
INTRODUCTION

The natural range of European beech (Fagus sylvatica L.)
(von Wühlisch, 2008) could gradually expand its north-
eastern border under the ongoing climate change. The main
limiting meteorological factors that affect the radial growth
of beech are winter temperature and precipitation at the end
of summer (Jansons et al., 2015), and these are expected to
become favourable for beech; thus it could increase its
range in the territory of Latvia (Hickler et al., 2012; Puriòa
et al., 2016). The use of beech in forest regeneration during
the last decades has increased in central Europe, mainly due
to its lower sensitivity to the negative effects of climate
change in comparison to other economically important tree
species (Piætka et al., 2019). Beech has relatively higher re-
sistance to wind damage (Bergmeier and Dimopoulos,
2001; Schutz et al., 2006), less pronounced effect of sum-
mer drought on radial growth (Merela et al., 2005), and
lower susceptibility to dendrophagous insects (von
Wühlisch et al., 2008; Puriòa et al., 2013). In Latvia, Euro-
pean beech was first introduced in parks and dendrological
gardens (Vanders, 1960). The largest stands from these in-
troductions have remained in Ðíçde district, where the for-

est area of beech consists of first-generation trees (i.e. trees
from foreign stock that were planted) along with the trees of
the second generation, originating from natural regenera-
tion, forming younger stands (Dreimanis, 2006; Jansone,
2019).

The lack of information on beech stem quality and, conse-
quently, on its economic potential for roundwood produc-
tion, hinders landowner interest in its wider use over North-
ern Europe. Traits that most affect the financial value of
beech stem are dimensions, stem straightness, low number
of branches, and absence of defects such as butt swell, dis-
colouration, and false heartwood (von Wühlisch, 2008). The
quality of beech wood has been shown to be affected by
specific site and weather conditions (Bouriaud et al., 2004;
Wernsdörfer, 2006; Wernsdörfer et al., 2006; Skarvelis and
Mantanis, 2010; Câmpu et al., 2013; Kúdela et al., 2014;
Câmpu et al., 2015). However, studies in the northern re-
gions of the beech distribution range have minimally looked
at these aspects (Puriòa et al., 2017; Bergkvist, 2019).

This study aimed to assess the phenotypic characteristics
that affect the assortment outcome of European beech in
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stands in the western part of Latvia. For this, we collected
data on traits that affect the value of the tree (dimensions,
branching, presence of stem cracks, and other visual de-
fects) and assessed visual wood defects in sample disks and
for the whole stem.

MATERIALS AND METHODS

Study area. The study was conducted in the Forest Re-
search Station forests (57°14' N, 22°41' E) in the largest
stands of European beech in Latvia.

Field sampling. Data was collected in eight beech stands at
the age of 69 to 131 years (Table 1), which were established
on easily drained mineral soil (Oxalidosa forest type). In to-
tal, 13 sample plots (area 500 m²) were randomly estab-
lished, each at a distance from stand edge of at least 15 m.
In each sample plot, diameter at the breast height (DBH) of
all canopy layer trees was measured, and stem quality was
assessed.

Stem straightness for a log of 6 m from the root collar was
visually evaluated and scored from 1 (the least straight, no
log can be acquired) to 7 (very straight, a log of � 5 m can
be acquired), as applied from Price et al. (2017). The num-
ber of branches of diameter � 4 cm and > 4 cm located at a
height up to 6 m, and epicormic shoots were assessed, scor-
ing from 1 for no branches, 2 for � 10 branches, and 3 for
> 10 branches on a stem. For the same tree height, forks
were noted and cracks on the stem were counted. The pres-
ence (binary) of stem damage on growing trees was re-
corded: root-buttress concavities, dead branches in the tree
crown, enclosed bark, frost cracks, and others (woodpecker
cavities, rot holes, insect galleries, exposed sapwood, ex-
posed sapwood and heartwood, burrs and cankers, perennial
fungi fruiting bodies, ephemeral fungi fruiting bodies,
epiphytic structures, and parasites, nests, and exudates).

For assessment of internal wood quality, 108 disks with a
thickness of two to four centimetres from nine trees were
cut and collected at every 3-m length of a stem in a 91-
year-old stand. The disks were stored in a freezer to avoid
cracks during drying. The area of the disk (cross-section of
the stem) and the smallest length from the heartwood to the
edge of the disk were measured.

Data analysis. Stem volume was calculated using the equa-
tion for beech by Sodtke et al. (2003). Assortments were
calculated using the local buckling algorithm developed by
Ozolins (2002). There is currently no market for beech tim-
ber in Latvia, and thus assortment dimensions and prices
from central Europe were applied (Table 2).

Based on the results of the inventory of sample plots and in-
formation found in literature, several assumptions were
made for the buckling of stems with defects:

1) if a tree had a crack, the first log corresponded to packag-
ing wood;

2) if a tree had epicormic shoots, both the first and the sec-
ond logs corresponded to second-class;

3) if a tree had cavities or holes, the first log corresponded
to packaging wood;

4) if a tree had a fork, one second-class sawlog corre-
sponded to packaging wood;

5) if a tree had curvature (crooked stem), both sawlogs cor-
responded to second-class.

The proportion of peelable cylinder, i.e. inner cylinder of a
log that is suitable for veneer peeling, which could be at-
tained from the log volume at different stem heights, was
calculated using the measurements at the top end of a par-
ticular log.

The occurrence of cracks (proportion of trees with cracks)
and tree branching (occurrence of various defects and their
total occurrence) in different age groups were analysed us-
ing a �

2 test. The proportion of false heartwood and heart-
wood at different heights was determined.

RESULTS

Incidence of stem defects. The incidence of trees with stem
defects was high in both mature (104–131 years) and mid-
dle-aged (69–91 years) stands. Mature stands had a slightly
but non-significantly (p > 0.05) higher incidence of trees
with stem defects: only 23.2% of trees were intact in com-
parison to 28.8% in middle-aged stands.

Among the stem damage types, stem cracks were the most
common type of defect and were found on 22% of trees in
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Table 1. Characteristics of the studied stands

Stand
no.

Cadastral block
compartment

Compartment Area,
ha

Number
of plots

Stand
age

1 21 28 0.37 1 130

2 21 26 0.34 1 91

3 21 1 1.48 2 131

4 26 8 1.97 2 115

5 26 7 0.54 1 115

6 23 29 5.20 2 120

7 14 18 0.62 2 104

8 14 3 2.18 2 69

Table 2. Assortment dimensions and prices for European beech assort-
ments (length 3 m), applied from Tabelle Holzpreise (2019)

Assortment Diameter at
the narrower

end, cm

Presence
of bark

Highest
price,
EUR

Lowest price,

EUR

Sawlog I � 35 without 108 75

Sawlog II 30–34 without 73 66

Sawlog III 18–29 without 64 58

Packaging wood 14–18 without 42 34

Firewood 6–14 with 30 24



middle-aged stands and 36% of trees in mature stands (Fig.
1). The occurrence of stem cracks was more common on
dominant trees. Root-buttress concavities were noted for
19.6% of trees in middle-aged stands and 22.0% of trees in
mature stands, with a maximum of six concavities per tree.
Other common defects affecting tree vitality were dead
branches in a tree crown and branching (forks). Other exter-
nal defects were observed on less than 5% of trees.

Tree crown and branching. The largest proportion of trees
with dead branches in the crown was observed in stands at
the age of 69 years (40.8%), significantly greater that in
stands at the age of 91–104 years (16.2%) and 115–131
years (22.8%).

Epicormic branches were most common (65.8% of trees) in
stands at the age of 115–131 years, and significantly (p <
0.05) decreased in younger stands. In the oldest stands,
47.0% of trees with epicormic branches had more than 10 of
these branches located from the stem base up to 6 m in
height. In stands at the age of 91–104 years, epicormic
branches were present on 52.6% of trees, among which
25.0% had more than 10 epicormic branches on the bottom
log. In the youngest stands, epicormic branches were found
on 50.5% of trees, among which 20.8% had more than 10
epicormic branches on the bottom log.

Occurrence of trees with thin (< 4 cm) and thick (> 4 cm)
branches located on the lower 6-m height of a stem showed
no age-related trends. The proportion of trees with no
branches in this height class was 98.1%, 81.6%, and 89.3%
at the ages of 69, 91–104, and 115–131 years. For groups of
stands in ascending age, thin branches were noted on 1.9%,
9.2%, and 8.7% of trees and thick branches were noted for
0%, 9.2%, and 2.0% of trees, respectively.

Proportion of heartwood and peelable cylinder. None of
the sampled trees was qualified as a first-grade sawlog, as
all trees had discolouration and heartrot. The proportion of
discoloured area significantly decreased from the stem base
towards the top (Fig. 2), and was in the range from 46.5% at
tree height of 3 m to 7.5% at a tree height of 30 m. The pro-

portion of peelable cylinder had the opposite trend, and in-
creased from 12.0% at the stump level to 33.4% at tree
height of 30 m.

Stem straightness was best in middle-aged stands, where a
higher proportion of trees was evaluated in the higher three
grades of stem straightness: 22.2% in Grade 7 (the most
straight), 26.8% in Grade 6, and 18.3% in Grade 5. Stem
straightness was insufficient (Grade 1; no log can be ac-
quired) for 11.1% of trees. In mature stands, 18.1% of trees
were evaluated in Grade 7, 26.6% in Grade 6, and 13.0% in
Grade 5, whereas the poorest stem straightness was found
for 19.7% of trees.

Effect of stem defects on the financial outcome. Only one
of nine sampled trees had sufficient dimensions (DBH
40 cm) for a first-grade sawlog, and four trees were suitable
(DBH 30–34 cm) for a second-grade sawlog (Table 3). For
the sampled trees, the highest proportion of the volume cor-
responded to a third-grade sawlog (40.4% to 81.2% of tim-
ber volume). Consequently, the proportion of packaging
wood and firewood was larger for trees with smaller DBH,
and gradually decreased with lower DBH from 37.5% to
6.8% (both assortments pooled).

The sampled trees had several internal and external wood
defects: enclosed bark, soft rot (< 20% of the area), discol-
ouration (from 25.0% to 34.6% of the area), forking, and
frost crack. When these defects were considered into buck-
ling, only one tree did not differ in assortment outcome (Ta-
ble 3) and for all sampled trees the volume of first- and
second-grade sawlogs was lower. The largest increase in
volume was shown for firewood, which increased by 28.6%
to 800.0%. Changes in assortment outcome reduced indi-
vidual tree value by 1.7% to 25.0%, as compared to assort-
ments from the same trees when no defects are considered.

Stand financial outcome. Financial value was calculated
for stands at the age of 115 years. The most common qual-
ity defects in these stands were epicormic branches (53.1%
of trees), stem cracks (43.8%), crooked stem (21.9%), fork-
ing (28.1%), and rot (9.4%). While cracks and epicormic

294 Proc. Latvian Acad. Sci., Section B, Vol. 75 (2021), No. 4.

Fig. 1. The proportion of trees with various stem defects in middle-aged
(69–91 years) and mature (104–131 years) stands.

Fig. 2. The proportion of heartwood and peelable cylinder of a cross-cut
area at different stem height (± 95% confidence interval).



branches were found in most DBH classes, rot was ob-
served only for trees larger than 56 cm, forking was more
common for medium-sized and large trees (larger than
36 cm), and crooked stems were mostly found for trees
smaller than 24 cm with some crooked trees at DBH classes
44 and 68 cm.

When only stem cracks were considered in buckling, the
timber value of a stand was reduced by 7.7% under the high
price and 6.1% under the low price scenario (Fig. 3). When
all external defects were considered, the stand value reduc-
tion increased to 19.8% and 16.2% for high and low prices,
respectively. However, when both external and internal
wood defects (discolouration and rot) were considered in
buckling, the stand value dropped by 33.0% (high price)
and 29.1% (low price), as compared to the same stands with
no wood defects.

DISCUSSION

The results revealed substantial effect of stem morphologi-
cal appearance and internal wood features on timber assort-
ment outcome and stand value. Beech has shown high pro-
ductivity in Latvia with standing volume from 424 to 786
m³·ha-1 at the age of 91 to 115 years (Dreimanis, 2006). A
previous study showed higher income from stands at the age
of 115 years as compared to the age of 58 years (Puriòa et

al., 2017), but used only stem dimensions in buckling. Our
analysed stand was in the typical rotation age range (80 to
120 years) of beech (von Wühlisch et al., 2008), and the
age-related stem and wood defects had a significant effect
on individual tree and stand value, indicating that it might
not be profitable to extend the rotation age.

Regardless of the age of the stands, trees had not reached
sufficient dimensions for first-grade sawlogs, neither in our
study, nor in the previous study in Latvia (Puriòa et al.,
2017). Similarly with our results, negligible outcome (6% to
9%) of second-grade sawlogs was previously observed,
while the most volume was compiled by third-grade saw-

logs (Puriòa et al., 2017). Comparable results are obtained
in a study of beech stands at the age of 91–160 years in Po-
land (Karaszewski et al., 2013). They found the third cate-
gory logs (four categories in total) were the most common
assortment, and together with fourth-grade logs they formed
82% of the total assortment outcome, while first- and sec-
ond-quality logs formed 3% and 15%, respectively. Low
yield of the veneer quality logs and sawlogs was also ob-
served in mature stands in Slovenia (Poljanec and Kadunc,
2013), where they compiled 2.6% of the analysed trees,
while 22.9% of trees were classified as having excellent and
very good quality. Our results and the cited studies indicate
similar trends. However, different studies should be com-
pared with caution, as the local quality grades and standards
might differ.

The yield of higher-graded assortments might be increased
by management measures (Poljanec et al., 2010), particu-
larly by removal of low-quality trees during the thinning
from above (Hein et al., 2007). Special precaution should
be paid to most commonly present defects, as they have a
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Table 3. Dimensions, assortment outcome, and tree value of the sampled trees if stem and wood defects are not considered and changes in timber assortment
outcome and loss of timber value due to stem and wood quality defects

Tree
no.

DBH,
cm

H,
m

Volume,
m³

Timber volume,
m³

Changes in timber volume due to defects,
m³

Potential tree
value, EUR

Tree value,
EUR

SL I SL II SL III PT FW SL I SL II SL III PT FW High
price

Low
price

High
price

Low
price

1 30 30 0.85 0 0 0.69 0.07 0.09 0 0 0 –0.07 0.07 49.80 44.60 0.84 0.74

2 20 26 0.56 0 0 0.35 0.14 0.07 0 0 0 –0.07 0.07 30.40 26.74 2.36 1.9

3 32 35 1.12 0 0 0.82 0.18 0.12 0 0 –0.24 0 0.24 63.64 56.56 8.16 8.16

4 32 35 1.12 0 0 0.82 0.18 0.12 0 0 0 0 0 63.64 56.56 0 0

5 34 36 1.29 0 0.23 0.82 0.16 0.08 0 –0.23 0.23 0 0 78.39 70.10 2.07 1.84

6 36 34 1.38 0 0.49 0.76 0.07 0.06 0 –0.49 0.34 0 0.15 89.15 80.24 9.51 9.02

7 40 32 1.61 0.32 0.53 0.65 0.07 0.04 –0.32 –0.53 0.53 0 0.32 118.99 100.02 29.73 20.56

8 36 34 1.38 0 0.49 0.76 0.07 0.06 0 –0.49 0.25 0 0.24 89.15 80.24 12.57 12.08

9 30 30 0.85 0 0 0.69 0.07 0.09 0 0 –0.24 0 0.24 49.80 44.60 8.16 8.2

SL, saw log,; PT, packaging timber; FW, fire wood.

Fig. 3. Stand value under different buckling methods, accounting for (a)
dimensions only or considering (b) stem cracks, (c) external defects, and
(d) all external and internal defects.



stronger effect on assortment quality assessment. Consider-
ing the lack of management that was conducted in our stud-
ied sites, it can be presumed that under more intense man-
agement, the yield of higher-grade assortments might be
higher. Indeed, Poljanec and Kadunc (2013) found that the
harvesting intensity in the last ten-year period was posi-
tively associated with higher value of beech wood.

Stem cracks were the most frequently noted type of stem
defect in our study, as observed to be common in central
Europe (Câmpu et al., 2013). Cracks are formed during the
winter when the water inside cells freezes, causing the bark
and outer layer of wood to crack lengthwise along the stem.
Thus, their formation might be a consequence of beech
growing at the northern border of its natural range. Our re-
sults of higher incidence of cracks in mature as compared to
middle-aged stands, i.e. more common for planted trees
from foreign stock, suggest that the next-generation trees
might already have adapted to some extent, supporting the
previously reported adaptability of beech to a changing cli-
mate (Dimitrov, 2019). Lower sensitivity of the second-gen-
eration beech was also shown in a previous study conducted
near the studied stands (Jansone, 2019).

In most susceptible trees, several cracks might occur, form-
ing frost-crack stellar hearts (Câmpu et al., 2013). As this
process might occur repeatedly every year, a tree can have
difficulty in recovering, and there is a risk of infection. The
presence of frost cracks significantly affects tree value, as
their presence might lower assortment grading by two to
three categories (Câmpu et al., 2013).

Another trait that significantly affected wood quality was
the occurrence of knots, and it was among the four main
quality-lowering traits in our study. Their negative effect
might even be higher, as we only noted visible knots, and
covered knots might not have been recognised in our assess-
ment. A study by Karaszewski et al. (2013) showed that
covered knots can be as high as 15–20% of all knots.

The occurrence of knots might be lowered by stand spacing
and management, as it has been shown that dense spacing
promotes natural thinning and consequently lowers the
number of large knots (Ikonen et al., 2003). Smaller knots
are preferred as they heal more rapidly (Hein, 2008), and in
this case wood is exposed to fungal infections for a shorter
time. Accordingly, we observed stem cracks to be associ-
ated with rot, although another study found scars to be
weekly related to the incidence of red heart formation
(Wernsdörfer et al., 2005).

Tree spacing can be controlled by thinning, but more stud-
ies are needed to determine the optimum, as improved
growth conditions might cause the formation of epicormic
branches, which lower wood quality in the stem periphery.
Timber harvesting might also increase the occurrence of
damage for the remaining trees (Poljanec and Kadunc,
2013). Such types of damage include wounds on bark,
which similarly to cracks, increase the risk of red heart and
rot.

Our studied trees had a high incidence of discolouration and
subsequent high loss of usable wood; therefore, among ex-
ternal stem properties it can be considered as the main fac-
tor impeding yield planning. Discolouration is a common
wood defect in beech also in its natural distribution area
(Albert et al., 2003; Pöhler et al., 2005). As many as 85%
of logs in the final felling have this defect, which might
cover as much as 91% of the log cross-cut (mean 18%,
Knoke et al., 2006). In mature beech stands in Poland, red
heart was less common than (in descending order) knots,
sweep, and scars on a bark, yet more frequently noted than
spiral grain, double pit, and rot (Karaszewski et al., 2013).

Discolouration tends to be more common in larger and older
trees (Wernsdörfer et al., 2006). Concerning that all sam-
pled trees had significant discolouration, a prolonged rota-
tion period should be considered with caution. Although
trees might reach dimensions for higher-graded (veneer) as-
sortments, stem damage would increase during this time, di-
minishing the benefit of a thicker stem.

This study aimed to provide insight into the potential of
beech timber production in Latvia. As there is no local mar-
ket for beech timber, calculations should not be assumed to
provide a precise monetary value. However, they show the
importance of wood quality on timber value and indicate
quality traits that should be considered during stand estab-
lishment (e.g., adapted planting stock and rather dense spac-
ing) and its management (e.g., timing of thinning) to in-
crease individual tree and stand monetary value.
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EIROPAS DIÞSKÂBARÞA STUMBRA KVALITÂTE LATVIJÂ UN TÂS IETEKME UZ KOKA UN AUDZES FINANSIÂLO
VÇRTÎBU

Klimata pârmaiòu kontekstâ sagaidâma diþskâbarþa izplatîbas areâla paplaðinâðanâs Latvijas teritorijâ, bet tâ ekonomiskâs nozîmes analîzei
trûkst informâcijas par diþskâbarþa stumbra un koksnes kvalitâti. Pçtîjumâ vçrtçtas stumbra ârçjâs pazîmes 69 lîdz 131 gadu vecâs
diþskâbarþa audzçs. Deviòi koki nozâìçti, no tiem ievâkti paraugi koksnes iekðçjâs kvalitâtes noteikðanai un lobîðanai piemçrotâs
(iekrâsojuma neskartâs) koksnes îpatsvara aprçíinâðanai. Aprçíinâta koka vçrtîba, òemot vçrâ sortimentu iznâkumu, kas noteikts pçc tâ
dimensijâm, un sortimentu iznâkumu, kas noteikts, òemot vçrâ stumbra un koksnes defektus. Diþskâbarþa otrâs paaudzes (pçc introdukcijas
Latvijâ) kokiem (69 gadi), salîdzinâjumâ ar pirmâs (115 lîdz 131 gadi) paaudzes kokiem, bija bûtiski retâk sastopamas sala plaisas (attiecîgi
22.0% un 36.2%), ûdens zari (attiecîgi 50.5 % un 65.8%) un dakðoðanâs (attiecîgi 15.8% un 23.5%). Visiem nozâìçtajiem kokiem novçrots
iekrâsojums pirmâ baïía augstumâ. Lobîðanai piemçrotâs koksnes îpatsvars bija pozitîvi saistîts ar nogrieþòa augstumu kokâ un bija no 12%
pirmajam nogrieznim lîdz 33.4% stumbra 30 m augstumâ. Visas analizçtâs fenotipiskâs pazîmes samazinâja audzes finansiâlo vçrtîbu: sala
plaisas par 6% lîdz 8%, citi ârçji novçrtçjamie stumbra defekti par 16% lîdz 20%, visas ârçji novçrtçjamâs un iekðçjâs pazîmes kopâ par
29% lîdz 33%.




