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Important physical and mechanical properties were evaluated for Douglas-
fir wood produced in a non-native environment. The specimens were 
obtained from 15 healthy co-dominant trees growing in three different sites 
located in the Czech Republic; they were studied for density, shrinkage, 
compression, and bending strength. The average density of the wood was 
562.74 ± 62.47 kg·m-3 at 12% MC. The total volumetric shrinkage was in 
line with the respective literature, whereas the compression strength and 
modulus of rupture were found to be higher than the native Douglas-fir 
wood as well as several European softwoods. The properties of the wood 
produced in the Czech forests indicate the possibility of producing 
Douglas-fir timber of high quality.  
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INTRODUCTION 

Douglas-fir [Pseudotsuga menziesii (Mirb.) Franco] is one of the fastest growing 

conifers in the temperate zone, and one of the most important lumber tree species in the 

world. Its natural distribution covers a vast area of the western North America, where the 

species is widely scattered from the mountains of Mexico to British Columbia, Canada 

(Bormann 1960; Lausberg et al. 1995, Viewegh et al. 2014; Remeš and Zeidler 2014). Two 

native varieties have been recognized; the coastal Douglas-fir [P. menziesii (Mirb.) Franco 

var. menziesii] and the Rocky Mountain Douglas-fir [P. menziesii var. glauca (Biessn.) 

Franco] (Lausberg et al. 1995). Hence, the species has a natural ability of adapting to 

various environmental conditions (soils, climates), expanding from the higher elevations 

of northern America (inland; cold winters and dry summers) to the lower elevations 

(coastal areas; moderate winter temperatures and ample precipitation) and setting highly 

stable forest stands (Bormann 1960; Zhang and Hebda 2004; Beedlow et al. 2013; Viewegh 

et al. 2014).  

In the mid-19th century, Douglas-fir was introduced into western European forests, 

replacing important native European tree species such as Norway spruce and European 

larch (Remeš and Zeidler 2014). In France, Douglas-fir became the most planted tree 

species during the second half of the 20th century (Polman and Militz 1996; Ferron and 

Douglas 2010). Several studies on Douglas-fir wood produced in Southern Germany have 

underlined the importance of the species (Hapla 2000; Rais et al. 2014; Blohm et al. 2016). 

Douglas-fir was also introduced in New Zealand, where its resource exceeded 60,000 ha 

and became the second most important non-native timber species after Pinus radiata in the 

country (Miller and Knowles 1994; Lausberg et al. 1995). Interest in Douglas-fir was 
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triggered mostly by the high wood production volume of the non-native species noticed in 

Europe and New Zealand (Ledgard and Belton 1985; Greguš 1996; Remeš and Zeidler 

2014; Podrázský et al. 2016). Furthermore, its apparent adaptive ability to various sites and 

climates (Bormann 1960; Lausberg et al. 1995; Zhang and Hebda 2004; Beedlow et al. 

2013; Ruiz Diaz Britez et al. 2014) prompted the idea of replacing native European species 

with Douglas-fir (Augusto et al. 2003; Menšík et al. 2009; Kantor and Mareš 2009; 

Kubeček et al. 2014; Remeš and Zeidler 2014; Podrázský 2015; Podrázský et al. 2016; 

Blohm et al. 2016).  

In many cases it was reported that the quality of the produced timber differed 

noticeably from the imported timber (Polman and Militz 1996; Rais et al. 2014). 

Comparative studies on the physical-mechanical properties of the introduced Douglas-fir 

in Europe, revealed noteworthy variations in the findings, attributed mostly to different 

provenances, site conditions, tree-age, and tree-position in the stand (St. Clair 1994; 

Podrázský et al. 2016). Namely, the Douglas-fir timber from the North America showed a 

lower bending and compression strength at comparable density (Polman and Militz 1996). 

In the Netherlands, Douglas-fir exhibited higher wood density and bending strength, while 

the compression strength values bore the resemblance to Norway spruce and Scots pine 

(Polman and Militz 1996). Nevertheless, a large variance of the Douglas-fir timber quality 

has been noticed, while recent studies reported that the alterations of the available forest 

resources have negatively affected the properties of the wood (Dahlen et al. 2012; Rais et 

al. 2014).  

In the Czech Republic, Douglas-fir is considered to be the most perspective 

introduced species, planted for more than one century now in the area. Hence, well adapted 

local populations are already available for exploitation (Menšík et al. 2009; Podrázský et 

al. 2016). Although the current coverage is limited to 5,800 ha, representing hardly 0.22% 

of the forestland (Kouba and Zahradník 2011), the future potential has been estimated to 

be higher (Podrázský and Remeš 2010; Podrázský et al. 2016). Most of the studies 

conducted in recent years on Douglas-fir growing in the Czech Republic were focused on 

the production volume and yield potential (Martiník and Kantor 2007; Kantor and Mareš 

2009; Kantor et al. 2010; Viewegh et al. 2014; Podrázský et al. 2016) as well as the 

ecological parameters of the introduced species (Menšík et al. 2009; Kubeček et al. 2014; 

Kupka et al. 2013; Podrázský et al. 2016). It seems that ecologically the species 

demonstrates great features, i.e., easy adjustment, drought tolerance, and good growth. The 

ecological value of the species increases since many studies claim that it causes no hazards 

to the existing forests but upgrades the quality of the forest soils (Menšík et al. 2009; Remeš 

and Zeidler 2014).  

Nowadays, it is suggested that Douglas-fir potentially can contribute a larger share 

of the productivity of Czech commercial forests by partly replacing the native Norway 

spruce (Podrázský et al. 2013). Practically, until today, several articles have been 

supporting this idea, based on environmental parameters (drought tolerance, soil quality) 

and the high production volumes (Menšík et al. 2009; Viewegh et al. 2014; Kubeček et al. 

2014; Podrázský 2015). Nevertheless, there is still only a limited number of reports on the 

quality of the Douglas-fir wood produced in the Czech Republic (Hapla and Knigge 1985; 

Hapla 2000; Remeš and Zeidler 2014) which can hardly provide enough information on 

the properties of the produced timber in the country. Timber from Douglas-fir is apparently 

a valuable material for the forest products industries all around the world (United States, 

New Zealand and Europe), producing dimension lumber, poles, plywood, pulp, and a vast 
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variety of other solid and composite products (Landgren et al. 1994; Lausberg et al. 1995; 

Johnson and Garner 2006). A thorough study based on the properties of the produced wood, 

can potentially confirm the excellence of the locally produced timber and promote the idea 

of increasing the Douglas-fir wood production in the Czech Republic. In this frame, the 

aim of this study was to analyse the selected wood properties (density, shrinkage, 

compression strength and modulus of rupture – MOR) of Douglas-fir [Pseudotsuga 

menziesii (Mirb.) Franco] wood obtained from three different sites in the Czech Republic 

in comparison with native softwoods.  

 
 
EXPERIMENTAL 
 

Site Characteristics 
Three sites (A, B, and C) with different forest types were selected. In terms of age, 

the forests were around 90, 75, and 65 years old, respectively, according the forest 

management plans. The samples from the site A originated from the “Forest and Parks of 

the Town Trutnov” forest, in the Čižkovy kameny area. The forest was composed of 

Norway spruce (64 %) which was the dominant species, larch (23%), Scots pine (8%), 

Douglas-fir (3%), fir (1%), and birch (1%). The diameters of the logs ranged from 50 to 57 

cm at breast height (1.30 m from the ground).  

The samples from the site B were collected from the University Forest Enterprise 

in Křtiny, in Vranov area. The stand structure was consisted of larch (29%), Douglas-fir 

(22%), European beech (19%), lime (14%), Norway spruce (6%), Scots pine (6 %), sessile 

oak (3%) and hornbeam (1%). The diameters of the logs ranged from 43 to 62 cm at breast 

height.  

Finally, the samples from the site C also originated form University Forest 

Enterprise in the Habrůvka cadastral area composed of larch (30%), Douglas-fir (18%), 

European beech (18%), hornbeam (15%), sessile oak (10%), and Scots pine (6 %). The 

diameters of the logs ranged from 32 to 49 cm at breast height and they were around 65 

years old. 

 
Sampling Method   

Five healthy co-dominant Douglas-fir trees were cut per site (15 in total). Logs were 

cut with length of 50 cm from 1.30 m from each tree. Central planks (6 cm thick) with pith 

in the axis were made by chainsaw and obtained from the central part of logs.  

The tree-ring width and percentage of latewood (%) on transversal section of the 

samples were measured. Transversal discs from each stem were obtained (breast height) to 

measure the tree-ring widths (TRW). All samples were measured (at an accuracy of 0.01 

mm) using a TimeTable device (SCIEM, Vienna, Austria). The obtained TRW series were 

processed in the PAST4 software (Knibbe 2004) to build mean series for each species/site. 

The latewood width was measured per tree ring and the percentage of the latewood (%) 

was finally calculated.  

The samples of 2×2×3 cm (for evaluated density at 12% moisture content (MC), 

swelling and compression strength) or 2×2×30 cm (bending strength) were produced 

according the ČSN 490012 standards. Each sample was labeled according their position in 

radius keeping the direction from bark to pith (A–K).  
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In total, 1358 samples were measured for the density and shrinkage of the Douglas-

fir wood, while 394 and 341 samples were used for the compression and MOR 

measurements, respectively.  

 

Measurements and data processing 

The density was analysed at 12% MC, and the samples were conditioned in a 

controlled chamber (20 °C and 65 % relative humidity). The wood density was determined 

by the following formula, according the ČSN 490108 standard, 
 

𝜌 =  
𝑚

𝑎∙𝑏∙𝑐
 ∙  106 [𝑘𝑔 ∙ 𝑚−3]         (1) 

 

where ρ is density of wood at 12% MC, m is the weight of each sample (g), and a, b, and c 

are the dimensions of the respective sample (mm).  

The total linear shrinkage in the individual anatomic directions was calculated by 

the following equation, according the ČSN 490128 standard: 
 

𝑎𝑖 =  
𝑙𝑖𝑚𝑎𝑥− 𝑙𝑖𝑚𝑖𝑛

𝑙𝑖𝑚𝑎𝑥
 ∙ 100 [%]       (2) 

 

where limax is the size of the tested sample (mm) in the particular anatomic direction at MC 

higher than the hygroscopicity level, and limin is the size of the sample (mm) in the particular 

anatomic direction at 0% MC.  

The compression strength was evaluated by the following formula, according the 

ČSN 490110 standard, 
 

𝜎 =  
𝐹𝑚𝑎𝑥

𝑎∙𝑏
 [𝑀𝑃𝑎]        (3) 

 

where Fmax is the maximum load (N), and a and b are the transversal dimensions of each 

sample (mm). 

The modulus of rupture was calculated by the following formula, according the 

ČSN 490116 standard, 
 

𝑀𝑂𝑅 =   
3∙𝐹𝑚𝑎𝑥∙𝑙

2∙𝑏∙ℎ2  [𝑀𝑃𝑎]       (4) 
 

where Fmax is the maximum load (N), l is the distance between supports (mm), b is the 

width of the sample, and h is the height of the sample (mm). The universal testing machine 

Zwick Z050 was used for analysis of the mechanical properties. 

The analysis of the data was performed by the Statistica software.  

 
 
RESULTS AND DISCUSSION 
  
Properties of Douglas-fir Wood  

The average density of the Douglas-fir wood at 12 % MC (Fig. 1) produced in the 

Czech Republic was found to be 551.0 ± 57.1 kg·m-3 (Site A), 572.3 ± 69.7 kg·m-3 (Site 

B) and 586.7 ± 60.2 kg·m-3 (Site C). The lowest values were recorded at the site A, where 

the Douglas-fir trees were the oldest of the examined sites. Nevertheless, it was noticed 

that the forest in site A was mostly composed of Norway spruce (64%), whereas the 

introduced Douglas-fir trees were limited to only 3%. Hence, it was supposed that the 
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position of the trees and density of the stand may have possibly affected the properties of 

the produced Douglas-fir wood.  

Shrinkage is a devastating property especially for the utilisation of wood. It is 

affected by several factors, i.e., density of wood, anatomical structure, MC, etc. (Tsoumis 

1991). The present results showed that the volumetric shrinkage of the Douglas-fir wood 

growing in the Czech Republic ranged from 12.1 ± 2.0% (site B) to 13.1 ± 1.7% (site C) 

while the wood samples obtained from the site A provided intermediate values (12.7 ± 

1.7%). 

The mechanical strength of the produced wood is a key factor for the utilization of 

the timber. The compression strength of the studied samples showed that the higher values 

were found in the site A (59.4 ± 7.9 MPa), while the rest of the two examined sites had 

similar results, i.e., 54.0 ± 9.1 MPa (site B) and 54.6 ± 9.3 MPa (site C).  

The relationship between the compression and MOR is expected to be strong 

(Green et al. 2008). Generally, Douglas-fir produces timber of good mechanical properties 

and mostly high MOR in relation to its density (Tsoumis 1991). Samples obtained from 

the site A reached 79.9 ± 15.3 MPa for MOR, 85.1 ± 19.6 MPa from the site B and 84.3 ± 

16.1 MPa from the site C.   

 

 
 

Fig. 1. Average values of Examined Properties (Density, Volumetric Shrinkage, Compression 
Strength, Modulus of Rupture – MOR) of the Douglas-fir wood per site (A, B, C) 

 

The average density of wood obtained from the three studied sites altogether was 

found to be 562.7 ± 62.5 kg·m-3 at 12% MC, which is quite higher than the density of the 

wood produced by Douglas-fir trees growing into the native area of the species (Table 1). 

The present findings were completely in line with a recent study conducted on Douglas-fir 

from the afforested agricultural land in the Czech Republic (568 ± 59 kg·m-3 at 12% MC) 
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(Zeidler et al. 2018). This is higher than the values given by Remeš and Zeidler (2014) for 

the species growing in the Czech Republic (488 kg·m-3) and Alden (1997) for the native 

species growing in the interior North (480 kg·m-3) or the interior West (500 kg·m-3) of 

North America. The present findings were in line with the values given by Alden (1997) 

for the native species of the coastal areas (540 kg·m-3) as well as by Göhre (1958) 542 

kg·m-3, Dinwoodie (2000) 590 kg·m-3 or Blohm et al. 2016 (526 kg·m-3).  

It was found that the average volumetric shrinkage in our three sites was 12.6 ± 

1.8%, which is close to the values given for the native Douglas-fir. Practically, the present 

results were in line with literature (Alden 1997; Simpson and TenWolde 1999; Remeš and 

Zeidler 2014).  

The average compression strength was found to be 57.2 ± 8.9 MPa, which is within 

the range of the respective values given for the native growing trees by Wagenführ (2000) 

but higher than those reported by Tsoumis (1991) (51.0 MPa), Niemz (1993) (50.0 MPa), 

or Alden (1997) (52.1 MPa). In comparison with its density, the species demonstrates good 

strength properties, and mostly static bending (Tsoumis 1991). The present results for 

MOR reached 81.9 ± 16.7 MPa on average and behaved in a similar way with the native 

species (Tsoumis 1991; Alden 1997; Göhre 1958). Nevertheless, it was found to be rather 

higher than the values (70 ± 17 MPa) given by Zeidler et al. (2018).  Overall, it was found 

that the properties of the Douglas-fir wood produced in the Czech forests comply with the 

given values for the native timber.  

 
Table 1. Average Values of Properties (Density, Volumetric Shrinkage, 
Compression Strength, Modulus of Rupture – MOR) of Douglas-fir wood 
Produced in the Czech Republic and Native Area  

N Mean Minimum Maximum Variance SD Douglas-fir 
(Native area) 

Density (kg·m-3)  
 

1358 
 

562.5 411.3 742.4 3903.47 62.5 480-500b, 510a 

Radial 
Shrinkage (%) 

5.2 2.2 9.2 0.97 0.98 4.0-4.8a 

Tangential 
Shrinkage (%) 

7.6 3.6 10.7 1.5 1.2 7.0-7.7a 

Longitudinal 
Shrinkage (%) 

0.2 0.06 1.4 0.05 0.2 0.3a 

Volumetric 
Shrinkage (%) 

12.6 6.8 23.9 3.12 1.8 12.4b, 11.5-12.5a 

Compression 
strength (MPa) 

394 57.2 30.8 83.5 78.6 8.9 52.1b, 43-68a 

MOR (MPa) 341 81.9 30.1 127.0 280.2 16.7 83c, 68-89a 

a Wagenführ (2000), bAlden (1997), cTsoumis (1991); SD: standard deviation; N: number of 
samples 
 
Properties of Douglas-fir Wood in Relation the Tree-ring Width and 
Proportion of Latewood  

At the examined sites (A, B, C), the average tree-ring widths located close to the 

pith (1 to 15) were found to be initially rather high, and then they became promptly 

narrower in the next set of 15 (16 to 30) tree rings (Table 2). Eventually, the tree-ring width 

gradually decreased, approaching the cambium.  
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Table 2. Average Tree-ring Widths (mm) Along the Stem Radius Depicted per 
Site (A, B, C) 

Number of tree rings 1–15 16–30 31–45 46–60 61–75 76–90 

Tree-ring width 

(mm) 

Site A 
4.01 ± 
0.47  

2.85 ± 
0.48 

2.07 ± 
0.37 

2.46 ± 
0.55 

3.5 ± 
0.38 

4.1 ± 
0.44 

Site B 
5.14 ± 
1.68 

3.61 ± 
1.55 

2.65 ± 
1.32 

2.45 ± 
1.21 

2.27 ± 
1.17 

0.93 ± 
0.04 

Site C 
4.70 ± 
1.42 

2,46 ± 
0,80 

2,35 ± 
1,05 

2,24 ± 
1,24 

2,06 ± 
1,00 

- 

Standard deviation is the value following ± 
 

Nevertheless, the samples obtained from site A revealed a different trend since the 

average tree-ring width increased approaching the cambium (61 to 75, 76 to 90). According 

to the forest plans of the respective area, a number of trees were removed from the forest 

(site A) during that period. Rigozo et al. (2004) has reported that when more sun is allowed 

to enter in the forests, this promotes tree growth and increases the tree-ring widths.  

At all sites, the lowest average proportion of the latewood (%) along the stem radius 

was found to be always close to the pith (1 to 15 tree rings) as expected (Table 3). 

Generally, the average proportion of latewood ranged from 32.2 ± 5.8% closer to pith to 

50.3 ± 5.4% as approaching to the cambium. 

 

Table 3. Average Proportion of Latewood (%) Along the Stem Radius Depicted 
per Site (A, B, C) 

Number of tree rings 1–15 16–30 31–45 46–60 61–75 76–90 

Tree-ring 
width 

Site A 
39.3 

± 3.5 

42.0 

± 2.7 

42.8 

± 4.0 

45.2 

± 2.5 

47.4 

± 2.3 

47.0 

± 3.0 

Site B 
32.2 

± 5.8 

43.0 

± 4.4 

45.0 

± 4.0 

46.0 

± 6.5 

50.3 

± 5.4 

47.3 

± 1.6 

Site C 
41.7 

± 4.4 

46.4 

± 4.7 

49.4 

± 3.6 

47.2 

± 5.3 

44.3 

± 8.3 
- 

Standard deviation is the value following ± 

 

Previous studies report that wood density in Douglas-fir typically tends to decline 

radially (from the pith to the bark) for approximately 5 to 10 years. Subsequently, the wood 

density increases, reaching values higher than those near the pith. Nevertheless, sometimes 

it increases without reaching that value, or gradually continues to increase for more than 

50 years (Jozsa and Kellogg 1989; Gartner et al. 2002; Acuna and Murphy 2006; Remeš 

and Zeidler 2014), which is mainly due to tracheid anatomical changes (Rathgeber et al. 

2006). The present findings on wood density along the stem radius coincided with this 

trend (Fig. 2), while a clear increase of the values was detected as the tree grew older.  
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Fig. 2. Average Values of Properties (Density, Volumetric Shrinkage, Compression Strength, 
Modulus of Rupture – MOR) of the Douglas-fir Wood Along the Stem Radius, from Bark to Pith 
(A–K). 

 

A similar pattern was also followed by the other examined properties. Volumetric 

shrinkage of the Douglas-fir samples was low close to the pith, increased rapidly, stabilized 

for a while, and then increased again reaching close to the bark. In the same frame, 

compression strength was the lowest near the pith and attained the highest values near the 

bark. The increasing trend from the pith to the bark was recorded also for the MOR.  

The density varies from earlywood to latewood within tree rings and within 

individual trees (Acuna and Murphy 2006). Previous studies have confirmed that, in the 

conifers, mostly the radial diameter and the cell-wall thickness of the latewood tracheids 

influence the density of the wood in the tree rings (Wimmer 1995; Rathgeber et al. 2006). 

This study attempted to correlate the values of each examined property with the tree-ring 

widths and proportion of the latewood (Table 4, Fig 3).  

It was found that the tree-ring width showed the highest correlation with the 

compression strength of the Douglas-fir wood (R = 0.42), whereas the proportion of 

latewood was mostly correlated with the density of the wood, as expected (R = 0.46). The 

present results showed that the volumetric shrinkage of the samples was less affected by 

the proportion of the latewood. 
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Table 4. Correlations of the Examined Properties (Density, Volumetric 
Shrinkage, Compression Strength, Modulus of Rupture – MOR) with the Tree-
ring Widths (mm) and Proportion of Latewood (%)  
 

Properties Tree-ring width (mm) Proportion of latewood (%) 

Density 0.28 0.46 

Volumetric shrinkage 0.27 0.10 

Compression strength 0.42 0.26 

MOR 0.26 0.28 

 

 
Fig. 3. Relationships between the properties (Density, Volumetric Shrinkage, Compression 
Strength, Modulus of Rupture – MOR) of the Douglas-fir wood and the tree-ring width and the 
proportion of the latewood evaluated per site (Site A: Blue trend, site B: Red trend, site C: Yellow 
trend) 
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Properties of Douglas-fir Wood in Relation with Other Species  
Based on the present results, Douglas-fir wood demonstrates similar or even higher 

density when the species is growing in the Czech Republic. It was concluded that the 

Douglas-fir timber produced in the Czech Republic could potentially bear the comparison 

with most of the native European softwoods (Table 5). Namely, it had higher density than 

Scots pine (530 kg·m-3) and could be comparable to the density of the European larch (600 

kg·m-3).  

  As mentioned above, the volumetric shrinkage of the non-native Douglas-fir was 

found to be equal to the values given for the native Douglas-fir or other native European 

softwoods. Hence, this factor cannot be decisive for future plans.  

Referring to compression strength (57.18 ± 8.86 MPa), the non-native Douglas-fir 

growing in the Czech Republic exhibits similar compression strength to Scots pine or 

European larch. Norway spruce on the other hand, barely reaches 30 MPa. In the same 

frame, MOR average values (81.95 ± 16.73 MPa) were found to be competitive with the 

respective average values given for the most of the native softwoods except Norway 

spruce. Remeš and Zeidler (2014) stated that the non-native Douglas-fir wood can be 

compared to Scots pine wood bending strength. The present findings apparently support 

this statement. In general, the non-native Douglas-fir wood outperforms native Norway 

spruce providing another strong argument of a future replacement in the forests.  

 

Table 5. Average Values of Properties of the Native Douglas-fir Wood and Other 
Softwoods Growing in Europe 
 

Property 
Douglas-fir 

(Pseudotsuga 
menziensii) 

Silver fir 
(Abies 
alba) 

 

Norway 
spruce 
(Picea 
abies) 

Scots pine 
(Pinus 

sylvestris) 

European 
larch (Larix 
decidua) 

 
Study sites 
(A+B+C) 

Native European softwoods 

Density 
(kg·m-3) 

 
562.5 450a, 480e 430-470d, 

463b 

508b, 510a, 
530c 

600c 

Volumetric 
Shrinkage 

(%) 
12.6 

10.2-11.5a, 
14.0e 

12.0c,a 12.4c,a 11.4-15.0a, 
11.8c 

Compression 
strength 
(MPa) 

57.2 45e, 47a 30c 54c, 55a 54c 

MOR 
(MPa) 

81.9 73a, 79e 58b, 60c, 
78a 

63b, 80a, 
98c 97c 

a  Wagenführ (2000), b Zeidler et al. (2018), c Tsoumis (1991), d Horáček et al. (2017), e Rodrigo et 
al. (2013)  

 

Conclusively, the xylem structure and wood properties are directly or indirectly 

connected to this ability of adapting and thriving in almost any non-native environment 

(Ruiz Diaz Britez et al. 2014). It is noted that the selection of the most appropriate Douglas-

fir provenances is a key factor for better adaptation in the European sites (Podrázský et al. 

2016). In accordance with our findings on a previous study on the oven-dry density of 

Douglas-fir growing in the Czech Republic (Giagli et al. 2017), it was confirmed that the 

basic density of trees growing in more sites is also higher than the density of the native 
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trees. Dalla-Salda et al. (2009) noted that extreme drought events result in increasing the 

wood density functioning as a selection parameter for the species. Hence, in the future, the 

drought-resistant Douglas-fir trees growing in the European forests will potentially 

produce timber of high wood density. Apart of this, higher values of compression and 

bending strength were detected in comparison to the native timber, which is in line with 

the literature (Rijsdijk and Laming 1994; Wagenfür 2000). It is worth mentioning that 

Douglas-fir growing in the Czech Republic outperformed most of the native European 

softwood, especially Norway spruce. This can support the idea of future partial 

replacement of the drought sensitive Norway spruce with probably more valuable 

(ecologically, financially, technologically) species in the Czech forests. Douglas-fir seems 

to be a promising candidate for this purpose. 

 

 
CONCLUSIONS 
 

1. The average density of the Douglas-fir wood growing in the Czech Republic was 

found to be 562.74 ± 62.47 kg·m-3 at 12 % MC, resembling to the native species of 

the coastal areas. 
 

2. The average volumetric shrinkage (12.6 ± 1.8 %) of the Douglas-fir wood was 

found to be in line with the literature, similar to the native timber. Shrinkage can 

barely be a decisive parameter for future planning since our findings coincide with 

other studies.  
 

3. The average compression strength was found to be 57.2 ± 8.9 MPa and MOR 

reached 81.9 ± 16.7 MPa on average. 
 

4. Non-native Douglas-fir wood growing in the Czech Republic outperformed most 

of the native European softwoods, especially Norway spruce. 
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