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Abstract

The analysis evaluates the potential and methods of the respective assessment of beech trees,
beech logs and sawn timber. The objective of the study was to assess the impact of the quality
of the incoming raw material (tree) on the quality and quantity of products — obtained at the
sawmill. The study presents a model that indicates the relations between the assessment of the
quality of a standing beech tree and the quality of the sawmill products obtained from its wood.
In addition, relations between individual quality classes of sawlogs, pulpwood, energy wood
and sawn timber are shown. Standing trees were assessed in three sites according to the na-
tional 5-grade quality scale, assortments produced from selected trees pursuant to the EN
1316-1 standard, and sawn timber produced from assortments according to the rules of the
European Organisation of the Sawmill Industry (EOS). In total, 87.04 m’ of timber was
harvested. In higher quality trees (quality 1 and 2), the shares of sawlogs were between 53%
and 72% of gross tree volume, but in the poorest quality trees, the shares were only between
23% and 36%. What remained was pulp and energy wood. In trees of excellent quality (qual-
ity 1), sawlogs of the highest quality prevailed (A and B quality grade), while sawlogs of C
and B quality prevailed in trees of lower quality. Covered knots and heart defects were typi-
cally the decisive criteria for classifying sawlogs quality in all three sites. A total of 30,786 m’
of unedged timber was sawn from the sawlogs, which comprised 35% of the total gross quan-
tity of trees on average. Nine percent of the sawn timber was classified into the A—EQOS class
(top quality), 27% into the B-EOS class and 47% into the C-EOS class. Seventeen percent
of the timber was only suitable for post-processing. The crucial criteria for classifying sawn
timber were as follows: dead and rotten knots, heart, curvature and cracks. Above-average
sawlogs (A and B quality grade) was mainly obtained from trees of better quality. Relations
between the quality of trees, sawlogs and sawn timber indicated the suitability of classifying
standing trees and sawlogs, since it was possible to produce sawn timber of higher quality
from quality trees or logs. The model presents a rare attempt to establish and monitor quality
and quantity from standing tree to end product.
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1. Introduction

Studies addressing the use of broadleaves, the as-
sessment of quality, and the use of beechwood do not
indicate any special new features in treating forest
wood products. More specific forest problems have
typically been addressed: standards for beech logs and
analysis of forest product quality (Kadunc 2006,
Lipoglavsek 1994, Lipoglavsek 1996), wood yield in
harvesting (Rebula 2002), the impact of wood defects
and the use of different standards in assessing wood
quality (Prka 2003, Prka 2006, Prka 2010), and the

structure of biomass in beech (Stanki¢ et al. 2014).
Some authors analysed the quantities of the aboveg-
round parts of trees in beech stands and their relations
in terms of dimensions (Suci¢ 2008, Brkljaci¢ 2013,
Franji¢ 2011). However, they did not specifically deal
with the quality of standing trees and their respective
assortments. In this respect, studies dealing with the
impact of individual defects on the quality of assort-
ments are also relevant (Karaszewski et al. 2013, Tork-
aman et al. 2018). Several authors have addressed the
problem of assessing the quality of produced assort-
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ments and the use of different standards (Marence and
éega 2015, Piskur 2003, Piskur 2009, Piskur and
Marence 2011, Rantasa 2013, Rogelj 2012, Prka and
Porsinsky 2009). The quality of assortments is deter-
mined on the basis of visual characteristics, which
causes classification problems (sometimes subjective)
that could be avoided by using modern techniques
(Goncz et al. 2018) such as measurement using a laser
profiling system (Thomas and Bennett 2017) or high-
speed computer tomography (Fredriksson 2016). Such
studies are often limited to the quality of assortments
and their quantities. Usually, such studies are focused
on the logging road, i.e. on the forest where the wood
is measured and handed over. Also, there have been
numerous narrowly oriented studies on wood pro-
cessing that have mainly focused on yield analysis and
optimisation of wood processing from log to sawn
timber (éoékic’: and Mili¢ 2005, Popadic et al. 2014,
Wade et al. 1992, Cibecchini et al. 2016, Mufioz et al.
2013, Lundahl and Gronlund 2010, Gil 2014).

Beech (Fagus sylvatica L.) forests account for almost
90% of Slovenian forests. However, according to Slo-
venia Forest Service (SFS) data, their share in the
growing stock is 32.2% (Porocilo ... 2018). As a prevail-
ing tree species, beech is regarded as one of the most
important species, particularly for the timber industry,
but also for the renewable energy sector. This does not
only refer to its most common use in the furniture in-
dustry (Cufar et al. 2017) but also increasingly to its
use in added value products such as structural and
decorative veneer, new products of chemical process-
ing (Kropivsek and Gornik Bucar 2017), and new
fields of use, e.g. innovative light structural composite
elements such as I-beams (Gornik Bucar et al. 2017)
and tube beams.

We set out to show the potential of the presented
model to assess the quality of selected beech trees and
all products that can be obtained from them, namely
round timber assortments and products produced in
the process of mechanical processing at the sawmill.
We analysed the relationship between the quality and
quantity of all the above products. Such studies are
rare — there has been a similar study on a small sample
of trees and assortments obtained from one study site
(Marence et al. 2016).

The study highlights the following hypotheses:

= assessing the quality of trees is reasonable since,

based on the assessment, we can predict the
quality of assortments and sawn timber

= as the quality of trees decreases, the quality of

sawlogs decreases and the share of pulp and
energy wood increases
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= heart defects and covered knots are the decisive
criteria in classifying beechwood products

= trees of higher quality provide a greater share
of high-quality sawmill products.

The objective of this research was to determine:

= the final quality of forest assortments produced
from selected trees of different quality

= the quantity relation between individual quality
classes of sawlogs and pulp and energy wood

= quality classes of sawn timber (the final product)
and their quantities

= the relations between the quality of trees, saw-
logs and sawn timber.

2. Materials and Methods

In terms of quality and quantity, we studied the
entire forest-timber supply chain, from the standing
tree in the forest to the final product at the sawmill
facility. The study included a sample of 30 beech trees,
namely ten trees from each of three different Slovenian
sites: Omphalodo-Fagetum, Castaneo sativae-Fagetum and
Hacquetio epipactidis-Fagetum (Fig. 1). The selected
communities are those where beech as a tree species
has a prevailing share. General stand characteristics:
Omphalodo-Fagetum (mixed beech, fir and alpine maple
stands of different age structure; beech prevails in the
growing stock with 51%), Castaneo sativae-Fagetum
(mixed beech, sweet chestnut and alpine maple stands
of different age structure; beech prevails in the grow-
ing stock with 61%), Hacquetio epipactidis-Fagetum
(mixed beech, spruce, sessile oak and alpine maple
stands of different age structure; beech prevails in the
growing stock with 67%). Individual sites were
marked as (site) I: Omphalodo-Fagetum, (site) 1I: Casta-
neo sativae-Fagetum, and (site) I1I: Hacquetio epipactidis-
Fagetum.

I Hacquetio epipactidis-Fagefum
[0 Omphalodo-Fagetum

Site |

Fig. 1 Beech communities in Slovenia and sites included in the
study
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Table 1 Quality, diameter at breast height and height of selected

trees
Quality Diameter at breast height, cm Tree height, m
(Slovenia

Sonves ol || I i | I i

1 - 44 54 - 30.0 33.1
1 38 50 59 21.0 31.0 32.7
2 54 45 47 29.0 30.0 28.9
2 32 46 41 225 31.0 30.9
3 53 50 48 235 25.0 34.3
3 58 50 44 24.5 28.0 318
4 35 44 52 235 26.0 334
4 34 52 64 235 31.0 34.3
5 46 54 56 27.0 25.0 32.8
5 33 49 67 16.0 25.0 352
Mean 426 48.4 53.2 24.1 28.2 327
Min. 32 44 41 16.0 25.0 28.9
Max. 58 54 67 29.0 31.0 35.2
Stancard 103 | 35 | 85 | 37 | 27 | 18
Sample size, N 9 10 10 9 10 10

When selecting standing trees, the national 5-grade
tree quality scale was applied to assess forest stands,
i.e. two trees of each quality class and from each site.

The missing data of the tree of the best quality
(Table 1) in site I is due to damage when felling: its
lower, valuable part broke. Due to the large split and
inability to buck sawlog, the tree was eliminated from
the study. Unfortunately, the eliminated tree could not
be replaced by another due to work organisation.

In addition to tree dimensions, the size of the knots,
spiral grain and sweep were the criteria that affect
quality assessment. The assortments from trees as-
sessed as the highest quality (quality 1) are usually
used as veneer logs and sawlogs of above-average
quality, whereas assortments from trees of the lowest
quality (quality 5) were used as sawlogs of below-
average quality and logs suitable only for chemical
processing and heating.

After harvesting, the trees were bucked, and the
applicable European standards for beech (CEN 2012)
were used to assess the quality of the assortments. We
established relations between sawlogs and pulp and
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energy wood for each tree. The shares of both assort-
ment categories were measured after the bucking pro-
cedure. The mean diameters of assortments were mea-
sured including the bark and, when calculating the
volume, 1 cm was deducted for the bark. The diame-
ters of logs were measured with 1 cm accuracy, while
for the length we usually applied rounding off and 10
cm of overmeasure. Parts of trees that were not classi-
fied as sawlogs according to their quality were classi-
fied as pulp and energy wood. The above-mentioned
European standard for round timber classifies assort-
ments only according to their quality into four quality
classes (A, B, C, D) according to the respective criteria.
In addition to the diameter and length of assortments,
knots, heart defects, spiral grain and curvatures are
defects that have a major impact on the quality of as-
sortments. In establishing the size of defects, the ap-
plicable European standard (CEN 1997b) was used. A
detailed description of the measurement of individual
wood defects was not addressed in this article.

The highest quality class, i.e. class A, included logs
with a small number of defects — only one sound knot
per 3 m of assortment length is allowed, and no cov-
ered knots are allowed. Class B allows a limited num-
ber of covered knots (one per 1 m of length) and
healthy red heart of up to 30% of the log diameter.
Quality classes C and D allow sound knots in unlim-
ited volume, while class D also includes covered knots.
In addition to requirements regarding the minimum
length and diameter of an assortment, class D only
requires that 40% of the assessed log can still be used
for further processing. The standard does not deter-
mine any other restrictions for the respective quality
class.

To calculate the gross value from the net value, we
used a factor of 0.88, which represents an average yield
and is usually applied in practice (Rebula 2002). Thus,
the gross volume of marked trees was determined,
and the shares of produced assortments also relate to
this value. The reason for this approach is that all re-
cords on growing stock, cut volume and share of indi-
vidual tree species at the national level are drawn up
in this way.

The selected logs were sawn at industrial bandsaw
mills into unedged planks and boards of nominal
thickness from 20 mm to 50 mm. Boards were marked
to provide traceability of the sawn timber to the tree
site. Immediately after a board was sawn, we mea-
sured its width taking half the width of any wane and
its length into account (CEN 1997a, CEN 1997c). To
calculate the volume of boards, we used their nominal
thickness and width at a reference wood moisture con-
tent (mc,=20%).
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The quality of sawn timber was assessed using cri-
teria of the European Organisation of the Sawmill In-
dustry (EOS). EOS rules were chosen since the criteria
to determine the quality of unedged sawn timber are
appropriately defined compared to the European stan-
dard for unedged sawn beech wood (CEN 2009). Pur-
suant to EOS rules, we classified unedged sawn beech
timber into classes A, B and C, while more detailed
classification criteria are explained in other literature
(Grading ... 2014). Since A, B, and C quality marks are
also used for sawlogs, for clarity, the article uses A—
EOS, B-EOS and C-EOS marks to indicate quality
classes of sawn timber. Sawn timber that did not meet
the requirements of a C-EOS class but was still useful
was included in the »Post-processing« class. Accord-
ing to EOS, planks must be a minimum length of 2.1
m and minimum width of 100 mm or 120 mm if thick-
er than 32 mm. The characteristics of the A-EOS qual-
ity class of plank are as follows: planks without knots
(to a limited extent only one small healthy knot per
plank is allowed) with straight fibres; red heart at the

Table 2 Quantity of sawlogs, pulp and energy wood with their
volume per individual site

Quality of trees 1 2 3 4 5

Site Il Il I I Il
Il Il Il 1l Il
1.22 | 248 | 254 | 0.40 | 0.71
Sawlogs, m® 361 | 409 | 283 | 297 | 1.12
525 | 347 | 3.70 | 6.03 | 3.30

045 | 122 | 354 | 118 | 2.04
Pulp and energy wood, m* | 2.38 | 2.01 | 1.62 | 3.41 | 3.20
193 |1 080 | 159 | 271 | 4.80
1.67 | 3.70 | 6.08 | 158 | 2.75

Total volume, net m® 5.99 | 6.10 | 445 | 6.38 | 4.32
718 | 427 | 529 | 8.74 | 8.10
190 | 420 | 6.91 | 1.80 | 3.12

Total volume, gross m* 6.80 | 6.94 | 5.05 | 7.25 | 491

8.16 | 485 | 6.01 | 993 | 9.21
64 59 37 22 23
53 59 56 4 23
64 72 62 61 36

Logs share in gross wood
volume, %
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face of the plank is not allowed. Planks of B-EOS qual-
ity are allowed to have on both faces individual small
healthy knots and one large healthy, dead or rotten
knot per metre and up to 10% of red heart at the face
of the plank. The C-EOS quality class of planks has no
restrictions in terms of knots, fibre inclination and cur-
vature. Large dimensions allow for grown-in bark,
rottenness and colouration. Red heart is allowed on
both faces if the width of the uncoloured wood is at
least 12 cm. Straight and non-straight cracks up to 40%
of the length are permitted.

3. Results

3.1 Quality and Quantity of Harvested Wood

The shares of sawlogs, which represent the most
valuable part of the whole tree, are significantly differ-
ent from each other in terms of the assessed quality of
the standing tree. In more valuable trees (quality class
1 and 2), this share ranged between 53% and 72%,
while in trees of the lowest quality (quality class 5), the
share of logs was the lowest, i.e. from 23% to 36%
(Table 2). We harvested 87.04 gross m’ of wood in the
three sites. The trees were bucked and assortments
were made.

Quantity of timber, %

[ [ L [l [ |
1 2 3 4 5

Tree quality (1-5)

T TENA . END
ENB I Pulp and energy wood
ENC mmmm Difference from tree gross volume

Fig. 2 Share of assortment quality classes according to visual as-
sessment of standing trees
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The best quality assortments (sawlogs of quality A
and B) were produced from trees of the highest qual-
ity (quality class 1, Fig. 2).

Their share ranged between 29% and 54% across
the three sites. In site III, logs of the highest quality
were also bucked from trees of the highest quality
(sawlogs of quality A), otherwise quality B prevailed.
The share of pulp and energy wood increased in trees
with lower assessment grades. More surprisingly, the
sawlogs with the highest quality assessment grade
(quality A) also occurred in trees with lower grades in
terms of visual assessment (quality 3 and 4), however
the share was 10% only. The main reason was that we
assessed standing trees based on visual defects (with-
out red heart, as it was seen after felling). Some of
them have a smaller impact on quality and still allow
the classification of assortments among those of the
highest quality. Moreover, even in trees with higher
quality grades (quality class 2), sawlogs of such qual-
ity could not be bucked. In this case, the reason lies in
the fact that heart defects that cannot be established in
a standing tree decisively affect the quality of sawlogs.

3.2 Crucial Wood Defects in Quality Evaluation
of Sawlogs

In classifying sawlogs into individual quality class-
es, defects or wood characteristics were recorded for
all selected sites and, based on the respective defects,
a log was classified into a selected quality class.

Insufficient
length

A
m— 2}
E
I D

Insufficient
mid-diameter

Eccentric
pith

Owality

Simple
sweep

Spiral
grain

Sound
konots

!
—
—
1

Red r

heart #
—

1 |

Covered
knots

0 5 10 15 20 25 30 35
Incidence, %

Fig. 3 Incidence of decisive defects in classifying sawlogs accord-
ing to EN 1316-1 criteria
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Covered knots were a decisive criterion in classify-
ing 79% of sawlogs (Fig. 3), followed by heart defects
in terms of incidence. Furthermore, the diameter of the
selected tree also decisively influences the sorting of
assortments into a particular quality class. Sound
knots, spiral grain, sweep and eccentric pith also occur
in small shares as crucial defects. It must be pointed
out that in individual sawlogs several decisive defects
may occur, preventing the assortment from being of
higher quality.

3.3 Quality and Quantity of Sawn Timber

In total, 75 logs (43.72 m®) were sawn and 721
planks and boards were obtained (30.786 m®, Table 3).

Approximately half of the sawn timber (47%) met
the classification criteria of the C-EQOS class, 27% were
classified into the B-EOS class, and only 9% could be
graded at the highest quality class, i.e. A-EOS (Fig. 4).
Seventeen percent of the sawn timber did not meet the
dimensional or quality criteria necessary for classifica-
tion into a C-EOS class and was thus classified into the
»Post-processing« class.

In trees of quality 1 and 2, the share of sawn timber
ranged between 41% and 47%; in trees of quality 3 and
4, the respective share was from 14% to 43%; and in
trees of quality class 5, the share did not exceed 26%
(Fig. 5). There were no major differences between sites,

Table 3 Quantities of sawn timber by individual sites

ustipgaission | o o | g | DS | Fosmsessi
timber
| | | |
Site I I I I
I I I I
0475 | 0.765 | 1.822 1.043
Central boards, m* 0.952 | 2153 | 5.015 2.416
0.854 | 4549 | 5599 0.442
0.131 | 0348 | 0.192 0.017
;igsszfgfs and 0277 | 0343 | 0.177 0.031
0.024 | 0291 | 1.740 1130
0606 | 1.113 | 2014 1.060
Total volume, m* 1.229 | 2.496 | 5.192 2.447
0.878 | 4840 | 7.339 1572
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C— A-EOS
1 B-EOS

[ C-EOS
[ Post-processing

Fig. 4 Shares of sawn timber quality classes for individual sites (I,
11, 1)

while the low share of sawn timber in trees of quality
3, 4 and 5 in site I (Omphalodo-Fagetum) stood out.

If we consider only sawn timber of the A-EOS, B-
EOS and C-EOS quality class, the yield was between
30% and 69% (Fig. 6). The average yield of sawn tim-
ber was 57%, or 71% if taking into account the sawn
timber of the »Post-processing« quality class.

The missing data of the tree of the best quality in
site I was already explained in chapter Materials and
Methods.

50

1 A-EOS
1 B-EOS
s C-EOS
BN Post—processing

40 ~

30 A

20 ~

Quantity of sawn timber, %

I [l [ ] [ [l
1 2 3 4 5

Tree quality (1-5)

Fig. 5 Shares of sawn timber quality in tree volume per individual
quality classes of trees and sites

Monitoring the Quality and Quantity of Beechwood from Tree to Sawmill Product (1-10)

1
N B — W)
o 1 B-EOS
mms C-ECS
0 BN Post-processing
< 10
z
£
c
g 50
kS]
£ 40
&
=~ |
<3
20 T
10
0
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Log quality (EN 1316-1)

Fig. 6 Timber processing yield and shares of sawn timber of cor-
responding quality classes processed from different quality logs

3.4 Features Impacting the Quality of Sawn Timber

The features of sawn timber were measured ac-
cording to European standard (CEN 1997b), while the
classification of sawn timber was based on the EOS
criteria (Grading ... 2014).

In analysing the criteria that had a crucial impact
on the classification of sawn timber into an individual
quality class, it was established that the quality of
sawn timber most frequently (in more than one half of
planks) depended on the number, size and distribu-
tion of dead and unsound knots. The shares of decisive
characteristics were calculated per quality classes of
sawlogs according to the total number of all planks.
The criteria according to their occurrence were as fol-
lows: red heart, curvature, cracks, slope of grain, dis-
colorations and rot. Other features appeared less fre-
quently (Fig. 7). Covered knots, red heart, sweep and
spiral grain were also the most important defects in
classifying sawlogs. In this case also, more decisive
characteristics may occur on an individual plank.

The share of boards classified into C-EOS was big-
ger than the share of logs in classes C and D. The cri-
terion for red heart is very strict in EOS rules since it
allows only 10% of red heart in the B-EOS class. Twen-
ty-six percent of boards had over 10% red heart. Sawn
timber that did not have at least 12 cm wide strips of
uncoloured wood, had cracks that were too large, or
was of unsuitable dimensions (too short or too nar-
row) was classified into the »Post-processing« class.
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of boards A
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Fig. 7 Share of major timber features in classifying sawn timber in
selected quality classes

4. Discussion

In terms of quality and quantity, the study fol-
lowed beechwood from the standing tree in the forest
to the final product at the sawmill facility, i.e. the en-
tire forest-timber supply chain. Such studies are rare
since they require the cooperation of the forestry and
wood processing specialists having an interest in inte-
gration and cooperation in the production process. All
stakeholders in the chain, from the forestry service
through the harvesting and transport company, to the
sawmill producers, have to be closely connected to
ensure the optimal quality and quantity of the final
product. It is also necessary to provide traceability
from the tree to the final product. In assessing wood
quality, there are different criteria that are usually
used in this kind of analysis. Standing trees, the assort-
ments made from them, and sawmill products are as-
sessed in various ways. When making an assessment,
standards are used that usually apply different crite-
ria, and so it is difficult to convert from one way of
assessing quality to another.

We could not compare our findings with other
studies because there were none. In the majority of
cases, the authors monitored the yield of sawlogs
(Smrecnik 2010) or evaluated the use of different stan-
dards in assessing the quality of sawlogs and sawn
products in different tree species (Lagana et al. 2007).
In a similar study on Scots pine (Macdonald et al.
2010), the visual assessment of a standing tree was
based on the assessment of the trunk sweep and the
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height of the lowest dry branch. It was found that,
based on such an assessment, the quality of assort-
ments of sawlogs and end sawmill products can be
inferred. In our case, the analysis has an additional
value — it makes sense when supplemented by data
from permanent sample plots, where we also periodi-
cally establish the quality of all forest stands in the
state, in addition to volume and tree structure.

In this kind of assessment of standing tree quality
(only on the basis of visual condition), a problem that
emerges is the lack of data required to give a more
accurate assessment of the quality of trees. In particu-
lar, this refers to heart defects, which are visible only
after a tree is felled and which decisively contribute to
the final assessment of an assortment. In beech, the
respective defect is one of the most frequent and im-
portant in determining the assortment quality.

The article presents an example of an integrated
forest-timber supply chain and shows the potential to
trace information, which is usually addressed sepa-
rately in everyday work, on the respective small wood
sample. By determining the quality and volume of
beechwood in Slovenian forests, we wish to evaluate
the potential to use beechwood more rationally. The
established relation between the quality of trees, saw-
logs and sawn timber indicate that it makes sense to
classify standing trees and sawlogs, since we can pro-
duce sawn timber of higher quality can be produced
from quality trees or logs that can be further used for
high added value products. Differences in the price
between quality classes of sawlogs additionally sub-
stantiate their classification by quality. The price list
for sawlogs of SiDG, which manages state forests,
states the price of beech sawlogs according to its qual-
ity (SiDG 2019) from 145.14 EUR/m’ for veneer logs (A
class) to 68.54 EUR/m’ for sawlogs of the poorest qual-
ity (D class).

The purpose of this article was not to conduct an
extensive statistical analysis, since in our case a larger
sample would simply be too extensive and not feasible
given our research capacities, particularly at the saw-
mill. All of our findings apply to the conditions de-
scribed and the respective sample size — although the
data were collected at three different sites, they cannot
simply be transferred to the wider region.

However, the results provide a good basis and an
orientation on the quality of wood and volume that
can be expected in the selected tree species. In terms
of methods, the described approach is suitable for use
on a larger sample, in other sites and in particular for
other tree species in any selected area. Thus, useful
information can be obtained for decision-making in
the forestry and wood processing industry.
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5. Conclusions

Based on the data analysis of the quality of standing
trees, assortments and sawn timber products, the study
confirmed the hypotheses. Despite the deficiencies
mentioned, the assessment of tree quality is reasonable
since it provides a means to predict the quality of as-
sortments and the sawn timber produced from them.

The hypothesis was also confirmed that heart de-
fects and covered knots had a decisive impact on the
quality of sawlog and sawn timber. To a minor extent,
this also applies to healthy knots, sweep (lengthwise
curvature) and spiral grain in sawlog and sawn timber.

As expected, it was also confirmed that, despite the
visual assessment and lack of information on the heart
defects, less sawlogs, assortments of poor quality, and
a higher share of pulp and energy wood can be expect-
ed from trees of lower quality.

The article evaluates the potential and methods of
the respective assessment only for beech. However,
other tree species can also be assessed in this way. We
believe that the proposed methods can also be used in
other ways — perhaps only by using different, adjusted
criteria that are typical of a specific local environment
and also used in practice.
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