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Background and objectives

The Earth's climate is constantly changing, but analysis of past data shows that
the alternation of glacials and interglacials has been much slower than the current
warming. In its 2018 Thematic Report, the IPCC summarises the impacts and
risks of a global temperature rise of 1.5-2°C and the potential for greenhouse gas
emissions to mitigate it (MASSON-DELMOTTE, 2018).

The climate monitoring of the National Meteorological Service shows that since
the beginning of the last century, the average temperature increase in Hungary has
been higher than predicted in the IPCC Fifth Assessment Report (httpl). The
Carpathian Basin therefore belongs to the regions that are warming more than
average.

In addition to analysing meteorological data, a more complete picture of climate
change can be obtained by analysing global and regional climate models. Climate
models also predict rising temperatures, increasing frequency and intensity of
extreme weather events (droughts, sudden heavy rainfall, windstorms, heat
waves) (BARTHOLY & PONGRACZ, 2005, 2007; SZALAI & MIKA, 2007;
BARTHOLY et al., 2009; GALOS et al., 2012).

Living organisms adapt to extreme climatic events much more difficult than the
change in climate averages (MATYAS et al., 2010; RASZTOVITS et al., 2014).
Rising temperatures and increasingly arid climates are likely to affect species'
ranges.

The lower limit of distribution is regulated by the amount of precipitation
(HAMP& PETIT, 2005). In the Carpathian Basin, this is also very important,
because the lower aridity limit of several tree species lies here (BERKI et al.,
2007; MATYAS et al., 2009; MATYAS & GALOS, 2010; CZUCZ et al., 2011).
The main difficulty in studying the responses of organisms to climate change is
that the responses of organisms are completely different for different regions or
species. Thus, to make accurate spatial and temporal predictions, we need a very
large number of studies (WALTHER et al., 2002; PARMESAN & YOHE, 2003;
ROQT et al., 2003; PARMESAN, 2006).

According to RISSER (1995), climatically defined zones will react most
sensitively. In addition to rising temperatures, the ecosystems of the Carpathian
Basin are most threatened by changes in the currently observed and predicted
precipitation conditions (CZOBEL et al., 2010). However, the responses of
ecosystems to these changes are still poorly understood (CZOBEL et al., 2008).
The researchers warn that global climate change is not only associated with rising
temperatures, but also with more frequent periods of drought. These periods pose
a serious threat to the health of the forest stands, as research has shown that during
these periods the health of the stands deteriorates, leading to thinning or even the
complete destruction of the younger stands (CSOKA et al., 2007; CSOKA et al.,
2009).

According to CZUCZ et al. (2013), the optimal climate range for the sessile oak
(Quercus petraea) in Hungary can be significantly reduced. According to their



research, by 2050, 80-100% of Hungarian sessile oak stands may fall outside their
optimal climate.

The destruction of our main tree species has already been observed, in parallel
with periods of drought. Among them, Q. petraea was perhaps the most severely
affected. The cause of this decline has been investigated by a number of
researchers, including IGMANDY et al. (1985), JAKUCS (1988), BERKI (1991,
1995).

The main cause of oak mortality in Hungary has also been identified by
researchers as drought periods, when herbivorous insects and parasitic fungi
appear in large numbers on trees weakened by water shortages (VAINA, 1989,
1990).

Tree stands have a direct effect on the microclimate, soil and light conditions,
which indirectly affect almost all groups of organisms, not only woody
regeneration, but also the level of shrubs and the quantity and quality of forest
herbs (WHIGHAM, 2004; HART & CHEN, 2006). The climate characteristic of
each stand (SZASZ et al., 1997) is formed by the interactions of the structural,
growing place, and landscape variables of many tree stands (AUSSENAC, 2000).
The factors affecting the microclimate can also be fitted into a hierarchical system
(AUSSENAC, 2000; WENG et al., 2007); as the main variable, the climate and
relief conditions characteristic of the area can be taken into account, which
determine the soil type and vegetation (OKE, 2002, GEIGER et al., 1995).

In the species richness of a forest community, the living conditions prevailing in
the given habitat and the competition for them, as well as the relationship between
flora and fauna, play a major role. The system described above determines
whether the conditions are suitable for the spread of a species or not, as this plays
a major role in the development of biodiversity. Forest management tries to
influence these natural processes. In order for the forests to fulfill their function
as much as possible, the preservation of the ecosystem, the protection of the soil
and climate are of paramount importance in close-to-nature forestry, which also
serves to preserve biodiversity in the long term (SOMOGY] et al., 2001).

It is also an important aspect that the preservation of biodiversity can result in a
reduction of ecological and economic risks at the same time, since the association
becomes more resistant through more complicated trophic relationships (BESZE
etal., 1999).

We have a lot of data on damage to domestic forest stands, thanks to, among other
things, the EVH (Forest Protection Network) monitoring system and the Forest
Protection Damage Report Forms system (HIRKA et al., 2015), but these surveys
do not use exact measurements, but estimate methods to determine the extent of
damages. In this way, my research work can also be regarded as filling a gap from
this point of view, since | used instrumental measurements to evaluate the health
status of the herds.



The main goals of this survey were the following:

To determine and compare the rotting of Q. petraea in three mountains of
the Carpathian basin along a west-east transect.

To determine and compare the rotting of Q. petraea in 5 different age
groups, in all 3 selected mountains.

Evaluation of the health status of Q. petraea in each age group and
mountain range.

Phytosociological sampling in 5 different age groups in 3 mountains.
The evaluation of the results of the phytosociological sampling based on
similarity, diversity, social behavior types and relative ecological
indicators.

Collection and evaluation of precipitation data in the study areas.
Evaluation of the main soil parameters in the study areas.



Material and method

Studied objects

Measurements were carried out in Hungary, along a more than 300 km long west-
eastern transect in the K6szeg, Borzsony and Zemplén Mountains.

In all three mountain ranges, 5 age groups were selected, which were 20, 40, 60,
80 and 100 years old. In order to make the data comparable, | selected the stands
to be examined according to standard parameters. Each age group was represented
by a Q. petraea-dominant subcompartment, in which the selected examined
stands are located at an altitude of 400 meters above sea level, with a southern
exposure, on a mountainside with a slope angle of 2-17 degrees.

The geological, soil and vegetation characteristics of the selected mountains
The Kdszeg Mountains are part of the Eastern Alps and are mostly made up of
crystalline shale, clay shale, sandstone and gneiss. The highlands are
characterized by podzolic brown forest soils and brown forest soils with clay
stains. The annual rainfall in the lower areas is 750-800 mm, while in the higher
areas it exceeds 800 mm. Its flora is diverse, with a high number of European and
Central European elements. Some alpine plants appeared thanks to the Gyongyos
stream, like Crocus albiflorus and Alnus incana. Only a few Atlantic elements
occur, but sometimes they appear abundantly, like Calluna vulgaris. More typical
sub-Mediterranean species are Castanea sativa, Knautia drymeia, Genista
sagittalis, Cyclamen purpurescens and Primula vulgaris. The proportion of
continental species is low. Pine plantations have reduced the stands of native trees.
Bérzsony Mountains were created as a result of the internal volcanic activity of
the Carpathians. Its bedrock is mainly andesite, andesite tuff, clastic rock of
volcanic origin, and in some places sandstone and limestone. Its soils are mostly
ranker soils, as well as clay soil and Ramann's brown forest soil, but there are
podzolic brown, pseudoglay brown and slope alluvium forest soils, as well as
earthy barren skeleton soils. 600-800 mm of precipitation falls annually on its
territory. Since the volcanic rocks of Borzsony do not have a high water storage
capacity, most of the precipitation cannot infiltrating into the bedrock, which is
why its watercourses are characterized by extremely extreme water conditions.
While 600-650 mm of precipitation falls on average in the peripheral areas, it is
800-850 mm in the central areas, but in more rainy years this value can be 900-
950 mm. The mountains were less affected by man's landscape-changing
activities, and even the extent of deforestation was smaller than in other regions
of our country, so the forest cover can be said to be almost natural in many places.
Due to its specific topography, it has a characteristic microclimate. According to
some estimates, there are about 1,250 types of plants in Borzsony, including
species, subspecies and hybrids. The flora of the mountain range is diverse, relict
species appear in small numbers in a small area. On the higher terrains, up to 700
meters high, this side of the mountain is covered with hornbeam-sessile oak
communities, and typically above 600 meters we find closed beeches.



The Zemplén Mountains are the foothills of the Carpathians and are also part of
the inner volcanic belt. The rock material is rhyolite and andesite, and their tuffs.
In most parts of the Zemplén Mountains, the average annual temperature is
typically 6-7 °C, but on the southern sides it can be up to 10 °C. In the inner areas
of the mountain range, the amount of annual precipitation is around 500-800 mm.
In terms of its climate, it is significantly different from the Pannonian climate
prevailing in our country, it is cooler and wetter, reminiscent of the Carpathians.
While on the southern sides of Zemplén there is heat-loving, sometimes drought-
tolerant vegetation, on the northern sides, in wetter valleys, species of the
Carpathian flora appear. 85% of the mountain range is forested, the northern sides
and above 600 m are typically dominated by beech trees.

Methods

Instrumental examination of the inside of the tree trunk (FAKOPP)

The health status of trees is basically determined by the internal state of the tree
trunk, thus the Fakopp 3D Acoustic Tomograph 5.2 instrument was used for the
field measurements. By measuring the speed of sound, this instrument is able to
determine the size and location of cavities and decay in the trunk of the tree, and
also helps to determine the current strength of the wooden structure, as well as the
extent and extension of the damage. The speed of propagation perpendicular to
the fibers can reach up to 2000 m/s, which is 15 times faster than the speed of
propagation in air. So the propagation speed of sound waves is closely related to
the mechanical properties of the wood interior, i.e. the wood material. To measure
the speed of sound, we need to place at least two sensors on the trunk of the tree,
but if we also want to determine the location of decay, you need more than two
Sensors.

Field measurements

Instrumental measurements were completed in 2015 and 2016, some of the 2016
measurements were repeat measurements. The foresters of the locally competent
forestry companies provided assistance in the designation of the stands. In order
to make the data comparable, | selected the forest stands to be examined according
to standard parameters (i.e. altitude, the exposure, the slope angle, the main tree
species forming the stand is Q. petraea).

Within the selected forest stands, sample trees were selected by first delineating
sampling quadrats (20x20 m) representative of the stand for the phytosociological
samplings. After that, the Q. petraea individuals closest to the corner points and
the center of the quadrats - 5 individuals per quadrat - were selected.

| took measurements on the trees designated for measurement in a total of 5 layers,
at heights of 40, 80, 120, 160 and 200 cm from the ground level, making sure that
the cross-section of the trunk of the selected individuals was as circular as
possible. In 2015 and 2016, | worked with 10 sample trees per forest
subcompartment, so that I repeated the measurements of 5 sample trees in 2016
out of the 10 sample trees examined in the first year, thus | was able to draw



conclusions about the annual rate of decay spread. During the two-year period of
the field measurement, a total of 1,500 layer recordings were carried out.

Phytosociological samplings

Phytosociological samplings were carried out in each mountain range, in each age
group, in 2 quadrats representative of the given forest subcompartment. The
samplings were based on the modified method of BRAUN-BLANQUET (1964),
where the cover values of vascular plant species were recorded per quadrat and
layer (canopy, shrub and ground layer) based on their percentage estimation. The
side lengths of the square sampling quadrats were uniformly 20 meters. |
examined the similarity of the recorded plant species according to elevations
using principal component analysis (PCA). The nomenclature of the species
follows SIMON (2000).

Statistical evaluation of FAKOPP data

During the analysis of the data, a two-sample analysis of variance was used to
investigate the relationship between decay and the mountain range, age group,
and layer. To determine the difference within the factor levels, as well as to
estimate the average of each factor level, | used the so-called "treatment contrast".
Among the post hoc means comparison tests, | used the Fisher-LSD test.

Similarity studies

To examine the similarity of the 3-3 populations of the three mountain ranges, the
Serensen index was used, which I modified. The values of the Serensen index
vary between 0 and 1, where 0 shows that the investigated associations have no
common point, and 1 shows that they are 100 percent identical.

Diversity studies

In my studies, both the Shannon and Simpson diversity indices were used to
determine the diversity of the age group levels. In addition, in order to rank the
different abundances of the different species according to their diversity, the
method of Hill's numbers was also used. The analysis of variance was selected to
examine the relationship between mountain ranges and age groups within each
level.

Ecological characterisation of stands

To characterize the association and vegetation dynamics of the stands, the
recorded taxa were evaluated according to social behaviour types and relative
ecological indicators. The trends of ecological indicators and social behaviour
types among mountains, age groups and layers were evaluated using hierarchical
cluster analysis based on Euclidean distance. For the statistical evaluation | used
the statistical program MINITAB.



Soil tests

Soil samples were collected in 2015 and 2016 from 3-3 different quadrats of the
upper 0-10 cm soil layer of the 5-5 age groups of the Készeg, Borzsény and
Zemplén Mountains, selected during the two years. The soil samples were
analysed in the soil laboratory of the Department of Soil Science and
Agrochemistry of Szent Istvan University (now known as MATE Department of
Soil Science). Humus content, pH (KCI) and physical characteristic were
evaluated.

Meteorology data collection

Precipitation data series have been collected from 1950 onwards from the stations
closest to our sample areas. In the Készeg Mountains the data of the Kdészeg
meteorological station, in the Borzsony the data of the station in Didsjend were
used. In the Zemplén Mountains firstly the data of the Sarospatak meteorological
station was used until 1970 and from then the data of the Tolcsva station.



Results and discussion

Fakopp instrument measurement

Statistical evaluation of decay by analysis of variance showed significant
differences between stands in each mountain range (Fs,133=0.0022; p<0.01). The
stand in Borzsony was found to be in the worst health condition, with an average
decay of 4.4% (95% CI: 3.56; 5.23; n=375) for the studied tree speciments. The
deterioration of Q. petraea individuals in the Készeg and Zemplén Mountains was
similar, the former with 2.41% (95% CI: 1.58; 3.24; n=375) and the latter with
2.8% (95% CI: 1.97; 3.64; n=375).

When comparing the age groups of the three mountain ranges, the health of the
100 year old population was found to be the worst in all three mountain ranges.
Within a mountain range, some of the younger stands were more deteriorated than
their older age-groups. This may be explained by the fact that the health of stands
can be significantly improved by removing diseased tree individuals during
cultivation. However, the silvicultural operations themselves may also induce
health deterioration through the resulting wounds.

In evaluating the tomography of each sample tree in the older stands, | found that
the decay pattern of the trees could be distinguished by whether they were of
coppice (root sucker) or seed origin. In the case of Q. petraea of coppice origin,
the decay starts from the earlier trunk, affecting the inner parts of the trunk, and
then decreases towards the higher layers of the trunk. In contrast, in old stands of
seed origin, the decay starts from the bark and typically affects the higher layers.
This was the case for the 100-year-old age group in Borzsony, while the 100-year-
old age group in Zemplén was also measured to confirm the origin of the seed.
The results of the repeat measurements showed an increase in decay after only
one year, which averaged 1% for all age groups in the three mountain ranges. The
increase in the decay rate has already reached an average of 2.25% for the 100-
year-old stands in the mountain ranges, which highlights the vulnerability of the
older stands.

Phytosociological sampling

In the canopy layer, the dominance of Q. petraea was observed during the
phytosociological samplings. This tree species was also isolated from the other
tree species in the principal component analysis, suggesting that its presence
negatively influences the canopy cover of the other tree species, which is not at
all uncommon in the native conditions.

Similarity tests

The similarity tests showed the highest similarity at the canopy layer, but as the
number of species within the quadrat increased at the shrub and ground layer, the
similarity decreased. | found higher similarity values for the two quadrats of age
groups than for the age groups of the same age in the three mountains. The
decrease in similarity can be explained partly by an increase in the number of



species and partly by the fact that the intersection of the three sets cannot be larger
than that of two.

Diversity studies

For all layers, the highest diversity was found in the stands of the Bo6rzsony,
followed by the stands of the K&szeg- and the Zemplén Mountains for canopy and
shrub layers. For the ground layer, however, the diversity was lower in the
Kdszegi Mountains.

Social behaviour types and relative ecological indicators

Competitor species dominated the canopy cover of all three mountain ranges. In
contrast, the shrub and ground layer was characterised by a high proportion of
generalist and natural disturbance tolerant species. In the evaluation of the
ecological indicators, the number of categories within each indicator suggested
that relative heat demand (TB), relative water demand (WB) and relative soil
reaction (RB) were more limiting for species than relative nitrogen demand (NB)
or relative light demand (LB).

Soil results

The soil surveys in all three mountain ranges revealed highly humic brown forest
soils with an average humus content of 6.19%, which supports the results of
HEFLER (2020), who reported an increase in humus content in Hungarian forests
(http2). The potassium chloride pH of the soils indicated mostly acid soils.

Precipitation data series

The Készeg Mountains received the highest average annual precipitation (777
mm), followed by the Borzsony (695 mm) and the Zemplén Mountains (596 mm).
Although the K8szeg Mountains had the highest average annual precipitation, the
Borzsony had the highest annual precipitation in 2010 (1318 mm) and the highest
standard deviation (155). Interestingly, the maximum annual precipitation in the
Zemplén Mountains exceeds that of the Kdészegi Mountains (1096 mm), also
measured in 2010 (1132 mm).



Conclusions and recommendations

The study of decay has allowed a number of conclusions to be drawn by observing
trends between mountain ranges, age groups and layers.

Among the three mountain ranges, the lowest deterioration was measured in the
Kdszeg Mountains, which is also the most precipitated mountain range among the
study areas, and although precipitation decreased slightly during the study period,
the standard deviation values were the lowest. These results suggest that a
decrease in precipitation in similarly precipitous mountain ranges with lower
standard deviation values does not yet cause a decline in the health of Q. petraea
stands.

On the other hand, in Borzsony, where the average rainfall was about 80 mm
lower than Készeg Mountains in the study period, the health of the stands was
still the worst. However, the number of years of drought during the study period
was significant compared to those in the Kdszeg Mountains, which may have
caused a decline in the vitality of the stands (STOJANOVIC et al., 2015,
THOMAS et al., 2002). Climate change may increase the growing season
(MENZEL & FABIAN, 1999), which may also increase forest productivity
(PRETZSCH et al., 2014). The resulting wider annual rings are more sensitive to
powdery mildew (TRENYIK, 2016). Based on the above, it can be assumed that
the damage caused by wood-decay fungi will increase in the future. Thus, Q.
petraea stands in the rainier mountain ranges may also experience health
deterioration if more frequent drought periods occur. This hypothesis is supported
by research results on oak mortality (CSOKA et al., 2007; CSOKA et al., 2009,
VAINA, 1989,1990).

The Zemplén Mountains had the lowest average annual precipitation, but the
degradation data were still lower than in Borzsony. This may be explained by the
fact that the conditions for the growth of the wood-decay fungi are less favourable
in drier areas and that Q. petraea is also adapted to drier climates. Thus, it is
possible that Q. petraea stands in the lower aridity limit will be less sensitive to
changes in rainfall than predicted.

Using measurements with the FAKOPP 3D Acoustic Tomograph, | was able to
accurately determine the extent and location of the decay affecting each sample
tree. Therefore, | believe that similar surveys of the main native tree species could
provide an even more accurate picture of their health.

The health of the oldest 100-year-old stands was found to be the poorest, which
also means that these stands may be the most sensitive to weather extremes. This
also raises the possibility of using FAKOPP in areas more exposed to weather
extremes, as a risk assessment to estimate the vulnerability of the stands.

In the similarity tests, relatively low similarity values were found when comparing
stands of the same age in mountain areas, although the stands were delimited by
introducing standard parameters and Q. petraea was the dominant tree species in
all stands. Nevertheless, climatic and geological factors, as well as silvicultural
management, have a strong influence on the range of species present in stands,



even when they are similar associations.

In the diversity studies, the highest diversity values were found in the study areas
of Borzsony, while the amount of precipitation was also significant. However, in
the case of the Zemplén Mountains, not only was the diversity value lower at all
three layers, but the average annual precipitation was also lower than in the
Borzsony areas, by almost 100 mm. Thus, it can be assumed that the diversity of
the submontane sessile oak stands may be negatively affected by the decrease in
precipitation averages.

For the ecological indicators, relative heat demand was one of the categories that
is assumed to be more strongly limiting the number of species occurring in each
area, as only a few categories included species. SZMORAD (2011) studied the
forests of the Sopron Mountains and found that, compared to the 1959 survey, by
1997 the dominance of species in the montane coniferous forest belt (4) had
shifted towards the dominance of species in the montane deciduous forest belt (5).
The results of the present study also show that montane deciduous forest belt (5)
species were the most abundant at ground level in all three mountain ranges. The
northern range of many species is shifting upwards due to climate change,
resulting in an increase in the number of species preferring warmer climates. At
the same time, this also indicates a change in the range of species that make up
the ground layer of sessile oak, which may be losing species that prefer cooler
climates.

One of the reasons for the high humus content of the soils studied may be due to
the felling, as the more open, warmer and drier conditions created by the felled
forest may lead to a faster decomposition of organic matter. For soil pH, a range
between 6 and 7 would be optimal for the utilisation of macroelements. However,
acidification of forest soils is one of the consequences of acid deposition due to
air pollution. The research results also suggest that soil acidification is a likely
cause of oak decline, which is exacerbated by longer or shorter periods of drought.



New scientific results

My new scientific results are summarised in the following points:

e | found that the health of 100-year-old Q. petraea stands is the worst and
that the Q. petraea stands of the Kdszegi Mountains are the best.

e Using instrumental measurements, | was able to separate the old stands
according to their origin by determining and comparing the deterioration
patterns of the stands of coppice and seed origin.

e By repeating the instrumental measurements on the same trees for two
consecutive years, | found that the rate of decay of Q. petraea increases
by an average of 1% per year.

e The climate adaptation of Q. petraea may be indicated by the fact that the
highest decay values were not measured in the driest areas.

e To compare the species pools for the age groups of the three mountain
ranges, a version of the Serensen index was used that | modified to
compare not only 2 but also 3 groups.
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