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ABSTRACT

The coniferous tree, Tetraclinis articulata (Vahl) Masters, commonly known as Barbary 
thuya is endemic to the western Mediterranean areas. Its root burl wood is very appreciated for 
its natural beauty, homogeneity and quality for marquetry and furniture. The natural durability 
of both thuya trunk and root burl woods against three wood decay fungi, Gloeophyllum trabeum, 
Poria placenta and Coniophora puteana, according to the methods described in the CEN/TS 
15083-1 (2005) and NF EN 350-1 (1994) European standards, was assessed. Mass losses 
obtained after 16 weeks of exposure to these fungi, in laboratory test, showed that both thuya 
woods can be included in the very durable to durable classes against fungi. Such natural durability 
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allows these woods to access to the risk classes of biological attacks 4 and 5 (high-risk), but only 
regarding fungi, for end-use without preservative treatment. 

KEYWORDS: Tetraclinis articulata, trunk wood, root burl wood, durability, wood decay fungi, 
laboratory test. 

INTRODUCTION

The thuya, Tetraclinis articulata (Vahl) Masters, belonging to the order of Pinales and family 
of Cupressaceae, is endemic to the western Mediterranean areas and it is par excellence a tree 
of the semi-arid temperate and hot bioclimate. In North Africa, natural stands of Tetraclinis 
articulata cover a total area of 1 million hectares and grow to heights ranged from sea level up 
to 1800 m altitude (Fennane 1984). It is found in Morocco, Algeria, Tunisia, and more rarely 
in Spain and Malta (M'Hirit et Blerot 1999). Recently, conservation and rehabilitation of this 
species in the Iberian Peninsula began to regain more interest (Esteve-Selma et al. 2010). 

In Morocco, the thuya populations occupy an area of approximately 566.000 ha and play an 
important socio-economic role in the satisfaction of the needs of the human riparian populations 
in terms of rangelands (for livestock), wood products (timber, fuelwood, wood of service and 
burl wood for crafts), sandarac gum, tannins and vegetal tar. However, in recent decades, this 
forest undergoes a significant degradation especially due to its overexploitation by the craft sector 
following a strong demand (Dakak 2002). Effectively, thuya is mainly famous for its root burl 
wood, which is an outgrowth of the tree at the level of the crown and the root. It is a good quality 
material (hard, homogeneous and fine grained) and has a remarkable f leck, an aesthetic aspect 
very appreciated by the cabinetmakers and marquetry in layers.

Previous works were focused on the physic and mechanic characterization of thuya woods, 
especially the identification of material symmetries of burl wood in relation with its internal 
structure. It have shown that burl wood is a material exhibiting a transverse isotropic behavior and 
does not present the same natural symmetries as the wood of the trunk (El Bouhtoury-Charrier 
et al. 2009, El Mouridi et al. 2011a, b, El Alami et al. 2013).

The thuya woods are assumed durable by artisans, but their natural durability against wood 
decay fungi has not yet been experimentally tested. The objective of the present work is to assess, 
in a laboratory experiment, the natural durability of both thuya wood and root burl against three 
wood decay fungi (Coniophora puteana, Gloeophyllum trabeum and Poria placenta) according to the 
CEN/TS 15083-1 (2005) and EN 350-1 (1994) European standards.

MATERIALS AND METHODS

Plant material used 
In this study, both thuya trunk and root burl woods, originated from Khemisset region 

(North-West, Morocco), were tested and compared to Scots pine, Pinus sylvestris L., sapwood 
used as reference. Thuya trunk wood specimens of (2.5 cm width, in radial direction × 1.5 cm 
thick, in tangential direction × 5 cm length, in longitudinal direction) were randomly carried from 
plates cut in three trees aged about 45 years, without distinguishing sapwood and heartwood. 
Since that the complex internal structure of thuya root burl, axis of symmetry (radial, tangential 
and longitudinal) were difficult to find, it was supposed that they were similar to those of thuya 
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heartwood according to the assumptions formulated by previous works (El Mouridi et al. 2011a, 
b, El Alami et al. 2013). Root burl specimens were then taken from plates of three root burls cut 
following the same longitudinal axis of tree (reference axis). The wood reference specimens were 
carried from commercial Scots pine sapwood. All specimens were free of cracks, discoloration, 
biological attack, insect holes and other defects. The distribution of wood specimens, by type of 
test and by fungus, is given in Tab. 1.

Tab. 1: Numbers of wood specimens by fungus and type of wood.

Type of wood 
Biological test specimens Conditioning 

specimensC. puteana G. trabeum P. placenta
Thuya root burl wood 30 30 30 10

Thuya trunk wood 30 30 30 10
Scots pine sapwood 10 10 10 10

Before the test, all specimens were put into a climatic chamber (20 ± 2°C and 65 ± 5 %  relative 
humidity) in order to reach the equilibrium of 12 % wood moisture content. Ten conditioning 
specimens of each wood species were oven dried to 103°C for 24 hours in order to determine the 
moisture content as well as the "K" coefficient used for the calculation of theoretical anhydrous 
mass of biological test specimens.

The three brown rot fungi used in this study were Gloeophyllum trabeum BAM Ebw. 109, 
Poria placenta FPRL. 280 and Coniophora puteana BAM Ebw. 15., conserved in the mycological 
collection of the Laboratory of Botany, Mycology and Environment, Faculty of Sciences, Rabat, 
Morocco.

Methodology
The assessment of the natural durability of thuya woods was determined according to the 

French and European standards: NF EN 350-1 (1994), CEN/TS 15083-1 (2005), NF EN 
335-2 (2013) and NF EN 460 (1994). The determination of the resistance of woods specimens 
to fungal decay is based on their mass loss value after fungi exposition in laboratory test. Scots 
pine sapwood, used as reference wood, is recognized non- durable against the wood decay fungi.

The standard CEN/TS 15083-1 previews, before fungi exposition, the calculation of the 
theoretical oven-dry mass (Mto) of test specimens and the K coefficient of moisture correction, 
obtained from the measurement of the moisture content on another series of ten oven dried test 
and reference specimens at 103°C for 24 hours, as indicate:

       (%)         (1)

where: Mh - initial mass at 12 %, 
 Mo - anhydrous mass (%), 
 U - moisture content of each specimen (%),
 Umoy - mean of moisture content of ten specimens of each type of wood.

The theoretical anhydrous mass (Mto) of specimens intended for biological tests, was then 
determined as follows: 

Mto = Mh * K                   (2)
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Fungal strains used in this study were grown in Petri dishes on 4 % malt extract and 3 % agar 
in distilled water and then transferred after 10 to 15 days on the same medium in 500 ml square 
section bottles. Each bottle, containing 30 ml of the medium, was plugged with cotton. Wood 
specimens test were at first sterilized by autoclaving at 121°C for 20 minutes and were subjected 
to fungal decay in bottles (inoculation) after about 20 days of mycelium culture, at the rate of two 
specimens per bottle. A small round pellets stainless steel of 2 mm thick, used as holders, were 
placed between the mycelium surface and wood specimens bottom surface. Wood moisture must 
be above 20 % for suitable wood colonization by fungi. Specimens exposed to mycelia were then 
incubated in a dark climatic chamber (RH= 70 ± 5 % and T= 22 ± 2°C) during 16 weeks. At the 
end of incubation period, the woods specimens were removed from the culture bottles, carefully 
brushed and immediately weighed to determine their final moisture content before oven dried at 
103°C for 24 hours and weighed again to determine their final anhydrous mass (Mf). Then, the 
mass loss of all the inoculated specimens and the average mass loss for each fungus were deducted.

The mass loss, in percentage, of each test specimen was calculated as indicate:

           (3)

Mto and Mf were respectively initial theoretical anhydrous mass and final anhydrous mass 
of wood specimens, and the means of mass loss of the biological test specimens (thuya trunk and 
root burl woods, Pe) and the mean of reference wood (Scots pine sapwood, Pr) were calculated 
respectively as follows: 

                                   (4)

The durability index "X" of each type of thuya wood was therefore:  .

Durability classes of test woods were then deducted from the Tab. 2.

Tab. 2: Classes of wood durability to brown-rot fungi according to standard NF EN 350.

Durability class (DC) Description Results expressed in X* value 
1 Very durable X ≤ 0.15
2 Durable 0.15 < X ≤ 0.30
3 Moderately durable 0.30 < X ≤ 0.60
4 Less durable 0.60 < X ≤ 0.90
5 Non-durable X > 0.90

* X is the durability index expressed as mass loss of the test specimens / mass loss of the reference specimens.

RESULTS AND DISCUSSION

Means of mass loss of test and reference specimens are presented in Tab. 3. These results, as 
well as the observations of the woods specimens show that the most noticeable damage is caused 
by G. trabeum on Scots pine sapwood. Average mass loss reached approximately 41 %. Both thuya 
trunk and root burl specimens showed no apparent decay by the three tested wood decay fungi 
and mass loss was below 5.5 % (Tab. 3).

According to our results, the root burl wood is therefore very durable against two fungi, 
G. trabeum and P. placenta (durability class, DC1) and durable against C. puteana (DC 2), while 
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the trunk wood is very durable against G. trabeum and C. puteana (DC 1) and durable against P. 
placenta (DC 2).

Tab. 3: Mass loss of the test specimens of thuya trunk (above the line) and root burl woods (below the line) 
and durability classes (DC) according to EN 350-1 in brown-rot test (SD standard deviation, n=30, for 
reference, specimens* n=10)

Basic statistical parameters
X** DC***Min Max Mean S D

(%)

P. placenta 3.335
4.116

6.827 
5.529

5.436
4.765

1.088 
0.287

0.165 
0.144

2 
1

C. puteana 2.866
4.380

4.704 
5.200

3.525 
4.810

0.663 
0.839

0.148 
0.194

1 
2

G. trabeum 1.623
3.892

4.122 
7.678

3.193
5.160

0.773 
1.654

0.079 
0.127

1 
1

* Means of mass loss of reference specimens (Scots pine sapwood) were respectively 33 % for P. placenta, 25 for 
  C. puteana and 41 % for G. trabeum.
** Durability index.
*** Durability classes.

The definition of biological risks, according to the standard EN 335-2 (2013), is generally 
taken as a reference in the elaboration of the conditions of end-use of a given wood. A 
correspondence is then established between natural durability classes and the risk of biological 
attacks classes (EN 460, 1994). Taking into account this correspondence, natural durability 
classes (DC 1 and 2) of thuya trunk and root burl woods against decay fungi, allows these 
woods to access high-risk classes of biological attacks 4 and 5 for an end-use without preservative 
treatment, but only regarding wood decay fungi.

Compared to other coniferous woods in Morocco, natural durability of these woods is similar 
to that of the Atlas cedar heartwood, considered as very durable to durable against wood decay 
fungi (DC 1 and 2) (Brunetti et al. 2001) and is better than the Aleppo pine timber considered 
as less durable (DC 4) (Thevenon et al. 2012).

The natural durability of thuya woods would be linked to its richness in tropolones (Haluk et 
Roussel 2000) and phenols which are recognized as antimicrobial (Satrani et al. 2006, El Hanbali 
et al. 2007, El Moussaouiti et al. 2010). The essential oil of T. articulata burl wood, containing 
phenols such as thymol, 3-tert-butyl-4-methoxyphenol and cedrenol, has shown a very significant 
antibacterial activity at concentrations below 1.25 µl/ml (El Moussaouiti et al. 2010). On the 
other hand, the incorporation of 1 to 2 % of thuya burl wood sawdust in the culture medium has 
limited the development of the wood decay fungus, Coriolus versicolor (El Bouhtouri-Charrier 
et al. 2009). This could allow us in future studies to consider the recovery of waste from thuya 
woods processing for extracting essential oils and used them in the preservative treatment tests 
of less durable woods.

CONCLUSIONS

The assessment of natural durability of thuya woods against three wood decay fungi, 
according to the methods described in the CEN/TS 15083-1 (2005) and EN 350-1 (1994) 
European standards, has shown that the thuya root burl is very durable against G. trabeum and 
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P. placenta (DC 1) and durable against C. puteana (DC 2), while the thuya trunk wood is very 
durable against G. trabeum and C. puteana (DC 1) and durable against P. placenta (DC 2). Such 
natural durability allows these woods to access high-risk classes of biological attacks 4 and 5 for 
an end-use without preservative treatment, but only regarding wood decay fungi. 
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