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Abstract

Value production is one of the most important information for comparing different management strategies in for-
estry. Although the value production of forest stands is affected by various factors (stem and assortment quality, stem
dimension, stem injury, price of assortments), thinning can be considered as one of the most important one. This
paper aims at the evaluation of qualitative and value production in homogeneous beech stands, which were managed
by two different thinning types for period of 45 to 55 years: (i) — heavy thinning from below (C grade according to the
German forest research institutes released in 1902) and (i) — Stefan¢ik s free-crown thinning. The third variant was
control (iii) — subplot with no interventions. Silvicultural quality characteristics of the lower half of the stem were
assessed using a 4-class scale (A — the best quality, D — the worst quality). Assortment structure (commercial qual-
ity) was estimated for each stem by an assortment model developed in the past. Nearly 3,000 individual trees aged
from 83 to 105 years from 23 subplots established across the Slovakia territory were assessed. The highest volume
of the best silvicultural quality of stems (A class) has been reached in forests where Stefan¢iks free-crown thinning
was applied (57 — 85%) while the lowest (22 — 56%) on subplots with no management. The proportion of two best
commercial quality assortments (I + II) was highest in forests managed by heavy thinning from below (21 — 29%)
and the lowest when no treatment was applied (7 — 19%). The highest value production (expressed in € ha™) was
reached in the forests treated by free-crown thinning. Results suggested the overall positive impact of thinning on
the increase of value production in beech forests. Particularly, the free-crown thinning focusing on selection of best
quality trees should be preferred as it leads, besides its sufficient value production, to a higher vertical differentiation
of the beech forests.
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al. 2014; Vladovic et al. 2014), stand conditions (Barto$
& Soucek 2010; Jullienetal. 2013; Merganicetal. 2013),
genetic properties and characteristics (Ducrosetal. 1988;
Hansenetal. 2003; Gomdry & Paule 2011; Gomory et al.
2013), including an appropriate provenance (Novotny et
al. 2015) and the way of forest management (Stefancik
1974, 2015; Mlinsek & Bakker 1990; Hein et al. 2007;
Poleno & Vacek et al. 2009; Vacek et al. 2015).

Many authors found a positive impact of the long-
term tending on the timber quality of beech stands (Sebik
1970; Stefanéik 1974; Katé & Miilder 1983; Korpel

1. Introduction

Qualitative and value production of forest stands are
key aspects particularly connected with broad-leaved
tree species (oak and beech). Recently, it has become
particularly important because the financial evaluation
(monetization) of thinnings realized during the whole
tending period together with the assessment of mature
stands entered a crucial role in assessing the effective-
ness of performed tending. Quality of standing stems in
forests may be assessed by the quality of stem by external
growing traits such as stem straightness, number and

size of knots, spiral grain, stem damage etc. (Stefanéik
1974) or by the commercial timber quality, assessed by
the use of assortment model (Petra$ 1992).

Growth and development is affected by the site condi-
tions characteristics (Vacek & Hejeman 2012; Vacek et
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1988; Mlinsek & Bakker 1990). Particularly, selective
thinnings (Sebik & Polak 1990; Stefancik et al. 1996;
Cameron 2002) by the target trees method (Skovsgaard
et al. 2006; Hein et al. 2007; Stefan¢ik & Bosela 2014;
Stefan¢ik 2015) are the most appropriate. In addition,
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thinning increases the quality of beech timber (Keller
et al. 1976; Ferrand 1982; Cameron 2002; Poljanec &
Kadunc 2013).

Value production of beech stands is significantly
reduced by a false heart and/or by wood rot (Knoke &
Wenderoth 2001; Knoke 2003; Krpan et al. 2006), or
by the occurrence of knots on the stem (Richter 2007).
Despite the extensive research on beech stands from vari-
ous aspects, there is a lack of knowledge about the value
production of beech in pure (Sedmék & Hladik 2002;
Utschig & Kiisters 2003) or mixed stands (Petras et al.
2015). In particular, it is questionable whether different
management can significantly affect (increase) value pro-
duction of beech stands in comparison to stands without
any interventions.

Presented study focuses on the assessment of stem
quality and value of assortments in pure beech stands
that were exposed to two different thinning methods for
the last 45 — 55 years. The hypothesis that stands with

different thinning methods will produce different value
production expressed by only last assessment of stem
quality and assortment value and that subplots with no
interventions are expected with the lowest value produc-
tion was tested.

2. Materials and methods

2.1. Establishment of long-term research
plots

Twenty three subplots at seven localities (plots) across
Slovakia were established by the Prof. Dr. Ladislav
Stefanéik during 1959-1969 period in homogeneous,
even-aged naturally regenerated beech forests in Slova-
kia (Fig. 1). Atthe time of their establishment, the forests
were in a growth stage from small pole to pole timber.
Table 1 shows basic site characteristics of the plots.
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Fig. 1 (a) The distribution of the study localities across the Western Carpathians (Slovakia) used in this study, (b) the present
distribution of European beech (source: Euforgen, 2015) with highlighted boarder of Slovakia, (c) beech forest in 2015 after
applying the free crown thinning (thinning from above aimed at supporting the selected best-quality trees — all suppressed trees
are subject to natural mortality only), (d) beech forest in 2015 after applying the heavy thinning from below (all suppressed and
sub-dominant trees were removed), and (e) an example of placement of the research subplots in a locality including the spatial
distribution of trees mesured in 2015 — the circle size represents crown projection area.

Table 1. Site characteristics for the 23 permanent research plots in European beech (Fagus sylvatica L.) included in the analysis.

Number of First-last Age span Geographic position Elevation ~ Mean annual Meap a.mn'ual o
Plot/subplot . . . a.s.l. temperature  precipitation Soil unit
inventory cycles measurement  [years]  E-longitude N-latitude (m] ol (]

Jalna/C,H,0 12 1959-2012 36-89 48.55 18.95 610 6.2 800 Eutric Cambisol
Konus/C,H,0 12 1961-2014 30-83 48.78 22.30 510 6.5 900 Eutric Cambisol
Kalsa/C,H,0 12 1961-2014 37-90 48,58 21.48 520 6.0 790 Stagni-Eutric Cambisol
Kalsa/H2 10 1969-2014 45-90 ’ ’ 520 6.0 790
Zalobin/C,H,0 12 1962-2015 39-92 48.98 21.74 250 7.9 660 Stagni-Eutric Cambisol
Zlata1dka/C,H,0 12 1960-2013 40-93 48.74 21.01 700 6.7 780 Haplic Cambisol
Ciganka/C,H,H2,0 10 1967-2012 60-105 48.76 20.09 560 55 918 (Dystric)
Lukov/H,0 11 1962-2011 45-94 4998 2110 550 5.5 690 Haplic Cambisol
Lukov/C 10 1966-2011 49-94 ) ) 550 5.5 690 (Dystric)

Comment: C - heavy thinning from below (C grade according to German forestry research institutes from 1902); H - the free crown thinning according to Stefancik (1984) principles, thinning interval
of 4 or 5 years; H2 — the free crown thinning according to Stefanéik (1984) principles, thinning interval of 10 years; 0 — control plot (no thinning).
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No systematic interventions were performed in the
forests until the establishmet of the plots. If there was
some intervention, it was of the slight intensity only
removing the suppressed trees — so-called wandering-
selective felling (Stefan¢ik 1974).

Each plot comprised of 3 to 5 subplots (mostly three),
which were arranged next to each other (along the con-
tour line), and separated from each other by a 15 m wide
(the minimum width) isolation belt. The area of each
subplot was 0.25 ha (50 x 50 m), with the exception for
the plot Zalobin with the size of 0.20 ha (40 x 50 m). A
10 m wide transect, where heights of the all trees were
measured, was established and evidenced through the
center of each subplot.

All living trees with the diameter DBH > 3.6 cm and
trees which reached this threshold during the measure-
ment period were fixed and numbered. One subplot
(specified as 0) in each plot (locality) was left unman-
aged as a control plot.

2.2. Field works

The following thinning types were applied on the sub-

plots within each plot:

a) Heavythinning frombelow (C grade according to the
German forest research institutes released in 1902)
(here recognized as C). All suppressed trees with-
out tendency to support the target trees have been
removed. The thinning intensity on this subplots
ranged from 37 to 46% out of basal area total produc-
tion. Thinning interval was the same as for subplot H.

a) The free crown thinning (thinning from above) with
a 5-year (marked as H) or 10-year thinning inter-
val (marked as H2) using the principles defined
by Stefan¢ik (1974, 1984). This thinning method
focuses on identifying and supporting the best qual-
ity trees growing in the crown level of the stand (target
trees). Thinning intensity for this method of thinning
ranged from 35% to 48% out of basal area production.
Atfirst, 4-year thinning interval was used between the
first and second and/or second and third intervention
on all subplots (except for subplots H2). Later, it was
a 5-yearinterval on the all subplots or 10-year interval
(on subplots H2 only).

In addition to standard biometric measurements,
trees were classified into the 1 — 5 tree vertical classes
(using Kraft classification system). The quality traits of
the bottom half of stem were assessed according to the
following classification:

A — Straight, non-twisted stem, centric, without shape

deformations and knots; suitable for sliced veneer pro-

duction;

B — Stem with minor technical defects with solid and

loose knots up to 4 cm (1 — 2 pieces per meter);

C-Stem with large technical defects, greater curvature,

and twisted growth up to 4%, solid knots without limita-
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tion; suitable especially for lower quality saw logs or pulp;
D — Stem inferior to the class C, with the extensive rot,
and only suitable as fuelwood.

2.3. Data processing

The analysis includes only the last inventory on the sub-
plots in order to investigate the long-term effect (45 to
55 years) of the different thinning types on qualitative
and value timber production. In total, 2,973 trees were
assessed. First, the shares of A — D stem quality classes
were defined for each subplot. Assortment structure
was estimated by national assortment model (Petras
1992), which gives the assortments percentage in depen-
dence on the tree diameter (DBH), the stem quality, the
stem damage and the stand age. Stem damage was not
assessed. We assumed no stem injuries. Therefore the
results are not real only theoretical.

Individual assortments represent log classes based
onlog quality andits diameter. Quality classes of logs are
mainly characterized by their intended purpose:

| sliced veneers, special sporting and
technical goods,

Il peeled veneers, sporting goods,

111 (A, B) sawlogs (IIIA—Dbetter quality, IIIB—worse
quality),

\Y pulpwood; chemical and mechanical

processing for pulpwood and agglomerated
boards production,
VI fuelwood.
[ —IIIB classes defined in the assortment tables model
are also separated into 1 — 6+ diameter classes. (1 —16
to 19 cm; 2 — 20 to 29 cm; 3 — 30 to 39 cm; 4 — 40 to

49 cm; 5 - 50 to 59 cm; 6+ more than 60 cm).

The estimated assortment value was calculated for
each tree as the product of assortments volume and tim-
ber prices by log quality and diameter classes. Timber
prices were taken from the state enterprise Forests of the
Slovak Republic, Assortment price list publishedin 2013
(Table 2).

Table 2. Assortments prices (€ m™) by log quality and diam-
eter classes.

. Q

Diameter class —7 Il A 1B v VI
515 505

540 525 515

103.0 695 575 430 440

[ N B N N

201.0 1080 715 59.5
231.0  113.0 715 59.5
+ 271.0 1130 715 59.5

Comment: Assortment prices for V and VI quality classes are the same for all diameter classes.
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2.4. Statistical analyses

ANOVAwas applied to test for the effects of thinning type
on the proportion of the highest-quality stems, propor-
tion of [+II and IT11A quality assortments as well as to test
the effect on financial return per hectare and per cubic
meter. The Bonferroni correction was used to counteract
the problem of multiple comparisons. Simple linear and
polynomial regression was used to investigate the effects
of mean stand diameter, as a characterstic representing
forest development, on the proportion of the highest-
quality stems and potential financial return under dif-
ferent thinning type.

3. Results

3.1. Stem quality

The highest proportion of the best A quality stems (Fig. 2)
was reached when applying the free crown thinning (H).

mUnmanaged OC-type

100.0

Itvaried from 59 to 85%. On the subplots with heavy thin-
ning from below (C), the proportion of the best quality
stemsvaried in the range of 48 — 82%. However, the pro-
portion was not found to be significantly different from
the previous. The lowest proportion of the best quality
stems (22 —56%) was observed in the unmanaged forests
(0) (Stefancik 2015).

3.2. Assortment structure

The highest proportion (21 — 28%) of the best quality
assortments (I+1I) was found on the subplots where the
thinning from below was applied. The lowest proportion
of such quality trees (6 — 19%) was observed on control
subplots as well as in forests managed by free-crown
thinning (4 —22%). Similarly, the highest proportion of
[IIA quality stems was reached in forests treated by heavy
thinning from below. On the contrary, the free-crown
thinning provided the lowest proportion of such stems.

B H-type
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Fig. 2. Volume proportion of the highest quality (A) stems and I + II and IIIA assortments by the thinning types. Legend: C —
type — subplot with heavy thinning from below (C — type according to the German forest research institutes released in 1902),
H — type — subplot with free crown thinning (thinning from above) defined by Stefané¢ik (1974), Unmanaged — control subplot
(without interventions). Note: Different letters mean statistically significant difference (p <0.05) within the quality categories.
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Fig. 3. Dependence of the volume proportion of best quality assortments (Class I) on the mean stand diameter (dg).
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In addition to stem quality, an assortment dimension
(diameter) is another important feature for assigning
the stems into certain assortment classes. The relation-
ship between proportion of the best quality assortments
(I. class) and the mean stand diameter largely differed
between the thinning types (Fig. 3). On all subplots a
modest increase of the most valuable assortments has
been observed with increasing stem mean diameter. Best
quality assortments was higher by 4 — 5% under the free
crown thinning than on subplots with no tending at the
same mean diameter (dg).

3.3. Value production

Beech stands under free-crown thinning reached the
highest value production (per hectare) (Fig. 4a, b).
Stands managed by heavy thinning from below reached
less and the control subplots least value production. The
value is approximate as the value production has been

W Unimainajed

OC-tvpe By

calculated for undamaged subplots, so the real value was
lower.

Mean stand diameter (Fig. 5) influences the stand
value production. Differences are evident above the mean
diameter of 30 cm. Stands with heavy thinning from
below had in five (out of seven) plots the maximum diam-
eters and also the highest value production (expressed by
€ ha™). Control subplots and subplots with free crown
thinning showed approximately the same values.

Subplots with free crown thinning had the high-
est value production (Fig. 4b), when standardized
to the value per one cubic meter (ranging from 71 to
82 € m™). Subplots with heavy thinning from below
reached 68 — 76 € m=. The lowest value production (58
— 71 € m~®) was found on the control subplots (without
tending). Relationship between the value production
(in € m™) and the mean diameter (d,) highlighted the
same trend of increasing production with the increase
of mean diameter regardless to the applied thinning type

(Fig. 6).
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Fig. 4. Value production (a) in thousands € per hectare and (b) € per m? in different thinning types. Different letters mean sta-

tistically significant difference (p <0.05).
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Fig. 6. Dependence of the value production (€ m=) on mean stand diameter (dg) on subplots with different management.

4. Discussion

The highest percentage of best quality stems (class A)
was reached by the free crown thinning. This thinning
method is focused exclusively on individual cultivation
of the highest quality trees (promising; target trees),
which are selected in the stand’s crown and dominant
level (Stefan¢ik 1984). These are typically the thickest
trees (d, ;=45 cm), which is necessary (in addition to
qualitative characteristics) to meet the criteria of the
most valuable assortments (class I). On the other hand,
the highest proportion of the best quality assortments
(class I + II) by volume was reached at heavy thinning
from below. Contrary to thinning from above grows a
stand as a whole by removing all suppressed trees and
does not intervene into the crown level. Therefore it does
not distinguish between individuals for their stem qual-
ity. Despite the fact that subplots with thinning from
below are always characterized by highest mean diameter
(Assmann 1968; Sebik & Polak 1990; Stefan¢ik 2015) in
comparison with other methods of thinning, the propor-
tion of the best quality stem was the highest at free crown
thinning. Thus, this suggest that not only dimension of
stems is important (over 45 cm dbh) for assorting, but
also their quality characteristics and stem damage in par-
ticular. We did not directly assess the damage separately
for each stemin this study, but we considered stem dam-
age when assessing the stem quality class. However, the
assortment models used in our study (Petra$ & Nociar
1991) were also based (in addition to the stem diameter
and quality) on dependence on the stem damage and
age. Therefore detected assortment structure can not
be considered absolute, but for orientation. Presented
research supports the finding, when the lowest propor-
tion of best quality stems and assortments was found on
plot Lukov (poor genetic quality of the stand) and Kalsa.
It was confirmed by negative phenotypic traits (stem with
deformation, greater curvature, twisted growth). As was
already revealed in the past studies, abeech bark necrotic

disease significantly caused later trunk rot (Stefan¢ik &
Leontovy¢ 1966; Stefan¢ik 1974) occurred on this plot
and also in Konus and Jalna. On these plot, the propor-
tion of the highest quality stems (A + B) was even higher
on control subplots (without interventions) than on the
subplot with free crown thinning (Stefan¢ik 2015). This
is in accordance with the other studies (Stefanéik 1974;
Cicak & Mihal 2001; Cicak et al. 2003) that showed a
higher rate of necrosis in managed forest stands in com-
parison to stands without interventions. Whereas, last
interventions in the stands with thinning from below
were minimal, necrosis was not reflected here. On the
contrary, interventions in the stands managed by the
free-crown thinning were performed even in the higher
age (Stefan¢ik 2015) to achieve the highest value incre-
ment (Assmann 1968). The occurrence of necrosis was
also related to the social status of a tree, as the frequency
increased with decreasing vertical position of the indi-
viduals in the stand level (Cicak & Mihal 2002). Such
approach gives those stands an advantage, because the
partofthe stand is removed during the first interventions,
contrary to the stands with free crown thinning, where
the suppressed trees frequently occur at the higher age
(Stefan¢ik 2015).

Big proportion of the best quality stems, found in
stands with performed free crown thinning is related
to the highest number of target trees on these subplots
(Stefan¢ik 2015). At the same time, the merchantablevol-
ume was almost always higher in stands treated by heavy
thinning from below and control subplots compared to
the Stefanéik’s free crown thinning. This observation
thus supports the suggestion to focus on the qualitative
aspects of the thinning in beech stands (Kat6 & Miilder
1983; Poljanec & Kadunc 2013; Stefanéik & Bosela
2014) and/or on a certain number of the top quality trees
(Stefan¢ik 1974; Hein et al. 2007). In our research it was
ranged from 44 to 164 individuals per hectare on subplots
with heavy thinning from below and/or 68 to 184 trees
on subplots with free crown thinning. However, when
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growing “mass quality” , i.e. the whole stand without the
focus on the highest quality (target) individuals, better
results were reached in the stands managed by heavy
thinning from below (Stefan¢ik 2015), as confirmed in
our study (Fig. 2).

Our results are also consistent with those provided
by Hladik & Sedmak (1996) who confirmed that the
best quality was reached in the stands treated by thin-
ning from above (reached the highest share of class A)
while the lowest quality was found on control plots. The
authors assumed that the value production in the stand
with crown level interventions would be higher than in
the stands under thinning from below. Similarly, Hein et
al. (2007) showed in a 35-year experiment that the net
present value of timber production in the stands with
applied selection thinning was higher in comparison to
the Assmann’s optimal stand basal area regime. When
expressed in € m™, our results support these findings.

The study by Poljanec & Kadunc (2013) showed that
the quality of beech trees in Slovenia was highest at the
DBH of 50 — 55 cm which is consistent with our find-
ings, where the highest quality was observed at DBH
of 41 — 50 cm. It was also suggested that beech timber
value was positively affected by high harvesting intensity
(Poljanec & Kadunc 2013), because managed stands had
always better stem quality. Such conclusion confirm the
importance of thinning in achieving higher quality of
beech stands (Kat6 & Miilder 1983; Korpel 1988; Sebik
& Polak 1990; Stefancik et al. 1996). In order to improve
the quality structure of beech stands, beech would have
to be grown in beech-dominated stands or clusters, and
thinned at the “correct time” (Poljanec & Kadunc 2013).
Based on our experience it should be at age of 20 to 40
years in dependence on site and stand conditions.

The more valuable assortments forester manages
to grow, the higher is the value production (converting
timber into money). This corresponded with our observa-
tion that the highest proportion of the best quality assort-
mentswasin the forest stands managed by the free-crown
thinning. At the same time, there was with the highest
value production. When comparing individual localities
(sites), the highest production value was found in the Zal-
obin, which was again related to the highest production
potential of this site (largest stem diameter dimensions)
compared to other plots (Bosela et al. 2016; Stefanéik
2015). It should be noted that the real value production
would be lower, because we did not consider damage of
the assessed trees (Petras$ & Nociar 1991).

It should be highlighted that the determined produc-
tion value is rather “theoretical” or “gross” because it
does not take into account costs oryield during the whole
observation period (over 50 years). Costs for interven-
tionswould be the highest in stands with free-crown thin-
ning, where 10 — 12 interventions were performed and
the lowest (zero) on the control subplots. On the other
hand, yields during the tending period were zero on the
control subplot. We can speak about the “pure” produc-
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tion value after the cost-benefit analysis throughout the
whole research period.

5. Conclusion

A comparison of the production value of beech stands
aged between 83 — 105 years and managed in two differ-
entways foralong-term (over 50years) demonstrated the
positive impact of tending on the stand quality. Tending
of beech stands should focus on selective quality, i.e. an
optimal number of individuals of the highest quality (tar-
get trees). Growing of “mass quality” through the tend-
ing focused on the whole stand, not on individual trees
could lead to a higher value production, provided that
there were no damage. On the other hand, such method of
thinning is less favourable for the production of the most
valuable assortments. After 50 years of observations, the
value production was highest (€ m~) in stands managed
by Stefan¢ik s free-crown thinning in comparison with
heavy thinning from below and control subplots (without
tending).
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