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In forest breeding, stem volume growth and sawn timber quality indicators have been used 
as the most important selection traits for Scots pine, whereas less attention has been given to 
characteristics such as fibre properties. In the above context, we investigated the differences in 
fibre properties (i.e. fibre length, fibre width and coarseness) in 20 year old Scots pine (Pinus 
sylvestris L.) genetic entries as affected by spacing and site, but also the phenotypic correla-
tions between fibre properties, yield and wood density. The study was based on materials 
harvested from 10 genetic entries grown in a spacing trial (site 1) in central Finland, with a 
current stand density of 2000 (spacing 1), 2000–2500 (spacing 2) and 4000 trees/ha (spacing 
3). In order to study the effects of site, we harvested additional material (4 of 7 genetic entries 
same as on site 1) from a trial located in southern Finland with a corresponding stand density 
of 2000 trees/ha (site 2). On site 1, spacing 1 and 3, all average values for analysed fibre 
properties were similar. In spacing 2 average values were slightly higher. On site 2, the aver-
age values for different fibre properties were similar compared to the corresponding spacing 
1 on site 1. Spacing affected (p < 0.05) all average fibre properties on site 1; as did also site, 
when comparing same genetic entries grown on both sites. Regardless of spacing and site, the 
phenotypic correlations between average fibre length, fibre width and coarseness showed, on 
average, moderate to strong correlation (p < 0.05). Fibre width showed, in general, low and 
positive phenotypic correlation with diameter at breast height, stem volume and wood density 
on site 1. However, as a whole, the ranking of genetic entries changed depending on the trait 
and spacing considered. Thus, no overall ranking between genetic entries was possible.
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1 Introduction
Both quantity and properties of stem wood affect 
the suitability of trees as a raw material for the 
pulp and paper industry. For example, wood den-
sity affects the pulp yield, while many pulp prop-
erties are largely determined by the properties of 
the fibres (Zobel and Buijtenen 1989, Karlsson 
2006). Relatively small variations in these prop-
erties affect also the sustainability of the pulp 
and paper manufacturing processes (e.g. energy 
needed) and the properties of the final prod-
ucts (Tyrväinen 1995, Chambers and Borralho 
1999). Despite of this, stem volume production 
and sawn timber quality have typically been used 
as the most important selection traits in long-term 
breeding programmes in tree species like Scots 
pine (Pinus sylvestris L.) grown in Scandinavia, 
whereas other property traits such as wood den-
sity and fibre properties have been considered as 
secondary traits (Haapanen and Pöykkö 1993, 
Hannrup et al. 2000). On the other hand, this 
could be partly explained by the fact that Scots 
pine has been in the past the most important raw 
material for sawn timber industry, while its use 
for the pulp and paper industry has been increas-
ing recently.

In general, the fibre properties and wood den-
sity of Scots pine, like in other conifers, are 
affected both by the growth rate and ageing of the 
cambium (Hannrup et al. 2000, 2004). The effects 
of the growth rate on these properties are also 
higher in relatively young trees, i.e. at juvenile 
phase and within first 10–15 annual rings from 
pith, where the values of these properties change 
most rapidly from the pith to bark (Björklund and 
Walfridsson 1993, Zobel and Jett 1995, Hannrup 
and Ekberg 1998). Therefore, by controlling the 
growth rate of trees within tree stands in the early 
phase of the rotation by, for instance, initial stand 
density and pre-commercial thinning, it could be 
affected the properties of trees as well (Persson 
et al. 1995). In fact, wider spacing has previously 
shown to considerably accelerate the growth of 
trees, and consequently affect the properties of 
wood in tree species such as Scots pine (see e.g. 
Persson et al. 1995), jack pine (Pinus baksiana) 
(Kang et al. 2004) and Norway spruce (Picea 
abies) (Pfister et al. 2007). For example, Persson 
et al. (1995) observed that among genetic entries 

in Scots pine, the fibre length increases with 
increasing spacing along with increase in growth 
of trees. Contradictorily, Persson (1975) and Ståhl 
(1988) did not found any spacing effect on fibre 
length in Scots pine. On the other hand, the fact 
that fibre characteristics are affected simultane-
ously both by the cambium aging and the distance 
from pith to bark (as affected by radial growth), 
could partly explain these contradictory findings 
(see Ikonen et al. 2008).

In addition to silvicultural treatments, tree 
breeding could offer means to affect the growth, 
yield and properties of trees as well. Furthermore, 
tree selection could be successful even in reason-
ably young trees (Zobel and Buijtenen 1989, 
Hannrup et al. 1998, 2001, Fries and Eriksson 
2006) since wood properties such as wood density 
and fibre length are moderately (even highly) 
inherited and show also moderate genetic age-age 
correlations between juvenile and mature wood. 
This has been previously observed in Scots pine 
but also in other conifers such as Norway spruce, 
slash pine (Pinus elliottii) and black spruce (Picea 
mariana) (Zobel and Buijtenen 1989, Hannrup 
and Ekberg 1998, Hannrup et al. 1998, Zhang 
1998). However, for example in loblolly pine 
(Pinus taeda) the corresponding findings have 
been contradictory (Loo-Dinkins et al. 1984), and 
in maritime pine (Pinus pinaster) only a weak 
heritability of fibre length has been observed 
previously (Keller 1973).

Nowadays, in Scots pine the simultaneous effect 
of genetic entries and spacing on the growth, 
yield, wood density traits and fibre properties is 
largely unknown in Finland because few experi-
ments have been designed so far for this purpose. 
In the above context, we investigated especially 
the differences in fibre properties (i.e. fibre length, 
fibre width and coarseness) in 20 year old Scots 
pine genetic entries (mainly full-sib families) as 
affected by spacing and site, but also the pheno-
typic correlations between fibre properties and 
yield and wood density traits. This work was 
done to find out if some genetic entries could 
have simultaneously a high growth rate (e.g. stem 
volume) and relatively long fibres, for example. 
The present research is a continuous work for that 
reported by Peltola et al. (2009), in which based 
on the same study material,  it was investigated  
the effects of spacing, genetic entry and site on the 
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phenotypic variation of growth, yield and wood 
density traits in Scots pine.

2 Material and Methods
2.1 Experimental Data 

The main material used in this study was har-
vested from a Scots pine spacing trial established 
in 1987 on agricultural soil at Siilinjärvi (trial 
1216/01) in central Finland (63°06´N, 27°41´E, 
1100 degree days (d.d.), 85 m above sea level 
(a.s.l.)). This trial consists of three different spac-
ing treatments with initial stand densities of 2000, 
4000 and 8000 seedlings/ha. In autumn 2000, a 
pre-commercial thinning (i.e. tending of seed-
lings stand) was carried out, in which the widest 
spacing (referred later as site 1, spacing 1) was 
left unmanaged, while the medium spacing was 
thinned to 2000–2500 seedlings/ha (spacing 2) 

and the densest one to 4000 seedlings/ha (spacing 
3). In autumn 2006, we harvested from this trial 
10 genetic entries (mainly full-sib families) of 
total of 20 available, representing different types 
of crossings of selected Finnish plus trees with 
a relatively wide geographical range in southern 
and central Finland (Table 1). The selection of 
genetic entries was done so that it was not over-
estimated the effect of one of the parent in the 
material (i.e. plus tree S1101, so called Kanerva 
pine), which was parent tree for 13 of 20 genetic 
entries.

Additional material was harvested in autumn 
2007 from another trial established in 1988 at 
Loppi in southern Finland (60°35´N, 24°27´E, 
1250 d.d., 140 a.s.l.). This trial was located on 
a forest soil with relatively poor site fertility, 
Vaccinium type (see Cajander 1926), which is 
typically regenerated with Scots pine in practi-
cal forestry in Finland. In this trial (referred later 
as site 2), the seedlings were planted with an 

Table 1. Genetic entries and geographical origins of the crossings in trials located on site 1 (Siilinjärvi trial) and 
site 2 (Loppi trial).

Genetic entry Crossing type Site Entry type Site origins of mother trees

1 StandardS12 1 Open pollinated forest stand seed Central: Lieksa (mother)

2 StandardS13 1 Open pollinated forest stand seed Central: Pihtipudas (mother)

3 C205 × S1101 1 & 2 Controlled crosses seed Central: Multia (mother), 
South: Punkaharju (father)

4 C214B × S1101 1 & 2 Controlled crosses seed Central: Äänekoski (mother), 
South: Punkaharju (father)

5 S2582 × S1101 1 & 2 Controlled crosses seed South: Kuru (mother), 
South: Punkaharju (father)

6 S104 × S1101 1 & 2 Controlled crosses seed South: Tammela (mother), 
South: Punkaharju (father)

7 S104 × C205 1 Controlled crosses seed South: Tammela (mother), 
Central: Multia (father)

8 C205 × S80 1 Controlled crosses seed Central: Multia (mother), 
South: Heinola (father)

9 C214B × C205 1 Controlled crosses seed Central: Äänekoski (mother), 
Central: Multia (father)

10 SeedOrchardC97 1 Open pollinated seed orchard seed Central: Varkaus Kuvansi 
(mother)

11 C205 × S710D 2 Controlled crosses seed Central: Multia (mother), 
South: Ruokolahti (father)

12 StandardSPM 2 Open pollinated forest stand seed South: Pieksämäki (mother)

13 StandardS17 2 Open pollinated forest stand seed South: Padasjoki (mother)
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initial stand density of about 2000 seedlings/ha 
and no pre-commercial thinning was done before 
harvesting the sample trees. We harvested finally 
only 7 genetic entries out of 44 available from 
this site, because only four same genetic entries 
could be found on both sites (original plan was 
to harvest the same genetic entries on both sites) 
(see Table 1).

Altogether, we randomly harvested 5 trees per 
genetic entry from both trials (sites 1 and 2), and 
all spacing. Thus, in total 145 sample trees from 
site 1 and 35 trees from site 2 were harvested. 
The height and stem diameters were measured for 
each sample tree (at 1.3 and 6 m from stem base), 
and thereafter, based on those measurements stem 
volume was calculated based on stem volume 
function for Scots pine developed by Laasasenaho 
(1982). In addition, one sample disc was cut at 1 
m height from the stem base in each sample tree 

for detailed measurements of intra-ring wood 
properties.

For intra-ring analysis of fibre properties, 
matchstick-sized wood specimens from pith to 
bark, each of them representing two annual ring 
pairs, were first chipped away from the stem 
discs taken at 1 m above the stem base, and then 
macerated in a boiling 1:1 (v/v) mixture of acetic 
acid and hydrogen peroxide. Thereafter, fibre 
length (FL) and fibre width (FW) were measured 
for each ring pair using the L&W Fibre Tester 
(AB Lorentzen & Wettre, Kista, Sweden) based 
on image analysis. In the fibre measurements, 
the highly diluted suspension flows between the 
narrow space of two glass plates, i.e. limiting the 
possibility of the fibres moving in one direction, 
but allowing them to move freely in the other two 
directions. The two-dimensional image permits 
the measurement of fibre length and deforma-
tions separately. The use of the L&W Fibre Tester 
makes it possible to observe a large number of 
fibres for each sample in a few minutes (i.e. up 
to tens of thousands fibres per sample), and thus 
provide, in addition to mean values, the distribu-
tions of fibre properties as classified in differ-
ent fibre length classes (e.g.  < 0.2 mm, 0.2–0.5 
mm, 0.5–1.0 mm etc). Based on dry weight of 
the sample and total length of measured fibres, 
coarseness (C) for each ring pairs could also be 
calculated (see Karlsson 2006).

We also determined for each annual ring its 
wood density (WD) and ring width based on 
measured intra-ring density profiles from pith 
to bark, using a direct scanning ITRAX X-ray 
microdensitometer (Cox Analytical Systems, 
Göteborg, Sweden, see Bergsten et al. 2001). 
For this purpose, we used air dry small rectangu-
lar wood specimens (size of 5 mm × 5 mm) cut 
side by side with the specimens used for fibre 
measurements (at 1 m height). Further details 
for the X-ray measurements of these samples 
can be found from the work shown by Peltola et 
al. (2009).

2.2 Data Analyses

Based on intra-ring measurements from pith to 
bark, we first determined the weighted cross-
sectional averages for fibre length (FL), fibre 
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Fig. 1. Averages of different genetic entries for a) fibre 
length (FL), b) fibre width (FW) and c) coarseness 
(C) on site 1 for spacing 1, 2 and 3 with current 
stand densities of 2000, 2000–2500 and 4000 trees/
ha and site 2 with stand density of 2000 trees/ha, 
respectively.
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width (FW), coarseness (C) and overall wood 
density (WD) for each sample tree by weighting 
each ring value with its corresponding ring width, 
as was done previously by Peltola et al. (2009). 

Thereafter, statistical analyses were made using 
the SPSS statistical program package 15.0 (SPSS 
for Windows, version 15.0, SPSS, Chicago, IL). 
Differences in fibre properties between genetic 

Table 2. Average statistics and phenotypic coefficient of variation (CV%) for fibre length (FL), fibre width (FW), 
coarseness (C) and diameter at breast height (DBH) for different genetic entries in spacing 1 to 3 on site 1 (Siilin-
järvi trial). Different letters indicate differences among genetic entries within each spacing (Tukey p < 0.05).

Genetic entry FL (mm) FW (μm) C (μg/m) DBH (cm)

Spacing 1:
2000 trees/ha

Mean ± sd CV
%

Mean ± sd CV
%

Mean ± sd CV
%

Mean ± sd CV
%

1. StandardS12 1.58  ±  0.2abcd 9 28.8  ±  1ab 5 147  ±  17ab 11 12.0  ±  2.9a 25
2. StandardS13 1.82 ± 0.2ad 12 29.9 ± 2ab 5 163 ± 20a 12 10.0 ± 1.0a 10
3. C205 × S1101 1.45 ± 0.2bc 13 28.8 ± 1ab 5 151 ± 15ab 10 12.9 ± 1.4a 10
4. C214B × S1101 1.58 ± 0.1abcd 7 29.0 ± 1ab 4 155 ± 10ab 7 13.2 ± 1.5a 11
5. S2582 × S1101 1.75 ± 0.1acd 3 30.0 ± 1ab 3 160 ± 12ab 7 13.3 ± 1.5a 11
6. S104 × S1101 1.75 ± 0.1acd 6 29.3 ± 1ab 3 152 ± 9ab 6 11.6 ± 2.5a 22
7. S104 × C205 1.40 ± 0.1b 10 27.7 ± 1b 3 134 ± 8b 6 11.6 ± 1.0a 9
8. C205 × S80 1.49 ± 0.3bc 15 28.3 ± 2ab 6 141 ± 18ab 13 12.3 ± 2.1a 17
9. C214B × C205 1.50 ± 0.1bcd 9 28.2 ± 1ab 4 142 ± 14ab 10 13.7 ± 2.3a 17
10. SeedOrchardC97 1.82 ± 0.1a 7 30.3 ± 1a 3 165 ± 8a 5 11.9 ± 1.6a 14
Average 1.61 ± 0.2 10 29.1 ± 1 3 151 ± 10 7 12.2 ± 1.1 9

Spacing 2: 
2000–2500 trees/ha

1. StandardS12 1.75 ± 0.1a 7 29.1 ± 1a 3 151 ± 13a 9   9.8 ± 1.6a 17
2. StandardS13 1.55 ± 0.2a 13 28.9 ± 2a 7 150 ± 18a 12 11.6 ± 2.6a 22
3. C205 × S1101 1.63 ± 0.1a 6 29.1 ± 1a 2 154 ± 9a 6 11.7 ± 1.2a 10
4. C214B × S1101 1.67 ± 0.1a 6 29.3 ± 1a 2 156 ± 7a 5 10.6 ± 1.8a 17
5. S2582 × S1101 1.68 ± 0.1a 7 29.5 ± 1a 2 159 ± 7a 5 12.7 ± 1.5a 12
6. S104 × S1101 1.69 ± 0.2a 9 29.0 ± 1a 3 149 ± 6a 4 13.2 ± 2.1a 16
7. S104 × C205 1.63 ± 0.0a 3 28.6 ± 1a 4 146 ± 13a 9 11.7 ± 2.3a 19
8. C205 × S80 1.70 ± 0.1a 6 29.4 ± 1a 3 161 ± 10a 6 12.3 ± 2.7a 22
9. C214B × C205 1.67 ± 0.1a 6 29.6 ± 1a 4 159 ± 12a 8 11.2 ± 1.5a 14
10. SeedOrchardC97 1.71 ± 0.1a 8 30.0 ± 1a 4 166 ± 13a 8 12.0 ± 0.8a 7
Average 1.67 ± 0.1 3 29.2 ± 1 1 155 ± 6 4 11.7 ± 1.0 8

Spacing 3:
4000 trees/ha

1. StandardS12 1.62 ± 0.2a 14 29.6 ± 1a 2 156 ± 6ab 4 10.0 ± 2.5a 25
2. StandardS13 * - - - - - - - - 
3. C205 × S1101 1.65 ± 0.2a 9 29.0 ± 1a 3 157 ± 10ab 6   9.7 ± 1.1a 11
4. C214B × S1101 1.67 ± 0.0a 3 29.3 ± 1a 2 155 ± 8ab 5 11.3 ± 1.3a 12
5. S2582 × S1101 1.68 ± 0.1a 8 29.3 ± 1a 3 161 ± 9a 5   9.9 ± 1.4a 14
6. S104 × S1101 1.58 ± 0.0a 3 28.1 ± 1a 4 144 ± 4ab 3 10.8 ± 0.8a 8
7. S104 × C205 1.56 ± 0.2a 12 27.9 ± 1a 4 141 ± 10b 7   9.1 ± 2.1a 23
8. C205 × S80 1.63 ± 0.2a 9 28.5 ± 1a 4 150 ± 7ab 5 11.2 ± 2.0a 17
9. C214B × C205 1.57 ± 0.1a 9 28.3 ± 2a 6 150 ± 16ab 11   9.5 ± 1.0a 10
10. SeedOrchardC97 1.62 ± 0.2a 13 28.9 ± 1a 3 146 ± 8ab 5   9.6 ± 1.1a 11
Average 1.62 ± 0.04 2 28.8 ± 1 2 151 ± 6 4 10.1 ± 0.8 8

*Data not available for genetic entry 2 in spacing 3.
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entries (as well as for diameter at breast height, 
DBH) in each spacing and site were tested with a 
one-way ANOVA, by applying a pairwise analysis 
(Tukey pairwise test, p < 0.05). In this context, the 
homogeneity of the variance (Levene’s test of 
equality of error variances) and normality of the 
data (Kolmogorov-Smirnov test) were also tested. 
In addition, we applied a two-way ANOVA to test 
the simultaneous effects of genetic entry and spac-
ing or the effects of genetic entry and site.

Additionally, we calculated the phenotypic 
coefficient of variation (CV%) by normalising 
the standard deviation (σ) by the mean (μ) of 
the property for each genetic entry (i.e. CV% = 
σ*100/μ), spacing by spacing and site by site. 
Relationships between average fibre properties 
(cross-sectional averages), yield traits and over-
all wood density were also examined in differ-
ent genetic entries using phenotypic correlations 
(rp) computed based on the Pearson’s correlation 
method; rp = σp1p2 / σp1 σp2, where σp1p2 is the 
phenotypic covariance between properties 1 and 
2, while σp1 and σp2 are the phenotypic standard 
deviation for properties 1 and 2, respectively. 
Correlations were expected to be significant at 
p < 0.05 level. The CV% and rp were computed 
both for individual genetic entries and as an aver-
age for all of them.

We only calculated phenotypic correlations, 
because of the relatively small number of genetic 
entries (and replicates) available for each spac-
ing and site did not support the calculation of 

genetic correlations as the estimation errors of 
the genetic correlations in such cases are large 
(see e.g. Cheverud 1988, Roff 1995). On the 
other hand, phenotypic correlations have been 
suggested to be quite comparable with genetic 
ones, for example, in Scots pine if presented as an 
average over all the genetic entries (e.g. Haa panen 
and Pöykkö 1993), but naturally they would not 
be fully comparable to each other because in 
reality phenotypic correlations combine genetic 
and environmental causes (see e.g. Hannrup et 
al. 2000). In our work, we also ranked different 
genetic entries according to their average fibre 
properties, overall wood density and yield traits 
(i.e. stem volume and dry stem mass, the latter is 
estimated based on stem volume and overall wood 
density) in order to summarise our findings.

3 Results

3.1 Phenotypic Variation in Fibre Properties

Regardless of the spacing on site 1, fibre width 
(FW) showed, on average, the smallest pheno-
typic variation among the different genetic entries 
(average of 1–3% for spacing 1, 2 and 3), while 
fibre length (FL) and coarseness (C) showed 
clearly larger phenotypic variation (averages of 
2–10% and 4–7%) (Table 2). On site 2, the cor-
responding phenotypic variation observed among 

Table 3. Average statistics and phenotypic coefficient of variation (CV%) for fibre length (FL), fibre width (FW), 
coarseness (C) and diameter at breast height (DBH) for different genetic entries on site 2 (Loppi trial). Dif-
ferent letters indicate differences among genetic entries (Tukey p < 0.05).

Genetic entry FL (mm) FW (μm) C (μg/m) DBH (cm)

Mean ± sd CV% Mean ± sd CV% Mean ± sd CV% Mean ± sd CV%

3. C205 × S1101 1.64 ± 0.2a 10 31.2 ± 2a 7 167 ± 18a 11 12.6 ± 2.14a 17

4. C214B × S1101 1.77 ± 0.2a 10 31.4 ± 1a 3 167 ± 19a 11 14.1 ± 1.47a 10

5. S2582 × S1101 1.82 ± 0.1a 4 31.4 ± 1a 3 173 ± 12a 7 12.2 ± 1.59a 13

6. S104 × S1101 1.64 ± 0.1a 5 31.2 ± 1a 4 158 ± 7a 4 12.9 ± 2.59a 20

11. C205 × S710D 1.82 ± 0.1a 6 32.3 ± 2a 5 181 ± 20a 11 11.1 ± 2.53a 23

12. StandardSPM 1.67 ± 0.1a 5 32.8 ± 1a 3 172 ± 11a 6 13.3 ± 2.95a 22

13. StandardS17 1.74 ± 0.3a 15 30.7 ± 2a 5 163 ± 22a 13 11.9 ± 1.09a 9

Average 1.73 ± 0.1 5 31.6 ± 1 2 169 ± 8 4 12.6 ± 1.0 8



361

Gort et al. Differences in Fibre Properties in Scots Pine (Pinus sylvestris L.) Genetic Entries Grown at Different Spacing …

the different genetic entries was, on average, in 
line with site 1, being 2% for FW, 5% for FL and 
4% for C (see Table 3).

On site 1, with spacing 1 (current stand density 
of 2000 trees/ha), the average FL, FW and C were 
1.61 mm, 29.1 μm and 151 μg/m, respectively. 

Regarding individual genetic entries, genetic 
entry 10 had the largest FW and C (13 and 10% 
above the average), and showed together with 
genetic entry 2 the largest FL (13% above the 
average) (Table 2). In spacing 2 (current stand 
density of 2000–2500 trees/ha), the average FL, 
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FW and C were 1.67 mm, 29.2 μm and 155 μg/m, 
respectively. In this spacing, genetic entry 1 had 
the largest FL (5% above the average), whereas 
genetic entry 10 had the highest FW and C (3 
and 7% above the average) (Table 2). In spacing 
3 (current stand density of 4000 trees/ha), the 
average FL, FW and C were similar to spacing 1, 
being 1.62 mm, 28.8 μm and 151 μg/m, respec-
tively. In this spacing, genetic entry 5 had the 

highest FL and C (4 and 7% above the average), 
while genetic entry 1 showed the largest  FW 
(3% above the average) (Table 2). Nonetheless, 
differences observed among the genetic entries in 
each of the spacing were not, in general, statisti-
cally significant.

On site 2 (with stand density of 2000 seedlings/
ha), the average FL was 1.7 mm, similar to the 
same spacing on site 1. As a comparison, FW and 

Table 4. Analysis of variance (F-value and probability 1) on the effects of spacing, genetic entry and their interac-
tion for fibre length (FL), fibre width (FW) and coarseness (C) on site 1 (A), and on the effects of site, genetic 
entry and their interaction on site 1 versus site 2 (B) for same genetic entries in both sites.

A. Site 1
Spacing Genetic entry Spacing × Genetic entry

F-ratio P-value F-ratio P-value F-ratio P-value

FL 2.27 0.02 2.27 0.11 2.36 0.00
FW 2.48 0.01 2.56 0.08 1.22 0.26
C 3.58 0.00 2.03 0.14 1.55 0.09

B. Site 1 

vs. site2

Site Genetic entry Site × Genetic entry

F-ratio P-value F-ratio P-value F-ratio P-value

FL 4.47 0.04 6.08 0.00 3.08 0.04
FW 28.17 0.00 0.57 0.64 0.45 0.72
C 8.03 0.01 1.40 0.26 0.27 0.85

1 Significance of F-ratio with p < 0.05 in bold.

Table 5. Ranking of different genetic entries for stem volume (V), overall wood density (WD), stem dry mass 
(SM, i.e. stem volume × overall wood density), fibre length (FL) and fibre width (FW) on site 1 for spacing 
1, 2 and 3 (with current stand density of 2000, 2000-2500 and 4000 trees/ha) and site 2 (stand density of 
2000 trees/ha). The ranking of genetic entries is done so that the highest value gets number 1 and the lowest 
gets 10 regardless of trait.

Genetic entry V WD  FL FW
Site  S1 S2 S1 S2 S1 S2 S1 S2 S1 S2
Spacing 1 2 3 1 1 2 3 1 1 2 3 1 1 2 3 1 1 2 3 1

1. StandardS12 8 10 9  3 8 3   8 10 9  6 1 6  6 6 1  
2. StandardS13 * 10 9 -  1 9 -  10 9 -  2 10 -  3 9 -  
3. C205 × S1101 3 4 4 4 5 6 1 1 3 4 3 4 9 8 3 7 7 7 4 5
4. C214B × S1101 2 8 2 1 7 1 5 3 2 8 2 1 5 7 2 3 5 5 3 3
5. S2582 × S1101 4 3 5 5 4 7 6 5 4 3 5 5 4 5 1 2 2 3 2 4
6. S104 × S1101 6 1 3 3 10 4 9 7 6 1 4 3 3 4 7 6 4 8 8 6
7. S104 × C205 7 6 7  9 10 7  7 7 8  10 9 9  10 10 9  
8. C205 × S80 5 2 1  8 5 8  5 2 1  8 3 4  8 4 6  
9. C214B × C205 1 7 6  2 2 4  1 6 6  7 6 8  9 2 7  
10.SeedOrchardC97 9 5 8  6 3 2  9 5 7  1 2 5  1 1 5  
11. C205 × S710D  6  2  6  1  2
12. StandardSPM  2  4  2  5  1
13. StandardS17    7    6    7    4    7

*Data not available for genetic entry 2 in spacing 3

SM
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C (32 μm and 169 μg/m), were to some degree 
higher than on site 1 (for same spacing). On this 
site, genetic entries 5 and 11 showed the highest 
FL  (6% above the average), and the latter one 
had also the highest C (7% above the average), 
while genetic entry 12 had the largest FW (5% 
above the average) (Table 3, Fig. 1). Nonetheless, 
differences observed among the genetic entries on 
this site were not statistically significant.

Despite the fact that on site 1 the trees were, 
on average, larger in spacing 1 (average diameter 
of 12.2 cm) than in spacing 2 and 3 (averages of 
11.7 and 10.1 cm), the average FL was slightly 
higher in spacing 2 compared to spacing 1 and 3 
(see Table 2, Fig. 2). Spacing had a statistically 
significant effect (p < 0.05) on all the studied fibre 
properties (FL, FW and C), while genetic entry 
in interaction with spacing affected significantly 
the FL, but not FW and C (Table 4). Moreover, 
site affected significantly FL, FW and C when 
comparing the same genetic entries grown on both 
sites. Similarly, in this case genetic entry affected 
also FL as did site × genetic entry interaction 
(Table 4). In order to have an integrated picture 
of the overall results, we also ranked the genetic 
entries in regard to different traits. Neverthe-
less, we found that the ranking changed, to some 
degree, depending on the trait and spacing con-
sidered. Therefore, no overall ranking between 
genetic entries was possible in this respect (see 
Fig. 2, Table 5).

We also found that the average fibre length 
distribution among the genetic entries (i.e. per-
centage of fibres in different fibre length classes 
such as 0.2–0.5, 0.5–1.0, 1.0–1.5 mm, etc.) dif-
fered, to some degree, depending on spacing on 
site 1 (see Fig. 3). The fibre length distribution 
moved slightly to the right towards longer fibres 
and the distribution was slightly narrower when 
moving from spacing 1 to spacing 3 with higher 
stand density.

3.2  Phenotypic Correlation between Fibre 
Properties, Yield and Wood Density 
Traits

Regardless of spacing and site, the phenotypic 
correlations observed between different fibre 
properties (FL, FW and C) showed, on average, 

strong positive correlation, being moderate only 
between FW and FL on site 2 (p < 0.05) (see 
Table 6). However, FL and C were partly cor-
related, because C was calculated based on FL. 
All the individual genetic entries also followed 
these general patterns regarding the correlations 
between FL and FW/C on site 1, unlike on site 2 
(see Appendix 1). The diameter at breast height 
(DBH) showed, on average, a low phenotypic 
correlation with FL on both sites, being positive 

Table 6. Phenotypic correlations between fibre length 
(FL), fibre width (FW), coarseness (C), diameter 
at breast height (DBH), stem volume (V) and over-
all wood density (WD), on average, for different 
genetic entries grown on site 1 (regardless of spac-
ing) (upper right) and on site 2 (lower left).

Traits FL FW C DBH V WD

FL 1 0.72 0.73 0.10 0.07 0.14
FW 0.40 1 0.88 0.28 0.21 0.20
C 0.67 0.77 1 0.17 0.15 0.32
D -0.09 0.46 0.14 1 0.95 -0.25
V 0.03 0.54 0.23 0.93 1 -0.19
WD -0.06 0.21 0.18 0.01 0.07 1

1Significance p < 0.05 in bold.
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3–3.5
2.5–3

2–2.5
1.5–2

1–1.5
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3
2
1
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Fig. 3. Average fibre length distribution over all genetic 
entries on site 1 for spacing 1, 2 and 3 with cur-
rent stand densities of 2000, 2000–2500 and 4000 
trees/ha.
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on site 1, but negative on site 2. In any case, none 
of these correlations were statistically signifi-
cant. On the contrary, the phenotypic correlation 
between DBH and FW was positive and signifi-
cant on both sites (p < 0.05), while between DBH 
and C it was also positive but significant only on 
site 1. Additionally, stem volume showed mod-
erate and positive correlation with FW on both 
sites. Regarding overall wood density (WD), on 
site 1 it showed a low positive correlation with 
FW and C (p < 0.05), unlike on site 2. When look-
ing at the correlations between FL and DBH or 
WD for individual genetic entries there was no 
general patterns observed, since the correlations 
ranged from slightly negative to moderately posi-
tive, being in all the cases, not significant (see 
Appendix 1).

4 Discussion and Conclusions

Compared to fibre length (FL) and coarseness (C), 
in this study, fibre width (FW) showed, in general, 
lower phenotypic variation regardless of spacing 
or site, which is in agreement with previous find-
ings in  Scots pine (Hannrup et al. 2001), but also 
in other coniferous species like Norway spruce  
(Hannrup et al. 2004, Zubizarreta Gerendiain et 
al. 2008). In general, the moderate to low vari-
ability in fibre properties indicates that these traits 
might be under a moderate genetic control and 
are, therefore, less affected by the environment 
and competition between trees than the growth 
and yield traits, for example (see e.g. Ståhl et al. 
1988, Hannrup and Ekberg 1998).

In our work, we also found that phenotypic 
correlation among fibre properties, as an aver-
age of all entries, and regardless of the site, was 
positive and ranged from moderate to strong, with 
the strongest correlation being observed between 
FW and C. These results are in agreement with 
previous findings in Maritime pine (Pinus pin-
aster) (Pot et al. 2002) and Norway spruce, for 
example (Zubizarreta Gerendiain et al. 2008). 
These findings may suggest that the same sets of 
genes are likely to be responsible for controlling 
the different fibre properties, and if so, selection 
for a single fibre trait would simultaneously affect 
the others (Zobel and Jett 1995).

On the contrary, we did not observe, as expected, 
any significant phenotypic correlation between 
fibre properties such as fibre length and yield 
traits (e.g. stem volume and diameter at breast 
height; not analysed in respect to tree height) 
in Scots pine.  However, previously it has been 
found also in Scots pine, as well as in loblolly 
pine (Pinus taeda), Maritime pine and Norway 
spruce a week to moderate positive phenotypic 
or genetic correlation between fibre length and 
stem diameter and/or tree height, for example (see 
e.g. Loo-Dinkins et al. 1984, Ståhl 1988, Han-
nrup and Ekberg 1998, Hannrup et al. 2000, Pot 
et al. 2002, Zubizarreta Gerendiain et al. 2008). 
Nonetheless, in Norway spruce, also a negative 
correlation between fibre length and growth rate 
has  been observed (see e.g. Lindström 1997, 
Dutilleul et al. 1998). 

Additionally, we found a weak positive correla-
tion between different fibre properties and overall 
wood density (but it was not statistically sig-
nificant for FL). Similarly, Hannrup et al. (2001) 
previously observed in Scots pine a positive weak 
correlation between wood density and fibre length 
for juvenile wood, but not in mature wood, where 
it was negative or even non-existent. In other pine 
species such as Maritime pine or radiata pine 
(Pinus radiata), negative correlations have also 
been observed previously between wood density 
and fibre length or width, for example (Nyakuen-
gama et al. 1999, 2003, Pot et al. 2002).

On site 1, the average FL, FW and C were 
very similar to each other in spacing 1 and 3, but 
slightly lower compared to spacing 2 (differences  
were  also statistically significant). On the other 
hand, genetic entry did not significantly affect the 
fibre traits on site 1 regardless of spacing consid-
ered. In contrast to our findings, Persson et al. 
(1995) observed that increase in spacing increased 
clearly both tree growth (height and DBH) and  
FL and FW in different genetic entries of Scots 
pine, and genetic entries also affected those fibre 
properties. However, also in our study material an 
increase in spacing increased average diameter at 
breast height and stem volume at a cost of height 
growth (see in details from Peltola et al. 2009), 
as was found by Persson et al. (1995). Regarding 
site 2, the average fibre traits were comparable 
to those observed on site 1 with similar spacing 
in our work. On the other hand, site affected sig-
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nificantly all fibre properties, but genetic entry 
affected only FL, when comparing same genetic 
entries grown on both sites. In accordance with 
our results, Ståhl (1988) also reported in Scots 
pine, that site affected FL.

In addition to average fibre dimensions, spacing 
had an effect on the frequency distribution of fibre 
length. In our case, the narrowest spacing had a 
slightly more uniform fibre length distribution 
than the widest spacing. Furthermore, in the nar-
rowest spacing a higher percentage of long fibres 
was observed compared to the widest spacing 
and vice versa. These changes in the fibre length 
distribution as a result of changing spacing were 
gradual, however. The studies regarding fibre 
length distribution are very scarce, since fibre 
dimension measurements are laborious especially 
if based on microscopy analyses. Nevertheless, 
Zubizarreta Gerendiain et al. (2008) found in a 
previous work in Norway spruce that this distri-
bution may change among the different genetic 
entries, thus, the improved knowledge regard-
ing property  distribution in addition to mean 
values could facilitate a better understanding of 
raw material characteristics (Herman et al. 1998, 
Mäkinen et al. 2002).

As a whole, it would be desirable to find such 
genetic entries which, at the same time, have 
desired fibre properties as well as provide a high 
yield and a fairly high overall wood density, which 
implies high stem mass production as well. The 
most productive genetic entries should also main-
tain a higher growth rate even after the stand 
canopy had closed, resulting from a higher light 
interception and/or more stem wood produced per 
unit of light intercepted (see e.g. Svensson et al. 
1999). In our work, the ranking between different 
genetic entries changed significantly depending on 
the trait, spacing or site considered, and therefore, 
no overall ranking was possible in this respect. 
However, we could find some genetic entries, 
which at the same time had a fairly high FL and 
FW as well as moderate to high stem volume 
and overall wood density as well (indicating also 
relatively high stem dry mass production). For 
example, on site 1, the genetic entry 5 in spacing 
1 and 2, and genetic entry 8 in spacing 2 and 3 
showed those characteristics (also genetic entry 
3 in spacing 3). On the other hand, previously it 
has been thought that the Kanerva pine (with thin 

and short branches) may be superior in terms of 
yield because of its high harvest index especially 
in denser spacing (Kärki 1985, Pöykkö 1993), but 
we could not observe it. In this sense, opposite to 
what it was expected beforehand, genetic entries 
with Kanerva pine as one of the parents seemed 
to behave in a similar way than the other entries 
and even in narrow spacing.

To conclude, in this work, we demonstrated 
that ranking of genetic entries based on fibre 
properties may be different compared to the rank-
ing by stem volume or overall wood density and 
it may also change in Scots pine depending on 
silvicultural management (e.g. spacing) or site 
conditions. However, we should point out that 
the differences observed in this study for various 
genetic entries with different spacing and sites 
may be partly due to their varying capacity to 
react in different environmental conditions (e.g. 
neighbours’ competition, site). On the other hand, 
the relatively low number of sample trees per 
genetic entry (in each trial and spacing) may also 
affect these results. However, we believe the trial 
1 (with relative fertile agricultural soil) with quite 
a large range of stand density treatments could be 
expected to suit well for these kinds of studies 
(see e.g. Haapanen 1996). Anyway, further work 
is still needed based on larger study material to 
understand in details, how silvicultural manage-
ment, such as the control of spacing, in addition 
to site conditions (and microclimate), affects the 
growth, yield and properties of different genetic 
entries in order to provide integrated picture of 
their  raw material properties and, thus, suitability 
for the final target of wood production (e.g. pulp 
wood or sawn timber products). Based on such 
information, it may be possible to identify some 
genetic entries and their site-specific management 
that could be suited to particular product types or 
processes (Ridoutt et al. 1998).
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Table A1. Phenotypic correlations of fibre length (FL) with fibre width (FW), coarse-
ness (C), diameter at breast height (DBH), stem volume (V)  and wood density 
(WD) for different genetic entries on site 1 (regardless of spacing) and site 2 (in 
parenthesis). Bold text means statistically significant correlation (p < 0.05).

Genetic entry
Phenotypic correlation between FL and

FW C DBH V WD

1. StandardS12 0.31 0.54 -0.07 0.00 0.42

2. StandardS13 0.82 0.81 -0.02 -0.13 0.13

3. C205 × S1101
0.72

(0.51)
0.80

(0.64)
-0.16
(0.29)

-0.13
(0.57)

0.43
(0.82)

4. C214B × S1101
0.67

(0.61)
0.72

(0.78)
-0.17

(-0.37)
-0.03
(0.04)

0.33
(-0.07)

5. S2582 × S1101
0.52

(-0.03)
0.50

(0.06)
0.49

(-0.19)
0.44

(-0.34)
-0.20

(-0.71)

6. S104 × S1101
0.54

(-0.20)
0.57

(-0.11)
0.13

(-0.01)
0.13

(0.00)
-0.10

(-0.14)

7. S104 × C205 0.67 0.65 0.23 0.22 0.17

8. C205 × S80 0.91 0.93 0.37 0.40 0.14

9. C214B × C205 0.92 0.92 -0.01 0.00 0.17

10.SeedOrchardC97 0.74 0.65 0.14 0.05 -0.21

11. C205 × S710D (0.22) (0.88) (0.47) (0.46) (0.04)

12. StandardSPM (0.27) (0.78) (0.03) (0.17) (-0.71)

13. StandardS17 (0.92) (0.84) (-0.54) (0.02) (-0.06)
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