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ABSTRACT 
Genetic variation of ten Norway spruce (Picea abies 
(L.) Karst.) clones regarding their decay resistance 
against brown rot fungi, as well as physical and 
chemical properties of clones were investigated. 31- 
year-old spruce clones: 26, 31, A10, A15, A7, B10, 
B15, B6, V7, V9 were selected across Latvia. The stem 
diameters of spruce clones varied between 13.0 and 
20.9 cm. The wood density of clones ranged from 361 
to 443 kg/m3. Klason lignin content, depending on the 
clone, was between 27.0% - 28.9%. Cellular UV mi-
crospectrophotometry of the non-infected tracheids 
displayed the typical lignin distribution with highest 
absorbance values in the cell corners (abs280 nm 0.80) 
and compound middle lamellae (abs280 nm 0.48), while 
secondary wall showed lower lignin absorbance val- 
ues (abs280 nm 0.29 - 0.35). The deposition of phenolic 
extractives in ray parenchyma and epithelial cells of 
resin canals were emphasized by a significantly higher 
UV-absorbance (abs280 nm 0.68 to 0.78) when com- 
pared to the cell wall associated lignin. The content of 
acetone-soluble extractives of spruce clones varied 
between 1.1% - 1.8%. The x-value (natural durability) 
for all spruce clones after exposure to C. puteana and 
P. placenta was >0.90 (durability class 5, not durable). 
Most of clones after degradation by G. trabeum had 
x-value > 0.90 with exception of clones B15 and V9 
that showed x-value ≤ 0.90 (durability class 4, slightly 
durable). Natural durability of spruce clones did not 
correlate with stem diameter, density, content of lig- 
nin and extractives. 
 
Keywords: Norway Spruce Clones; Natural Durability; 
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1. INTRODUCTION 

The end use of timber in exterior or interior constructions 

is determined by its natural durability i.e. inherent resis- 
tance to fungal degradation. Brown rot fungi are gener- 
ally considered the most important rot type for wood in 
service. They cause an extensive degradation of holocel- 
lulose in wood, whilst the lignin fraction is mainly de- 
methylated and depolymerised [1-4]. Lignin is supposed 
[5] to improve the durability of wood against microbial 
attack by coating and protecting the cellulose microfi- 
brils. 

It has been reported that the natural durability of wood 
is affected by the density and content of extractives. It 
was found [6] that oak heartwood with the narrowest 
growth rings and consequently lower density was more 
susceptible to fungal decay than denser wood made of 
wider growth rings. In its turn, phenolic extractives in- 
creased decay resistance of e.g., European oak [7], larch 
heartwood [8] and black locust [9]. The concentration of 
stilbenes improved decay resistance of Scots pine heart- 
wood [10] while no detectable amounts of stilbenes were 
found in the heartwood of spruce [11]. 

Moisture content, temperature, and the relative humid- 
ity are considered [12] as more important factors for 
fungal establishment in wood than the content of main 
structural components and the amount and composition 
of extractives. The optimum moisture content for wood 
decay has been reported between 30% and 80% for most 
rot fungi [13]. Moisture is often recognized as a key fac- 
tor regarding the long time performance of wooden prod- 
ucts, and one of the main challenges for timber products 
is to predict accurate service life in hazard classes 3 (not 
covered above ground) and 4 (in soil or fresh water con- 
tact) according to EN 335-1 [14]. Investigation on natu- 
ral durability of wood in different environments in North- 
ern Europe confirmed a higher decay risk in use class 4 
than in use class 3 [15], and higher decay risk in a humid 
climate (Western Norway) than in a dry climate (Eastern 
Norway). 

Proportion of sapwood and heartwood varies accord-
ing to species, age of trees, growth rate, and environ- 
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mental conditions [16]. Sapwood is gradually converted 
to inactive heartwood as the tree matures [17]. Important 
changes during conversion of sapwood into heartwood 
include deposition of extractives, increase in pit aspira- 
tion, changes in moisture content etc. [18]. Previous 
studies [19,20] demonstrated that an important factor for 
improved natural durability of pine in above ground con- 
ditions is whether the timber consists of heartwood or of 
sapwood. Spruce, in contrast to pine, has traditionally 
been regarded as a homogenous species without differ- 
ences in properties between heartwood and sapwood. 

EN 350 [21] describes the principles of testing and 
classification of the natural durability of wood (Part 1) 
and lists the natural durability and treatability of selected 
wood species (Part 2). The standard provides data on 
performance of the heartwood of the species in ground 
contact (service conditions for hazard class 4, EN 335-1 
[14]). If wood is to be used in other hazard classes, the 
service conditions may result in a performance which 
differs from that given in EN 350 [21]. It was proposed 
[22] that laboratory tests, for example, European stan- 
dard EN 113 [23], are good as screening tests to obtain a 
fast first opinion about a new species or treatment. 

The objective of this study was to determine whether 
genetic variation of Norway spruce clones influences 
decay resistance, and whether wood biodegradation is 
affected by the physical and chemical properties of spruce 
wood. Evaluation of natural durability of spruce clones 
would allow recommending the wood for the most ap- 
propriate end-use. 

2. MATERIALS AND METHODS 

2.1. Wood Material 

Ten Norway spruce (Picea abies (L.) Karst.) clones: 26, 
31, A10, A15, A7, B10, B15, B6, V7, V9, represented by 
3 clonal copies (ramets) on the average, were collected in 
the 2010, at the age of 31 year, in clonal trial on former 
agricultural land. Experiment No. 51 (registered in Da- 
tabase of long term forest experiments in Latvia) in- 
cludes altogether 80 Norway spruce clones from plus 
trees located across Latvia. It was started in year 1975 
with establishment of mother-plant collection and prepa- 
ration of grafts. Rooting of grafts has been finalized and 
trial planted in year 1983 with spacing 2  2 m, no thin- 
ning was carried out prior to collection of material. Sam- 
ple trees were selected from most productive clones and 
2 slower growing ones (V9, A15) with the aim to repre- 
sent the diameter distribution in trial, not necessarily the 
mean of each clone. Only the trees without spike knots, 
stem cracks or other defects were selected. 

2.2. Sapwood-Heartwood Differentiating 

For sapwood-heartwood differentiating Bromcresol- 

green solution was prepared as follows: 25 mg Brom- 
cresolgreen was mixed with 0.36 ml 0.1 N NaOH and 10 
ml 96% Ethanol. The mixture was dissolved in water up 
to 50 ml. According to [24], the heartwood colours blue, 
and sapwood yellow-green. 

2.3. Wood Density 

Wood density was determined according to the DIN 
standards [25,26]. Wood samples of size 20  20  10 
mm3 were cut and conditioned at 20˚C ± 2˚C and 65% ± 
5% RH until constant weight. Samples were weighed on 
a balance with a 0.0001 g precision. The size of samples 
was determined to 0.01 mm, using an electronic calliper. 
The density was expressed as kg/m3. In total 14 samples 
were measured for each tree (ramet). 

2.4. Determination of Lignin 

Lignin was determined using 72% sulphuric acid (Klason 
method). The wood meal (1 g) was treated with 15 ml 
72% sulphuric acid (density 1.6). After standing for 2 h 
at 25˚C with occasional stirring, the mixture was diluted 
with 200 ml distilled water and refluxed for 1 h. The 
lignin was then filtered and washed free of acid, dried at 
105˚C, and weighed [27]. 

2.5. Acetone-Soluble Wood Extractives 

10 g of wood sawdust particles (less than 0.40 mm) were 
extracted with pure acetone in Soxhlet extraction appa- 
ratus. Evaporation was made by vacuum evaporation unit 
and extractives were dried at 105˚C and weighed [28]. 

2.6. Cell Wall UV Microspectrophotometry 
(UMSP) 

For the UV-spectroscopic studies parallel sample blocks 
(1 × 1 × 5 mm3) from seven spruce clones and one 80- 
year old spruce (mature wood) as control sample were 
prepared, dehydrated and embedded in Spurr’s epoxy 
resin [29] under vacuum conditions. Semi-thin transverse 
sections (1 µm) were transferred to quartz microscope 
slides, immersed in a drop of non-UV-absorbing glycer-
ine and covered with a quartz cover slip for the topochemi-
cal analyses of lignin and phenolic extractives within cell 
walls and cell lumina according to [30]. 

The investigations were carried out using a ZEISS- 
UMSP 80 microspectrophotometer equipped with a scan- 
ning stage, which enables the determination of UV-im- 
ages profiles at the constant wavelengths, e.g. for conifer 
wood lignin at the absorbance maximum of 280 nm. 

The semi-thin sections were studied by means of point 
measurements with a spot size of 1 µm2 between 240 nm 
and 700 nm wavelength in order to characterize the UV- 
absorbance of lignin and phenolic extractives. 
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In addition, specimens were scanned with a defined 
wavelength of 280 nm using the scan program APAMOS 
(ZEISS). This program digitises rectangular fields of the 
tissue with a local geometrical resolution of 0.25 µm × 
0.25 µm and yields a photometric resolution of 4096 
grey scales, which are converted into 14 basic colours to 
visualise the absorbance intensities of individual cell 
types and cell wall layers [31]. The scans were depicted 
as two- and three-dimensional image profiles with statis- 
tical evaluation of the UV-absorbance values. 

2.7. Wood Decay Test 

The natural durability of spruce clones was determined 
according to the EN 350 [21]. Spruce specimens (50  25 
 15 mm3) were exposed to the brown-rot fungi Conio- 
phora puteana (Schum.: Fr.) Karst. (BAM Ebw.15), Postia 
placenta (Fr.) Lars et Lomb. (FPRL 280) and Gloeo- 
phyllum trabeum (Pers.: Fr.) Murr. (BAM Ebw.109) on a 
medium containing 5% malt extract concentrate and 3% 
Fluka agar (Sigma-Aldrich) in Kolle flasks. Scots pine 
sapwood specimens were used as a reference material. 
The test procedures of the European standard EN 113 [23] 
were followed. Sterile wood specimens were aseptically 
placed on 3-mm glass supports and incubated at 22˚C 
and 70% relative humidity for 16 weeks. Four replicates 
from each tree (ramet) were taken. Subsequent to culti- 
vation, the specimens were removed from the culture 
vessels, brushed free of mycelium and oven dried at 
103˚C  2˚C. The weight loss (%) was calculated from 
the dry weight before and after the test. 

The durability class was determined according to the 
x-values calculated from the weight loss of test speci- 
mens and reference specimens. Based on x-values, five 

durability classes (from class 1 as “very durable” to class 
5 as “not durable”) have been used for wood resistance 
against fungal degradation. 

2.8. Statistical Analysis 

Statistical software (SPSS 17.0) was applied for estimat- 
ing descriptive statistics. Analysis of variance (ANOVA) 
was used to detect the differences among spruce clones 
regarding fungal degradation. Correlation between natu- 
ral durability of spruce clones and their physical and 
chemical properties was determined. The level of sig- 
nificance p ≤ 0.05 was applied in all cases. 

3. RESULTS 

3.1. Physical and Chemical Properties of Spruce 
Clones 

The stem diameters of the selected spruce clones varied 
between 13.0 and 20.9 cm (Table 1). Staining of spruce 
stems with Bromcresolgreen did not show pronounced 
sapwood-heartwood boundary. 

The wood density ranged from 361 to 443 kg/m3. In 
the present study the highest lignin content i.e. 28.9% 
was determined for clone B6. The content of wood ex-
tractives ranged from 1.1% to 1.8% depending on the 
individual clones. 

Clone 31 demonstrated the highest values of stem di- 
ameter (20.9 cm) and content of extractives (1.8%) as 
well as the lowest density (361 kg/m3) (Table 1). Sig- 
nificant negative correlation (p < 0.01) was determined 
only between wood density and stem diameter. Other 
tree parameters shown in Table 1 did not correlate with 
each other. 

 
Table 1. Average values of wood diameter, density, content of lignin and acetone-soluble extractives of Norway spruce clones. 

Spruce clone 
Number 
of ramets 

Mean diameter 
(cm) 

Density 
(kg/m3) 

Lignin 
(%) 

Extractives 
(%) 

A7 2 15.3 405.8 ± 6.4 28.5 ± 0.3 1.2 ± 0.1 

A10 3 16.9 432.6 ± 11.2 27.0 ± 0.2 1.5 ± 0.2 

A15 2 15.1 408.3 ± 37.9 27.5 ± 0.2 1.4 ± 0.1 

B6 3 17.1 399.1 ± 24.9 28.9 ± 0.4 1.6 ± 0.2 

B10 3 17.9 406.3 ± 12.8 28.0 ± 0.4 1.4 ± 0.2 

B15 3 16.9 408.5 ± 21.4 28.3 ± 0.3 1.1 ± 0.1 

V7 3 17.5 388.1 ± 30.2 27.9 ± 0.3 1.2 ± 0.1 

V9 2 13.0 443.1 ± 29.7 27.6 ± 0.3 1.7 ± 0.7 

26 3 18.3 394.5 ± 33.3 27.8 ± 0.3 1.3 ± 0.1 

31 2 20.9 361.1 ± 7.4 27.9 ± 0.6 1.8 ± 0.4 



I. Irbe et al. / Advances in Bioscience and Biotechnology 3 (2012) 1104-1112 1107

 
3.2. Topochemical Detection of Lignin and  

Extractives (UMSP) 

Figure 1 represents typical two- and three-dimensional 
UV-image profiles of the lignin distribution within the 
individual cell wall layers of latewood tracheids from the 
spruce clones. The UV-image profiles of the tracheids 
displayed the typical lignin distribution with highest ab-
sorbance values in the cell corners (CC) (abs280 nm 0.80) 
and compound middle lamellae (CML) (abs280 nm 0.48). 
The adjacent secondary wall (S2) layers showed a lower, 
slightly varying lignin distribution (abs280 nm 0.29 - 0.35). 

Typical lignin UV-absorbance spectra of S2 layer 
(Figure 2), CML and CC (Figure 3), as well as deposits 
of phenolic extractives in ray parenchyma (Figure 4) 
were measured in the tissue of different spruce clones. 
The UV-spectra of the S2 and CML revealed the typical 
absorbance behaviour of a softwood lignin with a distinct 
maximum at 280 nm and a local minimum at about 250 
nm. 

In comparison to the lignin content of mature wood in 
S2 with abs280 nm of 0.37, the highest value was semi- 
quantitatively recorded in the clone V9 (abs280 nm 0.41) 
and the lowest value in clone V7 (abs280 nm 0.31). 

The UV-spectra of the CML revealed maximum ab- 
sorbance values of abs280 nm 0.48 for mature wood and 
the clone B10 (lowest value) and abs280 nm 0.62 for the 
clone V9 (highest value). 

 

 

 

Figure 1. Representative UV microscopic scanning profile of 
individual cell wall layers and ray parenchyma of Norway 
spruce clones (size of the scanning area: 53.25 × 48.00 µm = 
41302 Pixel or measuring points). 
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Figure 2. Representative lignin UV absorbance spectra of S2 
layer of clonal spruce tracheids compared to mature wood. 
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Figure 3. Representative lignin UV absorbance spectra of com- 
pound middle lamella (CML) and cell corner (CC) of clonal 
spruce tracheids. 
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Figure 4. Representative UV absorbance spectra of deposits in 
ray parenchyma cells of clonal spruce. 

 
Scanning UV microspectrophotometry was used to 

detect and quantify phenolic extractives topochemically. 
The presence of the extractives was visualised as local 
areas of high UV-absorbance in contrast to the sur- 
rounding tissue. The deposition of phenolic extractives in 
ray parenchyma (Figure 1) and epithelial cells (Figure 5) 
of a resin canal was emphasized by a significantly higher 
UV-absorbance (abs280 nm 0.68 to 0.78) as compared to 
the cell wall associated lignin. 
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Figure 5. UV microscopic scanning profiles of epithelial cells 
of a resin canal (two- and three dimensional profiles (size of the 
scanning area: 56.75 × 68.25 µm = 62472 Pixel or measuring 
points). 

3.3. Natural Durability of Spruce Clones 

The highest weight loss of all spruce clones was caused 
by Coniophora puteana followed by Postia placenta and 
Gloeophyllum trabeum (Table 2). The highest weight 
loss (56.5%) after exposure to C. puteana showed clone 
31, while the lowest value (49.2%) was detected for 
clone V9. P. placenta most intensively degraded clone 
A10, reaching the wood weight loss of 43.5%, while the 
lowest weight loss (35.0%) showed clone A15. G. tra- 
beum caused the highest weight loss to clone 26, while 
the least degraded clone was V9 (32.2%). Scots pine 
specimens used as a reference material were extensively 
degraded reaching weight loss more than 30% depending 
on the fungus (Table 2). This indicated that fungal strains 
were virulent according to the EN 113 [23]. 

The moisture content of spruce specimens after the 
durability test varied between 31% and 73.3% (Table 2). 
Moisture of pine control reached more than 47% that 
confirmed the characteristic favourable conditions for 
fungal decay. 

The weight losses of spruce specimens were re-calcu- 
lated as x-values, which demonstrated natural durability 
of wood according to the EN 350-1 [21] (Table 3). The 
x-value for all spruce clones after exposure to C. puteana  

 
Table 2. Mean weight loss of the Norway spruce specimens after degradation by brown rot fungi Coniophora puteana (C. p.), Postia 
placenta (P. p.) and Gloeophyllum trabeum (G. t.). 

Mean weight loss (%) Mean moisture content, Wabs (%) Spruce clone Number of specimensa 
C. p. P. p. G. t. C. p. P. p. G. t. 

A7 8 (2  4) 52.4 40.3 34.2 73.3 47.0 57.1 
A10 12 (3  4) 54.1 43.5 33.4 64.4 42.8 57.6 
A15 8 (2  4) 53.5 35.0 33.6 65.0 31.0 62.3 
B6 12 (3  4) 54.9 43.2 35.4 66.2 33.4 67.0 
B10 12 (3  4) 54.8 41.5 34.0 65.2 32.2 67.8 
B15 12 (3  4) 53.0 42.4 33.1 64.4 31.2 65.7 
V7 12 (3  4) 52.6 41.1 34.9 54.4 48.3 59.3 
V9 8 (2  4) 49.2 41.1 32.2 56.1 39.5 56.4 
26 12 (3  4) 53.5 39.7 35.9 63.5 40.7 68.1 
31 8 (2  4) 56.5 41.1 34.8 56.1 37.3 56.2 

Pine control 104 54.2 36.9 36.6 67.0 53.2 47.5 
aNumber of specimens (number of trees  number of specimens per tree). 

 
Table 3. Natural durability, expressed as x-value, of Norway spruce clones against brown-rot fungi. 

Spruce clone 
Coniophora puteana 

x-value 
Postia placenta 

x-value 
Gloeophyllum trabeum 

x-value 
A7 0.97 1.09 0.94 

A10 1.00 1.18 0.91 

A15 0.99 0.95 0.92 

B6 1.01 1.17 0.97 

B10 1.01 1.12 0.93 

B15 0.98 1.15 0.90 

V7 0.97 1.12 0.93 

V9 0.91 1.12 0.88 

26 0.99 1.08 0.98 

31 1.04 1.12 0.95 

Copyright © 2012 SciRes.                                                                       OPEN ACCESS 
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and P. placenta was higher than 0.90 that corresponds to 
the natural durability class 5 (not durable). Most of 
spruce clones after attack by G. trabeum had x-value 
higher than 0.90 with exception of clones B15 and V9 
that showed x-value ≤ 0.90 (durability class 4, slightly 
durable). There was no correlation between stem diame- 
ters and x-values. 

4. DISCUSSION 

Physical and chemical properties of individual Norway 
spruce clones did not influence wood biodegradation 
intensity. Correlation was not found between stem di- 
ameter groups and durability. The density of clones in 
general was lower (Table 1) than that given in the EN 
350-2 [21], namely, 440 to 470 kg/m3. The lower values 
could be explained with the juvenile age of spruce clones 
used in this study. Density did not correlate with the 
natural durability. This is in agreement with EN 350-2 
[21] which indicated that no clear correlation exists be- 
tween density and natural durability. Also Bergstrom et 
al. [32] established that annual ring width and density 
have no direct influence on durability or moisture uptake 
neither for spruce nor pine. Besides, it was found [20,32] 
that also the origin of trees had no direct influence on 
wood durability or moisture dynamics. 

Lignin content of spruce clones was similar (Table 1) 
to that reported by Fengel and Wegener [33], i.e. 27.3%. 
We did not find correlation between lignin content and 
durability of spruce wood. This is in agreement with the 
previous study of Harju et al. [34] where juvenile heart- 
wood of 34-years-old Scots pine did not show any sig- 
nificant difference in the concentration of lignin between 
the decay resistant and susceptible trees. The authors 
assume that the concentration of total phenolics, ace- 
tone-soluble extractives and pinosylvin affected decay 
resistance of pine heartwood. 

The UV-image profiles of the spruce tracheids dis- 
played the highest lignin concentration in the CC, fol- 
lowed by CML and S2 layer (Figure 1). Corresponding 
to the former studies by Lange [35] and Fergus et al. [36], 
the average lignin concentration in the cell corners was 
about twice than that in the secondary wall of the tra- 
cheids. S2, CC and CML of spruce tracheids revealed 
typical lignin absorbance with a distinct maximum at 280 
nm (Figures 2 and 3). The maximum absorbance at 280 
nm usually indicates the presence of the strongly ab- 
sorbing guaiacyl-lignins [37-39]. 

In detail, the detected UV-absorbance values (range 
from abs280 nm 0.31 to abs280 nm 0.40) showed some natural 
variation in the amount of lignin among the spruce 
clones. According to the earlier studies [30,31,40,41], 
this spectral variation is typical for the S2 layers of 
spruce tracheids and does not differ from the spectral  

behaviour of normal-growth spruce trees. The absorb- 
ance spectra of the CML revealed a slightly varying lig- 
nin distribution (abs280 nm 0.48 - 0.62) with significant 
higher absorbance values as compared to the S2. Total 
Klason lignin content of Norway spruce clones varied 
between 27.0% and 28.9 % (Table 1). Against the results 
of our topochemical and microscopic analyses, a study 
by Saranpää et al. [42] revealed that cell walls of clonal, 
fast-growing Norway spruce are relatively thin. A large 
proportion of the tracheid cell wall was formed by the 
middle lamella, and hence the wood has higher lignin 
content. Fagerstedt et al. [43] has found, that fast-grown 
trees on the more fertile soils were characterised by a 
higher concentration of lignin as compared to slower- 
grown trees. 

Content of acetone-soluble extractives in spruce clones 
was lower (Table 1) than shown previously. According 
to Fengel and Wegener [33] Norway spruce contained 
2.2% of extractives. This difference could be attributed 
to the younger age of spruce clones of this study. Corre- 
lation was not determined between content of extractives 
and resistance against fungal attack. Duenisch et al. [9] 
studied the role of extractives of black locust against 
fungal degradation and found that juvenile wood after 
degradation by Coniophora puteana and Trametes ver- 
sicolor revealed the mean weight loss of 10.1% and 17%, 
respectively, that conformed to EN 350 [21] durability 
class 2 - 4 (resistant to slightly resistant). The authors 
concluded that the juvenile wood of black locust had a 
lower natural durability than the mature wood (durability 
class 1, highly resistant) due to lower content of extrac- 
tives in the juvenile wood. However, the content of ace- 
tone-soluble extractives in the juvenile wood of black 
locust varied between 3.9% and 6.1% that was distinctly 
higher amount than determined in spruce clones of the 
present study.  

Phenolic extractives in ray parenchyma and epithelial 
cells of a resin canal showed significantly higher UV- 
absorbance (abs280 nm 0.68 to 0.78) as compared to the 
cell wall associated lignin (Figure 5). UMSP method 
was also used by Koch et al. [44] to detect phenolic ex- 
tractives in wooden tissues. It is known (e.g. [16]) that 
the phenolic compounds are generally synthesised by 
parenchyma cell in situ. The major types of phenolic 
extractives found in spruce are lignans, resin acids, ster- 
ols and their esters [45]. In our study, an exact identifica- 
tion of the compounds was not possible by using cellular 
UV microspectrophotometry. 

No significant difference (p > 0.05) was determined 
between individual fungal species and weight loss of 
spruce clones (Table 2). In general, all spruce clones 
were extensively degraded by brown rot fungi showing 
low natural durability (class 4 to 5, EN 350-2 [21]). 
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We found that 31-years-old spruce clones mainly con- 
tained sapwood that possessed lower density and content 
of extractives than mature wood. We did not observe 
pronounced difference between sapwood and heartwood 
in spruce stems coloured with Bromcresolgreen solution. 
For example, study [46] of fungicidal activities of Ma- 
laysian teak (Tectona grandis) wood extractives showed 
that acetone-water extract of heartwood was toxic against 
fungi while acetone-water extractives of sapwood were 
only fungistatic indicating that toxic compounds accu- 
mulated in heartwood during the transformation of sap- 
wood into heartwood. 

Another aspect of natural durability is the performance 
of decay resistance in standardized laboratory and field 
tests and in real outdoor wooden structures. The ability 
of wood to absorb moisture has an important effect upon 
its service life in above ground contact. Service life in 
these conditions depends on both durability class and 
treatability class. EN 350-2 [21] indicates that wood of a 
given durability with low moisture absorbance (treatabil- 
ity) will last markedly longer in above ground conditions, 
than a wood of the same durability, but with higher water 
absorbance. Kutnik et al. [47] observed that both the 
sapwood and heartwood of Douglas fir (durability class 3, 
moderately resistant) performed better in real outdoor 
conditions than predicted by standardized tests and 
demonstrated that knowledge of how a wooden product 
should be manufactured and assembled is the key chal- 
lenge to optimizing its service life. 

We assume that use of spruce clones in outdoor appli- 
cations could be limited because of its low decay resis- 
tance. Appropriate wood preservation methods should be 
chosen to prolong its outdoor performance. According to 
EN 350-2 [21], spruce conforms to the treatability class 3 
- 4 (difficult to treat). Consequently, impregnation of 
spruce wood is problematic because of the reduced per- 
meability, which is affected by the moisture content, 
drying process and various physical and chemical prop- 
erties [48]. The aspiration of bordered pits, their size and 
amount of latewood are the major factors, which influ- 
ence the permeability of spruce wood [49]. Accordingly, 
an alternative protection of spruce timber could imply 
wood hydrothermal modification (HTM) [50]. Further 
study will be carried out to test HTM spruce regarding its 
fungal resistance as well as changes in physical and 
chemical properties after hydrothermal modification in 
order to find the most appropriate treatment regime. 

5. CONCLUSIONS 

The Norway spruces clones in general displayed low 
durability against brown rot fungi. 

Natural durability of spruce clones did not correlate 
with stem diameter, density, content of lignin and extrac- 
tives. 

Spruce clones were of juvenile age and, consequently, 
contained more sapwood with lower density and content 
of extractives. 

It is suggested to use the spruce wood for interior 
structures. To improve the resistance of spruce wood 
against biodegradation and to extend its service life in 
outdoor conditions, additional protection measures, for 
instance, hydrothermal modification should be applied. 
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