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Introduction
Draining peatlands for increasing forest growth

has a long tradition in Finland. Almost five million
hectares of peatlands have been drained for wood pro-
duction, although new areas are no longer drained. The
peak in drainage was reached in the 1960�s after de-
velopment of the machinery for ditching, when almost
300, 000 hectares were drained (Peltola 2003). As a
result, the importance of peatland timber will grow
considerably during the next two decades. In general,
the proportion of peatland forests of the allowable cut
in Finland were estimated to grow from 14-16% to 17-
26% for different species between periods 1996 �
2005 and 2016 � 2025 (Nuutinen et al. 2000).

Although the allowable cut from peatlands will
increase mainly due to Scots pine, especially from
thinnings, the proportion of the cutting potential of
Norway Spruce will increase, as well. Of the total stock
of spruce roundwood, ca. 15 % is currently located on
peatlands (Nuutinen et al. 2000). In general, the saw
timber percentage is 35 % on peatlands, i.e., lower than
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Norway spruce from drained peatlands is of growing importance for forestry and forest industries in Finland, Sweden
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Concluded from the results, Norway spruce from drained peatlands provides at least a moderate technical potential
in the butt log section for sawmill and plywood industries in southern parts of Finland. The issues of uncertainty concern
mainly internal dry knots and compression wood, and possibly the heterogeneity of wood material within a log. The
industrial value of upper log sections seems considerably lower. Sub-regional effects seem to be largely insignificant
within the southern-finnish climatic conditions, after considering the main effects of tree size, soil type and way of
regeneration.
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on mineral forest lands, 45 %. Of all saw logs of
spruce, ca. 11 % are now standing on peatlands. - In
addition to Finland, the importance of peatland spruce
is growing for forestry and forest industries in Swe-
den and Norway, and spruce from peatlands has an
essential role in Baltic countries and Russia, as well.

During the 1990�s, spruce became the most want-
ed species both for pulp and paper and sawn wood
and plywood in Finland, leading gradually to the cur-
rent shortage of domestic spruce. Thus, the supplies
of spruce timber are raised in the forest industries. The
primary strategic use of spruce roundwood is at pa-
per mills, but also sawmills, further processing plants
and plywood industries provide important use for
spruce logs (Peltola 2003). However, for the technical
quality, the needs of mechanical wood processing have
been considered to be the most important, so far. The
primary quality criteria for the ability for processing
and commercial value of the stems and logs at saw-
mills and plywood mills are stem size, stem form, tech-
nical defects and branchiness. However, in addition
to the knowledge of external quality, it is important
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to know the level and variation of the internal quali-
ty characteristics, such as annual ring width, wood
density, proportions of heartwood and sapwood, pro-
portion and location of compression wood, diameter
and proportion of possible juvenile wood (core), and
occurrence and extent of decay, and other internal de-
fects (pitch pockets, checks).

Although the growing importance of Norway spruce
from peatlands is well-known, the technical quality of
timber and wood has not been widely studied until late
1990�s. The lack of research is obviously due to the less
important role of Norway spruce from peatlands for the
forestry or forest industries, up to now.

The specific soil and nutrient conditions and the
silvicultural history of peatland forests hypothetical-
ly lead to abnormal timber and wood properties (e.g.,
Rikala 2003, Verkasalo et al. 2004; see also Verkasalo
and Kilpeläinen 2004). Abnormally large between-
stand variations, compared to the stands on mineral
soils, may be expected in stand structure, tree dimen-
sions as well as wood and timber quality. In addition,
variations may be larger within stands, and are very
obviously larger within trees compared to trees on
mineral soils.

Branchiness of spruce trees has been widely stud-
ied in many Scandinavian and Central-European coun-
tries. However, there are only few studies concerning
branchiness of peatland spruce. The most critical fac-
tors affecting branchiness are site fertility and grow-
ing space (spatial features). Since trees, especially on
wet peatlands, were usually growing sparsely before
the drainage, the branchiness of the trees could be
worse. In general, every silvicultural treatment affect-
ing development of the tree crown also affects stem
form development (Larson 1963). However, accord-
ing to Rikala (2003), peatland spruces are character-
istically thin-branched. Hakkila and Rikkonen (1970)
noted that the faster growth produces more branch-
es, which could partly explain the low branchiness of
peatland spruce.

Annual ring width varies a lot between trees and
within a single tree, depending on tree age, site fertil-
ity and seasonal growing conditions (e.g., Henttonen
1984). On peatlands, the boundary zone between
woods formed before and after the drainage is very
clearly distinguishable since the width of the growth
rings increases after the drainage (Siren 1952, Ollin-
maa 1960, 1981, Rikala 2003). Shrinkage of close-ringed
wood formed mainly prior to the drainage is higher (in
all three principal directions) than that of wide-ringed
wood produced after the drainage (Ollinmaa 1960). Due
to the risen tendency to checking and splitting, this
could lead to problems in wood processing (drying,
machining, installation of mechanical connectors).

For spruce, increase in the growth starts after some
years following the drainage, and is usually evident
for about 20 years after the drainage (Ollinmaa 1960,
1981); thereafter the radial growth rate is dependent
on the available nutrient resources (Seppälä 1976).
In addition, the radial growth response to releasing
cutting on peat-moors lasts at least 10 years, and, at
least at the beginning of the period, concentrates on
the lower part of the stem (Siren 1952). Within the
post-drainage wood, annual ring width usually de-
creases toward the bark (Mikola 1950, Rikala 2003).

Wood density has a strong correlation with many
wood and pulp quality properties, but also with many
properties important in mechanical wood processing
and products (e.g., Hakkila 1966, Mäkinen et al. 2002,
Kärkkäinen 2003). The overall density variation of
spruce is relatively small compared to many other
conifers (Kärkkäinen 2003). Hakkila (1968) noted that
the geographical variation of the density of spruce is
relatively small compared to pine in Finland.

In the radial direction, the density in the spruce
stem usually decreases first from the pith toward the
cambium, but begins soon to increase again (Nylin-
der 1953, Hakkila 1966, 1968, Olesen 1982, Rikala 2003)
or increases continuosly from pith to bark (Hakkila
1966, 1979, Frimpong-Mensah 1987). However, Mäk-
inen et al. (2002) found a continuous decreasing trend
of density from the pith to the bark. Similarly to min-
eral forest lands, wood density usually decreases while
the width of the growth rings increases in the trees
growing on peatlands (Ollinmaa 1960, Rikala 2003). Of
all sites, the wood density of spruce is the highest on
undrained swamps (Hakkila 1966, comp. Hakkila (1979).
Since the growth increases after the drainage, the
density of the wood decreases more (Rikala 2003) or
less (Ollinmaa 1981); the effect is similar after releas-
ing cutting on peatlands (Siren 1952) and fertilization
(Hakkila 1966). In itself, the boundary region between
pre-drainage and post-drainage woods has not proved
to affect largely the mechanical properties despite the
increase in the diameter growth (Ollinmaa 1981).

In the longitudinal direction, the density of the butt
end at first decreases when moving towards the crown,
but from the middle of the stem it begins to increase
again (Hakkila 1966). However, the longitudinal effect
has proved unclear on peatlands, partly due to small
materials and probably owing to indefinite study meth-
ods (Ollinmaa 19760, 1981). It should be noted that
the density is larger in the stemwood surrounding the
knots than in the actual stemwood, approaching the
values of branch stubs and knots (Lehtonen 1978).

High heartwood proportion is usually an advan-
tage for the use of wood, since, for example, the
heartwood has good dimension stability and it is rel-
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atively resistant to decay. However, in the manufac-
turing of plywood, dry heartwood increases the cut-
ting forces needed, and may cause ripping in veneers
(Rikala 2003). Heartwood proportion of spruce cor-
relates negatively with high growth rate, high crown
ratio and dominance of trees (Hakkila 1968, Hakki-
la and Rikkonen 1970, see also Kärkkäinen 1972).
Consistent with the slow diameter growth, high heart-
wood proportions have been found in peatland spruc-
es (Rikala 2003).

Peatland spruces are supposed to be prone to
stem form defects (Rikala 2003, Stöd et al. 2004, Ver-
kasalo et al. 2004). Thus, formation of compression
wood should be obvious due to the soft soil (Timell
1986), but also depending on the growing location in
relation to the ditches (Stöd et al. 2004, see also Stöd
et al. 2003). In the study of Rikala (2003), the amount
of compression wood was surprisingly small in peat-
land spruces, which might indicate that it is not a
severe problem in managed mature stands treated with
appropriate thinning regimes. However, the largely
increased drying defects in sawn wood when compar-
ing joinery drying (moisture content ca. 10%) to ex-
port drying (moisture content ca. 20 %) indicated typ-
ical drying problems caused by compression wood.
The longitudinal shrinkage of compression wood, ir-
respective of the stand or site type, is several times
that of normal wood, and leads to the curvature of the
timber when dried (e.g., Ollinmaa 1959, Timell 1986,
Kärkkäinen 2003).

It is generally known (e.g., Kärkkäinen and Raivo-
nen 1977, Timell 1986, Kärkkäinen 2003) that the
mechanical strength of green compression wood is
even greater than that of normal wood, in particular
at a given level of density. Drying increases the me-
chanical strength, but much less in compression wood
than in normal wood, Thus, dried compression wood
has a much lower tension strength and, especially,
bending strength; however, compression strength and
possibly bending strength are at the similar level (see
also Ollinmaa 1959). In addition, dry compression
wood is brittle, although relatively hard (Ollinmaa
1959, Timell 1986, Kärkkäinen 2003), and prone to
checking (Ollinmaa 1960).

The aim of this paper is to study the level of and
between-tree, between-stand and vertical within-tree
variations in the technical quality of stems and selected
morphological and physical properties of wood in
mature Norway spruce in naturally regenerated stands
on drained peatlands, compared to naturally regener-
ated and planted stands on mineral forest lands, in
southern Finland. In the analysis, breast height diam-
eter and sub-region, four of them, were considered
the covariants. The wood properties were selected

from the standpoint of saw and plywood milling in-
dustries, but they can be related partly to paper in-
dustries, as well. The properties were examined sep-
arately for the vertical sections of butt logs, other
logs and small-sized saw logs. The properties were
selected into the study from the viewpoint of saw-
mill and plywood industries, on the one hand, and they
should be regulated in silviculture and forest manage-
ment, and controlled, at least to some extent, in wood
procurement and processing.

Study Data and Methods

Stand and Tree Materials
In this paper, the data of a large research project

of the Finnish Forest Research Institute on predict-
ing and controlling the properties and quality of trees
and logs of Norway spruce for mechanical wood
processing from 1994-98 was re-processed and ana-
lysed. In total, 240 saw timber trees were sampled from
48 spruce-dominated mature or nearly mature stands
in southern Finland, i.e., five trees per stand. The
stands were located on the lands of private forest
owners, forest industries, Finnish Forest and Park
Service and Finnish Forest Research Institute, and
managed as conventional commercial forests.

The sample of stands was evenly allocated into four
sub-regions in the southern half of Finland: 1) south-
ern Finland, coastal area (inferior quality region, mari-
time climate), 2) southern Finland, inland (superior qual-
ity region, higher soil fertility), 3) western Finland,
Suomenselkä (moderate quality region, higher altitude
(200 to 300 m above sea level), 4) eastern Finland, Savo
(good quality region, higher soil fertility) (Figure 1).
Sub-region selection was based on expertise of research-
ers and guiding group; sub-regions 2 and 4 were con-
sidered to represent good production regions of spruce
in Finland, whereas sub-regions 1 and 3 were consid-
ered marginal regions for the production.

For each sub-region, the sample of the stands was
evenly divided by soil and regeneration types into: 1)
mineral forest lands, naturally regenerated stands, 2)
mineral forest lands, planted stands, 3) fertile drained
peatlands, naturally regenerated stands. Soil fertility
was, in each stand, at the level of Vaccinium myrtillus
type (MT) or Oxalis-Myrtillus type (OMT), which cor-
respond to semi-fertile and fertile soil types in Finland.
In each stand, principles of good silviculture of the time
had been applied during the rotation period, i.e., per-
forming appropriate tending, spacing and thinning op-
erations in accordance with the instructions given by
the Central Forestry Board TAPIO. The years of sil-
vicultural operations and timber cuttings were record-
ed for each stand. The targeted range of age of the
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stands was set to imitate conventional clear-cutting age,
which were ca. 50-120 years for each sub-region.

In tree sampling, entire range of diameter dis-
tribution of the saw timber trees was covered in in-
dividual stands with the pre-set minimum and maxi-
mum of 18 and 45 cm, respectively. Only dominant
and co-dominant, visually healthy trees, whose neigh-
bouring trees were all spruces and which met the
minimum commercial requirements for saw timber
trees were accepted. However, limits for knottiness
could be exceeded; this was even desirable for the
objectives. Trees meeting all these requirements were
sorted by descending dbh (diameter at breast height)
into five groups. Of each group, one tree was selected
to the actual sample of trees by random sampling.
Means and standard deviations of selected properties
for the sample trees by using the aforementioned
classification are shown in Table 1.

Figure 1. Geographic sub-samples: 1) southern Finland,
coastal area, 2) southern Finland, inland, 3) western Finland,
Suomenselkä, 4) eastern Finland, Savo

Soil and 
regeneration type 

Sub-
region  

N Dbh, cm Age, years Height, m Volume 
(o.b.), dm3 

   x  sd x  sd x  sd x  sd 
Drained 1 20 27.6 6.8 89 27 23.9 3.0 769 424 
peatland, 2 20 27.1 4.9 99 34 23.0 2.7 715 324 
natural 3 20 26.4 4.5 126 25 21.7 2.5 595 281 
regeneration 4 20 23.8 4.3 107 16 20.1 2.3 473 224 
 Total 80 26.2 5.0 111 26 22.0 2.9 627 321 
           
Mineral 1 20 30.6 8.3 86 24 24.4 2.6 930 501 
forest land, 2 25 26.9 6.5 81 28 23.4 3.4 698 371 
natural 3 25 27.6 5.2 108 21 22.5 2.3 664 256 
regeneration 4 20 27.3 5.9 102 13 22.9 2.8 705 318 
 Total 90 28.0 6.5 94 25 23.2 2.9 742 375 
           
Mineral 1 20 24.9 4.9 66 10 24.1 3.2 653 337 
forest land, 2 15 24.3 4.5 57 12 22.3 2.4 528 233 
planted 3 15 25.4 3.8 70 6 21.8 2.9 571 249 
 4 20 29.6 5.8 66 8 24.6 3.0 962 348 
 Total 70 26.2 5.2 65 10 23.4 3.1 668 325 
 

Table 1. Means (x) and standard
deviations (sd) of selected proper-
ties of sample trees by sub-region
and type of soil and regeneration of
the stand. Regions: see Figure 1

Field and Laboratory Measurements
Square sample plots of 30 metres by 30 metres

were placed into a visually representative part of each
stand. The following stand-level factors were deter-
mined for each plot: soil type, spacing (number of trees
per hectare), basal area and its distribution by tree
species, and mean age, height and dbh of spruces
among dominant trees. Dbh was measured on all trees
of each plot for the dbh distribution.

The following factors were determined for each of
the five sample trees on a plot: biological crown type
(five categories) and crown level class (four catego-
ries), both by using the classification by Ilvessalo
(1929), biological age at the stump, tree height, lower
level of dead branches, lower limit of living crown,
lowest dead branch, lowest living branch, the most
significant external defects and their heights, diame-
ters (o.b.) at the fixed heights in a tree (0.1, 0.5, 1.3, 2,
3, 4, 5, 6, 8, 10� metres), maximum crown width and
its compass reading, perpendicular-to-the-maximum
crown width and its compass reading, and distances
and their compass readings to the closest five trees.
Vertical locations of and average branch angles in all
whorls and the types and diameters of their branches
were recorded to the 6-cm diameter.

Laboratory measurements were performed on
sample discs at the before-mentioned heights from all
sample trees for diameters (o.b. and u.b.), bark thick-
ness, cross-sectional geometry, pith eccentricity, and
extent of heartwood from minimum and maximum di-
ameter of heartwood and extent of compression wood.
For the sample whorls (over-healed, self-pruned and
un-pruned) closest to the before-mentioned wood sam-
ples, the diameters and quality of knots were measured
from 20 cm long sample pieces on the surface under
bark and at consecutive 3-cm distances perpendicular
to the stem axis. For the analysis of annual rings and
basic density, 3 cm thick and 5 cm wide sample piec-
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es were sawn from sample discs from heights of 1, 4,
8, 12 and 16 metres and up to 10 cm diameter.

Generating the Internal Structure for Sample
Trees
Field and laboratory data were used to generate

the external and internal structure of trees by compu-
ter calculations. The stem curve over and under bark
and the limit between heartwood and sapwood was
generated for each sample tree by polynomial spline
functions based on diameters on the sample discs at
the before-mentioned heights, and total tree height
(Lahtinen and Laasasenaho 1979). For the limit of
heartwood and sapwood, means of minimum and max-
imum diameter on each disc were used. The area of
compression wood was planimetrically measured at
each disc by using visual evaluation of the bounda-
ries and the zones of compression wood were as-
sessed into trees by linear smoothing from the con-
secutive measurements on discs.

Statistical procedures
Between-tree and between-stand variation in the

stem size, form factors and stem and wood quality
properties were first examined by simple statistical
parameters. The results were smoothed for breast
height diameter classes in the different soil and re-
generation types by using linear regression predic-
tion models, with dbh as the only predictor, except
for the volumetric variables where non-linear poly-
nomal functions were applied. The effects of soil and
regeneration type, sub-region and dbh were studied

by using analysis of covariance. These factors are
commonly used in planning of timber harvesting and
transport and adjusting flows of different wood as-
sortments to different industries, calculating and
comparing of costs, volume, quality and value for
wood procurement, sorting and usage.

Results

Tree Size and Stem Form Characteristics
Peatland spruces were on average smaller than

spruces grown on mineral forest lands (Table 2).
The differences in slenderness (h/dbh) were marginal
and tapering (dbh - d6) was at the same level, though
the smaller height of peatland spruces (Table 2 and
Table 3). The volumes of the entire stem and other log
sections (above 5 m to the diameter 16 cm, o.b.) were
marginally smaller on peatlands. The volume of the butt
log section (5 metres from the butt) and the volume
of the small-sized log section (from diameter 16 cm
to diameter 10 cm, o.b.) were both equal in differ-
ent soil and regeneration types. The differences be-
tween volumes were marginal for trees smaller than
30 cm (dbh) (Figure 2). It is notable that both the
between-tree and between-stand variations were
smaller for each property on peatlands compared to
mineral forest lands, especially to naturally regener-
ated trees.

Branch Height Characteristics
There were no differences in the branch height

characteristics between peatland spruces and naturally
Stem or log property Drained peatland, natural regeneration Mineral forest land, natural regeneration Mineral forest land, planted 
 x  sr sm x  sr sm x  sr sm 
Age (years) 115 23 15 94 25 12 64 10 10 
Dbh (cm) 26.1 5.0 2.5 28.0 6.5 4.3 26.2 5.2 4.0 
Volume (dm3)          
- Entire stem 627 299 187 742 375 278 668 323 247 
- Butt log section 272 103 57 317 142 101 277 107 79 - Other log section  275 210 135 348 250 188 311 235 179 
- Small-sized log section 76 20 8 72 17 9 76 18 9 Slenderness 0.87 0.10 0.05 0.86 0.13 0.08 0.91 0.10 0.08 
Taper (cm) 3.3 1.0 0.5 3.4 1.2 0.8 3.3 1.0 0.6 

 
Table 3. Analyses of covariance on
the effects of soil and regeneration
type, sub-region and dbh on the
properties of tree size and stem
form. Test results with p < 0.05
were considered statistically signif-
icant (bold) and test results with
0.05 < p < 0.15 were considered as
trends (italic)

Stem or log property Constant Soil and 
regeneration type 

Sub-region Dbh 
 F P F P F P F p 
Volume (dm3)         
- Entire stem 204.8 0.000 1.5 0.230 4.5 0.008 597.8 0.000 
- Butt log section 610.1 0.000 3.7 0.180 1.0 0.373 2442.8 0.000 
- Other log section  176.0 0.000 1.8 0.180 3.6 0.022 341.0 0.000 
- Small-sized log section 523.4 0.000 0.035 0.966 2.7 0.058 90.1 0.000 
Total height (m) 18.6 0.000 7.3 0.001 3.5 0.017 347.0 0.000 
Slenderness 370.0 0.000 2.1 0.132 3.1 0.036 23.4 0.000 
Taper (cm) 2.5 0.124 0.8 0.465 1.1 0.372 12.2 0.001 

 

Table 2. Means (x) and standard
deviations between stems (sr) and
stands (sm) for the properties of
tree size and stem form in differ-
ent soil and regeneration types
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Figure 2. Relationships of stem vol-
ume (o.b.) to dbh in the different
vertical sections of Norway spruce
trees in different soil and regenera-
tion types
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generated spruces on mineral forest lands (Table 4).
However, the lowest dead knots were lower and lower
limits of living crown were higher in planted spruc-
es on mineral forest lands (Table 4 and Table 5). The
length of the knot-free butt section was very short in
all soil and regeneration types. Individual dead knots
occurred regularly very high within the living crown
(Figure 3). Similarly to stem size and stem form char-
acteristics, both the between-tree and between-stand
variations were smaller for each branch height char-
acteristic on peatlands compared to mineral forest
lands, especially to naturally regenerated trees.

spruces in other soil and regeneration types (Table
8, Table 9, Figure 5). However, there were no differ-
ences between naturally regenerated spruces grown
on peatlands or mineral forest lands. The between-
tree variations were larger on peatlands than on min-
eral forest lands, except the reverse result for the
sound knots above the butt log section. On the con-
trary, the between-stand variations were smaller on
peatlands than on mineral forest lands, except the
larger average diameter of dead knots above the butt
log section on peatlands compared to mineral forest
lands.

Branch height characteristic Drained peatland, 
natural regeneration 

Mineral forest land, 
natural regeneration 

Mineral forest land, 
planted 

 x  sr sm x  sr sm x  sr sm 
Lowest knot bump 0.24 0.43 0.21 0.22 0.50 0.29 0.21 0.58 0.24 
Lowest dead knot 1.15 0.91 0.63 1.40 1.23 1.03 0.53 0.60 0.43 
Lower limit of living crown 8.3 2.7 1.9 7.3 2.7 1.8 9.0 2.5 1.9 
Highest dead knot 14.8 3.2 2.2 16.0 4.0 3.0 14.9 3.3 2.0 
Total height 22.0 2.9 2.2 23.2 2.9 2.2 23.4 3.0 2.6 

 

Table 5. Analyses of covariance
on the effects of soil and regener-
ation type, sub-region and dbh on
the properties of external branch
height characteristics. Test results
with p < 0.05 were considered
statistically significant (bold) and
test results with 0.05 < p < 0.15
were considered as trends (italic)

Table 4. Means (x) and standard
deviations between stems (sr) and
stands (sm) for external branch
height characteristics (m), com-
pared to the total height, in dif-
ferent soil and regeneration types

Stem property Constant Soil and 
regeneration 

type 
Sub-region Dbh 

 F P F P F P F p 
External branch height (m)         
- Lowest knot bump 3.6 0.064 0.1 0.888 2.5 0.076 1.1 0.294 
- Lowest dead knot 0.4 0.538 5.4 0.008 5.7 0.002 0.4 0.441 
- Lower limit of living crown 11.6 0.001 3.6 0.036 1.3 0.304 0.4 0.551 
- Highest dead knot 2.7 0.108 0.2 0.840 2.8 0.051 36.1 0.000 

 
Knottiness of Logs
There were, both on average and by diameter

class, less knot bumps per unit length in planted
spruces compared to naturally regenerated spruces on
mineral forest lands and peatlands (Table 6, Table 7,
Figure 4). Peatland spruces had more dead knots in
the section of other logs and small-sized logs than
spruces grown on mineral forest lands, but no differ-
ence could be observed in the butt log section. There
were no clear differences between the occurrence of
sound knots and spike knots in their average number.
In the butt log section, the between-tree variations
were smaller in the butt log section but larger in the
upper sections on peatlands than on mineral forest
lands. The results for between-stand variations main-
ly followed similar guidelines. The most important ex-
ceptions concerned the occurrence of sound knots in
the upper parts where the between-stand variations
were smaller on peatlands.

Maximum knot diameters were smaller in plant-
ed spruces grown on mineral forest lands than in

Wood Properties
The soil or regeneration did not have any effects

on the proportions of heartwood and diameter of sap-
wood (Table 10, Table 11). Annual ring width was
smaller in peatland spruces than in spruces grown on
mineral forest lands, where it was much larger in
planted spruces than in naturally regenerated spruc-
es (Figure 6). On average, basic density was the high-
est in naturally regenerated spruces on mineral for-
est lands in all vertical sections (Figure 7), though
the most narrow year rings in peatland spruces. How-
ever, in a given diameter class, density was the high-
est for peatland spruces, especially in the diameter
below 30 cm. No differences were observed in the
other log section, and the difference was marginal in
the small-sized log section. In butt log section, there
was, on average, more compression wood in peatland
spruces than in spruces from mineral forest lands, but
the difference was marginal in a given diameter class.
No effects of soil and regeneration type were ob-
served in upper vertical sections.
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Figure 3. Relationships of branch
height characteristics to dbh of
Norway spruce trees in different
soil and regeneration types. Branch
height characteristics from bottom
to top: lowest dead knot, lower lim-
it of living crown, highest dead knot
and total height of tree
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Vertical stem section 
and knot type 

Drained peatland, 
natural regeneration 

Mineral forest land, 
natural regeneration 

Mineral forest land, 
planted 

 x  sr sm x  sr sm x  sr sm 
Butt log section          
 - Knot bumps 5.4 2.9 1.9 5.1 3.5 2.7 2.4 2.1 1.5 
 - Dead knots 10.5 3.3 2.0 10.0 3.8 3.0 11.0 2.9 2.1 
 - Sound knots 0.096 0.25 0.13 0.28 0.58 0.27 0.18 0.82 0.46 
 - Spike knots 0.013 0.060 0.029 0.022 0.063 0.031 0.021 0.070 0.026 
Other log section          
 - Knot bumps 0.31 0.58 0.40 0.23 0.42 0.32 0.11 0.26 0.12 
 - Dead knots 8.8 9.1 3.7 5.9 2.9 1.7 6.1 2.8 1.4 
 - Sound knots 3.5 2.6 1.3 4.6 2.7 1.7 3.0 2.3 1.7 
 - Spike knots 0.048 0.133 0.047 0.020 0.052 0.027 0.051 0.112 0.066 
Small-sized log section          
 - Knot bumps 0.073 0.207 0.199 0.031 0.120 0.047 0.020 0.089 0.042 
 - Dead knots 2.4 2.6 1.0 1.8 2.2 1.3 1.3 1.7 1.1 
 - Sound knots 10.2 3.3 1.4 10.5 3.5 2.0 9.5 3.2 2.2 
 - Spike knots 0.044 0.113 0.054 0.041 0.093 0.052 0.069 0.128 0.062 

 

Table 6. Means (x) and standard
deviations between stems (sr) and
stands (sm) for the number of
knots per length unit (n/m) in
different soil and regeneration
types, by vertical stem section
and knot type

Stem or log property Constant Soil and 
regeneration type 

Sub-region Dbh 

 F P F P F P F p 
Butt log section         
 - Knot bumps 0.0 0.927 10.3 0.000 3.5 0.024 3.9 0.056 
 - Dead knots 50.3 0.000 0.4 0.644 0.4 0.782 8.4 0.006  - Sound knots 3.0 0.086 2.4 0.091 0.8 0.483 1.3 0.255 
 - Spike knots 4.5 0.034 0.9 0.428 0.8 0.510 2.5 0.115 
Other log section          - Knot bumps 0.1 0.721 5.2 0.006 7.5 0.000 0.4 0.523 
 - Dead knots 16.9 0.000 6.2 0.005 1.0 0.421 2.5 0.124  - Sound knots 4.3 0.045 3.3 0.049 2.4 0.080 23.1 0.000  - Spike knots 0.8 0.388 2.2 0.114 0.7 0.576 0.1 0.898 
Small-sized log section          - Knot bumps 0.1 0.788 4.0 0.020 7.1 0.000 0.1 0.764 
 - Dead knots 12.8 0.001 3.1 0.055 0.9 0.468 4.8 0.034  - Sound knots 1.1 0.294 1.1 0.335 3.4 0.027 32.7 0.000  - Spike knots 0.6 0.430 1.2 0.291 1.9 0.128 2.9 0.090 

 

Table 7. Analyses of covariance
on the effects of soil and regen-
eration type, sub-region and dbh
for the number of knots per
length unit (n/m). Test results
with p < 0.05 were considered
statistically significant (bold)
and test results with 0.05 < p <
0.15 were considered as trends
(italic)

Vertical stem section 
and knot type 

Drained peatland, natural 
regeneration 

Mineral forest land, 
natural regeneration 

Mineral forest 
land, planted  x  sr sm x  sr sm x  sr sm 

Butt log section          
- Dead knot 19.0 7.4 3.8 18.9 6.0 4.9 18.6 6.8 4.2 
Other log section          - Dead knot 26.2 10.0 5.3 25.3 9.2 4.4 23.5 5.6 3.6 
- Sound knot 31.8 6.1 3.2 34.2 9.1 5.3 30.0 5.5 3.8 Small-sized log section          
- Dead knot 15.1 4.3 4.1 14.3 4.0 3.6 10.1 3.8 3.0 - Sound knot 24.2 5.3 3.2 24.5 6.1 3.8 21.1 3.2 2.0 

 

Table 8. Means (x) and standard
deviations between stems (sr) and
stands (sm) for maximum knot
diameters (mm) on different soil
and regeneration types, by ver-
tical stem section

Stem or log property Constant Soil and 
regeneration type 

Sub-region Dbh 
 F P F P F P F p 
Butt log section         
- Dead knot 5.3 0.027 0.1 0.910 0.8 0.522 2.9 0.096 
Other log section         - Dead knot 5.9 0.019 1.6 0.198 0.0 1.000 8.4 0.006 
- Sound knot 7.2 0.010 5.1 0.010 1.1 0.308 5.1 0.000 
Small-sized log section         - Dead knot 0.8 0.375 6.2 0.002 0.2 0.875 25.6 0.000 - Sound knot 0.0 0.958 12.1 0.000 2.3 0.076 102.6 0.000 

 

Table 9. Analyses of covariance
on the effects of soil and regen-
eration type, sub-region and dbh
on for maximum knot diameters
(mm). Test results with p < 0.05
were considered statistically sig-
nificant (bold) and test results
with 0.05 < p < 0.15 were con-
sidered as trends (italic)
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Figure 4. Relationships of knot-
tiness characteristics of butt log
section and other log section to
dbh of Norway spruce trees in
different soil and regeneration
types
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Figure 5. Relationships of
maximum knot diameters in
butt log section and other log
section to dbh of Norway
spruce trees in different soil
and regeneration types

Wood property and vertical 
stem section 

Drained peatland, 
natural regeneration 

Mineral forest land, 
natural regeneration 

Mineral forest land, 
planted 

 x  sr sm x  sr sm x  sr sm 
Annual ring width (mm)          
- Butt log section 1.83 0.53 0.48 2.27 0.64 0.58 3.05 0.71 0.62 
- Other log section 2.12 0.64 0.59 2.32 0.77 0.64 3.15 0.92 0.53 
- Small-sized log section 2.10 0.66 0.62 2.29 0.70 0.61 3.80 0.61 0.55 
Basic density (kg/m3)          
- Butt log section 377.8 33.8 18.5 383.0 30.7 22.1 365.8 29.1 14.8 
- Other log section 363.2 69.6 27.7 375.1 57.3 30.9 350.7 76.4 30.4 
- Small-sized log section 381.6 37.2 29.8 393.0 27.1 20.3 374.5 28.7 24.0 
Heartwood percentage          
- Butt log section 42.0 10.8 7.9 41.6 10.8 7.2 41.8 9.0 4.0 
- Other log section 33.3 11.7 8.8 34.7 10.0 7.0 31.6 11.1 5.6 
- Small-sized log section 14.4 8.0 5.3 16.2 9.4 4.9 13.3 8.0 4.6 
Sapwood diameter at top end of 
log (cm) 

         
- Butt log section 3.6 0.9 0.5 3.4 1.0 0.6 3.4 1.0 0.6 
- Other log section 3.8 0.9 0.6 3.4 0.8 0.5 4.1 1.0 0.5 
- Small-sized log section 4.4 0.8 0.5 4.2 0.9 0.5 4.9 1.2 0.5 
Compression wood percentage           
- Butt log section 10.5 7.0 5.2 7.9 6.0 3.8 7.8 7.0 4.2 
- Other log section 4.8 5.0 3.2 5.7 5.0 3.4 6.1 6.0 3.2 
- Small-sized log section 4.5 4.5 3.5 3.5 3.3 2.8 6.0 6.0 3.5 
 

Table 10. Means (x) and stand-
ard deviations between stems (sr)and stands (sm) for the wood
properties in different soil and
regeneration types, by vertical
stem section
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Figure 6. Relationships of
annual ring width in butt
log section and other log
section to dbh of Norway
spruce trees in different
soil and regeneration types

Wood property Constant Soil and 
regeneration type 

Sub-region Dbh 
 F P F p F P F p 
Annual ring width (mm)         
- Butt log section 10.4 0.003 19.9 0.000 2.5 0.077 0.8 0.364 
- Other log section 5.8 0.021 12.5 0.000 1.9 0.138 2.3 0.135 
- Small-sized log section 16.1 0.000 21.0 0.000 8.5 0.000 17.0 0.000 
Basic density (kg/m3)         
- Butt log section 361.2 0.000 3.8 0.030 1.5 0.224 0.5 0.466 
- Other log section 96.7 0.000 1.8 0.176 0.8 0.487 1.7 0.201 
- Small-sized log section 635.5 0.000 2.4 0.092 1.1 0.339 0.6 0.427 
Heartwood percentage          
- Butt log section 7.8 0.008 0.9 0.421 2.5 0.075 16.3 0.000 
- Other log section 1.2 0.271 0.2 0.790 1.6 0.215 13.3 0.001 
- Small-sized log section 7.9 0.008 1.3 0.294 1.8 0.156 0.0 0.939 
Sapwood diameter at top end of 
log (cm) 

        
- Butt log section 28.9 0.000 0.8 0.448 3.8 0.017 2.8 0.103 
- Other log section 47.5 0.000 1.7 0.203 0.9 0.471 0.0 0.839 
- Small-sized log section 45.2 0.000 0.5 0.521 1.2 0.284 0.0 0.839 
Compression wood percentage         
- Butt log section 12.1 0.001 2.2 0.121 4.8 0.006 2.2 0.148 
- Other log section 1.7 0.205 0.693 0.506 4.5 0.008 0.165 0.686 
- Small-sized log section 1.3 0.411 0.551 0.473 2.1 0.198 0.188 0.535 
 

Table 11. Analyses of co-
variance on the effects of
soil and regeneration type,
sub-region and dbh on the
wood properties. Test re-
sults with p < 0.05 were
considered statistically sig-
nificant (bold) and test re-
sults with 0.05 < p < 0.15
were considered as trends
(italic)
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Figure 7. Relationships of ba-
sic density in butt log section
and other log section to dbh of
Norway spruce trees in differ-
ent soil and regeneration types

On peatlands, the between-tree variations were
smaller in annual ring width but much larger in basic
density compared to mineral forest lands. The differ-
ences in the between-stand variations were unclear
between the soil and regeneration types. The be-
tween-stand variations in annual ring width were only
a little smaller than the between-tree variations, where-
as this difference was much larger in basic density.

In heartwood percentage and sapwood diameter,
both the between-tree and between-stand variations
seemed similar regardless of soil and regeneration type
(Figure 8). In compression wood percentage, the be-
tween-tree variation was a little smaller for naturally
regenerated spruces on mineral forest lands compared
to other soil and regeneration types. No clear differ-
ences could be seen in the between-stand variation.

Discussion and conclusions

In the study, levels of and variations in the tech-
nical (external) quality and selected wood properties
of Norway spruce were compared between naturally
regenerated stands on drained peatlands and natural-
ly regenerated and planted mineral forest land stands
in southern Finland. Technical properties covered tree
size and stem form factors, branch height characteris-
tics and knottiness characteristics of vertical log sec-
tions. Internal properties included annual ring width,

basic density, heartwood proportion, sapwood width
and proportion of compression wood. The data repre-
sented spruce stands of good forest management in
commercial forests. For some properties of technical
quality, the stands were of better quality than on av-
erage in southern Finland, since extremely crooked and
sweeped stems as well as occurrence of decay were
deliberately avoided in the sampling of the original
data. Otherwise the data can be considered represent-
ative for the mature Southern-Finnish spruce that is
used for the raw material of sawmill and plywood in-
dustries.

Consistent with the current knowledge from the
Finnish practical forestry, Norway spruces grown on
peatlands are generally old for their biological age.
Despite this fact, in this study peatland spruces were
smaller for the dimensions, compared to spruces grown
on mineral forest lands. However, the stem form fac-
tors, such as slenderness and taper, were similar re-
gardless of soil type. The result is in accordance with
Rikala (2003), although, Siren (1952) found that re-
lease cutting on peat-moors leads to a decrease in the
form factor. It should be considered that, e.g., accord-
ing to Rikala (2003) the volume functions of Laasas-
enaho (1982) that were used in this study slightly un-
derestimate the true stem volume of peatland spruce.

No remarkable differences could be observed in
branch height characteristics of the stems and knotti-
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Figure 8. Relationships of
heartwood percentage in
entire stem, butt log section,
other log section and small-
sized log section to dbh of
Norway spruce trees in dif-
ferent soil and regeneration
types
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ness of vertical log sections between the soil and re-
generation types. Effects of vertical location were also
in good accordance with the abundant previous re-
search. The height and the lower limit of living crown
were at a lower level, and the length of the knot-free
butt section was only slightly shorter than in the study
of Rikala (2003). The large data set of Hakkila et al.
(1972) from the 5th National Forest Inventory of Fin-
land represents spruces from all soil and regeneration
types. In comparison to that data, the spruces, on
average, were 4-6 m taller and the lower limit of liv-
ing crown was 2.5-3.3 m higher, but the first dead
branches were ca. 2 m lower in the respective diam-
eter class, depending on the soil and regeneration
type. In the forest inventory of standing stock, knots
cannot be observed very accurately. Thus, the afore-
mentioned differences in the external branchiness
heights between this study and Hakkila et al. (1972)
are probably overestimates. Knot-free butt logs are
obviously scarcely available from peatland spruces,
because the length of the clear base was mostly less
than one metre in a tree. Truly sound-knotted top logs
seem to be very few, as well, owing to the frequent
dead knots locating high within the living crown How-
ever, Rikala (2003) concluded that the butt logs of
large peatland spruces are of at least moderate, or
even excellent quality for saw milling.

Rikala (2003) concluded, based on visual obser-
vations, that peatland spruces are exceptionally thin-
branched, though the pre-assumptions that the branch
size does not depend decisively on the soil type but,
instead, on the site fertility and stand density. How-
ever, according to this study, there were remarkable
amounts of dead knots especially in the upper log
sections of peatland spruces. Accordingly, the maxi-
mum knot diameters were in this study, on average, 4
mm and 7 mm larger for dead knots in butt logs and
other logs, respectively, and 6 mm larger for sound
knots in other logs than in the study of Rikala (2003).
In comparison to the data of Hakkila et al. (1972) in
the respective average diameter class, the maximum
knot diameters were ca. 3 mm larger in this study in
peatland spruces and naturally regenerated spruces
from mineral forest lands, but only 1 mm larger in
planted spruces from mineral soils.

The small annual ring width favoured peatland
spruce in all vertical sections of the stems, both on
average and in a given diameter class. This is very
consistent with the results of Siren (1952), Ollinmaa
(1960, 1981), Hakkila (1966), Seppälä (1976) and
Rikala (2003). In this study, the average ring widths
of the butt logs and upper logs were somewhat larg-
er than in the old study of Siren (1952), but consid-
erably smaller than in the new study of Rikala (2003).

The large post-drainage increase in ring width, shown
by Siren (1952), Ollinmaa (1960, 1981), Seppälä
(1976) and Rikala (2003), was not considered in this
study. This might be of much greater importance for
the modern utilization of peatland wood than the ac-
tual ring width. However, the scope of the problem
might be overestimated from the viewpoint of me-
chanical and machining properties, as well, conclud-
ed from Ollinmaa (1981). The effects of release
cutting, heavy thinnings and fertilization are proba-
bly larger for the heterogeneity of wood than the
effect of drainage (e.g., Siren 1952, Hakkila 1966).

Otherwise, when comparing peatland spruces to
spruces grown on mineral forest lands, actual differ-
ences in wood properties could be observed only in
the butt log section. Here, basic density was the high-
est, on average, in naturally regenerated spruces from
mineral forest lands, whereas the highest level in a
given dbh class was found in peatland spruces.

According to Kärkkäinen (2003), the basic densi-
ty of Finnish spruce logs is usually 370-380 kg/m3, the
lowest and highest values being ca. 365 kg/m3 (fast-
grown spruce from plantations) and more than 400 kg/
m3 (old, slow-grown spruce). Hakkila (1966) found the
highest basic density of spruce of all sites on und-
rained mires, 385 kg/m3 for logs and 393 kg/m3 for
pulpwood, the values being clearly higher than those
from drained peatlands in this study. Even a higher
average was reported by Hakkila (1979) for spruces
from all mires, 414 kg/m3. Rikala (2003) reported the
basic density of spruce on drained fertile peatlands
of 374 kg/m3 for butt logs and 371 kg/m3 for other logs;
the values being a little lower for butt logs but high-
er for other logs than in this study. For all soil and
regeneration types, the effects of vertical location on
the basic density were consistent with the well-known
trend for Norway spruce: the density decreases from
the base to the middle of the stem, and turns to rise
toward the top (e.g., Kärkkäinen 2003).

In this study, heartwood proportion was at a typ-
ical level for Norway spruce, or a little higher, in all
vertical sections for all soil and regeneration types,
compared to most of the previous studies (Kärkkäin-
en 1972, 2003). However, the proportion was low on
drained peatlands compared to Rikala (2003) who re-
ported as high average values as of 53 % for butt logs
and 36 % for other logs. Similarly to Rikala (2003),
no clear evidence was obtained that the peatland
spruces would have more heartwood than spruces
from mineral forest lands although some results in-
dicate that higher tree age, slow growth rate and sup-
pressed position correlate with high heartwood pro-
portion (e.g. Sellin 1994). Heartwood proportion
decreased rapidly and sapwood width increased a little
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by rising vertical location, the changes being the most
prominent in peatland spruces.

In butt logs, peatland spruces had more compres-
sion wood than spruces grown on mineral forest lands.
However, there was a slight reverse difference in up-
per vertical sections, especially compared to planted
spruces. It is most important that the difference be-
tween butt logs and other logs was much larger on
peatlands than on mineral forest lands. Compression
wood percentage was the only wood property stud-
ied where regional differences could be detected, with
the higher percentage than on average in the coastal
region of southern Finland and higher altitudes of
western Finland, probably due to high frequency of
leaning stems.

The high levels of compression wood percentage
were possibly due to the method of measurements, in
part. On the other hand, crooked and sweeped trees,
which usually contain compression wood with the
highest probability, were avoided in sampling. Thus,
compression wood is an issue that must always be
considered in the management and utilization of peat-
land spruce. E.g., in the simulation study of Verkasalo
et al. (2004), considering the reaction of wood to
grading and pricing decreased the gross unit value of
spruce lumber by 10 % in volume-oriented sawmill
production and by 15 % in end-use oriented sawmill
production, compared to the theoretical situation
where no reaction in wood occurred in the particu-
lar lot of lumber.

Rikala (2003) concluded that compression wood
is not a severe problem in managed, mature spruce
stands where the stems with bad stem form have been
removed in thinnings, regardless of soil type. On peat-
lands, he found compression wood in only 13 % of all
disc samples cut along the length of mature spruces.
The findings were typically from the base of the stems,
but compression wood occurred to some extent in all
stem sections.

Concluded from the results on the stem and wood
properties studied here, Norway spruce from drained
peatlands has smaller stem and log dimensions and
more crooks and sweep, which result in smaller tim-
ber and log recovery per hectare and lower log grades
in commercial final cuttings, compared to spruce from
mineral soils. For wood, the issues of uncertainty
concern mainly internal dry knots and compression
wood, and possibly the heterogeneity of wood mate-
rial within a log for ring width, density and occur-
rence of compression wood, resulting in reduced
wood properties in mechanical processing and wood
products. The main reasons for the lack of homoge-
neity are obviously in the differences between the
woods grown prior and after the drainage.  In itself,

the prior-to-drainage wood has narrow rings, high
density, obviously high strength and stiffness, high
heartwood content and very low juvenile wood con-
tent, but lots of small dry knots and often compres-
sion wood.

In all, Norway spruce from drained peatlands pro-
vides at least a moderate technical potential for the
butt log section for sawmill and plywood industries
in southern parts of Finland. However, the most prom-
ising uses seem to be in construction where high
strength and stiffness, good stability and even mois-
ture content are appreciated - instead of high-value
joinery or furniture products where visual appearance
and superior tooling properties are the first priorities.
The industrial value of upper log sections seems con-
siderably lower, owing to the knottiness, crooks and
the resultant flaws in wood. Considering Norway
spruce in general, sub-regional differences in the stem
and wood properties seem to be largely insignificant
within the southern-finnish climatic conditions, after
considering the main effects of tree size, soil type and
the way of regeneration.
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ÑÂÎÉÑÒÂÀ ÑÒÂÎËÎÂ È ÄÐÅÂÅÑÈÍÛ ÑÏÅËÎÉ ÅËÈ ÎÁÛÊÍÎÂÅÍÍÎÉ ÍÀ
ÎÑÓØÅÍÍÛÕ ÒÎÐÔßÍÈÊÀÕ È ÌÈÍÅÐÀËÜÍÛÕ ËÅÑÍÛÕ ÇÅÌËßÕ ÞÆÍÎÉ
ÔÈÍËßÍÄÈÈ
Þ. Maëèíåí, M. Maëòàìî è Ý. Âåðêàñàëî
Ðåçþìå

Åëü îáûêíîâåííàÿ (Picea abies) èç îñóøåííûõ òîðôÿíèêîâ èìååò âñå âîçðàñòàþùåå çíà÷åíèå äëÿ ëåñíîãî
õîçÿéñòâà è ëåñîïðîìûøëåííîãî êîìïëåêñà Ôèíëÿíäèè, Øâåöèè è Íîðâåãèè, à òàêæå èãðàåò ñóùåñòâåííóþ ðîëü â
ñòðàíàõ Áàëòèè è Ðîññèè. Â äàííîé ðàáîòå ñðàâíèâàëàñü ñïåëàÿ åëü îáûêíîâåííàÿ èç äðåâîñòîåâ åñòåñòâåííîãî
âîçîáíîâëåíèÿ íà îñóøåííûõ òîðôÿíèêàõ ñ åëüþ èç äðåâîñòîåâ åñòåñòâåííîãî âîçîáíîâëåíèÿ è ïëàíòàöèé íà
ìèíåðàëüíûõ ëåñíûõ çåìëÿõ â Þæíîé Ôèíëÿíäèè. Áûë èññëåäîâàí óðîâåíü îòêëîíåíèé òåõíè÷åñêèõ êà÷åñòâ ñòâîëîâ è
âûáðàííûõ ìîðôîëîãè÷åñêèõ ñâîéñòâ äðåâåñèíû êàê ìåæäó äåðåâüÿìè è ìåæäó äðåâîñòîÿìè, òàê è âåðòèêàëüíî,
âíóòðè äåðåâà. Ïðè àíàëèçå äèàìåòð íà âûñîòå ãðóäè è ñóá-ðåãèîí (÷åòûðå èç íèõ) ðàññìàòðèâàëèñü êàê êîâàðèàíòû.
Ñâîéñòâà ïðîâåðÿëèñü îòäåëüíî äëÿ âåðòèêàëüíûõ ñåêöèé êîìëåâûõ áðåâåí, èíûõ áðåâåí è ïèëîâî÷íèêîâ ìàëûõ
äèàìåòðîâ. Èçó÷àåìûå ñâîéñòâà âûáðàíû, â ïåðâóþ î÷åðåäü, ñ òî÷êè çðåíèÿ ëåñîïèëüíîé è ôàíåðíîé
ïðîìûøëåííîñòè; îíè äîëæíû ðåãóëèðîâàòüñÿ â ëåñîâîäñòâå è ëåñîïîëüçîâàíèè è êîíòðîëèðîâàòüñÿ, â êàêîé-òî ìåðå,
ïðè ïîñòàâêå è â ïðîöåññå îáðàáîòêè äðåâåñèíû.

Èñõîäÿ èç ðåçóëüòàòîâ èçó÷åíèÿ ñâîéñòâ äðåâåñèíû, åëü îáûêíîâåííàÿ èç îñóøåííûõ òîðôÿíèêîâ îáåñïå÷èâàåò,
ïî ìåíüøåé ìåðå, ïîñðåäñòâåííûé òåõíè÷åñêèé ïîòåíöèàë â êîìëåâîé ÷àñòè áðåâíà äëÿ ëåñîïèëüíîé è ôàíåðíîé
ïðîìûøëåííîñòè â þæíûõ ðàéîíàõ Ôèíëÿíäèè. Ïðîáëåìû íåîïðåäåëåííîñòè êàñàþòñÿ, â îñíîâíîì, ñâîéñòâ ñóõèõ
ñó÷êîâ è êðåíåâîé äðåâåñèíû è, âîçìîæíî, íåîäíîðîäíîñòè ìàòåðèàëà äðåâåñèíû âíóòðè áðåâíà. Ïðîìûøëåííàÿ
öåííîñòü âåðõíèõ ñåêöèé áðåâíà ïðåäñòàâëÿåòñÿ äîñòàòî÷íî íèçêîé. Ïîñëå ó÷åòà îñíîâíûõ ôàêòîðîâ, òàêèõ êàê
òîëùèíà äåðåâà, òèï ïî÷âû è ñïîñîáà âîçîáíîâëåíèÿ ëåñà, âëèÿíèå ñóá-ðåãèîíà â ïðåäåëàõ êëèìàòè÷åñêèõ óñëîâèé
Þæíîé Ôèíëÿíäèè  ïðåäñòàâëÿþòñÿ íåçíà÷èòåëüíûìè.

Êëþ÷åâûå ñëîâà: Picea abies, òåõíè÷åñêîå êà÷åñòâî, ñâîéñòâà äðåâåñèíû, ïèëîâî÷íèê, òîðôÿíèê, âàðèàöèÿ
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