens 2 cm

x 2 cm x 4 cm rejected for testing because of the presence of checks

Fig. 3 Box plots for the physical properties of laurel wood in each separate tree. Boxes are ordered by increasing

breast height diameter of the tree, but not on a continuous scale

Fig. 4 Box plots for the physical properties of laurel wood at different stem heights
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