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Abstract

This article deals with the evaluation of a thickness analysis on the vuts of beech wood using annual
rings. The study was performed at the state enterprise Lesy SR, a branch plant in Smolenice on the
territory of Forrest District Majdan. In order to perform a thickness analysis of the beech logs, it was
necessary to know the number of annual rings on the butt end and the number of annual rings on
the small end. Based on these two quantities, it was necessary to derive the number of annual rings
in the middle of the trunk. All these characteristics were related to the length of the stem and the
thickness of the stem. The data set contained 1000 logs. For a period of 3 years — i.e. from 2017 to
2019 in total for all types of intentional felling, starting with tending intentional felling up to 50 years,
tendingt intentional felling over 50 years and ending with prescribed final felling, incidential felling
was not included in the investigation. The aim of this publication was to determine the thickness
characteristics of beech stem logs, which are characterized in the territory of branch Smolenice by
a full-wood stem and to create input quantities for a model log of a beech stem. The results include
the average width of annual rings depending on the length of the stem, the average number of annual
rings per 1 meter of length, the average reduction in the number of annual rings depending on the
length recalculated per 1 meter oflength, the average height increment. The results showed interesting
findings, the largest average width of annual rings was recorded in improvement intentional felling
over 50 years, despite advanced age. Another interesting finding was the average height gain of 0.5 m.
The average number of annual rings served to confirm the accuracy of the calculation of the stem
thickness depending on the width of the annual ring. The average reduction in the number of annual
rings showed the convergence of the stem in cm depending on the length of the cut.
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INTRODUCTION

Construction of Annual Rings

Main factors affecting the diameter increment
distribution are species, age, crown form,
sociological position of the tree in the stand,
exposure, wind or snow stress and etc. Slope
gradient plays a role as well (Neruda et al., 2013a).

Crossdating of annual ring series by means
of their comparison is based on the following
assumptions (Kotas, 2011; Neruda et al, 2013b;
Neruda et al., 2013c):

* Each year, an annual ring develops.

* Annual ring series that were developing under
identical or more frequently comparable,
conditions exhibit the same kind of alternating
narrow and wide annual rings.

Investigating the relation between annual ring
width and factors affecting the growth of annual
rings, we have to know the year of annual ring
origin. It is easy to date annual rings from samples
collected from live trees or felled trees in which
the year of harvesting is known (Neruda et al,
2013a). Dating wood samples whose time of origin
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is unknown, we would need another already dated
sample from the same period and optimally also from
the same site. The oldest annual rings of hitherto
living trees reach to more or less distant periods
(Dittrar, 2003; Badal, 2012; Neruda et al., 2013b).

Structure and width of annual rings depend
on tree species, site and its conditions, age of tree
individual, social position of tree in the stand,
silvicultural measures and location on the stem
(Ellenberg, 1996).

Absolute values of annual rings decrease with
the increasing age and the ratio of summer and
spring wood changes, too (Hubac¢, 1982). The
width of annual rings changes also in dependence
on altitude and latitude and their combination.
Decisive is always effect of some extreme climatic
factor. Structure of annual rings and their width
depend on tree species, site, age of individual, social
position of tree in the stand, silvicultural measures
and location on the stem. Absolute values of annual
rings decrease with the increasing age and the ratio
of summer and spring wood changes, too (Gullberg
and Bjorheden, 2006). In the temperate zone, values
of annual rings decrease with the increasing altitude
due to mean air temperature decreasing with the
increasing altitude. In contrast a limiting factor of
growth in arid zones is the amount of precipitation;
in this case, the increasing altitude ensures the
increasing width of annual rings (Assmann, 1968;
Heinimann, 1999; Neruda et al., 2013c).

The submitted publication deals with the
investigation of the thickness analysis of the beech
stem cuts in the region of western Slovakia, namely
in districts Trnava and Pezinok. The survey was
carried out only in forest stands with a 95% or more
representation of beech, i.e. monoculture. Thickness
analysis was performed on harvested raw stems
from all habitat species present as well as exposures
to avoid distorting the data result.

MATERIALS AND METHODS

Material

Annual ring analysis was performed in 2017,
2018 and 2019 on manufactured raw stems from
the stem base of which samples were taken, i.e.
from the root (stump). It included regeneration
intentional felling, ie. overhead release felling
as well as final felling, improvement intentional
felling up to 50 years and improvement intentional
felling over 50 years. The data were entered in
the Microsoft Excel programme in which they
were evaluated graphically for all felling systems
together to obtain a statistical file large enough for
the objective assessment.

The dataset consisted of 1000 surveyed logs
of variable lengths — specifically 400 logs from
regeneration intentional felling, 300 logs from
improvement intentional felling up to 50 years and
300 logs from improvement intentional felling over
50 years. The data were evaluated for individual
lengths ranging from 4 m to 12m. Trend line was
used for better graphical depiction.

Methodology

Investigation of the number of annual rings
on the butt end and small end was determined
by a non-destructive method for logs, ie. the disc
was separated from the butt end of the beech
stem and small end cut and the beech stem, their
marking with a permanent colour with chalk, and
the amounts of annual rings was subsequently
counted and recorded in the relevant table. Length
and midspan diameter were recorded for each cut.
The methodology of saving annual rings is shown
in Fig. 1.

Summarization of field data, ie. records on
annual rings of individual log butt and small ends
and their redistribution according to assortment

1: Annual rings of the butt end of beech stem
Source: Michal Danis, 2018
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I: Thickness analysis input data
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3 4 20 46 38 8 11.5 2.00 0.50 42
8 4 20 51 46 5 12.8 1.25 0.80 49

12 4 16 52 39 13 13.0 3.25 0.31 46
31 4 18 51 27 24 12.8 6.00 0.17 39
36 4 16 51 24 27 12.8 6.75 0.15 38
52 4 19 50 26 24 12.5 6.00 0.17 38
53 4 9 49 28 21 12.3 5.25 0.19 39
58 4 16 43 33 10 10.8 2.50 0.40 38
60 4 19 48 25 23 12.0 5.75 0.17 37
72 4 15 46 26 20 11.5 5.00 0.20 36

Source: Michal Danis, 2019

lengths, gave groundwork for elaboration of growth
curves. Annual rings in the middle of the stem were
calculated according to the (1) because destructive
method, ie. division of assortments into meter
sections was not chosen. The data summarized in this
way were used to plot growth curves. The procedure
of thickness analysis is shown in Tab. I. The formulas
for the calculation are given below (1), (2), (3).

Formula for calculating number of annual rings
in the middle of the log where:

Nl—nse+adar x[1 lj (68
2 2

nse.....number of annual rings on the small end [pcs],
I length [ml],
adar....average decrease in the number of annual
rings [pcs] in dependence on length [1 m].
Formula for calculating average decrease in the
number of annual rings in dependence on length,
where:

(nbe -nse) )

adar =
[

[ length [m],
nbe...number of annual rings on the butt end [pcs].
Formula for calculating average height increment
in m where:
1

hic=—— 3)
ane adar

ahic..average height increment calculated in m [1 m].
Average annual ring width — was calculated by
adding a trend line on the annual ring width charts.
All data of thickness analysis of beech logs stem
were statistically processed and subsequently
graphically prepared in Microsoft Excel. There were

calculated the average values, median and mode.
These values were compared to each other and the
most representative value was chosen. This was the
value, which corresponed the most to the reality.
Trend lines were represented the most appeared
value from the measured statistical values. These
trend lines were inserted through MS Excel function-
insertion of trend lines (logarithmic shape of the line).
Formula of the calculation is mentioned in Fig. 5.

RESULTS

The Average Width of the Annual Rings
of a Beech Stem

The survey was divided according to the above-
mentioned felling systems for better interpretation
of measured values.

Tending Intentional Felling Up to 50 Years

Fig. 2 shows that the variance of measured values
increased with the increasing stem length being
most visible with the stem length of 12 m and least
visible with the stem length of 4 m. In general, the
width of annual ring was variable according to stem
length but ranged most often within an interval
from 2 mm to 2.5 mm. Average width of annual ring
for all stem lengths turns out to be 2.4 mm.

Tending Intentional Felling Over 50 Years

Fig. 3 shows that the variance of measured values
fluctuated with the increasing stem length. This is
most visible with the stem length of 8 m and the least
at the lengths of 4m and 11 m. It can be generally
assumed that the width of annual ring was variable
according to stem length, but most frequently ranged
from 2 mm to 5mm. Average width of annual ring
for all stem lengths turned out to be 3.1 mm.
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3: Tending intentional felling over 50 years — annual rings average width
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4: Prescribed final felling — annual rings average width

Prescribed Final Felling

Fig. 4 shows that the variance of measured
values increases with the increasing stem length,
which is most visible at the stem length of 7 m. On
the contrary, the smallest at the stem length of 4m
and most compact at the stem length of 12m. In
general, we can assume that the annual ring width
was variable according to the stem length. Most
frequently ranging within an interval from 1.2 mm
to 5.2mm. Some extreme values occurred as well.
The extreme values were attributed to left solitary
trees from young age up to the age of regeneration —
so-called wolf trees, characterized by high diameter
increment in the stem part also at a higher age as

compared with trees growing in canopy. Average
width of annual ring for all stem lengths turns out
to be 2.7 m.

Analysis of the Number of Annual Rings
in a Beech Stem

Fig. 5 the dependences of the number of
annual rings on the central thickness in all types
of prescribed felling. The graph shows that the
entire spectrum of thickness was covered, from
the youngest to the oldest individuals. Trend lines
mark the average values of the number of annual
rings on the butt end, in the middle of the log and
on its small end, corresponding to a given central
thickness of the beech stem log at a minimum
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Number of annual rings in the beech stem
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5: Beech stem annual rings number

stem length of 1 m or more, rounded to the whole
meter. They also drawed the average beech stem
with a starting cut length of 1 m. After connecting
with the average width of the annual rings in the
previous part, we get a graphic representation of
the shape of the log. The shape of the log would be
multiplied by the average width of the annual ring
and the number of annual rings on the butt end of

the stem in the middle of the stem length, and, on
the small end of the stem, the connection would
create a model shape of the beech stem log.

Shape Analysis of Beech Stem
Fig. 6 shows that the average number of annual
rings per 1m decreases with the increasing stem
length and in general. The value becomes equalized

Shape analysis diagram of beech stem
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6: Beech stem annual rings diagram
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with the increasing stem length. This is most visible
with the stem length of 4m, where the values
range from 10 to 32 and with the stem length of
12m only from the value of 3 to the value of 11.
Average decrease in the number of annual rings in
dependence on stem length was of similar character.
The highest and the lowest variance being recorded
with the lengths of 4m and 12 m. respectively. In
general, the values become equalized with the
increasing stem length. The value of average height
increment slightly increases with the increasing
stem length ranging from 0.5m to 0.9 m per year.
This value depended mainly on the soil quality (the
place where the tree grows). Average value coming
into consideration would be 0.7m. The average
width of the annual ring is 2.73 mm per year in all
types of intentional felling.

DISCUSSION

Shape analysis of beech stem logs showed
interesting results. With the investigation of
dendrochronology of beech dealt (Neruda et al,
2013a), who stated that beech wood is classified
as less suitable wood for densitometric studies,
with difficulty in performing wood structure
analysis. European beech (Fagus sylvatica L.) is the
most represented deciduous forest in the forests
of Central Europe (Dvordk, 2005), ie. also in the
area of Smolenice branch plant. In the case of
improvement intentional felling up to 50 years, the
differences were minimal and this phenomenon
can be attributed to the young age of the stand and
thus lower variability in the number of annual
rings. There already was a greater difference in
improvement intentional felling over the age of 50
than in the previous type of felling. Dittmar et al
(2003) found that the lower altitudes of Central
Europe have lower temperatures and higher
precipitation during the growing season, which
encouraged the formation of wide annual rings on
beech.

The number of annual rings and annual ring
characteristics were calculated for the beech stem,
but the average values cannot be generalized for
the rest of Slovakia, they were strictly related only
to the forest beech "Little-Carpathian" occurring

in the Smolenice branch. The taper curve of the
beech stem log, ie. average, can be created by
multiplying the number of annual rings on the butt
end, the number of annual rings in the middle of
the stem length and on the stem small end, by the
average width of the annual rings to obtain the
model stem thickness (Stefanéik and Bosela, 2014).
These model values would not always correspond
to reality with 100% accuracy. The tree grows faster
at a young age, and thus the width of the annual
rings, the height increase and the average decrease
in the number of annual rings is certainly higher
than the average value, but at an older age, these
values are often several times lower (Klva¢ et al,
2011). For most economically important trees, the
width of the annual ring is 1-5 mm (Stefan¢ik and
Bosela, 2014). Trees with well-developed crowns
show increments of 5-10 mm, poplar up to 15 mm
(Stefané¢ik and Bosela, 2014). The width of annual
rings around the perimeter of the stem is very
variable, which is related to the often eccentrically
placed core (Ellenberg, 1996). Krammer (1982)
monitored beech weight gain using dendrometers
in the Lower Saxony region of Germany. They found
that the formation of beech thickness gain at higher
altitudes, according to their research, responded
positively to the duration of sunlight.

The investigation of the thickness analysis of the
beech stem always took place on the stem base,
Le. separated from the stem, where even after
subtraction for the correctness of the investigation,
the actual age determined by the conservation
of annual rings and the age written in the forest
management plan were compared. The quality
of the wood cannot be inferred from the width of
the annual rings, but the smoothness of the stem is
decisive (Assmann, 1968).

An interesting finding was that the same trees, e.g.
beech stems, were the same age but diametrically
different in thickness after the analysis of annual
rings (Stefanéik, 1974). From this we can conclude
that trees are like human beings with different
variability in height, thickness, morphology and
growth (Smelko, 2007), despite the fact that they
belong to one tree species — beech, while growing
in the same habitat and in the same unit of spatial
distribution of the forest.

CONCLUSION

In conclusion, we can state that there were differences in the thickness of annual rings in individual
types of felling. An interesting finding was that the largest average width was reached within
improvement intentional felling over 50 years. This phenomenon was probably caused by a positive
selection in improvement intetional interventions (Stefanc¢ik, 2015) and the application of the
preparatory felling, when a light increase occurs after the tending execution. This phenomenon wass
also confirmed by the average height gain, which was calculated at the level of 0.7 m, which was in
fact a high value. Assman (1968) also achieved similar results, reporting an average height gain of
0.5 m for beech. This value was attributed in the youth to sub-level felling, when trees grow too fast
under the light and are grown in a dense canopy (Schweingruber, 1996).
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This publication provides an insight into the shape characteristics of beech logs in the territory of
the Smolenice branch. We can see from it the average widths of annual rings, the average number
of annual rings on the small end, pin and in the butt midspan of the log. From this we can derive the
tapper curve of beech stem log and its characteristics such as the convergence of the stem, expressed
in thickness depending on the length with the help of an average reduction in the number of annual
rings. Globally, we can create from the measured data the assumed average model stem, which
was found in all types of felling, and based on this stem, we can consider the potential average
monetization in the future.
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