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STRUCTURAL AND PRODUCTION CHARACTERISTICS OF MIXED FORESTS OF
BEECH AND SPRUCE ON KOPAONIK
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Snezana OBRADOVIC?, Dragan BOROTA!

Abstract: Mixed conifer and broadleaf forests are the most valuable parts of the growing stock in Serbia,
thanks to their high productivity, ecological diversity, stability and structural complexity. The subject of this study is
beech and spruce mixed forests in the area of the NP "Kopaonik". The study of structural and production
characteristics of these forests is based on the data of 8 (eight) permanent sample plots of average size 0.51 ha,
established within the two previously defined groups of ecological units: EJ-A Fago-piceetum luzuletosum on acid
brown soil and EJ-B Fago-piceetum oxalidetosum on acid brown and brown podzolic soil. The study stands are well
stocked, with a pronounced domination of spruce, especially in the category of smaller-diameter trees. Multiply
toothed individual and summary lines of diameter and height structure, and their great variation width imply the
structural all-agedness of these forests. Small-diameter and medium-diameter trees are dominant, and the
percentage of the largest-sized trees is minimal. Average volume is above 530 m*4a*, with mixture proportion
about 0.6:0.4 in favour of spruce. Average value of current volume increment is about 9 m*4a?, with spruce
percentage about 70% and beech about 30%. Increment percent is above 3%, in which spruce accounts for more
than 2%, and beech accounts for about 1%. Taking into account the altitudinal position of these forests and the
resulting site characteristics which are more favourable to shade loving species, the most productive species is
spruce as a typical sciophyte. However, beech productivity is also significant, and its role in the concrete conditions
is multi-dimensional, from the prevention of soil acidification, to the enhancement of multiple functionality
(protection, recreation, amenity, etc). Site potential, stand characteristics and inter-relationships of tree species
resulted in high productivity, ecological stability and structural complexity of these forests, therefore, in future
management. radical measures and felling which could disturb the established relations and dynamic processes
should be avoided.

Key words: forests of beech and spruce, structure, productivity, Kopaonik

1. INTRODUCTION

Mixed conifer and broadleaf forests account for 2.4% of the growing stock area in Serbia,
3.2% of the volume and 3.4% of current volume increment (Bankovi¢ et al., 2009). They are
distributed over the following mountain massifs in Serbia: Tara, Zlatibor (Murtenica), Zlatar,
Cemerno, Golija, Mokra Gora, Prokletije, Sar Planina, Veliki Jastrebac, Kopaonik and Go¢ in
the west, Stara Planina in the east, and the northernmost sites are on Rtanj and Malinik. Thanks
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to their extremely high productivity on some sites, ecological diversity (high species diversity,
tree sizes and their spatial distribution), higher resistance to adverse effects of different factors of
biotic and abiotic nature, and structural complexity, these forests are highly significant from the
protection, social and production aspects, and thus also very interesting from the scientific aspect
(Panti¢ et al., 2011).

Among foresters and ecologists worldwide, the concept of all-aged forest management in
the widest sense is becoming increasingly significant in the framework of ecosystem approach to
forest management (Boncina, 2000). The efforts to ensure the rational and sustainable forest
utilisation by the practice of close to nature forest management requires a good and all-inclusive
knowledge of the forest ecosystem dynamics, their productivity, structure, etc. (Boncina, 2000;
Sagheb-Taleb, Schiitz, 2002). The forest ecosystem structure can be studied at different levels,
from the individuals and populations, through communities, to ecosystems (Kimmins, 1987).
According to Bon¢ina (2000), regardless of the level to which it refers, the structure is mostly
defined by: 1. available elements, 2. quantitative relation between elements, 3. their distribution,
and 4. interaction between elements. The selection of structural elements depends on the selected
level, spatial distribution, and on the research objectives. Mileti¢ (1951) identifies the stand
structure in the widest sense with all elements which constitute the volume and are spatially
distributed. According to Milojkovi¢ (1958), the specific internal stand structure is the
consequence of unequal development of individual trees conditioned by different factors which
lead to the differentiation of trees per diameter, height, and other structural elements.

The management specificities of mixed conifer and broadleaf forests, most often of
selection structure, but also of group uneven-aged structure, were reported by numerous papers
by foreign (Liocourt, 1898; Schiitz, 2001, 2002; Bonc¢ina et al., 2002; Bagnaresi et al., 2002; O’
Hara, Gersonde, 2004; Govedar, 2005; Cavlovi¢ et al., 2006) and domestic authors (Miletié,
1950, 1951; Mirkovi¢, 1959; Milin, 1961; Bankovi¢, 1981; Stojanovié, Josovi¢, 1987; Tomani¢,
1996/1997; Tomanic¢, Jelisav¢ié, 1997; Vidanovi¢ et al., 1998; Vamovi¢, 2005; Medarevié, 2005;
Medarevi¢ et al., 2002, 2007, 2008, 2010; Panti¢ et al,. 2011). Previous researches of mixed
conifer and broadleaf forests in Serbia were mostly devoted to forests of beech and fir, and
beech, fir and spruce. As for mixed forests of spruce and beech, except some modest plant
community studies of this community (Misi¢, 1954; Misi¢, Popovi¢, 1954; Gaji¢, 1966), there
are almost no other researches. In the plant community sense, the beech and spruce community
was described by Jovanovi¢ (1980) on Suva Planina as Piceo-Fagetum subalpinum calcicolum,
and by Gaji¢ (1989) on Golija, as the association Piceo-Fagetum subalpinum silicicolum. In the
description of forest communities in the area of the National Park Tara, Obradovi¢ (2007)
characterises the forest of spruce and beech (As. Piceo-Fagetum, Gaji¢ 92) as a very rare plant
community, one fragment of which is located between "Biljega” and "Okuka" (MU "Crni Vrh"),
at the altitude of 1,100 m, on limestone. Medarevi¢ et al. (2007) define these forests as a special
type - forest of beech and spruce (Fago-picetum) on rendzinas and black earths over limestone
and brown soil on limestone in formations with hornfels.

In contrast to the above mentioned communities, the forests on Kopaonik are in the
mountain belt. Kopaonik belongs to a group of rare mountains in Serbia on which the alternation
of vegetation belts in the vertical profile is extremely regular. In the higher parts of Kopaonik, in
the transition zone from beech to spruce altitudinal belt, mixed, broadleaf-conifer beech-fir,
beech-fir-spruce, and spruce-beech forests occupy the area of 1,584.05 ha or 22.3% of forest
covered area of the National Park.

Bearing in mind the more than modest previous research, and consequently insufficient
knowledge on mixed spruce and beech forests in the area of Serbia, the aim of this paper was to
study their structure and productivity on the concrete site, as the significant elements for the
definition of silvicultural and management measures and for their implementation in the process
of regular forest management.



2. MATERIAL AND METHODS
2.1. Study area

The research is performed in the Management Unit "Barska Reka", as an integral part of
the National Park Kopaonik. The Management Unit is located between 18°21' and 18°31' east
longitude and 43°16' and 43°23' north latitude, on the right forested side of the same name river.
The lowest elevation of the Management Unit is 950 m, and the highest 2,017 m, which points to
a significant difference regarding the growing conditions for tree species and to total ecological
differences of submontane, montane and alpine habitats and forest sites. The general aspect of
Management Unit is (south-) west, although the developed relief resulted also in south and north
facing sites, as well as in numerous combinations. Management Unit area is 1,450.89 ha, 48.8%
of which are mixed forests of spruce and beech (2004-2014). The main soil type is brown
podzolic soil, formed on granodiorites in the conditions of cold and humid montane climate. In
the climate zonation of Serbia, Rakicevi¢ (1980) singled out the Kopaonik special climate zone
with, on the average, the coldest and the longest winters in Serbia (negative monthly
temperatures from December to April), the lowest mean annual air temperature, and long
average duration of snow cover. Average annual value of climate parameters in the area of
Kopaonik are: air temperature 2.9 °C, precipitation 933.7 mm, relative humidity 82%, annual
duration of sunny periods 1,741 hours, and the main wind directions are southwest and northeast.

The research is focused on two ecological units: forest of spruce and beech (Fago-
piceetum luzuletosum) on acid brown soil (4 sample plots A;-A4) and forest of spruce and beech
(Fago-piceetum oxalidetosum) on acid brown and brown podzolic soil (4 sample plots B;-B,).
Sample plots are regularly managed according to their general function—landscape of exceptional
features under the second degree of protection regime, except sample plot B4, which is in the
reserve "Barska Reka", under the first degree of protection regime. Sample plots are located in
compartments 31, 33, 34, 35, 38 and 46, area from 0.25 ha to 1.3 ha, on the average 0.51 ha.
They are on the forested side and on medium steep (6°-10°) and steep (10°-15°) terrains, of
uniform or concave inclination, at the altitude of 1,330-1,580 m. The aspects are different: south,
south-southeast, east, west-southwest and northwest. Parent rock consists of granite and granite-
monconite, of compact structure (slightly weathered rock), and the soil is brown podzolic and
acid brown.

2.2. Data collection and processing

Eight permanent sample plots, average area 0.51 ha, were established on representative
locations on which the soil and plant communities were sampled and surveyed during the phase
of ecological unit definition and which are characterised by sufficient degree of conservation,
canopy closure and stand quality. The sample plot data were collected by the methods which are
usually applied in such researches; diameters at breast height and height of all trees were
measured.

The collected data were processed using specialised software, with additional statistical
programme STATDIAGRAMICS Centurion XV-Version 15.2.11. Numerous functions were
tested for the construction of height curves, and the definite selection of functions for each
concrete case was based on statistical indicators of regression and correlation analyses and based
on statistically significant differences between fitted and empirical heights. Volume was
calculated by the volume table method, i.e. general volume tables for beech high forests in
Serbia (Mirkovié, 1969)-for beech, and local volume tables (Bankovi¢ et al., 2003)-for spruce.
Current volume increment was calculated by the method of percentage increment using
regression models which express its dependence on the number of trees per unit area, percentage



of the concrete tree species in the mixture, mean stand tree diameter and height (Bankovi¢ et al.,
2002).

3. RESULTS AND DISCUSSION

The stand structure and productivity are very significant issues from the aspect of forest
science and practice. In the selection of the most favourable method of forest management, it is
especially significant to have a good knowledge on the stand structural elements, their
distribution and production capacities, in addition to biological-ecological characteristics of tree
species.

3.1. Diameter structure

The Dbasic element of stand structure is the number of trees. The term basic inter alia
results from the fact that it participates in the formation of other structural elements, such as the
stand basal area, volume, and volume increment. Mileti¢ (1930) reports that the number of trees
per unit area, and also relative relationships of diameter degrees and classes, are the basic
functions in stand structure estimation. The number of trees regulates the growth space and has a
crucial effect on the development of diameter, height, stand stability and productivity.

The absolute number of trees on sample plots established for this study in most cases can
be considered as sufficient stocking, which is also pointed to by very high values of other
elements (Tables 1 and 2). In ecological unit A (EJ-A), the number of trees varies from 179.4
treestha ™’ (As) to 754.8 treestha™ (As), average 525.8 trees-ha*. The spruce dominance is
evident, which accounts for 71.7% at the level of EJ-A, and the percentage of beech is 28.3% per
tree number. In ecological unit B (EJ-B), the values of this element are lower and amount to
127.7 treesha™ (B4) to 566.7 trees:ha® (By), with averagely 413.4 trees-ha*, with spruce
dominance accounting for 64.5%. The higher relative percentage of beech in EJ-B (35.5%), with
the larger sizes of mean trees (Tables 1 and 2), indicate that, in this ecological unit, the
conditions for beech development are somewhat more favourable. Diameter structure of the
study ecological units are characterised by (Graph 1):

- group selection all-agedness, which is in these conditions to a good extent related to group
selection mixture,

- toothed curves, which points to stand storeys, layers, group selection mixture and to special
inter-relationships of tree species in the growth space utilisation in the concrete conditions,

- domination of small-diameter and medium-diameter trees, with the minimal presence of large
diameter sizes,

- summary distribution lines conditioned, primarily, by the spruce structure which is dominant
in the total number of trees, especially in smaller diameter degrees,

- distinct two maximums in EJ-A, i.e. three maximums in EJ-B, one of which (the first one) is
covered with taxation limit, and the other is 32.5 cm in EJ-A, i.e. in 37.5 cm and 47.5 cm in
EJ-B,

- multiply and mildly toothed structure of beech up to the degree of 47.5 cm, with the
maximum in the degree 32.5 cm, which, with some oscillations, ranges to the degree 47.5 cm,
which indicates clearly the domination of medium-sized beech trees.
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Graph 1. Diameter structure

The lower presence of beech in smaller-diameter degrees (and in general) compared to
spruce, indicates evidently more favourable ecological conditions for spruce development,
especially at the micro level. Considering the altitudinal position and the edaphotop
characteristics, the conditions are more favourable for spruce as a sciophyte than to beech as a
semi-heliophyte. Further, the so far performed silvicultural works and forest utilisation works in
this area (in the concrete stands) should also be taken into account, as well as their impact of the
current state.

3.2. Height structure and height curves

Height structure in EJ-A and EJ-B follows the concrete diameter structure and is
characterised by (Graph 2):

- multiply toothed summary distribution lines of tree numbers and high variation width in both
EJs, which distinguishes these forests from even-aged forests and proves their structural all-
agedness,

- three maximums in height degrees 10.5 m, 16.5 m and the most prominent in 25.5 m in both
EJs, which clearly points to the domination of low to medium high trees (correlation with
diameter structure-dominance of small-diameter and medium- diameter trees),

- sharp drop in the number of trees after the mentioned maximum, to the degree of 40.5 m,

- spruce in EJ-A attains the first, considerably higher maximum already at 10.5 m, and the
second one, far milder at 22.5 m, which is the consequence of a strong correlation with the
spruce diameter structure, i.e. the dominant share of small-diameter to medium-diameter
trees,

- in EJ-B, the spruce height structure is also characterised by two maximums, the first one not
so high attains the degree 10.5 m, and the second one is higher reaching 25.5 m,

- maximal spruce heights are individually measured in the degree 40.5 m,

- analogous to diameter structure, beech height structure in both EJs is characterised by
multiply toothed curves and the absolute maximum in the degree 25.5 m,

- individual beech trees attain the degree 37.5 m.
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The spruce height curves (Graph 3) are more or less straight, with a greater elevation to
the highest diameter degrees, in which the EJ-A curve is somewhat lower than that in EJ-B. In
beech, height curves are more curved. In beech also the EJ-A curve is lower in the coordinate
system than the EJ-B curve, which to some extent indicates somewhat more favourable
conditions for the development of trees in EJ-B. The positions and shapes of height curves of
differences in relation to light and social relations in mixed forests of

both species point to their
such composition.

Graph 2. Height structure
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3.3. Forest Productivity

Total produced volume and volume increment, as quantitative (numeric) expressions of
forest productivity, result from the effects of complex site factors, internal stand relationships,

Graph 3. Height curves




realised management measures and their interaction. Average value of these and other elements
in the study sample plots and ecological units are presented in Tables 1 and 2.

Table 1. Productive characteristics in ecological units A

Tree species N G dg hg dgmax  hgmax \% Iv piv
Sampleplot  treessha’ m>ha’  cm m cm m m>ha’ m>hal %
beech 152.9 18.7 394 243 56.6 31.6 257.8 27 11
spruce 505.9 418 324 229 53.7 34.0 551.1 11.0 20
Al 658.8 60.5 808.8 13.7 31
beech 61.2 74 391 250 60.5 31.2 103.3 12 1.2
spruce 449.0 279 282 205 44.7 27.5 321.2 76 24
A2 510.2 35.3 424.5 88 36
beech 351.6 344 353 229 51.4 26.4 414.7 46 11
spruce 403.2 217 262 18.1 41.3 26.9 238.9 55 23
A3 754.8 56.1 653.6 10.1 34
beech 29.4 40 415 259 61.6 317 56.3 07 12
spruce 150.0 146 352 264 55.0 34.8 198.7 44 22
A4 179.4 18.6 255.0 51 34
beech 148.8 16.1 388 245 57.5 30.2 208.0 23 11
spruce 377.0 265 305 220 48.7 30.8 327.5 71 22
Average A 525.8 42.6 535.5 94 33

Legend: N-number of trees; G-stand basal area; dg-diameter of mean stand tree per cross sectional area; dgmax-
mean diameter of 20% of the largest-diameter trees in the stand; hg, hgmax-heights which correspond to
the above mean diameters; V-stand volume; Iv-current volume increment; piv-volume increment

percentage.
Table 2. Productive characteristics in ecological units B

Tree species N G dg hg dgmax hgmax V v piv
Sampleplot  treessha’ m*ha’ cm m cm m m>ha’ m*hal %
beech 261.5 29.2 3717 23.6 52.9 29.1 276.8 41 11
spruce 305.1 21.0 296 21.8 50.5 32.6 270.8 57 21
Bl 566.7 50.2 647.5 9.8 3.2
beech 87.5 13.3 440 26.1 59.6 31.1 192.6 19 1.0
spruce 415.6 50.5 394 28.3 56.7 35.4 713.1 123 17
B2 503.1 63.8 905.6 142 2.7
beech 192.0 16.3 329 24.0 61.6 30.8 230.8 29 13
spruce 264.0 18.6 30.0 23.1 41.9 29.3 233.8 51 22
B3 456.0 36.9 464.5 80 35
beech 454 10.2 535 30.1 75.8 35.3 163.9 16 1.0
spruce 82.3 74 337 23.8 54.2 37.0 103.1 23 2.3
B4 127.7 17.6 267.0 39 33
beech 146.6 173 420 26.0 62.5 31.6 216.0 26 11
spruce 266.8 244 332 24.3 50.8 33.6 330.2 64 21
Average B 413.4 42.1 571.2 9.0 3.2

As the consequence of good stocking and a significant percentage of medium-diameter
trees, the average basal area in EJ-A is 42.6 m*ha*, with the percentage of spruce accounting
for 62.2% and beech 37.8%. The higher percentage of beech in this element compared to its
percentage per tree number (28.3%) indicates that this tree species in concrete conditions attains
larger tree dimensions. Compared to spruce, beech mean diameter is larger by 8.3 cm, and mean
height by 2.5 m. Average volume at the level of this EJ is high and amounts to 535.5 m*-ha™
with mixture proportion spruce:beech=61.2%:38.8%. Volume increment is 9.4 m*ha™ and its
largest part (75.5%) is spruce, whereas beech accounts for 24.5%. The absolute value of current
volume increment, as well as increment percentage of 3.3%, point to ecological stability and
good forest productivity of this ecological unit. With some reserve because of the abstraction of



the impact of previous management treatments, it can be concluded that spruce is the carrier of
productivity. Volume increment percentage of spruce is 2.2%, and that of beech accounts for
1.1%.

In EJ-B stand basal area is 42.1 m*ha* on the average in which spruce accounts for 58%,
and beech for 42%. Beech attains larger tree sizes, mean diameter by 8.8 cm, and height by 1.7
m. With the number of trees lower by 21.4% compared to EJ-A, the attained volume is larger by
6.7%, which confirms the previously stated conclusion that the conditions in EJ-B are somewhat
more favourable for the development of the concrete tree species. Average volume in EJ-B
amounts to 571.2 m>ha® with mixture proportion spruce: beech=57.8%:42.2%. Volume
increment is high and amounts to 9.0 m*ha ™. The carrier of productivity is spruce with
increment percentage of 2.1%, and that of beech is 1.1%.

In general, the stands in both EJs are characterised by ecological stability and viability,
which together with the site potential, resulted in high productivity. The altitudinal position of
the site (1,330-1,580 m) and its other characteristics described in subchapter 2.1., are more
favourable to the development of spruce as a typical sciophyte, making it the carrier of
productivity of these forests. However, beech productivity is also significant, as it also prevents
the soil degradation (acidification), contributes to ecological stability of these forests and to the
increase in their multifunctional value (landscape of exceptional features).

4. CONCLUSIONS

Mixed conifer and broadleaf forests, although with a moderate percentage in the growing
stock in Serbia, thanks to their high productivity, ecological diversity and stability, structural
complexity, etc., represent its most valuable part. In the past period in Serbia, the research
mainly dealt with beech and fir forests, i.e. forests of beech, fir and spruce. Apart from plant
community studies of mixed beech and spruce forests, there are almost no other researches. In
this sense, the objective of this paper was to study the structural and production characteristics of
mixed beech and spruce forests on Kopaonik. The analysis of the study results obtained in EJ-A
Fago-piceetum luzuletosum on acid brown soil and EJ-B Fago-piceetum oxalidetosum on acid
brown and brown podzolic soil leads to the following conclusions:

- the stocking of these forests is good, with high dominance of spruce in the total number of
trees-71.7% in EJ-A and 64.5% in EJ-B,

- multiply toothed individual and summary lines of diameter and height structure and their
large variation width clearly distinguish these forests from even-aged forests and confirm
their structural all-agedness,

- domination of small-diameter and medium-diameter trees, with the minimal presence of
large diameter sizes,

- beech attains larger tree sizes than spruce, i.e. mean diameter by about 8 cm, and mean height
by about 2 m,

- average volumes are high and exceed 530 m*ha ™, with mixture proportion about 0.6:0.4 in
favour of spruce,

- average value of current volume increment is high and it amounts to about 9 m*ha*, with
spruce percentage accounting for about 70% and beech about 30%,

- increment percentage is above 3%, i.e. spruce above 2%, and beech about 1%,

10



- considering the altitudinal position of these forests and the resulting site characteristics,
which are more favourable to sciophytes, the production carrier is spruce as a typical
sciophyte,

- beech productivity is also significant, but its role in the forests of such composition and such
global function (National Park) is multi-dimensional, from the prevention of soil
acidification, to the enhancement of multiple functionality (protection, recreation, amenity,
etc.),

- site potential, stand characteristics and inter-relationships of tree species resulted in high
productivity, ecological stability and structural complexity of these forests, consequently
radical measures and fellings which could disturb the established relations and dynamic
processes should be avoided in future management.
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FORESTS IN THE FUTURE — SUSTAINABLE USE, RISKS AND CHALLENGES
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CHARACTERISTICS OF SILVER FIR DEVELOPMENT IN EVEN-AGED FORESTS
AT DIFFERENT SITES ON Mt. GOC

Damjan PANTIC", Stanisa BANKOVIC?, Milan MEDAREVIC?, Biljana SLJUKIC",
Snezana OBRADOVIC?, Dragan BOROTA!

Abstract: The study of tree and stand growth and increment laws in general is highly significant for
silviculture, forest management planning, forest ecosystem monitoring, etc. In that sense, silver fir dynamic
processes were studied in even-aged, mixed silver fir and beech forests at different sites on Mt. Go¢. The study
results point to exceptionally high silver fir adaptation capacity to different site conditions reflected in entirely
opposite characteristics developed at extremely different sites. With the deterioration of site conditions, silver fir
light demand increases, its dynamic processes accelerate, growth lines become curvilinear, current increment of
growth elements culminates earlier, and at the poorest sites, silver fir becomes a heliophytic tree species.
Conversely, as site conditions improve, silver fir shade tolerance increases, its growth dynamics decelerates, growth
lines are flattened, and increment culmination shifts to older ages, so that at the best sites, silver fir becomes an
extremely shade tolerant species. The application value of the study results, inter alia, is reflected in the accurate
determination of silver fir rotation periods in even-aged forests at different sites, and the correct selection of
structural forms of stands for silver fir cultivation. At inferior sites, it is by all means an even-aged stand, whereas
selection stands should be selected only at the best sites, where silver fir can tolerate extreme shade, stagnate, and
in this way contribute to a specific vertical forest structure.

Key words: silver fir, growth, increment, site, even-aged forests

1. INTRODUCTION

Silver fir forests account for 1.1% (25,600 ha) of the area, 2.7% (9,838,863 m°) of the
volume and 2.5% (225,515 m®) of current volume increment of the growing stock of Serbia. In
this forest category, high natural stands are dominant with 95.3%, and the percentage of
artificially established stands is 4.7%. Well-preserved stands account for 65.6%, and the
percentage of insufficiently stocked stands is rather high and accounts for 34.4% of the area of
silver fir forests. All-aged (in the widest sense) silver fir forests dominate with 84.4%, even-aged
forests occupy 15.6% of the area. In Serbia, silver fir usually makes two- and poly-dominant
communities with beech, i.e. beech and spruce, more rarely with other tree species. Along with
silver fir, another 9 autochthonous tree species are identified in this forest category. Silver fir is
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an edifying species in 28 types of forests (Bankovi¢ et al., 2009/a). The above data, inter alia,
point to two facts. On the one hand, to a great significance of silver fir forests, primarily from the
ecological aspect and the aspect of growing stock diversity and stability in Serbia, and also from
the aspect of productivity, because they are our most productive forests with average volume of
385 m*ha ! and current volume increment of 8.8 m*ha . On the other hand, the percentage of
silver fir forests is insufficient and largely unharmonized with the potential capacities. For this
reason, one of the strategic tasks of forestry science and practice is silver fir introduction to the
areas where its cultivation is possible, especially in the belt of beech forests and at places where
the increase in its vertical range is already evident. The means of successful realisation of these
tasks are numerous, from purely technical to scientific ones, which include in-depth studies and
upgrading of the existing knowledge on silver fir biological and ecological properties. Especially
significant are the studies referring to individual tree growth and increment dynamics, the
dependence on site and stand characteristics, and anthropogenic impacts. If they are not reduced
solely to simple comparison of numbers, such studies facilitate the understanding of forest
growth dynamics in general (Magin, 1959; Pinto et al., 2008). The data on development and
increment are important tools in the selection of trees for felling, selection of trees for protection,
calculation of rotation periods, and recommendation of silvicultural treatments (da Silva et al.,
2002). To be able to design the silvicultural systems which integrate ecological and economic
targets, forestry professionals need wide scientific knowledge on tree and stand dynamic
(development) processes in general (Franklina et al., 2002). Also, the study of individual tree
growth and increment enables the assessment of the effects of silvicultural measures and their
timely improvement (Manetti, Cutini, 2006; Roberts, Harrington, 2008). As tree viability cannot
be directly measured, tree growth and increment can be used as some of the most reliable
indicators in forest ecosystem monitoring (Bigler et al., 2004; Dobbertin, 2005; Elling et al.,
2009).

In the past period, there was a disproportion between the evident significance of the study
of growth and increment laws and the scope of research devoted to this field. This refers
especially to silver fir in even-aged forests, as the less represented structural form, compared to
all-aged forests of this tree species. In that sense, the objective of this study was to analyse the
environmental impact on individual development of silver fir trees in even-aged forests on
mountain Goc¢, to define the possible specificities of the development, and to analyse some
biological characteristics of this tree species. The study results should upgrade the existing
knowledge in the above fields and thus ensure the regular management of even-aged silver fir
forests, and lead to a higher percentage of silver fir forests in the growing stock of Serbia.

2. MATERIAL AND METHODS
2.1. Study area

Goc forests are located between 43° 30” and 43° 35’ north latitude and 18° 15° and 18° 30’
east longitude. Parent rock consists of old Palaeozoic schists of low degree of metamorphism,
contact metamorphic rocks, marbles, granodiorites, andesites, dacites, and serpentinitised dunites.
The soils are classified as syrozem, black soils, brown soils, leached brown soils, and podzols. A
humid climate is prevailing in the region. The average annual air temperature is 7.3 °C, relative air
humidity is 81%, precipitation is 1,010 mm, and duration of sunny periods is 1,938 hours
(Medarevi¢ et al., 2009). In addition to mixed forests of silver fir and beech which are dominant on
Go¢, a far smaller area is covered with sessile oak forests at higher altitudes and with subalpine
beech forests.
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2.2. Data collection and processing

Six sample plots of 0.5-1 ha were established in the belt of beech-silver fir forests, at the
altitude between 650 and 1,000 m, on flat to sloped terrains up to 25°. Sample plots were
established at the following sites (FT), which are listed in order of decreasing potential for silver
fir development — from the best to the poorest (Jovi¢ et al., 1999):

e FT-1: even-aged forests of silver fir and beech on acid brown soils on phyllites,

e FT-2: even-aged silver fir and beech forests on acid brown soils on granodiorite,

e FT-3: even-aged silver fir and beech forests on lessivé pseudogley on serpentine,

e FT-4: even-aged forests of silver fir and beech on brown (skeletal) soils on andesite,

e FT-5: even-aged forests of silver fir and beech on podzolised acid soils on quartzites and
sericite quartzites,

e FT-6: even-aged forests of silver fir and beech on brown soils on serpentine.

The even-agedness of the above stands was confirmed using several indicators, such as
height and diameter structure, the same age class, and the absence of stagnation stage observed
on felled trees. (The indicators showing that the tree was not in the latent stage are: width of
growth rings at breast height — above 1 mm, i.e., current diameter increment higher than 2 mm -
Ferlin, 2002; and current height increment higher than 0.125 m - Bankovi¢, 1981).

The stands for this research and the trees felled for the analysis of growth and increment
were selected so that the experimental error was reduced to the minimum, i.e. so that the effect of
site characteristics on individual silver fir development was maximal. To this purpose, the selected
stand management had to be the same in the past, and the mixture with beech ranged from
60%:40% to 65%:35% in favour of silver fir. Five trees of the dominant crown class were felled in
the centre of each stand, so the effect of forest edge was eliminated. As the effect of microsite
differences and genetic differences on tree development is minimal or absent in small areas, the
distance between the felled trees did not exceed 20 m (Bankovi¢ et al., 2009/b; Panti¢ et al., 2011).

The felled trees were sectioned into stem disks on the stump (0.3 m), at breast height (1.3
m), and at 2 m intervals (3.3 m, 5.3 m, etc.) (Gerecke K.-L.,1988; Bankovi¢, Panti¢, 2006;
Bontemps et al., 2010). Tree age was calculated by counting growth rings on the disk taken from
the stump. The data used in the construction of the lines of growth and current increment of
diameter, cross sectional area, height, and volume of each felled silver fir tree are as follows:
diameter at the end of the ten-year period marked on each disk from the periphery to the centre,
height at which the disks are cut, and the number of growth rings on the disks (Nieuwenhuis,
Barrett, 2002; Bankovi¢, Panti¢, 2006; Bankovi¢ et al., 2009/b; Panti¢ et al., 2011). Average
values of these elements at the site level (FT-1 to FT-6) are presented in Graph 1-4 and 6-9.
The differences between the treatments (site classes), and their effect on tree development and
increment per individual life periods were tested using one-way ANOVA, software
STATGRAPHICS Centurion for Windows. As three out of six sample plots (stands) were 100
years old, the duration of the analysed period was 100 years.

3. RESULTS
3.1. Silver fir (growth) development

The development of volume of individual trees reflects the characteristics of the
development of all the volume forming elements. For this reason, the effects of site conditions on
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the tree species development can be followed by the analysis of volume development and
increment. The increase in volume and its increment reflect the full scope of activities of
individual trees. Also, the analyses of tree development often exclude the cross sectional area,
because it is thought that it is of lower significance and that it is a category derived from
diameter and its increment. The categorization of the cross sectional area development with the
diameter and volume development cannot be accepted. Namely, diameter participates with its
square in the value of the cross sectional area, which is just one of the elements of volume along
with the height and form quotient. Taking into account the above, and to comprehend the
complexity of the effects of external (site) factors on the development of individual silver fir
trees in the given conditions, the analysis includes the growth of all elements — diameter, cross
sectional area, height, and volume (Graph 1-4).

The Graph analysis shows that more intense site effects on the development (of all study
elements) of individual silver fir trees are evident only after the age of 70 years. This is
confirmed by the values of F ratio in ANOVA (Graph 5), which decrease between the ages of 30
and 70 years, after which their increase becomes more intense with further ages. At the age t <
70 years F < 9, i.e., for t > 70 years F = 16-86, p < 0.05; (p = 0.000), independent on tree sizes.
Further analysis shows that it is only after the age of 70 years, that growth curves are positioned
consistent with the site production potential (the curves on better-quality sites rise above those
on inferior sites). Prior to the above age, this “postulate* is not characteristic of silver fir in the
given conditions. Starting from the best (FT-1) to the poorest (FT-6) sites, the curves of diameter
and height development change in shape from flat, characteristic of shade tolerant species, to
curvilinear, characteristic of light demanding species.
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As it has already been noted, the best conditions for silver fir development are found in
FT-1 and they deteriorate towards FT-6, which can be seen based on the average tree sizes at the
age of 100 years (Table 1).

Table 1. Average tree sizes at the age of 100 years

FT d g h %
mm % m? % m % m° %

1 638 100 0.3216 100 35.0 100 4,7299 100
2 562 88 0.2482 77 315 90 3.5399 75
3 450 71 0.1600 50 28.7 82 2.1299 45
4 399 63 0.1249 39 27.0 77 1.5396 33
5 373 58 0.1101 34 24.0 69 1.3540 29
6 355 56 0.0989 31 22.3 64 1.0642 22

The data in Table 1 indicate that the lowest differences in tree sizes (productivity) were
calculated for FT-4, FT-5 and FT-6. Also, these three sites show almost extreme differences
compared to FT-1, and to some extent to FT-2. FT-3 occurs conditionally at the boundary
between the extremes. The greatest differences are shown between the best and the poorest sites
regarding cross sectional area and volume. Thus at FT-1, the attained cross sectional areas are by
69%, and volumes by 78% greater than those at FT-6. The differences between the above sites
account for 44% - diameter, and 36% - height.

3.2. Silver fir increment
Graph 6-9 present current increment of the study silver fir elements during certain life
spans at different sites. More intensive site differentiation, i.e. higher site influence on diameter

and height increment occurs after the age of 65 years, and higher influence on cross sectional
area and volume increment is notable afterwards — after the age of 75 years.
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Except for FT-5, which is characterised by total irregularity and absence of any laws in
the tree development and increment, the data in Table 2 show that diameter increment culminates
first at the poorest site (FT—6) and that, with better site conditions towards FT-1, culmination
times shift to higher ages. The difference in culmination times of diameter increment between
these two extremely different sites is 40 years. The above conclusion also refers to height
increment, but the difference between culmination times at the best and the poorest sites is 30
years. At the best sites (FT-1 and FT-2), cross sectional area increment did not culminate during
the study period. Volume increment attained its maximum only at the poorest site (FT—6), and it
is still impossible to predict its culmination times at other sites, especially at the best sites (FT-1
and FT-2).

Table 2. Increment culmination times

id ig ih iv
FT Age (year)

1 75 o 65 o
2 65 o 65 o
3 55 65 55 o
4 55 75 55 o
5 g5 o 250 o
6 35 55 35 65

id — current diameter increment; ig — current increment of cross sectional area

ih — current height increment; iv — current volume increment

(*) —irregular tree development in FT-5 to some extent disturbs the order of increment culmination
o —increment did not culminate
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The values of current diameter increment at the moment of culmination (Table 3) at the
extreme sites differ by 53%, the differences in height increment account for only 21%, with
substantially lower differences also between other study sites.

Table 3. Increment values at the moment of culmination

id ig ih iv
FT mm % m? m % m°
1 12.4 100 o 0.53 100 o
2 8.5 69 o 0.50 94 o
3 6.9 56 0.00296  0.48 91 o
4 5.9* 48 0.00238 0.45* 85 o
5 480 39 o 0.40 © 75 o
6 5.8 47 0.00188 0.42 79 0.02320

4. DISCUSSION

The information on growth and increment is highly significant for the study of the
interaction between trees and their environment (site, stand) and it can be applied in different
forestry disciplines, such as silviculture, forest management planning, forest ecosystem
monitoring, etc. The updating and upgrading of the existing information (and knowledge) on the
development of individual trees and stands in general is necessary from ecological, economic
and social aspects of forest management (Spiecker, 2002). The obvious, multi-dimensional
significance of the study of the above issues was the motive for the study of silver fir growth and
increment in even-aged, mixed silver fir and beech forests at different sites on Mt. Go¢.

A lower influence of site factors on the development of all study elements of silver fir
trees is observed during the ages between 30 and 70 years, but the influence becomes significant
after the age of 70. This trend of the influence of site factors on tree development is contrary to
the “postulate that the influence of site factors grows continuously with the age (Vanselov,
1948), but it coincides with the conclusion reported by Milios (2004) that stand conditions,
without any interaction with the site, influence the height and volume growth of dominant beech
trees in even-aged forests up to the age of 50 years.

The shapes of diameter and height growth lines change from the best (FT-1) to the
poorest (FT-6) site. With the deterioration of the conditions for silver fir development, the curves
of diameter and height development change in shape from flat, characteristic of shade tolerant
species, to curvilinear, characteristic of light demanding species. This points to a very wide silver
fir ecological range and to exceptionally high adaptation capacity to different site conditions. By
adapting successfully to different site conditions and by depending on them, silver fir attains
almost opposite characteristics and specificities — from an obligate shade plant at superior sites to
heliophytic plant at the poorest sites. The same is reported by Safar (1963), who concludes that
on inferior soils and cold sites, sciophytes require more light, and that silver fir at the poorest
sites is not a sciophytic species. Therefore, although silver fir is recognized by its shade tolerance
and considered as one of the most sciophytic species (Kobe et al., 1995; Parent, Messier, 1996;
Kobe, Coates, 1997; Stanescu et al., 1997; Bankovic¢ et al., 2009/b; Panti¢ et al., 2011), it is
actually a sciophyte only at the best sites. With the deterioration of site conditions, silver fir light
demand increases, and by adapting to such conditions, silver fir development becomes
increasingly similar to the development of heliophytic species.

The order of current diameter and height increment culmination also indicates that silver
fir is successful in its adaptation to different site conditions. Namely, the culmination of these
two increments is the earliest at extremely unfavourable sites. With the improved conditions,
culmination times shift to higher ages, and the most delayed culmination times occur at the best
sites. Such an order of silver fir current increment culmination is opposite to the conclusions that,
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at superior sites, tree and stand increment culminates before that at inferior site (Klepac, 1963,;
Stamenkovi¢, Vuckovié, 1988). The maximal difference in culmination times between the best
and the poorest sites is 40 years for diameter increment, i.e., 30 years for height increment. Such
differences and ratios in culmination times of diameter and height increment are not identified
for other tree species, so they can be considered as a significant characteristic of silver fir
development in even-aged stands. The differences in increment at the moment of culmination
between the best and the poorest sites are significant in diameter increment and account for 53%,
and in height increment they account for only 21%. The cause of such low differences in height
increment is the fact that, at inferior sites, silver fir, by increasing its light demands, increases
also its height increment, so it is sizeable even at inferior sites. In the given conditions, silver fir
height increment at superior sites is high as the resultant of the site potential, and at inferior sites,
as the consequence of greater light demand, which has a stimulating effect on height increment.

Cross sectional area increment at the best sites (FT-1, FT-2) did not culminate during the
study period. Volume increment attained its maximum only at the poorest site (FT-6), and at the
best sites, based on the previous trend, the time of its culmination cannot be predicted. The
presented facts are also very significant for the determination of rotation periods, which should
exceed 120 years, from the standpoint of the maximal wood volume production at the best sites.
However, this is to some extent disputable on account of wood decay fungi (Milojkovi¢ et al.,
1991).

The above study points to a strong interaction between the site and the silver fir
development and to its high adaptation capacity to changed environmental conditions. With the
deterioration of site conditions, silver fir light demand increases so that, at the poorest sites,
silver fir behaves as a heliophyte, its dynamic processes accelerate, and its increment culminates
earlier. Conversely, as site conditions improve, silver fir shade tolerance increases, (at the best
sites silver fir behaves as a typical sciophyte), growth dynamics decelerates, and increment
culmination shifts to older ages. The practical significance of these conclusions is reflected in the
fact that at inferior sites, silver fir should be cultivated in even-aged stands, and that selection
form is possible only at the best-quality sites, where silver fir can tolerate deep shade, stagnate,
and thus contribute to a specific vertical structure of such forests.

5. CONCLUSIONS
The following conclusions can be made based on the results of the above research:

o Growth curves of the silver fir study elements change in shape depending on site
characteristics, from flat shapes at the best sites which are characteristic of obligate
sciophytes, to curvilinear shapes at the poorest sites characteristic of heliophytes.

o Current diameter and height increment culminate first at extremely poor sites, and with
improved environmental conditions, culmination times shift to higher ages, and the most
delayed culmination times occur at the best sites. The difference in culmination times
between the best and the poorest sites is 40 years for diameter increment, and 30 years for
height increment.

o Cross sectional area and volume increment attains its maximum only at the poorest sites.
Based on the previous trend, the time of its culmination at the best sites cannot be predicted.
The presented facts are very significant for the determination of rotation periods in even-aged
silver fir forests.

o Silver fir has an exceptionally high adaptation capacity to site conditions and, in that sense, a
large ecological range, possibly considerably larger than it has ever been presumed. At
extremely different sites, its growth and increment characteristics are entirely opposite. At
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the best sites, it behaves as an obligate sciophyte with decelerated dynamics. With the
deterioration of site conditions, silver fir light demand increases, its growth dynamics
accelerates and, at the poorest sites, it behaves as a heliophyte. The application value of the
study results is reflected in the appropriate selection of the stand structure for silver fir
cultivation at different sites. At inferior sites, silver fir should be grown in even-aged stand,
whereas selection stands should be selected only at the best sites.
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Abstract: Aim of this study, is to determine the best form factor formula for Oriental beech (Fagus
orientalis Lipsky) the important forest trees of Turkey. The data obtained from sample trees taken from generally
even- aged, middle aged (40- 60 years), normal closed, pure and natural stands. Form factors of trees were
calculated for 50 Oriental beech sample trees in Black Sea region of Turkey. As a consequent, each tree’s volume
was precisely calculated as the real volume. Next, the breast height form coefficient was calculated and its average
was statistically compared to the averages of absolute (fy), natural (fy,), artificial (fos) and Hohenadl’s (fy) form
coefficients using pair sample t-test. Results showed that there is significant difference between the averages of
absolute, natural, artificial and Hohenadl’s form coefficient. As a result, stem form coefficients are not capable to
replace the breast height form coefficient of Oriental beech trees over the study area.

Key words: Form factors, Oriental beech, pair t- test, Stem volume

1. INTRODUCTION

The wood that the main product of forest is presented to the market through being
measured by the unit of volume and weight. The total wood volume of tree and forest can not be
definitely determined in fact without cutting them. For this reason, various estimation methods
were studied to get the volumes of standing trees and many researches were made in these
subjects.

In order to determination of forest stand volume, measuring and wood sale and also many
other aspects, aware of growing stock are necessary and important. Stem form of tree isn’t
depending on special form, therefore for determination to volume of every tree proposed
different relations (Socha and Kulej, 2005). Pay attention to tree stem isn’t cylinder, thus, the
cylinder volume should be multiply with coefficient for near the volume to real volume of tree.
This coefficient is entitled form factor in forest inventory. Form factor is the third characteristic
for determine of tree volume with diameter at breast height and height. This coefficient is
depended on some of factors such as tree species, habitat, situation in stand and stand density
(Kalipsiz, 1984).

Oriental beech (Fagus orientalis Lipsky) has been considered as one broadleaved
showing a successful rate of growth in natural stand in the northern Turkey. The amount of its
wood production has been observed to be almost 8 m® ha™ per year. Based on the current
available statistics, about 614.000 ha of the area are currently under Oriental beech in Turkey
(Anonymous, 2006). Furthermore, it is predicted that this species can be established in a narrow
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scale of plantations in the region, due to its wide scale of applications in wood industry.
Regarding to the great sum of Oriental beech stands, developing accurate plans to improve the
performance of forestry operations well as natural stand and the plantations seems to be
essential. In forest utilization, a vast amount of investment is normally allocated to the stand and
tree volume assessments. Moreover, the assessment of tree and stand volume in forest planning
and harvesting are considered as one of the necessities in forest inventory.

Form factor is ratio of tree real volume to volume of one geometrical form such as
cylinder, cone and or truncated cone that its diameter and height are near to tree. Diameter of
geometrical from is equal to diameter at breast height and its height is equal to tree height. Form
factor is different with other inventories of tree forms as form factor should be calculated
afterwards calculation of tree volume. Form factor is one the method for harmony and relation
between tree form and volume. Form factor is calculable for all trees (stems and branches) and or
for tree stem (Zobeiry, 2000).

One speaks of the artificial form factor, based on the under-bark volume and the volume
of a cylinder of equal diameter to the diameter at breast height (over bark), and of natural form
factors based, for instance, on the cylinder with diameter equal to that at the middle of the tree,
or at some other proportion of the total height. Hohenadl’s method, used in Germany, is based on
the diameter at 1/10 of the height.

Basically, the tree volume is derived from v=g.h.f equation; where “v” is tree volume (in
m?®), “g” is basal area at breast height (in m?), “h” is tree height (in m), and “f” is the tree form
factor. Basal area measurement inside the forest stand can be carried out in a relatively cheap and
easy way. However, measuring form factor and height is critically time-consuming and
expensive work inside the stand. Although the problems associated with height measurement is
somehow solved by applying different diameter and height equations and curves, measuring real
form factor is still a crucial problem.

Real form factor is explained as the real volume divided by the volume of a cylinder
having the basal area equivalent to the tree’s basal area at breast height and the height equal to
the tree’s height (Kalipsiz, 1984). Therefore, if such a form factor featuring the defined height
and diameter at breast height can be achieved, the tree volume assessment will be much easier.
For calculating the real form factor, the tree should be cut down and its precise volume should be
measured. This is considered as a time- consuming and costly work. As a result, forest
researchers have proposed a variety of form factor formulas in order to replace with the real form
factor. As a case in point, Kalipsiz (1984) can be noted.

To calculation of tree real volume, we need to real form factor, but for calculation of real
form factor trees should be cut down and theirs real volume should be calculated with measuring
of pieces volume of one and 2 m following the real form factor is calculable using real volume of
trees. Pay attention to calculation of real form factor isn’t possible for ever (by reason of high
cost) and relations between different form factor are presented with real form factor by many
researchers thus with comparison of aforementioned form factor with real form factor, it is
possible for selection of it’s nearest and replacement of real form factor. Mexner (2000), Socha
and Kulej (2005), Khoshnava (2006) and Rahimnejad (2008) obtained the same results in
relation to applicable of different form factors instead of real form factor. The aim of this study
is to determine the best formula of form factor between presented form factors.

2. MATERIAL AND METHOD
The study area consists of even aged, pure and natural Oriental beech stands, which is

located in the longest 100 km of Black Sea region that situated in North of Turkey. The average
slope of forest field is about 20%. The area is located 700 m above sea level. Annual total
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precipitation of the region is almost 850 mm; average monthly temperature is about 12.9 °C. The
climate of region is cool and semi humidity. Soil is relatively deep with semi heavy texture.

The data needed for the study was measured from 50 trees, which were cut as a part of
the thinning operation at the tree age is changed from 40 to 60 years in the area (Fig. 1). In order
to determine the best form factor formula for Oriental beech stands in Turkey, a number of 50
trees were selected based on their distribution in diameter classes, from 5 to 30 cm. Firstly,
several quantitative factors including diameter at breast height and diameter at stump (0.20- 0.30
m) were measured using a diameter tape, just before the trees being felled. . After cutting the
trees, the heights and diameter from breast height up to the height where diameter was measured
as 5 cm using a diameter tape in a two meter interval. Finally, diameter at 0.1, 0.3, 0.5, 0.7, and
0.9 of the total height was measured respectively. As a consequent, each tree’s volume was
precisely calculated as the real volume. In this research tree real volume calculated for number of
50 tree using Huber formula. Also, real ( f;), absolute (fo ), artificial (fos), natural (fp1) and
Hohenadl’s (fi,) form factors calculated for these trees. Kolmogorov- Smirnov was used for
normality test of data at first. Afterwards, for confidence to normality of data, pair sample t- test
used for averages of calculated form factors with real form factor in order to determine the best
appropriate form factor for Oriental beech by Ver 17.0 statistical package program (Kalipsiz,
1981).
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Fig. 1. Distribution of the trees in diameter and height classes

Table 1. Statistical features of sample trees

Variable Mean Standard Min Max Cv (%)
deviation

Age (year) 48.70 1.747 40 60 15.91

Diameter (cm) 13.45 5174 5.6 25.3 38.47

Height (m) 15.71 4.401 6.5 25.8 28.01

Volume (m?) 0.145 0.140 0.10 0.458 96.55

Following the measurement of those quantities, the below- mentioned factors were
calculated in sequence.

Tree real volume

In order to calculate the tree’s real volume, each log’s volume was calculated from its stump to
breast height using Huber’s formula. Then, each log’s volume was calculated from its breast
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height to the height where diameter becomes 5 cm, applying Huber’s formula. Finally, volume of
the highest part of each tree was calculated using the cone’s volume equation. Then, each tree’s
real volume was calculated as the sum of all above mentioned log volumes.

v==.d,,°.1 (1)

2
4
Where, v is log volume (m3), d 1 is mean diameter of log (m) and | is length of log (m).

Form factor equation
Five different form factors were calculated as follows:

Real form factor

Real form factor for every tree is equal to ratio of tree volume to cylinder volume that its height
is equal to height of tree and its basal area is equal to tree basal area in diameter at breast height
that is obtained using Eq. 2.

f = (2)

Where ( f;) is the tree real form factor, (v) is the tree real volume (in m®), (gi3) is each tree’s
basal area at breast height (in m?) and (h) is each tree’s height (in m).

Absolute form factor
This measure calculated using the equation as follows:

\Y
fo: (3)
T d 2h
4 0

Where (fo) is the absolute form factor, (do) is the diameter at the base total height, and (h) is each
tree’s height.

Natural form factor

This factor is derived from the ratio of the real volume to the volume of a cylinder having the
same basal area as the tree’s basal area at 0.1 of its height, and the same height as the tree’s
height. Also, natural form factor stand trees calculated using Eqg. 4.

v
Go1

fou (4)

=

Where (fg1) is the tree’s natural form factor, (v) is the tree real volume (in m®), (go.1) is the tree
basal area at 0.1 of its height (in m?), and ( h ) is the tree height (in m).

Artificial form factor
Avrtificial form factor for stand tree calculated using Eq. 5.
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Where (fo5) is the artificial form factor, (dos) is the diameter at the half total height, and (d; 3) is
the diameter at breast height.

Hohenadl’s form factor
Hohenadl’s form factor was calculated using Eq. 6. The standing trees form factor can be
calculated using Hohenadl’s formula as shown below:

2 2 2 2
ds d%s d%7z doo

2 2 2 2
d%i1 d%i1 d%i1 du

f, = O.2[1+ (6)

Where (fy) is Hohenadl’s form factor and (doi, dos,...... ,dog) are tree diameters at 0.1,
0.3,...... ,0.9 of the height from the bottom respectively.
3. RESULTS

In this study, firstly, the real volumes of 50 trees were calculated as it was explained
above. Next, the real form factor ( f; ), the natural form factor ( fo1 ), the artificial form factor

(fo.s) and the Hohenadl’s form factor ( f, ) were calculated respectively (Table 2 and Fig. 2).

Table 2. Statistical features of form factors for sample trees

Form factor Mean Standard Min Max Cv (%)
deviation

f, 0.462 0.056 0.35 0.61 12

f, 0.312 0.057 0.22 0.44 18

fou 0.423 0.046 0.31 0.54 11

fos 0.404 0.099 0.24 0.78 25

f 0.442 0.050 0.36 0.64 11

=

Following the calculation, in order to use the statistical t- test, the normal distribution of
the population should be ensured. Kolmogorov- Smirnov test can be used to determine the
normal/abnormal statistical distribution (Kalipsiz, 1981). Owing to the fact that the amount of
calculated 0.118 (p=0.08) and the degree of freedom for 50, in 95% probability, the null
hypothesis which means that there is no significant difference among the data used in the study,
is not rejected. In other words, distribution of the trees in 95% probability is normal for further
investigations. The distribution of the each 2- cm diameter class was given Fig. 2.
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As a consequence, pair sample t-test was implemented to the trees studied across the site.
Afterwards, the average of each calculated form factor was compared to the real form factor
using pair sample t-test, in order to determine the most appropriate form factor. The results of
pair sample t-test were shown in Table 3.

Table 3. Results derived from pair sample t-test for different form factors in the study

Confidence limit (95%)

Pairs Mean Standard Mean of Low  Upper t df Sig.
tested difference deviation standard error limit  limit

f,-f, 0.150 0.070 0.009 0.130 0.170 15.194 49 0.000
f, .- f,, 0.039 0.049 0.007 0.026 0.053 5.719 49 0.000
f, .- f,s 0.058 0.078 0.011 0.036  0.080 5295 49 0.000
f,-f,  0.020 0.060 0.008 0.003 0.037 2.339 49 0.023

The real form factor (f;) was calculated and its average was statistically compared to the
averages of absolute (fo), natural (fo.1), artificial (f o5) and Hohenadl’s (f;) form factors using pair
sample t-test. According to Table 3, a significant difference can be observed between the
averages of real and absolute, natural, artificial and Hohenadl’ s form factors at 0.05 probability
level, at the age of 40- 60 years. In other words, absolute, natural, artificial and Hohenadl’s form
are not capable enough to replace the real form factor (f;) at the age of 40- 60 years for Oriental
beech over the study area.

Mahinpour (2002), stated that in Pinus elliottii stands at the age of 27, none of the
calculated form factors proved the capability to replace the real form factor. As the previous case
studies, no significant difference was observed between the real and Hohenadl’s form factor in
the study carried out by Bonyad and Rahimnejad (2004) in Loblolly pine stands at the age of 26
years. Bonyad and Rostami (2005) reported following a form factor investigation of Pinus
elliottii stands in 25, 27 and 30 year-ages, no significant difference was observed amongst fo,
fos, and f.. Thus, they proposed the application of fys, instead of f; in tree volume assessment.
Khoshnava (2006) showed that between artificial and real form factor has no significant
differences and it is possible for using for artificial form factor instead of real form factor.
Ahmadi et al. (2008), showed that between natural and real form factor has no significant
differences and it is possible for using for artificial form factor instead of real form factor for
Zarbin (Cupressus sempervirens) plantations at the age 20 years. Fadaei et al. (2008) reported
that following a form factor investigation of Pinus taeda L. stands at the age 18, no significant
difference was observed amongst fos, f and f.. Rahimnejad (2008) showed that between
Hohenadl and real form factors hasn’t significant differences, thus it is possible for application of
Hohenadl form factor instead of real form factor for Pinus taeda stands.

Pay attention to, inventory of tree volume is work with high cost and time, thus it is
necessary to determine an form factor that is near to real form factor of tree for calculation of
tree volume using simple calculations with high accuracy. Although, natural form factor is
preventative more minute of stem form but artificial form factor has more application because of
in common inventories, diameter at breast height are usable for performing of calculations.
Determination of natural form factor is a work with high cost by reason of in non-research works
if artificial form factor had no significant differences with real form factor is try to using of
relations that are on basis of diameter at breast height (by reason of lower cost) and using natural
form factor is relinquished.

The amount of accuracy varies based on the site, age and species. Moreover, the form
factor’s capability to replace the real form factor does not guarantee its preference at the tree’s
all growth levels and ages. Therefore, the results obtained here can hold true only in the studied
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stand at the age of 40- 60 years. That is mainly because the tree shape highly varies due to its
growth. Even sometimes the trees belonging to a particular stand tend to turn into a cone shape
from their normal cylinder shape as they grow. Fadaei (2005) reported that the real form factor in
Loblolly pine stands tends to decrease as the stand’s age increases. Hence, any sort of changes in
the tree’s shape can highly affect its form factor. It results in preference of one form factor over
the others at a particular age.

In this study, reported following a form factor investigation of Oriental beech stands
significant difference was observed amongst fo, fo1, fos, fn and f.. Nevertheless, the Hohenadl’s
form factor showed a small preference over the real form factor. Hence, it can be considered as
an effective tool in terms of reducing measurement costs and time.
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Abstract: For many integrals, none of the known integration methods can be applied. Many researchers
have attempted to develop other methods of integrals calculation, the so-called numerical integration methods. The
task is to calculate the volumes of solids generated by rotating a curve around the x-axis, using three methods of
numerical integration (trapezium rule, Simpson’s rule and Gauss squaring) and compare them to the actual volumes
of trees, in order to evaluate the numerical integration’s accuracy. The analysis revealed that the three integration
methods do not differ significantly, while the volumes calculated by these methods of integration differ significantly
from the actual tree volumes.

Keywords: Numerical integration, Quercus conferta, taper equations, tree volume, volumes’ comparison.

1. INTRODUCTION

One of the ways to describe tree bole shapes is by fitting taper equations to sample data.
These are regression equations, linear or nonlinear, which predict the diameter d, at any tree
height h; (Fries and Matern 1965; Max and Burkhart 1976; Goulding and Murray 1975; Kozak
1988; Bi 2000; Kitikidou 2002; Kitikidou 2010).

Taper equations can be used to derive volume equations by integration when the equation
is rotated around the longitudinal axis of a tree (Bruce et al. 1968; Byrne and Reed 1986).
Volumes of any specific log length can be obtained by integrating a taper function:

_ pvh2 2
V= — dsdh
1“ h

where h; and h; are the heights of the small and the large end of the log, respectively.
Ideally, the volume computed by integration of the taper equation from the ground to the
top of a tree, i.e.:

_pb. "

V=1, d?dh, where H is total tree height,

should be equal to that calculated by summing the volumes of its logs (called “actual volume” of
a tree from now on), on condition that the diameters d, used in taper equation fitting and those

used in the calculation of logs volumes are the same (Philip 1994). However, not all taper
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equations can be integrated; there are complicated taper equations where none of the known
analytical integration methods (u-substitution, integration by parts, partial fractions,
trigonometric substitution, rationalizing substitutions or other, more specialized methods) can be
applied. A formula for the integrand may be known, but it may be difficult or impossible to find
an antiderivative that can be written in an elementary form. In that case, we can compute a
numerical approximation. Numerical integration constitutes a broad family of algorithms for

calculating the numerical value of a definite integral. Thus, if v= f(d,) is a smooth well-

behaved function, integrated over a small number of dimensions and the limits of integration are
bounded, there are many methods of approximating the integral with arbitrary precision
(Atkinson 1989). The question is if the tree volume computed by numerical integration of the
taper equation approximates the actual volume.

The aim of this work is to examine if numerical integration of a taper equation
approximates the actual tree volumes, in a case where the taper function cannot be integrated
otherwise.

2. MATERIALS AND METHODS

We used the taper equation developed for Quercus conferta stands by Kitikidou (2002):

d, =k H-h D, where
T \H- 13
.2
k=- 0.668+ 276.777%- 6087.256 — H- h é 22 0198, L
HTfT

where:

D: diameter at breast height (m)
H: total tree height (m)

d, : diameter at tree height h; (m)

This is a taper equation that cannot be integrated with any known analytical integration
method.

Next, we calculated the volumes v (m®) of the 500 trees used in the development of the
taper equation, as follows:

From the ground to stump height (0.3 m) as a cylinder:
v, = %d530.3

From stump height to 0.8 m by applying Smalian’s formula (Hush et al. 1982):

2 2
v, = Z—d ;dOSOS

From 0.8 m to breast height (1.3 m) by applying Smalian’s formula:

2 2
V3 = zd+D05

From breast height up to the height where the last diameter was measured by applying

Smalian’s formula to each log. Diameters were measured every 2 m above breast height (that is,
ati=3.3,5.3, ... m). Each log had a volume v; equal to:
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2 2
v, = %Mz where dp is the diameter of the small end of the log and d, is the diameter of

the large end of the log.

From the height where the last diameter d. was measured till the top of the tree as a cone:
Vv, = %%dflc, where |, = H- (height where the last diameter was measured), i.e. the cone
length.

The actual volume of each tree was equal to:
14
V= V1+V2+ V3+ 1 Vi-'-Vc

As regards the numerical integration of the taper equation studied, three methods were
applied:

a. Trapezium rule
The trapezium rule is an approximate technique for calculating the definite integral
b
f]a f (x)YIx. The trapezoidal rule works by approximating the region under the graph of the

function f(x) as a trapezoid and calculating its area as follows:

fl: f (x)dx» (b- a)w (Atkinson 1989) (Fig. 1).

IE) b)

Fig. 1. The function f(x) (in blue) is approximated by a linear function (in red).

b. Simpson’s rule
Simpson’'s rule is another method for the numerical approximation of definite integrals.
Specifically, it is the following approximation (Siili and Mayers 2003) (Fig. 2):

b b- aé ¢a+ bd U
f, f (x)dx» s gf(a)Jr 4féTiT“+ f(b)%.

3 5
Fig. 2. Simpson's rule can be derived by approximating the integrand f (x) (in blue) by the

quadratic interpolant P(x) (in red).
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c. Gauss squaring
Gauss squaring numerical integration is based on the integral of the Gaussian function

2 A 2
e " . Theintegral is ) e "dx= Jp (Fig. 3). Although no elementary function exists for the
s A

error function, as can be proven by the Risch algorithm (Risch 1969), the Gaussian integral can
be solved analytically through the tools of calculus. That is, there is no elementary indefinite

2 - . . b 2
integral for j € * dx, but the definite integral ﬁa e “ dx can be evaluated.

- x2 . . .
Fig. 3. Agraph of f (x)=¢e X and the area between the function and the x-axis, which is
equal to +/p .

For the numerical integration we used the Mathematica v.7 software (Wolfram Research
Inc. 2008).

3. RESULTS - DISCUSSION
The volumes calculated by three different methods of numerical integration of the taper

equation were identical. This could be due to the linear equation of k in the taper equation (Lee
2007); k equation has the linear form Y = b, + b X, + b, X, + b, X,. Summary statistics for trees

volumes are given in Table 1.

Table 1. Volumes summary statistics.

Statistics Actual volumes (m®) Numerical integration volumes (m®)
Mean 0,0529 0,0505
Standard deviation 0,041 0,0413
Mean absolute error 0,0224 0,02034
Mean absolute error % 56,6653 49,0854

Since the distributions of the volumes weren’t normal, we used Wilcoxon’s test
(Wilcoxon 1945) for the comparison between volumes through numerical integration and actual
volumes. The test resulted in a Z-value of -12.111 and a p-value of 0.000, showing that the
volumes calculation through numerical integration differs statistically significantly from the
actual volumes. Moreover, there was a general underestimation of the volume; 67.8% of the
volumes calculated through numerical integration were smaller than the actual volumes, while
32.2% were bigger than the actual volumes.

For years, mathematicians struggled to solve complex differential equations analytically.
However, with the advent of computational modeling, many numerical integration methods,
approximating the solution of a differential equation that could not be solved analytically, were
created. Today the internet is littered with a lot of numerical integration schemes. Several
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researchers in different fields (astronomy, biomechanics) tested different schemes, and they also
found that numerical integration cannot give accurate approximations of the real solution (or as
accurate as desired). Won (2000) noticed significantly large variances in a comparison among
different numerical integration methods on the biomechanics of the countermovement jump
sport. Berry and Healy (2003), in a comparison of numerical integration techniques applied to
orbit determination and space surveillance data, noticed significantly large errors and
inconsistency. Clement et al. (2008), by applying numerical integration methods to celestial
mechanics data, concluded that more than a few methods performed surprisingly poorly. Finally,
Cviklovi¢ et al. (2011) emphasized on the high attention and knowledge that the application of
numerical integration methods requires, when they are applied to strapdown inertial navigation.
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Abstract: Researches on vegetation cover are multidisciplinary and rely on scientific achievements in
biogeography, landscape and conservation ecology, physical geography, phytocenology and other scientific
disciplines, and the constant development of information technologies has led to a growing importance of remote
sensing technique and methodology, combined with GIS technology, in regards to identification, valuing and
monitoring of forest ecosystems. Structural and phenological variations between forest communities, and tree
species they are composed of, create characteristic spectral images which can be recorded by sensors. Processing
and analysis of these images by specialized software offer various useful information about development and
distribution of forest communities. This paper presents options for using remote sensing techniques (supervised and
unsupervised classification) for preparing vegetation maps, where Landsat images were used to determine
vegetation cover. The level of reliability and applicability of this methodology was tested by comparison of areas
under forests and clearings, areas under individual stands, and by analysis of their spatial coincidence with
standard terrestrial methods of determination thereof. A reference area used in the process was the Management
Unit “Topolik” managed by the Forest Estate “Novi Sad”. As for unsupervised classification, the area under forests
that resulted from images is smaller by 31.52 ha, areas under clearings is larger by 38.60 ha, with lower spatial
coincidence of these categories compared to terrestrial methods. Supervised classification offered better results in
regards to identification of these categories — area under forests is smaller by 12.28 ha and the area under clearings
is larger by 14.36 ha. When it comes to stands, identification by using the image diverts substantially compared to
the situation in the field. Differences are two-way and range from 861.98 ha for poplar plantations to +3.96 ha for
devastated ash forests, with significantly different spatial distribution. The use of higher quality images, hardware
and software would generate more reliable and more applicable results, which is the intention when it comes to
implementation of modern technologies for data collection in the forestry of Serbia.

Key words: remote sensing, forest vegetation, structure, spatial distribution

1. INTRODUCTION

When it comes to larger areas, it can be rightfully said that remote sensing, together with
aerophotogrammetry, is an inevitable method of massive spatial data collection. Remote sensing
is a science (in terms of skills) of collecting information about the surface of the Earth, and
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objects on it, with no direct contact with them. This is achieved by registering and recording the
energy reflected or emitted from the surface of the Earth and the structures, with subsequent
processing and analyses of such obtained information. Therefore, remote sensing is a method of
collecting information by using systems which are not in direct, physical contact with a
phenomenon or an object of investigation (Pruit, 1960).

Due to the development of modern technologies and their practical implementation,
remote sensing has found its purpose in agriculture, forestry, geology, hydrology, nature
protection, prognosis of natural disasters and weather induced disasters, and many other areas of
people’s lives. Satellite images, if available, are a good foundation for performing analyses while
working on spatial planning documents, because for most information they are more
advantageous (cheaper) option compared to aerial images (Busljeta, Vidovi¢, 2006). An image is
a picture, a photograph, or any other form which provides a two-dimensional (raster) image of
objects or areas (scene). Information contained in images is presented in grey shades or colours
(natural or pseudo colours). The foundation for the use of satellite images in forestry results from
the fact that structural and phenological variations between forest communities and tree species
they are composed of form characteristic spectral images which can be registered by sensors.
Digital processing and analysis of these images by specialized software packages offer various
useful information about development and distribution (fragmentation) of forest communities by
areas.

Nowadays, when prices of images (digital air images, satellite images, LIDAR images)
and equipment (computers, digital photogrammetric stations, photogrammetric software) are
continuously dropping, and images of increasing spatial resolutions and application options are
available, there are less and less reasons for avoiding the use of remote sensing methods.
Consequently, in addition to earlier standard methods of collecting data on forests, it is necessary
to explore an opportunity for using new methods and technologies of remote surveys in practical
forestry as well, especially in forest inventory (Benko, Balenovi¢, 2011). In those terms, the
objective of this paper is to analyse options for using remote sensing techniques and methods
(supervised and unsupervised classification) in preparing vegetation maps by using LANDSAT
images for the area of the Management Unit “Topolik”, whose bio-ecological characteristics
make it an adequate subject of the research of this type.

Collection of data by remote sensing is finding its increasing practical application in
forestry. Satellite images of low spatial resolution are most frequently used in Croatia for
mapping of vegetation cover, assessment of health status of forests and, as of recently, National
Forest Inventory. It has been confirmed that multi spectral satellite images LANDSAT (25x25
m), IRS (23x23 m), ASTER (15x15 m) and SPOT (10x10 m) can be used for the said purposes
with good reliability (Seletkovi¢ et al., 2008). Options for using high resolution satellite images
for the purpose of mapping of habitats in forestry were explored in Hungary, where it was
confirmed that combination of visual and digital interpretation could be used to supplement
forest thematic maps (Kristof et al., 2002). Mulahasi¢ (2007) used LANDSAT images and
supervised classification to prepare a map for land use for the area of Solta Island, where
Maximum Likelihood Classification proved to be extremely appropriate method for this purpose.
Pejanovi¢ (2002) compared digital and visual interpretation of LANDSAT TM satellite images
for the purpose of Forest Inventory, while Kovaé¢ (2001), and then Kusan as well, Peranr (2001)
used LANDSAT TM satellite images to explore applicability of regression models for
assessment of stand sizes based on the data on spectral reflections.
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2. MATERIALS AND METHODS
2.1. Study area

Management Unit “Topolik” is managed by the Public Company “Vojvodinasume”-
Petrovaradin, Forest Estate “Novi Sad”. Forests and forest land of the Management Unit are
located in the Dunav littoral, both in protected and unprotected areas. According to the data
contained in the current Forest Management Plan (2012-2021), areas under forests cover 79.49%
of the area of this Management Unit, with cloned poplar trees being dominant with 51.17%, and
shares of stands of american ash, and stands of autochthonous willow and poplar trees. In
functional terms, the Management Unit is intended for production of technical wood and largely
for special natural reserve under 1, 1l and 111 level of protection (“Koviljsko-petrovaradinski rit”).
The protected area was declared in order to preserve complexes of pond and marsh habitats, and
flora and fauna typical for this region. The special reserve is characterized by the level of
conservation and diversity of hydrographical forms of marshland (holms, estuaries, meanders,
ponds, etc.), marshland plant communities (marshy woodland intersected by ponds, swamps,
meadows and reedbeds) and diversity and richness of fauna, especially marsh bird. There are 18
stands that have been identified in the area of the MU “Topolik”, which, combined with various
types of forests and purposes of the area, led to the establishment of 33 Management Classes.

2.2. Digital processing of images

LANDSAT satellite images were used in the process of determination of the vegetation
cover. The LANDSAT might have the longest history and widest use for monitoring the earth
from space. In this paper, satellite images were the foundation for generating a thematic map for
land use for the MU “Topolik”. The satellite images which were used for classification contains
eight bands of electro-magnetic spectrum. In order to identify areas, tree species and forest
communities, a process of classification of images obtained by remote sensing techniques
(LANDSAT satellite images) was performed. Due to the limitation of spatial resolution, Landsat
products are usually used to map vegetation at community level. It is a challenging task to use
Landsat images for mapping at species level, especially in a heterogeneous environment.
However, when integrating with other ancillary data, it becomes possible to map species (Xie et
al. 2008). An example of a species level of vegetation classification was implemented in the
Amanos Mountains region of southern central Turkey using Landsat images, com-bined with the
environmental variables and forest manage-ment maps, to produce regional scale vegetation
maps with an overall high accuracy (Domac and Su“zen 2006). The objective of the
classification of images obtained by remote sensing is to assign every pixel on an image to a
category from a predefined set. The result of the classification is a thematic map of the original
image. Since images obtained by remote sensing contain information in a number of layers of
electro-magnetic spectrum (multispectral images), the classification uses spectral information
represented by values of pixels in different spectral layers. There are two methods of
classification that can be used: unsupervised and supervised classification. The software
package ARcGIS and modules (extensions) Spatial Analyst and Image analyst were used. A
digitalized map for the MU “Topolik” to the level of sub-compartment was used to control the
procedure itself. The selection of bands on the satellite image established that the best way is to
use a combination of bands — infra-red image R = 4, G = 3, B = 2 and also a distribution of
bands which is optimum for classification of forests R =5, G =4, B = 3, TM 4. 3.2. because of
the best noticeable differences in pixels which are used by LANDSAT satellite. Images obtained
from LANDSAT 5 satellite were used for the paper.
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In nature, classes being classified represent natural variations in their spectral samples,
and further variations are results of mist, topographic shades, system noise and mixed pixels. As
a result of this, images generated by remote surveys rarely record spectrally clear classes, and
generally present a number of tones within each band. Many classification strategies do not take
into account variations which may be presented within spectral categories, and do not recognize
problems of overlapping of frequency distribution of values and separated categories
(Mulahusi¢, 2007). In unsupervised classification, image processing software classified images
based on natural groupings of the spectral properties of the pixels, without the user specifying
how to classify any portion of the image. Conceptually, unsupervised classification is similar to
cluster analysis where observations (in this case, pixels) are assigned to the same class because
they have similar values. The user must specify basic information such as which spectral bands
to use and how many categories to use in the classification, or the software may generate any
number of classes based solely on natural groupings. This method is often used as an initial step
prior to supervised classification. For the purpose of this paper, the strategy known as the
Maximum Likelihood Classification also was used (supervised method). This classification uses
data as a method of assessment of mean values and variances of categories, which is then used to
estimate the likelihood (Campbell, 1996). Maximum Likelihood Classification is the most
popular method of classification with remote sensing (Murai, 1996). Irregularities in
classification (wrongly classified cells) are corrected by filtering, adjusting borders of classes
and removing of small isolated regions, where a tool for clearing the data within ArcGIS
software was used. Extensive field knowledge and auxiliary data may help im-prove
classification accuracy. Studies have shown that classification accuracy can be greatly improved
after applying expert knowledge (empirical rules) and auxiliary data to extract thematic features
(e.g. vegetation groups) (Gad and Kusky, 2006). The level of reliability and applicability of this
methodology was tested by comparison of areas and forest communities with standard terrestrial
methods of their determination. Reference data that were used were Shape files for MU
“Topolik” which were produced during regular planning of these forests. While planning the MU
“Topolik™, determination of compartments was performed indirectly — by visual classification on
orthophoto images, and directly — by terrestrial method based on applicable criteria for
determination of stands. As already mentioned, this was followed by a comparison of
classifications performed in such a way.

3. RESULTS
3.1. Unsupervised classification

Based on the data provided by valid Forest Management Plan (2012-2021), the structure
of the area of MU “Topolik” by stock is presented in Table 2. The total area of the Management
Unit is 3,028.74 ha of which stocked area covers 79.5% (2,407.85 ha) and unstocked area cover
20.5% (620.89 ha). The Management Unit is dominated by cloned poplar stands (51.17% of
stocked area), but there are also autochthonous willow and poplar stands, and american ash
stands as well.

Table 1. Structure of the area MU “Topolik”

Land Area
category ha %
Forest 2,407.85 79.5
Clearings 620.89 20.5

Total: 3,028.74 100.0
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Unsupervised classification based on grouping of values of pixels so that their spectral
values meet a certain criterion of homogeneity for the same area, on a satellite image, was used
to start the procedure of selection of the highest possible number of classes by using an
appropriate software. The reason behind this is that a higher number of classes provides for more
accurate results of unsupervised classification. Unsupervised classification resulted in too many
classes, particularly because of heterogeneous land cover types, and classes had to to be
combined to create a meaningful map. Once the tool Unsupervised Iso Cluster Classification
(Figure 1) was used in this phase of unsupervised classification, out of the total of 20 previously
requested classes, the software determined and classified 8 classes on the LANDSAT image for
the same area of the MU “Topolik”, and their areas are presented in Table 3.

Figure 1. Classification by using the tool Unsupervised Iso Cluster Classification

In the next phase, manual grouping and allocation of attributes, stocked and unstocked
(areas), to each of the 8 previously determined classes was performed. In terms of percentages,
classes 2, 5 and 7 largely belonged to the category of unstocked land — clearings, while classes 1,
3,4, 6 and 8 largely belonged to the category of stocked areas - forests (Table 2).

Table 2. Grouping of classes into categories forest and clearings

Class Category Area (ha) Class Category Area (ha)
1 Forest 939.21 5 Clearing 137.30
2 Clearing 370.42 6 Forest 290.19
3 Forest 783.51 7 Clearing 151.77
4 Forest 142.66 8 Forest 220.76
Total: 3,035.82

Results of comparisons of areas of MU “Topolik™ identified by terrestrial method with
areas obtained by unsupervised classification are presented in Table 3.

Table 3. Comparison of areas determined by terrestrial method and those identified by
unsupervised classification
MU “Topolik” MU “Topolik”

(terrestrial) (LANDSAT image) Difference
Category ha % Category ha % Category ha %
Forest 2,407.85 79.5 Forest 2,376.33  78.3 Forest -31.52 -13
Clearings 620.89  20.5 Clearings 659.49  21.7 Clearings +38.60 +6.2
Total:  3,028.74 100.0 Total: 3,035.82 100.0 Total: +7.08 +0.2
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The area under forest determined by unsupervised classification from a LANDSAT
image is smaller by 1.3% (31.52 ha), the area under clearings is larger by 6.2% (38.60 ha), and
the total area of the MU “Topolik” is larger by 0.2% (7.08 ha) compared to the same categories
determined by terrestrial method. Unstocked areas of this Management Unit are not clearings as
such, but covered with a certain type of vegetation (ground vegetation), which resulted in their
larger area on the LANDSAT image and, consequently, in substantial differences in this category
(Figure 2).

= £ layers
= clearings_terrestrial method
B
= [ unsupervised class.
GRIDCODE
M Forest
Clearings

Figure 2. Overlapping of clearings obtained with terrestrial method and clearings obtained from
LANDSAT image

3.2. Supervised classification

In supervised classification, an analyst determines classes from various pre-determined
sources. The starting point used for supervised classification of MU “Topolik™ were previously
known classes (forests and clearings) determined by terrestrial method. In the next phase, by
using the tool Image classification, certain training areas for stocked and unstocked areas were
defined on a satellite image (Figure 36), which essentially represent sets of pixels which are
known to belong to a certain class. Once the area under forest and clearings were determined,
Training Sample Manager tool was used to determine, group and define classes: 1-forest and 2-
clearings (Figures 3a, 36 and 4).
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Once the definition of areas of interest was completed, Maximum Likelihood
Classification was applied. Its implementation provided areas of predefined classes (forests and
clearings) and these are given in Table 4.

Table 4. Areas of predefined classes (LANDSAT image)

Class Area ( ha)
Forest 2,395.57
Clearings 635.25

Total: 3,030.82

Compared with areas generated by terrestrial method (Table 2), forest areas determined
by the mentioned classification from LANDSAT image are smaller by 0.5% (12.28 ha),
clearings are larger by 2.3% (14.36 ha), while the total area of the Management Unit is larger by
0.07% (2.08 ha). There are substantial differences in the spatial distribution of stocked and
unstocked areas, especially in the areas noted with the ellipses (Figure 5).
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Figure 5. Differences in spatial distribution of defined classes: left-terrestrial; right-image

Options for using LANDSAT images in interpretation and defining a particular stand,
that forest areas belong to, were explored in the next phase. Image Classification Tool was used
to identify certain training areas on a satellite image for every stand which was previously
determined by terrestrial method and which was previously known. Identified values for every
stand define sets of pixels which are known to belong to a certain class. Once stands were
defined, the next classes of stands were grouped and defined in the Training Sample Manager
tool (Figures 6a and 66)

EM Training Sample Manager ii R |
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4 121 14 99
5
6
7

125 21 88
216
3
593
680
1
384

339 25
341 30
8 451 31
9 453 49
10 480 59
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Figure 6a, 6. Grouping and definition of classes of stands

The total of 10 training areas or 10 stands was identified. Spectral characteristics of
classified areas (stands) and overview of separation of classes can be seen in Figure 7.
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Figure 7. Spectral characteristics of classified areas (stands)

Comparative overview of stands determined in the MU “Topolnik™ by terrestrial method
and on LANDSAT image is given in Figures 8a and 86, and Table 5 as well.

Figure 8a. Stands — terrestrial method Figure 86. Stands — Image

Table 5. Comparative analysis of areas of stands determined by terrestrial model and based on
LANDSAT image

Terrestrial Image Differences
Class Stand Area ( ha) ha %

1 Clearings 620.89 818.70 +197.81 +31.9
111 High willow forests 155.94 201.71 +45.77 +29.4
114 Coppice willow forests 28.07 7.32 -20.75 -73.9
116 Devastated willow forests 77.52 244,67 +167.15  +215.6
121 High poplar forests 76.14 388.91 +312.77  +410.8
125 Devastated poplar forests 64.35 185.76 +121.41  +188.7
339 High american ash forests 81.20 207.67 +126.47  +155.8
341 Devastated ash forests 0.84 4.80 +3.96  +495.0
451 Artificially established willow stands 496.89 429.09 -67.8 -13.6
453 Artificially established poplar stands 1,403.38 541.40 -861.98 -61.4
480 Artificially established devastated 93,52 0.79 2273 -96.6

broadleaved stands
Total: 3,028.74 3,030.82 +2.08 +0.07

4. FINAL CONSIDERATIONS

Unsupervised classification in this paper confirmed that differences in areas under forests
and clearings generated from the LANDSAT image, compared to reference (terrestrial) data, are
substantial (-31.52 ha of forests, +38.60 ha of clearings). The cause for these differences, and
differences in spatial distribution of these categories, lays in the fact that the same values of
pixels were found in both classes, they were overlapping respectively. However, it can be
expected that this method of classification would provide substantially better results on areas
larger than the area of the MU “Topolik” — for example, at the level of an administrative
municipality or a district.
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When it comes to supervised classification, it was confirmed that there are substantial
differences in areas of individual stands generated from the image and by terrestrial method. The
differences are two-way and range from —861.98 ha when it comes to poplar, to +3.96 ha for
devastated ash forests. Spatial distribution of identified stands is substantially different. This all
leads to the conclusion that based on a LANDSAT image of the given resolution (25x25 m)
results of satisfactory accuracy cannot be achieved by the applied classification method while
defining and identifying stands. On the other hand, Maximum Likelihood Classification for
dividing (classification) of areas into two categories — stocked and unstocked (forests and
clearings) - provides satisfactory results. The area under forests determined from LANDSAT
image is smaller by 12.28 ha, and the area under clearings is larger by 14.36 ha compared to
reference values (values in the valid Plan established by terrestrial method). However, spatial
distribution of classes obtained from the image does not fully correspond to spatial distribution
of stocked and unstocked land on maps of the MU “Topolnik”, which somewhat makes the
generated results relative and they need to be taken with reserve. It can be assumed that in case
of large areas, and when information on distribution of stocked and unstocked land need to be
generated in a short period of time, this method would be of satisfactory accuracy, meaningful
and very much worth-while.

Exploring options and reliability of application of new technologies for collecting
information in forestry (and other sectors) requires substantial funds. This is exactly one of the
main reasons why exploring of application of modern methods of remote sensing in forestry of
Europe is far ahead of our region (Benko et al., 2011). It could be said that relatively low spatial
resolution of Landsat imagery might restrict its application in vegetation mapping. In those
terms, more funds, and thus significantly more quality images and equipment (hardware and
software) compared to the ones used for this survey, would ensure obtaining substantially more
reliable and thus more applicable results.
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Abstract: Stand density is a key descriptive trait of forests, pertaining to the relationship between the tree
size and number per hectare. In 1933 Reineke developed his Stand Density index, and postulated that the log of the
quadratic mean stem diameter was linearly related to the log of the number of stems per hectare. Since that time
many authors have discussed the meaning of this relationship in terms of stand self thinning, and have offered
refinements, rebuttals or support for Reineke’s thesis. Empirical work on stand density however is normally
conducted using a relatively limited number of research plots, and often used curve fitting methods that have since
been shown to be biased and inaccurate. This study applies modern statistical methods of maximum likelihood
estimation to determine the self thinning line for several Austrian forest species and species mixtures, based on a
large body of National forest Inventory data collected between 1981 and 2009. Besides possible species differences,
the size of the dataset also allows us to study the effects of species mixtures and mixed age stands on the self
thinning characteristics of forests. The work is unique in that it is the study into stand density involving a National
inventory based on sampling proportional to size (angle-count sampling). Although this introduces some
methodological challenges, it also has advantages over a fixed-area based inventory due to the higher probability of
the larger, more influential trees being included in the sample.

Key words: Stand Density Index, National Forest Inventory, angle-count, basal area, Austria

1. INTRODUCTION

Besides productive functions and other ecosystem services, the role of forests as sinks of
atmospheric carbon is receiving increasing attention. Growing forests continuously remove
carbon from the atmosphere (a function related to Net Primary Production or timber increment),
and store it primarily within biomass, which is a function of standing timber volume. Both
volume and increment are thus important factors in carbon accounting. Policies or management
regimes that seek to maximize the value of forests for carbon mitigation purposes will thus need
to balance the increased useable increment of well managed forests (Taverna et al. 2007) with
the potentially higher carbon sink capacity of unmanaged stands (Luyssaert et al. 2008). The
science of forestry has typically focused on maximizing the productive function of forests, which
in turn maximizes the transfer of carbon to biomass but reduces the mass of carbon stored in-
forest (through timber removal). In order to rationally balance these conflicting factors, more
precise information is needed on the potential carbon storage capacity of forests, hence on the
potential stand density of individual sites.

Y Institute of Silviculture, University of Natural Resources and Life Sciences, PeterJordan Strasse 82, 1190 Vienna, Austria.
chris.eastaugh@hoku.ac.at
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Stand density

Stand density in forests is commonly assessed in terms of basal area per hectare. This
measure of density does not however give any indication of how the measured density compares
to its ecological potential, either in terms of what might have been possible at that stage of forest
growth or as a proportion of what may be achievable in the future. Comparison of current basal
area with that data from accurate yield tables can accomplish this (Zeide 2005), but appropriate
tables for each site, species (or species mix) and stand age are often not available.

Reineke (1933) noticed an apparently clear relationship between the number of stems per
unit area (N) and the quadratic mean diameter of stems in the stand (D), whereby in stands at
their upper limit of stocking (at any diameter) showed a log-log relationship between N and Dy,
i.e.

In(N)= 8- aln(D, ) Eq. 1

From empirical observations Reineke suggested that o was constant over most tree
species. From these observations he proposed his Stand Density Index (SDI) as a measure of
density that is independent of species, age and site conditions. In a metric form, N is measured in
terms of stems per hectare and Dg in centimeters;

D a
SDI = N(Z—;J Eq. 2

The intercept parameter f in Eq. 1 is not relevant to the calculation of SDI, but is
considered to be a measure relating to species-specific site conditions (Pretzsch 2002). Reineke
determined a value of 1.605 for the exponent a, by ruling a line on a log-log plot of N against D
in fully stocked stands. MacKinney and Chaiken (1935, cited by Zeide 2005) reanalyzed the
same data with what Zeide terms ‘standard statistical methods’ and obtained an o of 1.707.
Zhang et al. (2005) reviewed several modern methods of trend estimation and obtained
startlingly different estimates on the same stands.

The principle of what is now known as ‘Reineke’s rule’ is that as the individuals in a
stand increase in diameter, competition effects will limit stem numbers. The value of o must
therefore be determined in fully stocked stands, where the number of trees is limited solely by
crowding-dependent mortality. Such stands are not always easy to identify (Mohler et al. 1978),
and the assessment is usually made on somewhat subjective criteria.

Angle count inventories

Studies of SDI have traditionally been conducted on long-term permanent research plots,
where the management history is known, plots can be judged to be ‘fully stocked’ and many
years of observations are available. This allows the trajectory of the N/Dq relationship over time
to be plotted and Equation 1 parameterised against observations. Another approach is the
‘species boundary line’ of Charru et al. (2011) where a large number of measurements are
assessed to determine the parameters of the most extreme (hence, presumably the most fully
stocked) plots. National forest inventories (NFIs) contain a very large body of data, typically
covering thousands of plots at several times. Charru et al. (2011) took advantage of this to
analyse the SDI parameters of several forest species in France. Many NFIs however are
conducted using the ‘sampling proportional to size’ method — the angle-count method of
Bitterlich (1948). This introduces some complications into the estimation of Reineke’s
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parameters, but also confers some advantages. Sampling proportional to size is known to be a
more efficient means of estimating basal area but less good for estimation of stem density
compared to sampling proportional to area (Whyte and Tennent 1975; Motz et al. 2010).
Equation 2 can however easily be rearranged to express SDI in terms of basal area per hectare
rather than number of stems per hectare; besides being better suited to data derived from angle
counts this also confers some statistical advantages, as will be described below.

The purpose of this work is to examine the angle-count derived Austrian NFI to
determine the SDI parameters for Austrian forests. Results show that by species, statistically
different B values are apparent, but species confers no significant difference in a. The effects of
mixed-species forests and mixed ages are also studied but no significant impact found.

2. DATA AND METHODS

The modern ‘permanent plot” Austrian National Forest Inventory made its first
measurements in 1981, following two previous national inventories conducted with a temporary
plot design. Inventory measurements covered the periods 1981-1985, 1986 - 1990, 1992-1996,
2000-2002 and 2007-2009. The inventory is organized into tracts each of 4 points on a 200 m
square. 5600 such tracts are arranged in a square grid pattern across the country, including over
areas that are not currently forested. Data for this study consists of all forested plots for the most
recent 3 periods, and one plot from each tract for the entire 5 periods. In total, this gives 30518
data points. Species specifically examined in this study are Norway spruce (Picea abies), larch
(Larix decidua), Scots pine (Pinus sylvestris), beech (Fagus silvatica) and oak (Quercus robur
and Q. petraea).

Mathematics background

The traditional practice of plotting N against Dy has a serious flaw, in that N =

2
q

(with k being a units constant equal to 7/40000). These graphs thus plot a function of Dq'2 against
Dg, and in the Null hypothesis case that Dq has no impact on N, we would expect a slope of -2
due to the statistical non-independence of the variables, suggesting o = 2.0. Weller (1987)
comprehensively demonstrated similar problems in regressing plant average mass against
stocking numbers.

Equation 1 may be rearranged to show that

In(G)= A +In(k) +(2—a)In(D, ) Eq. 3
The intercept in this case will be less than that of Eq. 1 by the negative log of the units
constant k, (i.e., the intercept will be g - 9.452) and the slope of the line if the Null hypothesis

were true would be 0, allowing for standard statistical tests to be validly performed. SDI may be
directly calculated under this formulation as:

SDI = (ZSkan(Dq“) Eq. 4

Better estimates of G
In order to get a better estimate of basal area on each angle-count plot, a new procedure is

instituted whereby the original NFI data is resampled using different basal area factors (Eastaugh
et al. in prep). The original data was captured using a BAF of 4m?/ha, so given that distances to
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all trees from the plot centre are recorded it is possible to make new estimates of G for any BAF
greater than 4. For this study, the data was resampled with BAFs from 4.0 to 8.0 in steps of 0.1,
and the simple mean of the 41 estimates taken. Figure 1 shows a example of how the method
provides improved estimates of basal area on an individual plot.
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Figure 1. Demonstration of improved basal area estimation technique. The original NFI data for
each plot is resampled 41 times, with basal area factors from 4.0 to 8.0, in steps of 0.1. The
histograms in each plot show the frequency distribution of the 41 estimates, dashed lines are the
original estimate with BAF=4, and solid lines are the mean of the resampled estimates.
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Fitting parameters

Not all plots in an NFI dataset will be in a condition undergoing density-related mortality,
and thus should not be included in the parameterisation procedure. Charru et al. (2011) selected
plots based on minimum and maximum Dy criteria, and by the recorded occurrence of mortality
on the plots. In this study we examine all data points for their SDI under a range of o
assumptions from 1.3 to 1.9 in steps of 0.1, and select the 20 points that would have the highest
SDI for each a. Parameters o and  for this set are then estimated using the stochastic frontier
analysis (SFA) technique instituted in the R package ‘frontier’ (R Development Core Team
2011; Coelli and Henningsen 2012), following Charru et al. (2011). The SFA technique was
specifically developed to estimate boundaries of functions while recognizing that some
measurement or estimation error may be present. Each major species is examined separately and
tested for significant differences in both parameters using the ‘dummy variable’ method. Further
comparisons test the significance of differences between even-ages and mixed-age forests, and
between mono-species (> 90% of basal area) and mixed-species forests where one species has
50-90% of basal area. ‘Even aged’ is defined here as those plots with a difference of less than 20
years between the oldest and youngest trees in the sample.

3. RESULTS AND DISCUSSION

No significant differences were found between species slopes for even aged mono-
species stands, but intercepts are clearly different (fig. 2). As found in other European studies,
Norway spruce has a higher maximum density than other species, followed by Scots pine, beech
and oak. This order of potential densities mirrors that of Pretzsch (2002) and Charru et al.
(2011), but methods used in those studies suggest statistically significant differences in slope
also.

Comparing forest age and species structures, no significant difference is apparent in
either intercept or slope. (fig 3). Examples of all forest structures are represented among the
highest recorded densities. Considering the lack of significant difference in slope according to
species and the lack of significant difference in either parameter for stand structure, it is
appropriate to determine a single slope for the stochastic frontier of forests represented in the
Austrian NFI. Figure 4 shows that Norway spruce is the dominant species in most of the densest
plots, that but maximum density does not appear to be affected either by even/mixed age
structures or mono/mixed species structures.
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Figure 2. Basal area plotted against quadratic mean diameter for each species, limited to even
aged monospecific plots at extreme density. Thickness of lines denote significance of trends,
thickest = p < .0001 (spruce and larch), mid-thickness = p < .001, thinnest = p < .01 (oak).
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Figure 3. Comparison of the density boundary of plots with different stand structures. All slopes
are significant at p < .0001, but no significant difference is found between either slopes or
intercepts.

Overall, the results demonstrate that forest stands may maximize their use of available
resources through a number of alternative strategies but that a model relating the stand basal area
to the guadratic mean diameter of sampled trees is capable of capturing all structures with the
same basic parameters on fully stocked stands. Determining the maximum possible SDI for
every plot (not necessarily presently fully stocked) however will require further information,
firstly because the intercept differs according to the dominant species, and secondly because the
maximum possible SDI is dependent on site conditions (Sterba 1987).
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Figure 4. Overall self thinning line for Austrian forests (a=1.643, f=13.008). All plots are
spruce-dominated apart from the four solid triangles (Alnus spp.-dominated) and the one solid
square (Larix spp.-dominated).

4. CONCLUSIONS

This study provides no justification for applying different assumptions of the slope of the
self-thinning line depending on stand species or forest structure, with a=1.643 found as the slope
of the overall forest stochastic frontier of plots in the Austrian National Forest Inventory.
Norway spruce-dominated forests generally attain the highest density, but mixtures of other
species with the spruce do not appear to have any positive or negative effect on possible
maximum SDI, nor does there seem to be any difference between even aged or mixed aged forest
structures.
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Abstract: This article presents the results of the research concerning operating efficiency on jobs of inter-
row cultivation in poplar plantations with a sensor disc harrow. Research was conducted on the territory of the
forest holding “Sremska Mitrovica” in various working conditions.

Working conditions varied depending on the spacing of planting, soil humidity as well as the size and
density of weeds. Spacing between rows and plants was 5*5 and 6 %6 m.

Evaluation of the efficiency of used technology in conditions that were the subject of the research was
conducted from technical, economic, ecological and energetic aspect. Data was recorded by photo-chronometric
method, and the duration of working operations was measured by flowing method. Besides that, the consumption of
fuel was also measured by the method of refilling the reservoir.

The share of turning time, in the total time of harrowing, depends on the length of the parcel. This time is in
the correlation with the number of turns.

Relation between the number of turns and the length of parcels can be presented by linear function. The
share of turning time in the effective working time is 25.8%.

Average tractor speed during mulching is 75.4 m/min.

Key words: poplar plantation, sensor disc harrow, tractor MTZ 1025, production effects

1. INTRODUCTION

Treating the young poplar plantations is very important for acquiring high yields of wood
mass.

Forested area under Forest Holding ,,Sremska Mitrovica“ is 42,495.4 ha, from which the
poplar plantations take up 5,949.4 ha.

Annual plans for inter-row cultivation of the young poplar plantations in this Forest
Holding vary around 3,000 ha (for instance, in 2012 it is 3,243 ha).

Disc harrows aggregated by adapted agricultural tractors are used for mechanized soil
cultivation. Harrowing is conducted by classical and sensor disc harrows (Figure 1).

! Forestry Faculty of Belgrade
2 Vojvodinasume, Pablic enterprise
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' Figurel: Sensor disc harrow

Inter-row cultivation of young poplar plantations up to 3 years of age in FH “Sremska
Mitrovica” is done mechanically (by harrowing) 3 times per year — once by classical disc harrow
and twice by the sensor disc harrow. Also, the area is treated once by chemicals. According to
that, the same area is treated 4 times annually in order to prevent the growth of the weeds.

The direction of harrowing can differ in relation to the previous harrowing, being
perpendicular or diagonal to the direction of the previous harrowing or it can be done in the same
direction when the working conditions demand so.

Between 3 and 7 years of age of the plantations, the disc harrows are not used. In this
period, classical disc harrow is used twice per year and chemical treatment is conducted once per
year. The reason for this is the greater share of weed vegetation. In later years, the chemical
treatment is conducted occasionally in order to eliminate unwanted vegetation.

Intensive poplar plantations are mostly established on the flood plains of rivers Sava,
Danube, Tisza, Tamis etc. on relatively fertile lands prone to weed growth (Figure 2).

The goal of inter row cultivation is to eliminate the weed vegetation and to loosen the soil
in order to provide the conditions for the maximal utilization of the soil’s potential and to
provide the conditions for effective application of the treatments.

According to the previous researches, usage of sensor disc harrow is an effective solution
considering its technical capacities (Nikoli¢ and Jezdi¢ 1993).

When using the sensor disc harrow it is possible to eliminate the weed vegetation on
almost the whole surface area, while after using the classical disc harrow, some of the weed
vegetation stays behind (1 m wide strips) (Danilovi¢ et all.. 2009). In the second cross-
harrowing, some of the weed vegetation also stays behind in order to avoid the infliction of
damages to the residual trees so, approximately 1 to 2 m? of weed vegetation stays around every
poplar tree. These weeds are eliminated subsequently by manual labor or are treated by chemical
agents which increase the costs of plantation treatments.

The goal of this article is to research the working effects of two sensor disc harrows in inter-
row cultivation of poplar plantations.

2. MATERIAL AND METHOD OF RESEARCH

The research of working effects of the tractor MTZ 1025 equipped with a sensor disc
harrow was conducted in the period from 2008 till 2010 in FH ,,Sremska Mitrovica® on the
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territory of FA ,,Kupinovo* in management unit ,,Kupinski kut* sections 24, 37 and 38, in FA
»Klenak* in management unit ,,Jasensko belilo* sections 22 and 24, in management unit ,,GVO*
sections 84, 88 and 90, in management unit ,,Senajske bare — Krstac* sections 32, 33, 18/4, in
management unit ,,Leget section 11 and management unit ,,Turijan — Jarak* sections 11 and 20.

Sensor disc harrow operation was recorded on the territory of “Upper Srem” in FA
“Visnjicevo” management unit “Banov Brod” section 13 and management unit “Maticni poloj”
sections 22-27.

Spacing between the rows was 6x6 m. Weather conditions at the time of recording were
favorable and the temperature measured at 7:00 am was between 11 and 23°C, at 10:00 am
between 14 and 32°C and at 1:00 pm was between 19 and 35°C. Drivers that were operating the
tractors had between 2 and 7 years of working experience.

Density of weed vegetation depended on the location and varied from low to high. Dense
weed vegetation was in management unit “Senajske bare — Krstac”, section 32.

Direction of the previous harrowing was opposite to the direction of the current
harrowing except in management unit ,,Kupinski kut* section 24.

Figure 2: Wood material and weed vegetation

Beside the recording of harrowing, the consumption of fuels and lubricants was also
recorded. Recording of these data was conducted by the mothod of refilling the reservoirs.

Sensor disc harrow operation was recorded by photochronometric method and the
duration of working operations was measured by the flowing method (Nikoli¢,1993).

In the framework of the projected technological scheme, the following times were
recorded: harrowing time, turning time, justified stoppages and unjustified stoppages.

Recorded data were processed by usual mathematical and statistical methods (descriptive
statistic, correlation analysis, variance analysis, simple and multiple regression analysis etc.).

3. RESULTS OF THE RESEARCH AND DISCUSSION

Average length of the parcels on which the recording was conducted was 410 m; the
minimal length was 90 m and the maximal was 980 m. Average width was 157 m and it varied
from 66 to 465 m.

The share of turning time in the total time of harrowing depends on the length of the
parcel. This time is in correlation with the number of turns. Average duration of turning on the
parcels was between 0.41 and 1.07 minutes.
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The share of turning time in the total time of harrowing and turning without stoppages
decreases with the increase of the length of the parcel (r>=0.935, p=0.00). This relation can be
presented by the function

T,=0,54+ 4223,9

(1).

p

Relation between the number of turns and the length of the parcel can be presented by the
function

N, =9,03+12577-L, @)

Recording of the sensor disc harrow operation lasted 25 working days. The total time of
harrowing during the recording was 5696 min, or 227.9 min-day™ and the turning time 956.9
min or 38.6 min-day”. Stoppage time without the time for breakfast was 1075 min or 43.02
min-day ™.

Width of the parcels also impacts the duration of turning time.

Relation between turning time and the width of the parcel can be presented by the
function

N, =0,64+0,00049-W, (3).

= 121 -
£ i
2101 &
C 8
081 o
061 °
041 & Lo ‘ ‘ ‘
0 100 200 300 400
Wp (m)

Figure 4: Relation between the turning time and the width of the parcel
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Average speed of the tractor during harrowing in a single passing was 75.42 m-min™, and
it varied from 54.1 m-min™ up to 86.5 m-min™. Maximum speed of harrowing that was gained
during the recording was in the management unit “Kupinski kut”, section 24, where the
harrowing was done in the same direction as the previous one. It can be concluded that the
greater speeds are reached in cases where the harrowing is conducted in the same direction as the
last one. The total surface area on which the inter-row cultivation was conducted is 126.9 ha, or
5.08 ha per day.

The share of stoppages in the effective working time is 14.5%. Consumption of fuel per
an effective working hour is 5.9 L-h™.

Figure 5 presents the relation between average productivities of the sensor disc harrow
and the length of the parcel which is also one of the inputs in the normative for the jobs on inter-
row cultivation in poplar plantations with the disc harrow.
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Figure 5: Dependence of the productivity from the length of the parcel

Normative for harrowing with a sensor disc harrow were calculated on the basis of the
basic normative (Table 1).

Table 1: Normative for the inter-row cultivation in poplar plantations

Length of the Plant
100 | 150 | 200 | 250 | 300 | 350 | 400 | 450 | 500 | 600 | 700 | spacing
parcel (m) (m)
(ha/ day)
. o 6,39 |7,08|7,49|7,75|7,94|8,08|8,19 | 8,28 |8,35 8,46 | 8,54 6%6
avorable
conditions 5,33 |5,90|6,24|6,46 | 6,62 | 6,74 |6,83|6,90|6,96 | 7,05|7,11 5%5

4,53 |5,02|5,30|5,49|5,63|5,73|5,80|5,86|5,91|5,99|6,05| 4,25 x4,25
Moderately 5,19 |5,70|5,99 6,18 | 6,31 | 6,41 | 6,48 | 6,54 | 6,59 | 6,67 | 6,72 6%6
favorable 4,33 |4,75]4,99|5,15|5,26 | 5,34 | 5,40 |5,45|5,49|5,56 | 5,60 5x5
conditions 3,68 |4,04(4,24|4,37|4,47 454459 4,63|4,67]4,72|4,76] 4.25 x 4,25
Favorable conditions: dry and drained land, low density of weed vegetation, direction of harrowing same in every
subsequent harrowing of the plantation.

Moderately favorable conditions: dry and drained land, denser weed vegetation with the presence of Amorpha

fruticosa L. with larger diameter than the other weeds, direction of harrowing perpendicular or diagonal in relation
to previous harrowings
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The direct operational costs were calculated using the typical calculations. The direct
operational costs of the tractor MTZ 1025 with the sensor disc harrow are 182,6 EUR-day™.
Unit costs of the tractor MTZ 1025 operation with the sensor disc harrow ( Figure 6).
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Figure 6: Unit costs of the tractor MTZ 1025 operation with the sensor disc harrow

4. CONCLUSIONS

These researches have dealt with the issues of working effects of the sensor disc harrow
on jobs of inter-row cultivation in poplar plantations which presents an effective solution for
treating poplar plantations. These issues have not been dealt with in forestry practice to an extent
that provides the evaluation of effectiveness of sensor disc harrows from multiple aspects. These
results contribute to a comprehensive assessment of effectiveness of sensor disc harrow
utilization in poplar plantations treatment.

Based on the conducted analysis of the recorded data, the following conclusions can be
drawn:

- Based on the regression analysis of the researched dependence of the share of turning
time from the length of the parcel it can be concluded that a strong correlative
dependence between the variables exists or, that the share of turning time in the
effective working time decreases with the increase of the length of the parcel.

- Turning time increases with the increase of the width of the parcel and this increase is
presented by the linear function

- The speed of harrowing depends on the direction of previous harrowing, and it
increases if the harrowing is conducted in the same direction as the previous one.

- Stoppages in the effective working time account for 14.5%

- Working productivity increases with the increase of the length of the parcel and the
unit costs decrease

- Damages on poplar trees caused by the operation of the sensor disc harrow are
smaller in comparison to the damages caused by the operation of the classical disc
harrow.

- When working with a sensor disc harrow, the harrowing should be done in the same
direction, and when the conditions require the change in direction, the use of classical
disc harrow is recommended.

- Normative calculated on the basis of existing data and their statistical analysis
significantly differ from the aspect of working conditions in which the harrowing is
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done.
- It is necessary in the future to clearly define the criteria for the working conditions
for the harrowing with the sensor disc harrow.
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Abstract: Success of forest regeneration is a one of the most important prerequisites in attaining
sustainability of forest management. Spatial distribution and density of juvenile trees are very important parameters
to evaluate a success of forest regeneration. The mean-of-angles method is proven as a rapid approach to index
spatial distribution of trees. The c-tree sampling method is known as a rapid method to estimate density of forest
trees. We propose to use the combined angle-distance methodology in forest regeneration surveys. Several
theoretical point populations were simulated. Also, the combined angle-distance methodology was tested in a
population of naturally regenerated Chamaecyparis saplings in Kiso area of Japan. Maximum-likelihood estimator
is applicable in random and the GM estimator in regular populations. The (c-1) estimator can be used in clustered
populations. However, an increased degree of clustering and an increase in c-values will increase the amount of
bias; the true density is overestimated in highly clustered populations and with higher c-values. Therefore, using the
(c-1) estimator with small c-values, such as 2-tree or 3-tree sampling, can be more reliable to estimate density of
clustered populations with unequal size and shape of clusters. Although a great variety of tree-spatial-patterns may
occur in nature, the angle-distance method has proved as fast and reliable for the use in forest regeneration surveys.

Key words: forest regeneration surveys, mean-of-angles, c-tree sampling, spatial pattern, tree density

INTRODUCTION

Success of forest regeneration is a one of the most important prerequisites in attaining
sustainability of forest management. Various ecological parameters and management principles
can be considered in order to regard whether forests are regenerated successfully or not. Also, in
most of the cases when evaluating a success of forest regeneration foresters will need to consider
spatial distribution and density of juvenile trees.

Forest regenerations surveys can be designed by using various approaches. Remote
sensing can be useful in cases when it is possible to detect juvenile trees such as in forests
managed by even-aged systems (Brand et al. 1991). Also, it is widely accepted opinion that the
combined use of remote sensing techniques and field surveys can give the most reliable
information and thus greatly improve forest management practices (Husch et al., 2002).
However, in many cases remote sensing is unable to detect juvenile trees and field surveys are
still the main source of information to evaluate success of forest regeneration. It is also important
to underline that surveys should be designed in a cost-effective manner and methodology should
be as simple as possible to be widely accepted in the practice.
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A method known as “Mean of Angles” proposed by Assungdo (1994) is one of the
simplest and most practical methods to indexing spatial distributions of trees. The Mean of
Angles method requires measurements of angles between lines of sight from sampling points to
their nearest two neighboring individual trees (Figure 1). If angles are measured in degrees —
they will range from 0° to 180°. Frequency of angular measurements fitting to a uniform
distribution would suggest a spatial randomness (Assungdo 1994). A departure from a uniform
frequency distribution is a straightforward approach to define a degree of clustering or regularity
in distributions of trees in forests (Trifkovi¢ and Yamamoto, 2008).

Many methods also can be used to assess density of trees, we have recognized potential
of c-tree sampling for use in forest regeneration surveys; c-tree sampling is also referred to as n-
tree distance sampling (Lessard et al. 1994; Lynch and Rusydi 1999; Lessard et al. 2002; Lynch
and Wittwer 2003), density-adapted sampling (Jonsson et al. 1992) or plotless ordered distance
sampling (Engeman et al. 1994). Advantage of using c-tree sampling is mostly in its simple
design (Jonsson et al. 1992; Lessard et al. 1994; Lynch and Rusydi 1999; Husch et al. 2002). C-
tree sampling is based on measurements of distances from sampling points to a constant number
of neighboring trees, thus it is necessary to set a constant number of trees prior to a survey. For
instance, 2-tree sampling requires measurement of distances from sampling points to their
second nearest trees, which we can also use to draw circular sampling plots (Figure 2).

It is clear that the variable-plots or the distances correlate with a tree density; for
example, an increased density of trees will induce a reduced size of plots or the distances.
However, defining an unbiased estimator for c-tree sampling is not an easy task and many
density estimators emerged in the past. Eberhardt (1967) assumed that “c-1 trees” exist at each
sampled area, for example variable plot areas defined by radiuses from sampling points to their
second nearest trees contain one tree per plot (Figure 2), and the density estimator can be written
as:

c-1g-1
fe =2 )

W4 i=1 r,

where: n represents the number of sampling plots or sampling points, r; are circular plot radii or
distances from sampling points to the c individuals (measuring plot radii in meters and
multiplying 4 by 10,000 gives a density estimate per hectare).

Prodan (1968) proposed to estimating basal area of forest plantations by measuring
distances to the centers of the sixth ordered tree and assumed that the variable circular plot areas
contain 5.5 trees in average. Prodan’s generalized estimator of density is accurate in forest
plantations with regular spacing of trees (Lynch and Rusydi 1999). Also, the same assumption
and averaging variable circular plot areas by a geometric mean can find a use in a wider range of
regular populations (Trifkovi¢ and Yamamoto, 2010) and the GM estimator can be written as:
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Density estimators which account for variable-plot-areas are burden with a higher
variance than estimators accounting for the distances which are regarded as maximum likelihood
estimators (Picard et al. 2005). The Pollard estimator (Pollard 1971) is a one of the most studied
maximum likelihood estimators and it can be written as:
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However, maximum likelihood estimators are applicable to estimating relative density of only
uniformly random populations (Pollard 1971). Also, maximum likelihood estimators can be used
to estimate density of coppice forests when a spatial distribution of clumps is random (Picard et
al. 2005). It is clear that c-tree sampling can yield biased density estimates with bias dependent
on spatial pattern distributions exhibited by individual trees and the type of density estimator
used (Payandeh and Ek 1986; Engeman et al. 1994; Lynch and Rusydi 1999; Picard et al. 2005).
Therefore, indexing spatial distribution of trees is indispensible if c-tree sampling is to be used to
estimating density of trees.

Although many studies in the past were investigating statistical properties and
applicability of c-tree sampling in estimating relative density of trees in forests, reliability of
density estimates in clustered populations was largely unknown. That largely hindered its use in
forest regeneration surveys. In particular, previous studies did not sufficiently investigate the
performance of the (c-1) estimator in estimating relative density of populations exhibiting
different levels/degrees of clustering. This paper will demonstrate how different degrees of
clustering influence density estimates with the (c-1) estimator and we will recommend
appropriate ¢ values for the use in forest regeneration surveys.

METHODOLOGY

In general, each individual tree in forest can be represented by a point. This allows us to
map individual tree positions or to mimic real forests by simulating point spatial patterns. In this
study, random populations were simulated in a Cartesian coordinate system using uniform-
random numbers and scaling-up point populations to better fit into our virtual/imaginary spatial
pattern distribution of trees; for example a random point population consisted of randomly
distributed 100,000 points on a 100 ha area was created. Various methods can be used to
simulate spatially clustered point patterns; for example the Matérn or the Gibbs-field process
(Stoyan and Stoyan 1994). In this study, clustered populations were simulated by firstly creating
a random population as described above and then erasing the points which fell inside randomly
distributed 1,000 circular fixed-area plots: (a) setting the plot radius to 10 meters (Figure 3a), (b)
setting the plot radius to 20 meters (Figure 3b) and (c) setting the plot radius to 30 meters (Figure
3c). Random c-tree sampling procedure was conducted in the simulated point populations
applying c¢ values ranging from 2 to 10. The angles between lines of sight from randomly
distributed sampling points to the two nearest individual points in simulated populations were
also measured.

Foresters can establish plantations following some regular pattern. We can simulate many
different regular point patterns and in this paper a lattice-random pattern is presented which is
created by randomly distributing one point inside a regular 10x10 meters lattice, so the lattice
contained one point per 100 m?.

Along with simulating theoretical point populations, we have also mapped positions of
juvenile Chamaecyparis trees (in a Cartesian coordinate system) sized from 1.5 to 5 meters in
height at 7.25 ha at the compartment 100 of the Ogawairi national forest in Japan’s Kiso area
(Figure 4). Later on, a simulation study measuring distances and angles was conducted. Buffer-
zone of 10 meters from the border line was used in order to minimize an influence of the edge-
effect and random sampling procedure with 100 points was replicated 30-times.
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RESULTS

Spatial pattern indices:

A mean angle at thelOmGAP point population was 79°, at the 20mGAP point population was
43°, at the 30mGAP point population was 21°, at the lattice-random population was 105° and at
the saplings population was 60.4° (Figure 5). The samples of angles from each population except
that of random were significantly different from the uniform distribution (Kolmogorov-Smirnov
test; p < 0.01).

Density estimates:

Studied density estimators tend to underestimate density of the random population (Figure 6).
Variances in density estimates in the random population with Pollard estimator were not
significantly different neither with (c-1) estimator (p = 0.07) or GM estimator (p = 0.75) (exact
Fisher's test).

The true density in the 10mGAP population was 736.8 points/ha, in the 20mGAP it was
293.2 points/ha and in the 30mGAP, 65.6 points/ha. The ¢ = 3 sampling procedure was the most
accurate in the simulated 10mGAP population, underestimating the true density by only 1.7 %.
In simulated 20mGAP population ¢ = 2 sampling was the most accurate, underestimating the true
density by only 3.1 %, while the estimate error has tended to increase with the increase in the ¢
value and it was higher with ¢ = 10 sampling where the true density was overestimated by 21.5
%. In the simulated 30mGAP population the ¢ = 2 sampling procedure was also the most
accurate but here it overestimated the true density by 5.0 %. The estimate error was highest when
applying the ¢ = 10 sampling procedure at the simulated 30mGAP population where the true
density was overestimated by 31.0 % (Figure 7).

In the lattice-random population, GM estimator was the most accurate. The (c-1)
estimator tends to underestimate while Pollard estimator overestimates the true density (Figure
8). Variances in density estimates in the lattice-random population with Pollard estimator were
not significantly different neither with (c-1) estimator (p = 0.70) or GM estimator (p = 0.89)
(exact Fisher's test).

The true density of the mapped saplings population was 534.8 saplings/ha. Increase in c-
value also tends to overestimate density of saplings with the (c-1) estimator as in simulated
clustered populations. Increasing c-value with the (c-1) estimator reduce standard deviation in
density estimates. Also, the reduction in standard deviation for ¢c>4 seems not to bring high
practical gains and further increase in c-value tends to overestimate the true density (Figure 9a).
The Pollard estimator in simulated clustered populations and at the population of
Chamaecyparis saplings highly underestimated the true density and with increased c-values even
increased a standard deviation in density estimates (Figure 9b).

DISCUSSION

Shiver and Borders (1996) have noted that we unfortunately do not have a sampling
method which is “so flexible and so efficient that it could be used regardless of the forest type
and inventory objective”. It is well known that the use of the fixed-area plot method requires a
total count of all trees included in a sample, which often result into a choice of relatively small
plots (eg. 1m? plots for forest regeneration surveys) and the majority of plots often contain no
counted juvenile trees whose populations exhibit clustered spatial patterns. That was also the
case with the forest regeneration survey conducted at the compartment 100 at the Ogawairi
national forest in Japan’s Kiso area (Mimura et al. 2004) where the use of fixed-area plots of one
square meter in size have suggested that there were no Chamaecyparis saplings exceeding 0.7
meters in height. Here, use of c-tree sampling can be more practical.
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The (c-1) estimator was proposed for the use in Scandinavian forest types (Jonsson et al.
1992) as well as in North-American ones (Payandeh and Ek 1986; Lessard et al. 1994).
Payandeh and Ek (1986) suggested using ¢ > 10, while Lessard et al. (1994) have suggested that
the amount of the bias is not significant in North-American forest types when using ¢ = 5
sampling. Different recommendations can be explained by a tradeoff between a precision and a
cost. The different opinions also came as recommendations for forests with the trees exhibiting
different spatial patterns.

Indexing spatial distributions of juvenile trees can suggest which density estimator to use
with c-tree sampling. Our findings show that using small c-values with the (c-1) estimator such
as 2-tree or 3-tree sampling can be more appropriate to estimating density of juvenile trees
exhibiting clustered spatial patterns; to survey Chamaecyparis saplings we don’t need to increase
c value to more than 4 (4-tree sampling). It should be emphasized that we prefer using robust
estimators of density in forest regeneration surveys. The (c-1) estimator is recommended to
estimating density of clustered populations and GM estimator of regular populations. Maximum
likelihood estimators are appropriate to estimating density of random populations. However, our
results suggest that gains of smaller variances with maximum likelihood estimators such as the
Pollard estimator are not significant in random populations.

We recommend the angle-distance method since it is simple, it is flexible enough for the
use in forest regeneration surveys and it can assist foresters in evaluating a success of forest
regeneration.
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Figure 1. Measurement of an angle « between lines of sight from sampling points to their nearest
two neighboring individual trees

o
Figure 2. Two sampling plots of a variable circular size defined by distances from sampling
points ( + ) to second nearest individuals (black dots); ¢ = 2 sampling
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Figure 3. Simulated clustered point populations; black dots are simulated points representing
tree positions at our virtual/imaginary spatial distributions of trees



Figure 4. Mapped Chamaecyparis saplings sized from 1.5 to 5.0 meters in height at the
compartment 100 of Ogawairi national forest in Japan
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Figure 5. Cumulative frequency distributions of measured angles in simulated clustered point
populations, lattice-regular point population and population of Chamaecyparis saplings
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true density
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Abstract: This work presents the growth analysis of Serbian spruce trees in different biological positions.
The trees come from the thinnings in the Serbian spruce planted forest 'Zanozje Vitez' in the Management unit 'Sase
Zabokvica', which is registered as an object for seed collection. In order to describe height and diameter growth in
relation to age, five growth functions, commonly used for modeling tree growth, were tested. For height growth
estimate Bertalanffy function proved to be the best and, for diameter growth estimate Prodan function was the best.
In the studied stand. The culmination of the current annual height increment occurs before the culmination of
diameter increment. In dominant trees the difference is four years, in overtopped trees only one year. Stagnation in
diameter compared to height growth in overtopped trees compain in comparison to dominant trees is much more
evident. Based on the obtained growth models of dominant trees height, it was optimal to start with the thinning of
the studied culture at the age of about 14 years. The absence of thinning up to the age of 31 years adversely affected
growth progress, especially the diameter.

Key words: Serbian spruce, growth functions, dominant trees, overtopped trees

INTRODUCTION

Serbian spruce (Picea omorika Panci¢ / Purkyné) is an endemic and tertiary relic species,
typical of the eastern part of Bosnia and Herzegovina and the Republic of Srpska and the south-
western part of Serbia, which results in the significance of this species. Serbian spruce is used for
the reforestation of fields, and as a species with a proper shape of the crown and resistance to air
pollution in urban areas, it has significant application in landscape architecture.

According to Kotar, M. (2005) the term *growth’ can be used in an ambiguous meaning,
as a process and as an amount in the quantitative change on trees at a given time interval. In the
science about the growth of trees, tree growth includes the changes in the size and shape of trees.
According to Staji¢, B. (2003), the best and most accurate information about the growth of
different stands is provided by the data obtained in a continuous study of permanent sample
plots. In the absence of permanent sample plots, the necessary information can be obtained from
a large number of temporary sample plots of different actual and developmental ages, or from
the reconstruction of the growth of dominant trees, which are assumed to have free and
unobstructed development. Without having much information about the growth and increment of
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trees or without the knowledge of biological growth principles and trends in forest ecosystems,
we can’t be closer to the optimal forest management.

Growth models of dominant trees are reliable indicators of the habitat production
potential, as well as a reliable basis for planning the time of thinning and for planning the time of
the next thinning. The time of the beginning of thinning is related to the culmination time of the
current annual height increment of dominant trees because it is the most appropriate time for
trees to react to possible silvicultural treatments. The relation between the height increment time
and the thinning time is based on the fact that there is a strong correlation between the dynamics
of tree growth in height and the ability of a crown to spread due to increased space for tree
growth.

For the purpose of finding optimum silvicultural treatment of stands, it is necessary to
know the growth development dynamics of the trees behind the dominant trees, and we need to
know the relationship among the trees in different biological positions in the stand.

MATERIAL AND METHODS

The trees in the stand are divided into two basic categories according to their biological
positions: dominant and overtopped trees (Schober, R. 1964). Dominant trees include
predominant, dominant and codominant trees by Kraft classification, and overtopped trees
include the categories of overtopped and distressed trees. Four trees from the categories of
dominant trees and two from the categories of overtopped trees were selected for the
construction of models and for the analysis of the growth of trees with a different biological
position in the stand. The growth of trees was reconstructed with stem analysis, based on the
stem discs which were taken at a height of 0,3 meters, 1,3 meters and two meters, and then
towards the top of the tree at every two meters of height.

The trees come from the first thinning of Serbian spruce planted forest Zanozje Vitez’ in
compartment 37 of the Management unit ’Sase Zabokvica’ (Figure 1), which is registered as an
object for seed collection (Reg. number: S.K.035.3101.12)". The planted forest was established in
a cambisol distric on andesite, at an altitude of 860 meters. The trees were cut down during 31"
years. The models were made by using the regression and correlation analysis methods and by
using the statistics software package®.

; et -2 et

Figure 1: Location of spruce seed culture "ZanoZje Vitez"

1Mataruga, M., Isajev, V., Lazarev,VV., Baloti¢, P., Danic¢i¢, V. (2005): Registar sumskih sjemenskih objekata RS - osnova
unapredenja sjemenske proizvodnje, Sumarski fakultet Univerziteta u Banja Luci, Banja Luka.
2StatSoft, Inc. (2007). STATISTICA (data analysis software system), version 8.0. www.statsoft.com.
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In order to obtain tree growth models, height and diameter growth of trees are evaluated
by growth functions. According to Wenk, G. et al. (1990), growth functions are the simplest
growth models. For modeling tree growth (the age-dependence on height and diameter), different
functions were tested, such as functions from Chapman-Richards (Richards, F.J. 1959),
Bertalanffy (Bertalanffy, L. 1951), Levakovic-Ill (Levakovic, A. 1935), Prodan (Prodan, M.
1951) and Korf (Korf, V. 1939). According to a number of authors (Zeid, B. 1993, Pretzsch, H.
2009), these functions are most commonly used to model the growth of trees.

Table 1 shows the tested growth functions. Increment functions are obtained as the first
derivative of growth functions. The choice of functions for modeling was performed based on
the coefficient of determination, standard error of the estimate and graphical analyses
representation of the obtained regression curves and empirical data. To determine the parameters
of the model, iteration method (Levenberg-Marguardt) in the statistical package was used.

Table 1: The tested growth functions

Function Growth Increment
Chapman-Richards y=a-(1-e")° y' = abce *(1—e )t
Bertalanffy y=a-1-e"")’ y' =3abe ™™ (1-e™)?

2
Levakovic Il y=a- "= 2bcy /t(b+t°
t? , X(bx + 2c)
Prodan Yy=—7F"— = 2 2
at® +bt+c (ax” +bx+c)
Korf y=ae"" y'=abct e
y height / diameter,
y’ current annual height increment / current annual diameter increment,
t period (years),
a,b,c - function parameters,
e

constant (2,718281828).

RESULTS AND DISCUSSION

For the evaluation of height growth, Bertalanffy function was the optimal one. The
selected function is equal to Chapman-Richards function, except that the parameter ‘c’ is a
constant and equals 3 (in Bertalanffy), which proved to be a better solution in this case. Table 2
gives the parameters of the derived growth model. Coefficient of determination (R?) has a high
value and shows good compatibility of the selected model with the measured growth elements.
Standard error of the estimate (S,) is higher in overtopped trees. The obtained growth models of
dominant and overtopped trees are shown in 1 and the curve of the current annual increment and
the mean
annual increment can be seen in charts 2 and 3.

Table 2. Characteristics of regressions (height growth models)

Parameters Standard error t p-level R? R Se
Dominant trees
a 16,9053 0,7897 21,4071 0,0000 0.996 0.998 0.2665
b 0,0793 0,0035 22,6340 0,0000 ' ' '
Overtopped trees
a 16,4927 1,3616 12,1128 0,0000
b 0,0665 0,0047 14,2269 0,0000 0,993 0,996 0,3326
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According to the obtained models, the current annual increment of dominant trees

culminates in the 14" year with a value of 0,60 m, and overtopped in the 17" year with a value of
0,49 m. Mean annual height increment of dominant trees culminates in the 24™ year with a value
of 0,43 m and overtopped trees in the 29" year with a value of 0,36 m. According to the obtained
models, dominant trees reach breast height in the 7™ year, overtopped trees in the 9" year. In the
31" year dominant trees reach a height of 12,9 m, and overtopped trees the height of 11,5 m.
As for the estimate of the growth in thickness Prodan function proved to be the best and most
adaptable. Table 3 shows the parameters derived for growth models. As for height growth,
coefficient of determination has a high value and shows the compatibility of the selected models
with the measured growth elements. Standard error of the estimate is higher in dominant trees.
The resulting growth models of dominant and overtopped trees are shown in chart 4 and the
curve of the current annual increment and mean annual increment in charts 5 and 6.

Table 3. Characteristics of regressions (diameter growth models)

Parameters Standard error t p-level R? R Se
Dominant trees
a 0,1237 0,0140 8,8656 0,0000
b -4,4638 0,6420 -6,9535 0,0000 0,994 0,997 0,4293
75,6790 7,2117 10,4939 0,0000
Overtopped trees
a 0,2821 0,0362 7,8041 0,0000
b -11,0417 1,6865 -6,5471 0,0000 0,989 0,994 0,3535
c 167,5339 1,2889 8,6855 0,0000

According to the obtained models, current annual diameter increment of dominant trees
culminates in the 18" year with a value of 10,18 mm and overtopped trees also in the 18" year,
but with a value of 6,76 mm. Mean annual diameter increment of dominant trees culminates in
the 25™ year with a value of 6,04 mm and overtopped ones in the 24" year with a value of 3,69
mm. In the 31" year dominant trees reach breast diameter of 17,1 cm and overtopped tree of 10,0
cm. Diameter increment of trees in the last few years has an extremely small value. This points
to the physiological changes in trees and the started devitalisation process, and is caused by
unfavorable conditions in the stand.

In the studied stand, the culmination of height increment occurs before the culmination of
the diameter increment. According to Vuckovi¢, M. (1989), earlier culmination of height
increment is typical of the trees that are in the early decades of life in a dense forest or which
suffer after a forestation due to the intense competition of old trees shoots and various weed
species, while for the trees which grew in a normal or rare density, the earlier culmination of
diameter increment is typical.
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Based on the obtained model for diameter and height growth, it can be concluded that the
absence of thinning up to the 31" year had a negative impact on growth, especially diameter
growth. According to Mati¢ V. (1980), the position of a tree in a stand in comparison to other
trees and the size of its surface are reflected on the diameter growth to a much greater extent than
the growth in height.

Compared to overtopped trees, dominant trees have higher lag in diameter increment than
in height increment. In the last five years, both groups of trees are equated in terms of height
growth. At same time, in this period, overtopped trees have an extremely small diameter
increment. The share of overtopped trees height in the dominant trees height in 31" year is 89%,
and the share of the diameter is only 58%. According to Matic, V. (1980), when a tree lags in
height growth, in comparison to adjacent trees, the tree will die due to an overshadow, if not
intensify his growth in height.

In this situation, diameter increment is not of vital importance and most of the assimilates
are spent on height growth and smaller amount on diameter growth. According to Weck, J.
(1955), sometimes it happens that annual ring does not show up on overtopped tree at the breast
height in the years of unfavorable weather conditions, while height growth is continual.

The degree of slenderness (h / d) of trees is a measure for the assessment of stability and
growth potential of a stand, and it also describes the competitive conditions prevailing in the
stand. The degree of slenderness of overtopped trees was 115, and it was significantly greater
than the slenderness of dominant trees, which is 75. Based on these figures, it is evident that a
dominant tree possesses much greater resistance to the negative effect of snow or storms.

Chart number 7 shows the mean annual diameter increment along the stem of dominant
trees and overtopped trees (the mean annual value of diameter increment over the past five
years). According to Maunaga, Z. (2012), diameter increment from the ground towards the top of
the tree, first decreases to approximately one fifth of tree height, and then it increases, as it is the
case here, regarding dominant trees. Unlike the dominant trees in overtopped trees, from the
bottom to a height of about 4 m, diameter increment is approximately equal and of a very small
value and then, going to the top of the tree, it increases.

Chart 7. Mean annual diameter increment over the past five years — along the stem
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CONCLUSION

For the construction of models and the analysis of Serbian spruce trees growth in
different biological positions in the stand, stem analysis was used for the reconstructed growth of
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dominant trees and overtopped trees from the first thinning in the Serbain spruce seed culture
*Zanozje Vitez’, compartment 37 in the Management unit *Sase Zabokvica’.

For modeling tree growth (the age-dependence of height and diameter), five functions
were tested. Bertalanffy function was the optimal for height growth estimate and for diameter
growth estimate it was Prodan function. In both cases, coefficient of determination has high
values (0,99). According to the obtained models, the current height increment of dominant trees
culminates in the 14™ year with a value of 0,60 m and overtopped trees in the 17" year with a
value of 0,49 m. The average height increment of dominant trees culminates with a value of 0,43
m in the 24™ year, and overtopped in the 29" year, with a value of 0,36 m.

According to the obtained model, the current annual increment of dominant trees
diameter culminates in the 18™ year with a value of 10,18 mm and overtopped ones also the 18"
year, but with a value of 6,76 mm. Mean annual increment of diameter of dominant trees
culminates in the 25™ year with a value of 6,04 mm and overtopped ones in the 24" year with a
value of 3,69 mm. The current annual increment of diameter of overtopped trees in the last few
years has an extremely small value, which indicates the physiological changes in trees and the
started devitalisation process.

In the studied stand, the culmination of height increment occurs before the culmination of
diameter increment. In the case of dominant trees, the difference is four years and in the case of
overtopped trees only one year. In the category of overtopped trees, in comparison to dominant
trees, the stagnation in diameter is much more evident than height increment. The share of height
of overtopped trees in the height of dominant trees in the 31" year is 89%, and the share of
diameter is only 58%.

Based on the obtained models of height growth of dominant trees, the thinning of the
studied culture optimally starts at about 14 years of age. The absence of thinning up to the 31"
year adversely affected growth, especially diameter growth.
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1. INTRODUCTION

Since Conference in Rio-de-Janeiro (1992) common six criteria and number of indicators
for sustainable forest management was adopted. Following the Helsinki General Declaration,
criteria and indicators for the sustainable management of forest (Loiskekoski et al., 1994) have
been introduced in forestry, which concerns also the aspects of biodiversity conservation.

The Helsinki Ministerial Conference succeeded in defining the sustainable management
of forests conceptually in a political context as «the stewardship and use of forests and forest
lands in a way, and at a rate, that maintains their biodiversity, productivity, regeneration
capacity, vitality and their potential to fulfill, now and in the future, relevant ecological,
economic and social functions, at local, national, and global levels, and that does not cause
damage to other ecosystems» (Helsinki Resolution H1).

All stated indicators are applied mainly at regional level and must serve for the quality
assessment of the current regional forest policy.

Obviously forests are affected by a number of exogenous hazards which may seriously
modify management outputs towards away from sustainability due to damage from factors of
risk. Risk usually defined as the expected loss due to a particular hazard for a given area and
reference period (Gadow, 2000). An expected loss may be calculated as the product of the
damage and its probability. So, forest management should reduce uncertainty in management
outcomes by anticipating the future in a systematic way, thus reducing the probabilities of
unexpected events and risks.

Generally there are two principally different strategies of forest resources use — intensive
rotation forestry when development follows a succession of cutting cycles, usually define by a
rotation age and characterized by thinnings, periodic clear fellings and re-plantings and
continuous cover forestry which is characterized by selective harvesting of individual trees when
forest remains in a state of undefined age, oscillating about a specified level of growing stock
(Gadow ,2000; Gadow K., Nagel J., Saborowski J. (eds.), 2001, Pukkala, Gadow (eds.), 2012).

The aim of this contribution is systematically, on relevant mathematical and theoretical
basis of three stand model of growth, consider the advantages and limitations of above strategies
of forest resources use from point of view sustainable forest management as well as minimum of
risk.

1 St. Petersburg State Forest Technical University, Institutsky per. 5, St. Petersburg, RUSSIA
Email: a_s_alekseev@mail.ru
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2. GENERAL MODEL OF FOREST STAND GROWTH

Growth of the forest resulted in accumulation of wood biomass is main significant
process in forest ecosystem from point of view of matter-energy exchange and consist in solar
energy, water, carbon dioxide and nutrition’s consumption which simultaneously follows by
oxygen release and water transpiration. Due to such outstanding role in forest science there is
numerous publications on forest growth (Watt, 1968, 1973; Assmann, 1970; Thornley, 1976;
Shugart, 1984; France, Thornley, 1984; Mclntosh, 1985; Knoebel et al., 1986) review of which
is out of frame of this paper.

In following analysis we will use some general model of forest stand growth very well
known as S-shape or logistical model (Alekseev, 2003). Let S — amount of substance limiting
growth in forest site environment, X - amount the same substance already fixed in forest
biomass, K - total amount of limiting substance, then held balance equation:

S+ X =K = const,

or in dimensionless variables:
s+x=1,

where s and x equals S and ﬁ, respectively.
K

K
If we consider the growth as autocatalytic process then

%za*s*x
dt

where a — growth coefficient, or using balance equation:

dx
—=a*(1- *
Ot a ( x) X

Last equation in initial variables may be written as

& —ax(1- %]
dt K

Growth curve derived from last differential equation may be presented as follows:

X = K -
1+ E*e @

where, a — relative speed of growth, 1/year;

K — maximum possible growing stock of tree stand, m*/hectare;

t — stand age, years;

E — (K —Xg) - parameter, depending on initial growing stock, dimensionless.

Xo

Model was verified a number of times using a lot of data from different sources on tree
stand growth. Table 1 represents the variant of growth curve verification using growth and yield
tables for Leningrad region. Model parameters a, K and E was determined by non-linear
regression technique.
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Table 1. Growth curve verification on the base of growth and yield tables for Leningrad region.

Species Site Model parameters

class | g, 1lyear Se(a) K, Se(K) E, Se(E) R% %
m*/hectare dim/less

Scots pine | 0,053 0,007 530 11,9 18,2 7,3 98,6
1 0,041 0,001 468 54 12,6 0,8 99,9
1] 0,042 0,001 376 44 13,2 0,9 99,8
v 0,050 0,001 243 2,1 13,4 0,9 99,9
Vv 0,056 0,002 152 2,5 14,2 1,3 99,8
Norway | 0,039 0,002 642 13,4 12,2 1,2 99,6
spruce 1 0,038 0,002 538 12,0 13,9 14 99,6
1] 0,043 0,002 383 6,2 14,9 15 99,7
v 0,052 0,003 245 3,7 16,5 2,1 99,7
Vv 0,062 0,003 158 2,4 24,9 3,9 99,7
Birch | 0,049 0,001 411 4,8 9,8 0,5 99,9
1 0,048 0,001 360 3,1 10,0 0,3 99,9
1l 0,052 0,002 265 3,0 10,5 0,6 99,9
v 0,055 0,001 189 1,9 9,6 04 99,9
\Y 0,074 0,004 94 15 10,5 1,3 99,9

Coefficient of determination from last column of the table 1 shows high quality of data
description by S — shape growth model. From the table we can also learn that relative speed of
growth not vary significantly between species and growth classes, the only exceptions are for
site classes of low quality but for such tree stands usually exist only a few data sets on history of
growth of poor reliability. Much more sharp species and site classes differs according
parameter K which may be interpret as site capacity for wood stock..

S-shape growth curve may be used for distinguishing of special periods of time (ages)
during total time of growth, on the base of growth curve characteristics such as speed and
acceleration of growth. Graphs of growth curve speed and acceleration of growth represented at
figure 1.

Growth curve — describes tree stand
z growing stock dynamics

0.17aK |

z First derivation — speed of growth
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4
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0.096a K} — _
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Second derivation — acceleration of

-0.096aK| N\ growth

Fig.1. Graphs of growth curve, speed and acceleration of tree stands growth process.

Three special points of acceleration curve makes it possible separate four periods (or
stages) during total growth period: first — stage of accumulation of growth energy, second — stage
of active growth, third — stage of growth by inert ion and fours — stage of growth ending.

There is some analogy between Newton’s second low in physics (F=m*a), where energy
(power) is proportional to acceleration of moving body and forest science where we may also to
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consider that energy of growth is proportional to acceleration of growth process, so acceleration
curve has a fundamental value for growth analysis which may be not enough admits yet.

Four stages of growing process correspond to three special points of acceleration curve
and may be calculated using growth curve parameters and formulas represented in table 2.

Table 2. Formulas for stages of growth process determination

Special point (stage) of Age, years Characteristics
growth process Growing stock, Increment, Acceleration,
m*/hectare m?>/hectare*year m*/hectare*year’
Energy accumulation — In(0.27*E)
t . 0.21*K 0.17*a*K 0.096*a**K
Maximum of growth InE 0
speed — t, T 0.5*K 0.25*a*K
Growth stop — t3 In(3.74*E)
T 0.79*K 0.17*a*K 0.096*a?*K

From this theory follow that the age of tree stands maturity is t; when all possibilities for
growth including inertia are exhausted.
Table 3 represents estimations of longevity of the growth process stages.

Table 3. Ages for different stages of growth process

Longevity of growth period stages, years
Species Site class Energy Maximum of Growth stop — Period of
accumulation — growth speed —t, t3 growth, t—t;
t
Scots I 30 55 80 50
pine I 30 62 94 64
1l 30 62 93 63
v 25 52 78 53
V 24 47 71 47
Norway I 30 65 99 69
spruce I 34 69 103 69
1] 32 63 93 61
v 29 54 80 51
V 30 51 72 42
Birch | 20 47 74 54
I 20 48 76 56
i 20 44 70 50
v 17 41 65 48
\ 14 32 50 36

It follows from table 3 that period of energy accumulation is the same for Scots pine and
Norway spruce tree stands (25-30 years) and is shorter for Birch tree stands (14-20). Stop of
growth earlier for low quality site classes and for the same stands also as usual shorter period of
growth (ts— ty).

There is clear relation between stages of growth period and tree stands development age
classes: stage (0-t;)-energy accumulation corresponds to young tree stands, stage (t;-t,) - active
growth to middle aged, stage (t»-t3) - growth due to inertia to premature and stage after t3 -
ending of growth corresponds to mature and over mature tree stands
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3. MACRO MODEL FOR GROWING STOCK USE OPTIMIZATION

The problem of optimal use of the forest growing stock excellent described by following
citation: “...if we wish to extract large quantities of wood from the forest, and at the same time
allow large quantities of wood to remain, we have a forest management problem. The need for
forest management planning is born out of a conflict between the present and the future, i.e. the
problem of sustainable development....” (Jonsson, Jacobsson, Kallur, 1993).
3.1. Basic model

Forest management problem may be stated and solved as strong mathematical task —
problem of optimal control. Criteria for the problem may be presented as follows:

G=T[q(t)dt+X(T):>max

here, G — criteria value, m3/hectare; X(T) — remaining part of the growing stock at the year T;
q(t) — harvested volume at the year t, m*hectare*year; 7T — planning period considered as
rotation age and taken equal to maturity age (t3)

The criteria composed from two parts first reflex interests of present meanwhile second —
interests of the future. Simultaneous maximization of both will result in optimal compromise.

Dynamics of tree stand growth will by modified by harvesting activity as presented
below:

dY Ll (X0 |y
ok {1 " }(X q)-a.

Last differential equation is a balance between harvest and increment of the tree stand growing
stock, so first composed is increment of the remaining stock after withdrawal of amount q,
second — harvested amount g.

Criteria of optimality, differential equation of growing stock dynamics together with
conditions un negativity of variables

X2>0,g=0
all together make the mathematical problem of optimal control which has a solution:
0(8) it = X () 05K,
Accounting for un negativity conditions we may conclude that

q(t)optimal = O If X(t) < 05* K1

that is optimal harvesting should follow for two rules, first — start after growing stock reach
amount 0.5*K at the age t,, second — remaining stock should be no less than 0.5*K. From above
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consideration it is follows that more optimal will be unclear cuttings and forestry close to
continuous cover principle.

Because of optimal solution unequivocally determine not harvesting but remaining
(residual) part of growing stock we may call it as “golden rule” of stock accumulation as analogy
to economics where national gross product subdivided on consumed and accumulated parts in
optimal way according to “golden rule” (Intriligator, 1975).

Generally optimal strategy of tree stands growing stock use may be formulated as free (or
with pre-commercial thinnings) growth up to maturity age at t3 with growing stock of 0.8*K and
subsequent harvesting of amount 0.3*K with remaining part of 0.5*K.  Such a strategy
theoretically closes to continuous cover forestry and has a number of advantages comparatively
with rotation forestry based on clear cuttings with subsequent replanting of harvested area.
Growing stock dynamics for these two strategies of tree stands wood stock exploitation
presented on figure 2.

o | X |

0.8K

0.4K

0

Figure 2. Growing stock dynamics for rotation and continuous cover forestry strategies of
tree stands wood stock exploitation.

Comparison of the above strategies from point of view of present interests and interests
of future presented in the table 4.

Table 4. Comparison of rotation and continuous cover (optimal) strategies of tree stands
growing stock use

Strategy
Rotation Optimal
Interest of present (mean harvest 0.8*K 0.9*K 1.2*K
of wood per rotation period = B — om ———— 00 —(——
mean annual increment during T T T
rotation period)
Interest of future (mean remaining 04*K 0.656* K
stock per rotation period) T T

From table 4 follows that advantage of optimal strategy from present interest point of view
accounts for 0.1*K up to 0.4*K or from 12.5 up to 50% of growing stock at maturity age
(0.8*K), and from future interest point of view - 0.25*K. Except for it optimal strategy is much
more advantageously from ecological (carbon accumulation, biodiversity, water and soil
protection), forestry (natural regeneration, wood quality) and social (recreation) points of view.
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3.2. Model with economics extensions

Let include in the model the following economic parameters and define how they alter
the optimal decision:
a — discount rate;

e~ _ discount function:

f(t) — price for depersonalized cubic meter of wood in the tree stand of age t. Generally
f(t) is a concave function of tree stand age increasing at the beginning because of elevation of
tree stand mean diameter and decreasing later due to worsening of wood quality and increasing
share of dead wood.

Criteria for optimal control problem may present as:

G, = e f(t)*q(t)dt +e " f(T)*X(T).

O —y -

Criteria are the present value of harvested and remained for further growth wood stock.
Differential equation describing growth with harvest influence remains the same. Optimal
solution will characterized as below formula:

A0 optimar = X (1) =0.5*K* 3

df
pofitn) i
a | f(T)

The core of the optimal solution remains the same as in basic model but economic
parameters modify it. Modifications in optimal strategy takes place due to relations between o
andy:

1 Ifa=y, or 9F(T) _ ¢y, then B=1 and optimal solution remains the same as
dt
in the basic model:

q(t)optimal = X(t) -0.5*K

2. Ifa>y, or ar (™) <a* f(T), then <1 and optimal will be solution with more
dt

earlier and more strong harvest. Remaining part of growing stock will be less than
0.5*K. In such a case more valuable will be present interests comparatively with
interests of the future. Such case is very probable and known in the literature on natural
resources management as “damnation of discounting” and leads to exhaustible use of
renewable resources.

3. Ifa<y, or dfd(T) <a* f(T), then g>1 and optimal will be solution with more late
t

beginning and more soft harvest with remaining for further growth more than 0.5*K.
In such a case more valuable interests of the future.
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4. RISK EVALUATION FOR TWO SCENARIOS OF FOREST MANAGEMENT
PLANNING

Risk is defined as the expected loss due to a particular hazard for a given area and
reference period. An expected loss (r) may be calculated as the product of the damage (s) and its
probability (p): r=s*p.

Main hazard factors for trees and tree stands are such as late frost, sun burning, wind, ice
and snow breakage, insects and fungi attacks as well as mainly manmade forest fires and air
pollution (Otto, 1994; Gadow, 2000).

More risky are first decades of tree stand growth, at this ages more higher probability of

total elimination of tree stands by usual damaging factors such as frost, exceeding precipitation,
solar burn, fire, animals feeding, insects attack.
Surviving rate for young tree stands in much lower than for older ones. For first decades of tree
stands living span surviving rate is extremely low because of high probability of full destruction
after effect of damaging factors. Therefore less part of the tree stand area covered by young
forest may be used or harvested (Kouba, 1989, Gadow, 2000).

Continuous cover forestry scenario provides absent of very sensitive for damage compact
areas of young tree stands and from this point of view is more preferable because of risk
minimization.

5. CONCLUSIONS

Advantages of optimal management strategy from sustainability point of view may be

summarized as follows:

- More harvest of wood

- More remaining volume of wood = better carbon conservation

- Close to normal biodiversity

- Ecologically sound including more climate, water and soil control

- Prevailing of natural regeneration

- More possibilities for multi-purpose use
Advantages of optimal management strategy from minimum risk point of view are

- More control of environment by permanent forest cover

- Low level of growth related risks
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Abstract: Proper determination of forest productive worth as the base for forest tax-rent establishing from
forests owner to forest managers, is a problem which existing more hundreds years. This question was solved on
different ways in history, depends of social-economic settlement, ownership relation in forestry area, forestry
practice and knowledge about forests. In some cases this question is not solved at all, such as in B&H. Here, there
is a problem of non equal validation of the same work in different state forestry region.

In general, worth determination of some forest, because of forest tax establishing could be based only on
worth of particular forest functions which foresters utilise. That is only productive function in the most cases.
Productive forests worth depends of timber quality, real direct and indirect costs of forest management. Based on
optimal enterprices organisation and technical capacity, adequate to planed system of management, the cost of
management shoud be calculated.

Forests are different regarding volume and quality of income, current structure and accessibility for
exploitation, so it could not be established only one proper tax value for all forests and different regions. There is a
need for investments in forests at the same time also. How, how much, and which dynamic of the investments should
be applied for economically sustainable way?

In the states with regular forestry, two ways for forest tax determination exist. First is based on market
mechanism, and second is based on direct calculation of forest worth where market mechanisms are no only factors
or not developed.

The concept of methodological approach, which is real for adoption in B&H, for solving this problem in
short time, is presented in this paper. Its essence comes from first understanding of term normal forest, established
for forest tax determination. Productive worth of forest was calculated for forest management region (FMR)
“Olovsko” as the real example. FMR has four different management units (MU) regarding forest types,
geomechanical properties of terrain, average slope...The results of calculated productive worth, for these MU,
shows the logical and significance differences in absolute values.

Key words: productive forests worth, forest tax

1. INTRODUCTION AND THE SUBJECT
1.1. Multifunctionality of forest resources

Forests, as renewable natural resources are wealth of general interest, which deserve a
special care and protection of the society. Based on this resource, the forestry as an economy
activity, has been developed and has a series of specific features, which makes it different form
other industries. Economic laws and economic categories are different in this industry and they
have to be acknowledged in considering any matter, while by the rule they are observed, planned
and achieved in forestry in a longer period of time.

! Sumarski fakultet Univerziteta u Sarajevu — Faculty of forestry University of Sarajevo
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The basic specific feature of the forestry is the long-term production, which suggests a
large temporal gap between the investment and the expected economic effects, as well as lack of
direct economic motivation to ensure funds for the long-term investments. Moreover, significant
specifics of the production in the forestry is reflected in the difference between the natural
conditions related to economic activities, resulting in misbalance of the investment needs and
available material resources for those purposes. Social interest and social support to such
investments have to serve as a guarantee for the long-term and consistent development policy in
forestry and securing the sources for financing development programs in this field.

Material interests of society as a whole and companies managing the forests are primarily
divergent. Social community, in addition to the development of forest industry, is particularly
interested in permanent preservation of the forests. Currently, Forest management companies in
charge of forests are primarily interested in the biggest possible profit. Harmonization of wider
and permanent interests of social community on the one hand and direct interest of companies
supervising the forest industry (including private businesses) on the other hand, need to be
ensured through the Law on forests.

Majority of the forests in FBiH are state owned, and the state entrusted this valuable and
important resource to the Cantonal forest management companies. This contractual relation
regulated by the Agreement on use is a sort of (specific) form of assignment. However, the state,
being the owner, is not reimbursed for the use of these forests. Cantonal forest management
companies are owned by Cantons; they organize business according to market rules, so that they
should be profitable and thus obligated to separate part of profit for their founders (Cantonal
Assembly). On the other hand, companies should be obligated to pay certain amounts to the
forest owners (fee or lease) for the right to economic activity — use of forests.

This reimbursement would be the only instrument, not only for balancing the economic
conditions of businesses, which mainly arise from different conditions of the forest funds
resulting from different natural conditions, but would also serve as a basis for the control of
development of the status of forests. This means that the introduction of lease would facilitate
the transfer of some money from economically profitable to the economically non-profitable
forests areas. The amount of lease would depend on economically productive value of the forest,
not the profit of the company.

1.2. Differences in conditions surrounding business

The basic productive factor in forestry is the forest ground with its fertility. Production
costs in forestry differ depending on fertility of the ground, climate conditions, geographical
position (distance to the market), status of the forest fund, etc.

These are different natural conditions, which may slightly change by the influence of
human activities in a long period, though with a lot of difficulties. The needs for the investment
of the work and resources in the areas affected by poorer natural conditions are higher, and on
the other hand the possibility and available reserve of the companies managing such areas are
less. It is the opposite in the areas with better and more favorable economic conditions, that is,
the possibilities are better and the needs for investments are smaller. It means, the companies
manage the forests with different values and which make the basic resource for business. More
specifically, uneven fertility of the ground, different climate conditions, and ground conditions,
different conditions of forests, different distances from the market and other things are the
factors which objectively affect the business results of the companies that manage the forests,
independently from subjective factors and their activities (Bozalo, 2008).

By the introduction of adequate mechanisms of variable lease adjusted to the market
conditions and qualitative mechanisms for the control of economic activities, the forest
companies would be positioned in a proper economic position. This would facilitate that their
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success would depend on their business endeavors, rather than natural advantages surrounding
the areas which they manage.

2. WORK METHODS IN DETERMINING FOREST LEASE
2.1. Concept in determining the lease

The idea of calculating the forest fee based on normal composition forests, elaborated in
this paper is basically an old idea which originates from a regulation for determination of value
of forests for the purpose of sale in Austria from 1788, adopted by the Crown Chamber of Joseph
I1. Of this regulation, a formula “survived” for determination of normal forest (Austrian method
of Kameraltaxe), which was slightly modified by Heyer (Wagner, 1928, according to Mati¢
1969).

The stocks of wooden mass in the forest, a specific production resource in the forest
industry, by its quality and quantity is different for individual forest managing regions (FMR).
For one FMR, forest managing plan (FMP) is made which serves as a basic instrument for
regulation of forest managing on principles of sustainable forest management in one managing
period (usually 10 years).

So, FMR is a defined minimal area managed by a single economic entity — forest
company. Thus, there is no need to identify the fee for smaller units.

To get a productive value of forests as a whole in a fair manner, the real productive value
of forests should be identified for individual environmental-productive classification units of
forest, managing classes (MC) and broader categories of forests within FMR. Primarily, because
it is impossible to identify the optimum situation of forests and/or total necessary level of
investment to forests without knowing the normal condition of forests, which is again identified
for certain MC. After that, average normal situation for all forests in FMR can be calculated.

As an illustration, this paper will identify these values for individual territorial forest
management units MU (parts of FMR) to show the difference in the productive value of forests,
as they appear between different FMR. Along with this, the paper will show only total values for
all forests per individual MU. The focus of this paper lies in FMR Olovsko with its significantly
different 4 MU according to the orographic characteristics and composition of forests.

2.1.1. Definitions

Working on the matter of forest fee, based on identification of productive value of
forests, certain notions have to be clearly defined to facilitate understanding of methods for
determination of productive value of forests.

Total revenue (Up). Forest companies mainly make profit on felling of parts of forest
stocks which they manage. The revenues from the wooden mass (Up) will depend on
rational use of wooden mass planed for cuts or assortments structure and market prices of
particular assortments.

Real business costs (RTP). If the area is treated as an economic facility and the conditions
in the forest is maintained at the existing level of the size and quality of stock, we may
conclude that this is a simple reproduction while the business costs in such conditions
constitute real business costs (regular business costs). These costs include the costs of
necessary simple biological reproduction. If the amount of costs is identified based on
optimal organization and work technology within the working conditions, along with the
optimal structure of the company, then we can talk about the real business costs (RTP).
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Costs incurred by additional invested labor or resources aimed at improvement of
infrastructure of FMR, increase of space under forests or improvement of the status of stock in
the existing forests could be called investments in forests. In a long-term period, these
investments result in the decreasing of RTP. These additional investments have the character of
expanded reproduction. The necessary level of investments (Uu) in forests should be
calculated.

The difference between total revenues of the company (Up) and real business costs (RTP)

should serve as a basis for the calculation of fee. This difference could even be negative in case

of forests with lower value, more severe orographic conditions, and low level of openness of the
area by roads or other aggravating circumstances.

+  Current value of forest stocks (Tv): That is the value of current forest stocks, expressed
monetary per m* based structure of wooden products - assortments in the forest stocks,
assumed based on rational use of raw-materials. This value directly depends on the quality
and the size of current forest stocks.

+  Potential value of stock (Pv): That is the value of forests identified based on normal
composition (size and quality of stock). Also, it is necessary to identify the normal structure
of forests in the entire space of forests and forest grounds (in FMR).

+  Current value of revenues (Tvp): That is the value of revenues in the wood which may be
achieved in a short period of time (one managing period) based on possible extent of felling,
whose implementation does not change the status of forest stocks, their size and quality.
This extent of felling equals the value of volume increment, quality equals the quality
of stock and diameter structure equal to the one obtained by normal percentage of
capturing in the wooden stock per diameter classes. As for the practice in BiH, it may be
stated that the diameter structure is almost equal to the structure of wooden mass from test
marking for felling (carried out by forest inventory).

Tvp is only a calculation value, that is, revenue which would be obtained by forest
management without any investment to forests and/or maintenance of current situation, and as
such it will definitely not be planned or implemented. It serves only as a marker in the control of
quality of management and in the course of definitive determination of normal forest — for
planned extent of felling in FMR.

+  Potential value of revenues (Pvp): That is the value of revenues that could be obtained
from the same forests of normal composition with the optimum infrastructure of the FMR.

+  Total necessary level of investment (Uu): This part of investment contains two important
parts:

- investment to the improvement of the situation of stock — to normal level (Pv-Tv),
- investment to infrastructure of FMR (UK).

Second part of investment mainly pertains to investment aimed at achievement of optimal
openness of forests to primary transport communications. Total necessary level of investments to
forests (Uu) may be obtained as:

Uu=(Pv-Tv)+ UK

+ Dynamics of investment to forests

Dynamics of investment to forests may differ, and we shall now provide explanation for
possible options such as maximal and optimal dynamics, and investment in a regulated period.
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- The fastest investment (maximum possible): It depends on time needed for building those
forest compositions that might satisfy our needs with the size of new yield and the structure of
growth, that is, on solutions which respect the principle of continuity in production. That
dynamics is not simple, year by year, as it depends on specific situations in specific forest
types — management classes and currently needed silviculture measures. These investments, if
related only to correction of the structure, size, and quality of stock can be obtained based on
the scale of felling calculated based on wooden mass of test marked trees for felling (during
the inventory of forests), and the price of conversion all coppice forests to high forests,
foresting of all barren lands. Of course, this dynamics is most usually impossible in reality,
but yet it is necessary to know their essential elements.

- Optimal dynamics of investment: Defined within solution arising from the principle of
continuity of revenues and continuity of managing. Basically, it is deterministic by planned
felling, measures of silviculture and planned investments.

- Investment in managing period (Uup): Difference between the value of wooden mass based
on rational use of wooden mass of the planned cutting volume and the extent of felling which
maintains the existing stock is the amount of investment in corrections of the structure of
forest stocks.

The plan of foresting works within expanded reproduction of forests, along with the plan
of investments to permanent FMR infrastructure makes the volume of investment during a
regulated period.

These investments together may be defined as investment in the following regulated
period These defined investments are made solely from the total revenue of the forestry
company, and of course they do not include the investments from other sources.

2.2. Determination of the value of forest and volume of investment to forests

e Productive value of natural advantages for the work of forest (PRv): It may be
calculated as difference between current value of revenues and real business costs, that is:

PRv = Tvp - RTP

We are talking here about the current value of natural advantages for the work and
possibility for making profit, without any investment to forests.

e Potential productive value of natural advantages for the work of the forest (PRv_p): If
we calculate the difference between potential value of revenues and potential real business
costs, we shall get the maximum possible or potential value of natural advantages for the
work of forest.

PRv_p =Pvp - RTPp;

where RTPp is potential value of real business costs of production. In this way, we get the
potential value of natural advantages for the work or the amount, based on which we can define
the size of maximum possible fee for the use of productive function of forest. It will be possible
after all the investments, and/or establishment of normal composition of forest and optimal
development of forest infrastructure.

RTPp are lower than RTP, as they are calculated based on optimal openness to the
network of communications (this reduction mainly arises from short distances needed for
transport of assortments), provided of course that the prices of work will not change in future.
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FEE in a managing period (R): In conditions of market economy or during the procedure
of granting concessions for the management of forests to companies interested in use of
productive function of forest, the fee may be calculated as a difference between current
value of revenues and total investments in managing period.

R =PRv - Uup or, R=(Tvp-RTP)-Uup

Acknowledging the current conditions in the organization of forestry sector, connected
with social problems of the society, the forest owner may at the expense of forest company, and
due to possibility of making profit, define the fee (r) in the transitional period as:

r = PRv-Uup - P -S; where:

Uup — is total planned investment to forests in regulated period,

P — profit for the forestry company,

S — “payables” for the increased costs due to the surplus of workforce or insufficient
technical capacities.

Profit has to be inserted in the equation above. If we calculate real business costs (RTP)
based on optimal capacity of the forestry company with the resources of work and workforce,
then we cannot count on profit, thus there is no interest for the companies managing forests or
apply for the concession agreement.

Value (S) depends on the political decision of the forest owner, but the one which has to
disappear after some time, that is, until the introduction of market mechanisms in the sector of
operative forestry.

The mere distribution of fee (r), that is, its further use depends on the forest owner who
has the right to dispose of it and use it for expanded reproduction of forests as additional
investment to forests, where it is most needed, that is in those areas which potentially show the
negative trend of natural advantages for work — real productive values of forests (PRv). Annual
fee can be obtained by dividing the amount with the number of years in a regulated period.

3. RESULTS

The data based on which all the calculations were made were taken from the records on
the status of forests, that is, the inventory (2001) and forest management plan (FMP) developed
for the period: 1 January 2002 — 31 December 2011. Some financial indicators of the forestry
company were also used, data on the organization of individual work stations and the sector of
forestry, which implement the planned tasks of the FMP in FMR Olovsko.

3.1. Potential and current value of stocks and revenues from forests

Potential value of forests was calculated based on size, diameter structure, and the
assumed best quality of stocks. We assumed that it is possible to reach the following quality of
the wooden mass of stocks, presented in percentage of participation of the technically good
quality classes of trees (Table 1).
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Table 1: Normal quality of wooden mass for high forests in FMR

Technically Class of thickness (cm)
quality class (T) 5-10 | 10-20 | 20-30 | 30-50 | 50-80
Percentage of participation in the volume of wooden mass
I 50 70 75 85 85
1 0 0 20 12 13
11 25 20 5 3 2
v 25 10 0 0 0

Classification of trees in terms of technical quality of tress was developed by Mati¢ for
the needs of the first inventory of forests in large areas of BiH. With some minor amendments,
(Musi¢, Lojo 2006) classification was applied in the second state inventory of forests in BiH
(Lojo et al. 2008). Basically, value of assortments was calculated which could be produced by
rational use of wooden mass, normal forest stocks, use of assortment tables (Vukmirovi¢, 1971,
Pavli¢, 1973), and price list of assortments applied in Forest company of Zenica-Doboj Canton,
taking the regulated period to be 10 years. The task itself was done in individual property
classes, and Tables 2 and 3 showed cumulative values for individual economic units in FMR
Olovsko.

Table 2: Current value of forests in FMR Olovsko

Current value of stocks (Tv) Current value of revenues (Tvp)
Area Stock | Value of 000 , 10_year Value of ,
MU (ha) (000 stock KM/ha KM/m yield assortments | KM/ha | KM/m
m°) 000 KM (m%)* 000 KM
01- Gornja Stup&anica 1643 544.1 44 373.0 27.0 816 163 076.2 134505 | 81876 82.5
02-Donja Stup&anica 6450 19935 | 162763.8 25.2 81.6 550 522.8 446270 | 69188 81.1
03-Krivaja 7933 2017.2 | 1597355 20.1 79.2 553 087.5 438624 | 5528.7 79.3
04-Tribija Dubostica 12214 3554.1 | 285756.9 23.4 80.4 836 326.0 689274 | 56433 82.4
FMR 28240 8108.9 | 652629.2 23,1 80.5 2,103,013 170.867 | 6050.5 81.2

*m?3— wood thickness > 7 cm

Table 3: Potential value of forests in FMR Olovsko

Potential value of stock (Pv) Potential value of revenues (Pvp)
Stock Value of 000 , 10_year Value of ,
MU P (ha) (000 m®) stock KM/ha KM/m yield assortments | KM/ha | KM/m
000 KM (m?)* 000 KM
Gornja Stup&anica 1643 553.1 | 4947938 301 | 895 135.695 12935 | 78735 | 953
Donja Stup&anica 6450 2056.2 | 182675.1 283 | 888 532.264 50.131 | 77721 | 942
Krivaja 7933 2017.2 | 1597355 201 | 792 553.088 43862 | 55287 | 793
Tribija Dubostica 12214 3427.6 | 296610.7 243 | 865 938.803 85.818 | 70262 | 914
FMR 28240 8054.1 | 688501.1 244 | 855 2,159,850 192,745 | 6.825.3 | 89.2

Difference between current and normal value of stock of 35.9 million KM or around
1,270 KM/ha, difference (Pv-Tv) is not big, as the current stock per quality is even bigger than
normal, but it is poor in terms of quality. Thus, the current value of potential revenue for 10
years is smaller by around 22 million KM of potential normal (Pvp — Tvp).

3.2. Calculation of real business costs (RTP)

This is a very complex problem which requires a detailed analysis of working
conditions, determination of optimal technology and organization of the work applied at
planned management systems, a given working conditions and planned extent of tasks. At
the same time, the solution of this problem affects the possibility of proper calculation of
the productive value of forest, and possibility of determination of forest fee. We started
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from the assumption that the forest companies operate based on system of small parcels,
while the number of workers is calculated as per the total extent of works, work norms and
the system of management (in line with current regulations in Forest company of Zenica-
Doboj Canton, 2006). The biggest expenditures arise from direct costs of the forest
exploitation. To calculate them we need to define current working conditions, which
depend on the orography of the terrain, possibilities and the length of roads intended for
trucks in individual economic units and/or openness of the forests, mean transport
distances needed for transport of wooden mass, of mean volume, intensity of felling per
spatial unit, distance between the locations, provided that optimal technology is used.

First task is to determine working conditions and define measuring parameters that
the costs of exploitation depend on. To determine them, we need to plot a map of
technological classification of the terrain and then identify transport distance. Thus, we
used the categorization of terrain according to Kulusi¢ 1990, (Table 4).

Table 4: Category of terrain for logs traction, depending on more important features of the
terrain (Kulusi¢, 1990)

. . . Conditions and Category of terrain for traction
Geological-pedological unit recommended tools for
(GPC) i (1) ) 3 ()
- Angle (%) 0-25 0-25 26-70 >70
G.P.C. 1-Soil on limestone and | Distance of traction shorter (m) longer (v) m/iv miv
dolomites Tools for work Stand. tractor Skidder Skidder Crane
G.P.C. Il — Deep soils on different | Angle (%) 0-20 0-20 21-50 >50
sand silicate an carbon rocks Distance of traction shorter (m) longer (v) miv miv
Tools for work Stand. tractor Skidder Skidder Crane
G.P.C. Il - Soil on clay silicate, | angle (%) 0-15 0-15 16 - 35 >35
peridotite-serpentine rocks and - -
organic decomposing soil Distance of traction shorter (m) Ionger (v) m/v miv
Tools for work Stand. tractor Skidder Skidder Crane

To define in this specific case the geological-pedological (GPC) units in this area,
and categories for attracting wooden mass, the GIS software program MapIinfo was used.
Having designed and used the 3-D model of terrain (DTM in GIS program, grid 50 x 50 m)
the entire area of the forests and forest ground of FMR Olovsko was marked according to
the angle of the terrain. Then, the overlapping was made with the vectored geological-
pedological maps (with defined GPC) and the layer which contains information on
individual forest stands in FMR.

The final result was a vectored map of the technological classification of the terrain
(graph 1), with polygons which uniquely belong to GPC units, and the class of angle of the
terrain. Every polygon has information about its belonging to a forest spatial units, stand,
compartment, MU and MC. Individual categories of the terrain, expressed through its share
of the space of individual categories of angle are given for individual MU. Table 5
illustrates one example for MU.

Table 5. Space of GPC and class of angle for MU “Gornja Stupcanica* (01) in ha
GPC I GPCII GPC I
7634 | 2146 | 15 2172 | 2420 | 53 653 | 1398 | 81
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Graph 1: Map of technological classification of terrain for FMR Olovsko

Map was a basis for calculation of business costs. Towing transport distances from
the center of every forest stand to the truck road were also identified by GIS program and
vectored maps of forest paths (Table 6).

Table 6. Average towing transport distance to the truck road (TD)
MU Gornja StupCanica Donja Stupéanica Krivaja Tribija Dubostica FMR OLOVSKO
TD (m) 424 668 748 1006 802.1

Having defined orographic conditions and optimal technologies, the wooden mass in
the extent of felling equal to the volume of yield, the valid norms applicable for the forest
activities in the Forest company of the Zenica-Doboj Canton 2006, we identified the direct
business costs for individual MU. Calculation was made for every individual working
activity by the application of norms and necessary extent of duties, predominantly
determined by the extent of felling or total space of the forest. These costs should usually
be calculated during the design of FMP, and they should not be specially presented, as the
method is well known (Mati¢ 1977). Due to a large number of details, this cannot be
presented in this paper. Table 7 presented only final results of business costs per 1 m?® of
wooden mass for felling. Calculations relate to the extent of felling which do not change
the volume and quality of the current growing stocks.

Table 7. Direct costs of current production calculated for 1 m* of wooden mass for felling

Construction and Silviculture works Costs of Transport Costs of
reconstruction of | Felling and within simple preventive Road P Total direct
. . - . of management
secondary road attracting reproduction of protection of | maintenance costs
workers plans
network forest forest
MU KM/m? KM/m? KM/m? KM/m® KM/m® KM/m® KM/m® KM/m?
1 2,67 22,67 2,1 2,2 1,49 0,45 0,26 31,86
2 3,8 26,97 2,44 2,3 1,76 0,1 0,42 37,82
3 3,37 29,3 3,51 2,9 1,97 0,19 0,40 41,67
4 3,16 34,06 3,84 2,6 1,3 0,38 0,35 45,72
FMR 3,35 30,07 34 2,6 1,61 0,27 0,37 41,72

Other — indirect business costs of the company were calculated based on required number of
workers, productive and nonproductive, the system of small parcels and average salaries. It was
calculated for FMR that the total indirect costs and/or costs of the technological readiness for
production would be 2,960,254 KM annually, which is 27% of the total structure of costs. Such
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structure of costs is acceptable and in line with the present researches (Deli¢, 2011; Deli¢, 2003).
Calculated for MU, given the space of forest, these costs shall be (Table 8)

Table 8. Indirect (general) costs per MU

MU KM/year KM/m®
01 — Gornja Stupéanica 175,867.1 10.78
02 — Donja Stupcanica 685,502.5 12.45
03 — Krivaja 856,990.6 15.49
04 — Tribija Dubostica 1,241,893.8 14.85
Total 2,960,254.00 14.08

Table 9. Other revenues after the settlement of current costs on annual basis

Total current costs Other funds (for Remaining part for the
. expanded expanded reproduction
Total Real business costs . Company .
reproduction and 8 and fee after the profit
revenue (RTP) . - . gross profit .
MU fee including profit deduction
(Tvp) KM of the company) (o)
3 3
KM KM/m (PRV) KM KM/m
01 1,345,054 658,266 42.64 686,788 68,679 618,109 37.90
02 4,462,697 2,614,913 50.27 1,847,784 184,778 1,663,006 30.21
03 4,386,243 2,979,646 57.16 1,406,597 140,660 1,265,937 22.89
04 6,892,743 4,722,165 60.57 2,170,578 217,058 1,953,520 23.36
FMR 17,086,737 | 10,978,047 55.80 6,108,690 610,869 5,497,821 26.14

This specific example (Table 9) clearly shows the differences between individual MU,
which in practice can be compared with FMR the other sources needed for investments
(expanded reproduction) including the amount of fee amount on average 26.14 KM/m® and
ranges between 22.89 and 37.90 KM/m?®. It is logical that the needs for investments are opposite
proportionate to the amount of these resources. Smaller amount of these resources mean that this
area has poorer conditions in which the consumption costs are higher, and revenues smaller, so
that the remaining portion is smaller. It is also a signal that these areas need more investments to
improve the situation. This suggests that the investment needs are bigger, and in that case the fee
is smaller (it could even be negative).

Considering that based on such elaborated methods we can assume the natural forest
which equals to natural yield, whereby the quality of average wooden mass has the same quality
as the quality of yield, and results in maintenance of the same situation of the quality of stocks.
On the other hand, the identified natural forest in FMR Olovsko for the period of FMP, 1 January
2002 — 31 December 2002 is smaller than the voluminous yield, it means that the achieved
revenue will be smaller. As the quality structure of natural forest is worse than the quality of
yield, this will take to the improvement of the quality of stocks. The above specified can be
related and compare with the investment into the improvement of quality and quantity of stocks.
So, if the owner agrees with the planned natural forest which is smaller than that voluminous
yield (approval for FMP), it means that the deviation from the felling of part of voluminous yield
aims at improvement of the condition of forest, which falls into the category of expanded
reproduction. Such decision of the owner affects the reduction of total revenue of the owner,
which will result in the decrease of the basis for consumption contribution. To make it clearer,
we made a calculation of total revenue as per the planned natural forest based on the planner
natural forest and its structure for the applicable FMP, calculating the same prices of assortments
as in the previous calculation (Table 10).
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Table 10. Calculation of total annual revenue and costs per natural forest for the scheduled
FMP in the period 1 January 2002 to 31 December 2011.

Remaining portion for the expanded
Volume of Total current costs gp . P
. Total revenue reproduction and fee
MU felling (RTP)
PRvV)

m°/god KM/year | KM/m’ KM KM/m® KM KM/m3
01 10,024 742,153 74.04 537,261 42.64 204,892 20.44
02 37,039 2,719,171 73.41 2,226,867 50.27 492,304 13.29
03 39,642 2,746,800 69.29 2,636,095 57.16 110,706 2.79
04 67,725 4,692,395 69.29 4,450,129 60.57 242,266 3.58
FMR 154,431 10,900,518 70.59 9,850,350 55.80 1,050,168 6.80

By comparing individual economic units, we may see the differences ranging between
2.79 KM/m® (MU Krivaja) and 20.44 KM/m® (MU Gornja Stup&anica). If we observed them as
forest-economic areas, it is apparent that the MU Krivaja does not have a potential for additional
investments to expanded reproduction, which will endanger the possibility to pay the fee, unlike
MU Gornja Stupcanica, which, for these purposes, has almost 7 times bigger amount. These
differences exist in reality between individual FMR and/or forest companies. In reality, as FMR
Olovsko is not optimally prepared given the material resources and labor force, their business
costs are higher, and it is logical to ask a question if it is feasible in this case to separate any
amount for the fee, without reducing the salaries along with a fair implementation of the
established natural forest and getting the forest management plan.

4. CONCLUSIONS

The results of the study suggest the need for the calculation of fee at the level of
individual FMR, which is the only correct solution for the determination of adequate fee for the
management of forests. Determination of average fee applicable to all the areas would not
facilitate the achievement of objectives and purpose of this economic category that needs to be a
“corrective factor” for different conditions of business operations in individual companies. In
this way, the owner (state) could achieve objectives and tasks during the implementation of a
single forestry policy throughout the area. During the elaboration of these methods, only the
consumption of basic product in the forestry, based on trees, was envisaged thanks to which the
companies (beneficiaries) in current situation obtain total revenue. If a forestry company obtains
revenue by use of other products and forest functions, this should be specially calculated within
the determination of fee.

The manner of calculation and collection of fee is exclusively the matter of agreement
between the forest owner and beneficiary, defined in the lease agreement. For the realistic
determination of the economic value of the forest, it is necessary to know the value of natural
working advantages (PRv), whose calculation is given in this example. The biggest amount of
the fee per 1 m® of cutted tree should be obtained from the forest with the biggest economic
value (the most profitable forests), while smaller amount arises from the less profitable forests
(forest of poorer economic potential).

By collecting the fee, the state has to be ready to ensure the reimbursement for the costs
incurred in the areas with poorer quality of forests, or at least to finance the biological
reproduction of forests, completely or partially. The fee is an instrument for the improvement of
the conditions of forests and creation of possibility for investment into the nonproductive forests
aimed at increase of the generally useful functions of forests. This way of calculation of fee
should be improved in line with the development of economic-political relations and market
mechanisms.

Calculation on the value of forests was considered only for the economic (productive)
value of forests was based on the use of key forest wood products. Size of the fee should be
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calculated separately for the use of other functions and forest products (non-wood forest
products). A responsibility for their utilization should be regulated in FMP, which is in line with
the needs for the development of multifunctional forestry.

The assumption for a good quality application of such calculation of the productive value
of forests and/or calculation of fee are consolidated (single) norm of all operations in forestry as
industry, at least in the territory of one owner. Of course, in addition to technical conditions,
application of GIS computers, legislative conditions are required as well, and the political
decisions relative to the introduction of such mechanism of fee, as well as introduction of
adequate control of forest management in all its segments.

This method is applicable for any form of organization of forest industry in an owner
wishes to determine adequate value of resources assigned to a company which wishes to manage
the forest. The calculated costs are independent from the organization of works, carried out
whether by public or private companies. Forest companies make decisions on the organization of
their activities. Seemingly complicated calculation of the productive value of forest is in reality
rather simple, as the majority of calculations were already made during the design of forest
management bases.

The identified forest values: Tv, Pv, and real business costs provide basis for better
planning of forest management in future, control of the management quality. The dynamics of
investments was not elaborated in this paper, and this example did not illustrate this segment
either, but it can easily be made based on available resources, after the deduction of real
management costs — RTP, jointly expressed in value of natural working advantages (PRv, Tables
8and 9).

During the determination of potential value of the forest, in this example relative to FMR
Olovsko, the space of young forests and barren land were not considered, but only the space of
high forests. If we consider these spaces too, the difference between the real and potential value
of forest would be much higher, and the required level of investment to forests would be higher.
The idea is to get the amount of funds which could be separated for the expanded reproduction
(PRv), and for the purpose of fee, while the owner should define the way of its consumption.
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Abstract: The goal of this article is to identify the research problems in application of geomatics
technology in forestry, and especially in aspects of the state of forest ecosystems and their sustainable use in future,
by reviewing international scientific journals. The selection of journals to be investigated is based upon journal
profiles and their scientific prestige. Four journals of geomatics subject are studied for the 2010-2011 period:
International Journal of Applied Earth Observation and Geoinformation, International Journal of Geographical
Information Science, ISPRS Journal of Photogrammetry & Remote Sensing, Photogrammetric Engineering &
Remote Sensing. Critical analysis and bibliometric methods have been used.

Keywords: geomatics, forestry, journals analysis

1. INTRODUCTION

Geomatics is a scientific-technological discipline dealing with assembling, analyzing,
interpreting, popularizing and practical application of geoinformation (information obtained
through the interpretation of spatial data). Geomatics containing and integrating several fields,
among others: geodesy, cartography, remote sensing, photogrammetry, GIS (geographical
information systems) and GPS (global positioning systems) [2; 6]. Informatics tools using in
these fields are applied in various fields, also in the forestry.

In this paper critical analysis and bibliometric methods has been used to analyse articles
in relation to the application of geomatics in the forestry, and especially in forest ecosystems and
their sustainable use in future. Analysis comprises the period of 2 years 2010-2011 [1].

2. ANALYSIS OF GEOMATICS JOURNALS IN ASPECTS OF FOREST ECOSYSTEMS

Base on the characteristic of the profile of a journal and its impact factor four
international journals of geomatics subject are studied: International Journal of Applied Earth
Observation and Geoinformation [3], International Journal of Geographical Information Science
[4], ISPRS Journal of Photogrammetry & Remote Sensing [5], Photogrammetric Engineering &
Remote Sensing [7].The table 1 presents number of articles related to the application of
geomatics in forest ecosystems and founded in these journals.

! University of Silesia in Katowice, Faculty of Computer Science and Materials Science.
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Table 1. Number of articles in geomatics journals related to the forest ecosystems

Title of journal IF l\_lumb_er of l\_lumb_er of Total ngmber
2010 | articlesin 2010 | articlesin 2011 of articles

International Journal of Applied Earth 1,557 4 11 15
Observation and Geoinformation
(JAEOG)
International Journal of Geographical 1.489 1 0 1
Information Science (1JGIS)
ISPRS Journal of Photogrammetry & 2.158 1 6 7
Remote Sensing (JPRS)
Photogrammetric Engineering & Remote 0.931 1 3 4
Sensing (PERS)
Total 27

Source: Own elaboration.

Characteristic of selected articles is presenting below:

. A community-based urban forest inventory using online mapping services and consumer-
grade digital images Community involvement in gathering and submitting spatially
referenced data via web mapping applications has recently been gaining momentum. Urban
forest inventory data analyzed by programs such as the i-Tree ECO inventory method is a
good candidate for such an approach. In this research, we tested the feasibility of using
spatially referenced data gathered and submitted by non-professional individuals through a
web application to augment urban forest inventory data. We examined the use of close range
photogrammetry solutions of images taken by consumer-grade cameras to extract
quantitative metric information such as crown diameter, tree heights and trunk diameters
(NAEOG 2010, vol. 12, no 4, p. 249-260).

Spectral mixture analysis to monitor defoliation in mixed-aged Eucalyptus globulus Labill
plantations in southern Australia using Landsat 5-TM and EO-1 Hyperion data Defoliation
is a key parameter of forest health and is associated with reduced productivity and tree
mortality. Assessing the health of forests requires regular observations over large areas.
Satellite remote sensing provides a cost-effective alternative to traditional ground-based
assessment of forest health, but assessing defoliation can be difficult due to mixed pixels
where vegetation cover is low or fragmented (IJAEOG 2010, vol. 12, no 4, p. 270-277).

An_improved method for estimating forest canopy height using ICESat-GLAS full
waveform data over sloping terrain: A case study in Changbai mountains, China Light
Detection And Ranging (LIiDAR) has a unique capability for estimating forest canopy
height, which has a direct relationship with, and can provide better understanding of the
aboveground forest carbon storage (IJAEOG 2010, vol. 12, no 5, p. 385-392).

A preliminary assessment of NigeriaSat-1 for sustainable mangrove forest monitoring
Mangroves constitute an area of great ecological importance and regular assessment and
monitoring of this ecosystem is an integral part of environmental management plan. The
difficulty of access for ground survey has often limited the frequency of assessment of
mangroves and remote sensing methods therefore provide a veritable means of assessment.
However, accessibility to remotely sensed data as well as the cost have been major
constraints for mangrove assessment in the developing countries. The launching of small
satellites by some developing countries may therefore provide a solution to this problem
(NAEOG 2010, vol. 12, Supplement 1, p. S18-S22).

. A time-integrated MODIS burn severity assessment using the multi-temporal differenced
normalized burn ratio (dNBRwt) Burn severity is an important parameter in post-fire
management. It incorporates both the direct fire impact (vegetation depletion) and
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ecosystem responses (vegetation regeneration). From a remote sensing perspective, burn
severity is traditionally estimated using Landsat's differenced normalized burn ratio (ANBR)
(WAEOG 2011, vol. 13, no 1, p. 52-58).

Exploring full-waveform LiDAR parameters for tree species classification Precise tree
species classification with high density full-waveform LiDAR data is a key research topic
for automated forest inventory. Most approaches constrain to geometric features and only a
few consider intensity values. Since full-waveform data offers a much larger amount of
deducible information this study explores a high number of parameter and feature
combinations. Those variables having the highest impact on species differentiation are
determined. To handle the large amount of airborne full-waveform data and to extract a
comprehensive number of variable combinations an improved algorithm was developed
(NAEOG 2011, vol. 13, no 1, p. 152-160).

Normalized algorithm for mapping and dating forest disturbances and regrowth for the
United States Forest disturbances such as harvesting, wildfire and insect infestation are
critical ecosystem processes affecting the carbon cycle. Because carbon dynamics are
related to time since disturbance, forest stand age that can be used as a surrogate for major
clear-cut/fire disturbance information has recently been recognized as an important input to
forest carbon cycle models for improving prediction accuracy. In this study, forest
disturbances in the USA for the period of ~1990-2000 were mapped using 400+ pairs of re-
sampled Landsat TM/ETM scenes in 500m resolution, which were provided by the Landsat
Ecosystem Disturbance Adaptive Processing System project. The detected disturbances
were then separated into two five-year age groups, facilitated by Forest Inventory and
Analysis (FIA) data, which was used to calculate the area of forest regeneration for each
county in the USA (IJAEOG 2011, vol. 13, no 2, p. 236-245).

. Time-series analysis of multi-resolution optical imagery for guantifying forest cover loss in

Sumatra and Kalimantan, Indonesia Monitoring loss of humid tropical forests via remotely
sensed imagery is critical for a number of environmental monitoring objectives, including
carbon accounting, biodiversity, and climate modeling science applications. Landsat
imagery, provided free of charge by the U.S. Geological Survey Center for Earth Resources
Observation and Science (USGS/ERQOS), enables consistent and timely forest cover loss
updates from regional to biome scales. The Indonesian islands of Sumatra and Kalimantan
are a center of significant forest cover change within the humid tropics with implications for
carbon dynamics, biodiversity maintenance and local livelihoods (IJAEOG 2011, vol. 13, no
2, p. 277-291).

Dynamic modeling of forest conversion: Simulation of past and future scenarios of rural
activities expansion in the fringes of the Xingu National Park, Brazilian Amazon The
present work is committed to simulate the expansion of agricultural and cattle raising
activities within a watershed located in the fringes of the Xingu National Park, Brazilian
Amazon. A spatially explicit dynamic model of land cover and land use change was used to
provide both past and future scenarios of forest conversion into such rural activities, aiming
to identify the role of driving forces of change in the study area. The employed modeling
platform — Dinamica EGO — consists in a cellular automata environment that embodies
neighborhood-based transition algorithms and spatial feedback approaches in a stochastic
multi-step simulation framework. Biophysical variables and legal restrictions drove this
simulation model, and statistical validation tests were then conducted for the generated past
simulations (from 2000 to 2005), by means of multiple resolution fitting methods. Based on
optimal calibration of past simulations, future scenarios were conceived, so as to figure out
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10.

11.

12.

13.

trends and spatial patterns of forest conversion in the study area for the year 2015 (IJAEOG
2011, vol. 13, no 3, p. 435-446).

Application of evidential reasoning to improve the mapping of regenerating forest stands
This study confirmed the ability of the Dempster—Shafer theory (DST) and the Dezert—
Smarandache (Free DSm model) theory to significantly improve the quality of maps of
regenerating forest stands in southern Quebec, Canada compared to a classical Maximum
Likelihood Algorithm (MLA). The proposed approach uses data fusion methods that allow
the integration of remotely sensed imagery with conventional maps of ecophysiographic
features (IJAEOG 2011, vol. 13, no 3, p. 458-467).

Use of multi-temporal Landsat images for analyzing forest transition in relation to
socioeconomic factors and the environment Recently there have been reports of forest
regrowth occurring in different regions across the world. There is also a growing recognition
of the potential beneficial impact that secondary forests may have on the global
environment: providing crucial ecosystem services such as soil conservation, stabilization of
hydrological cycles, carbon sequestration, and support for forest dependent communities.
Consequently, there is a growing awareness of the need to recognize that landscapes are
complex shifting mosaics wherein forest clearing and reforestation take place. In this study,
the rates of reforestation, deforestation, forest regrowth and degradation were measured
using multi-temporal Landsat images of Danjiangkou, China. Landsat data from 1990, 1999
and 2007 were (1) classified as dense forest, open forest and non-forest areas and (2)
compared between years to identify forest cutting, regeneration and degradation. The results
showed that there was a net gain of 29,315 ha of forest area (including dense and open
forest) from 1990 to 2007, showing a clear trend of reforestation in the study area. Forest
modification (degradation and regrowth) and change categories (deforestation and
reforestation) occurred simultaneously during the observation time period. Socioeconomic
data from public statistics and environmental attributes allowed the assessment of the
socioeconomic factors and the environmental conditions that caused these changes using
non-metric multidimensional scaling (NMDS). The research showed that the socioeconomic
factors due to different policies were major driving forces of forest transition, whereas
environmental attributes of the underlying landscape constrained forest cover changes.
These findings have led to a better understanding of forest transition at a local scale in our
study region. Comprehensive knowledge of these relationships may be useful to reconstruct
past forest transitions and predict future changes, and may help to enhance sustainable
management practices aimed at preserving essential ecological functions (IJAEOG 2011,
vol. 13, no 3, p. 468-476).

Integration of ground and satellite data to model Mediterranean forest processes The current
work presents the testing of a modeling strategy that has been recently developed to
simulate the gross and net carbon fluxes of Mediterranean forest ecosystems. The strategy is
based on the use of a NDVI-driven parametric model, C-Fix, and of a biogeochemical
model, BIOME-BGC, whose outputs are combined to simulate the behavior of forest
ecosystems at different development stages. The performances of the modeling strategy are
evaluated in three Italian study sites (San Rossore, Lecceto and Pianosa), where carbon
fluxes are being measured through the eddy correlation technique. These sites are
characterized by variable Mediterranean climates and are covered by different types of
forest vegetation (pine wood, Holm oak forest and Macchia, respectively). The results of the
tests indicate that the modeling strategy is generally capable of reproducing monthly GPP
and NEE patterns in all three study sites (IJAEOG 2011, vol. 13, no 3, p. 504-515).

Predicting forest structural parameters using the image texture derived from WorldView-2
multispectral imagery in a dryland forest, Israel Estimation of forest structural parameters
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by field-based data collection methods is both expensive and time consuming. Satellite
remote sensing is a low-cost alternative in modeling and mapping structural parameters in
large forest areas. The current study investigates the potential of using WordView-2
multispectral satellite imagery for predicting forest structural parameters in a dryland
plantation forest in Israel. The relationships between image texture features and the several
structural parameters such as Number of Trees (NT), Basal Area (BA), Stem Volume (SV),
Clark-Evans Index (CEl), Diameter Differentiation Index (DDI), Contagion Index (CI), Gini
Coefficient (GC), and Standard Deviation of Diameters at Breast Heights (SDDBH) were
examined using correlation analyses. These variables were obtained from 30 m x 30 m
square-shaped plots (IJAEOG 2011, vol. 13, no 5, p. 701-710).

Prototyping an artificial neural network for burned area mapping on a regional scale in
Mediterranean areas using MODIS images Each year thousands of ha of forest land are
affected by forest fires in Southern European countries such as Spain. Burned area maps are
a valuable instrument for designing prevention and recovery policies. Remote sensing has
increasingly become the most widely used tool for this purpose on regional and global
scales, where a large variety of techniques and data has been applied. This paper proposes a
semiautomatic method for burned area mapping on a regional scale in Mediterranean areas
(the Iberian Peninsula has been used as a study case) (IJAEOG 2011, vol. 13, no 5, p. 741-
752).

Development of large-area land cover and forest change indicators using multi-sensor
Landsat imagery: Application to the Humber River Basin, Canada Monitoring ecological
indicators is important for assessing impacts of human activities on ecosystems. A means of
identifying and applying appropriate indicators is a prerequisite for: environmental
assessment; better assessment and understanding of ecosystem health; elucidation of
biogeochemical trends; and more accurate predictions of future responses to global change,
particularly those due to anthropogenic disturbance. The challenge is to derive meaningful
indicators of change that capture the complexities of ecosystems yet can be monitored
consistently over large areas and across time. In this study, methods for monitoring
indicators of land cover (LC) and forest change were developed using multi-sensor Landsat
imagery (IJAEOG 2011, vol. 13, no 5, p. 819-829).

Forest Fire Alert System: a Geo Web GIS prioritization model considering land
susceptibility and hotspots — a case study in the Carajas National Forest, Brazilian Amazon
To increase the monitoring potential of forest fires, an alert classification methodology
using satellite-mapped hotspots has been established to help forest managers in the
prioritization of which hotspot to be verified in the field, thus potentially improving the
distribution of fire-fighting resources. A computer application was developed based on web-
distributed geographical information technology whose main function is to interact
automatically generated satellite hotspots and risk areas indicated in fire-susceptibility maps
and classify them into five alert levels. The location of the hotspots is available continuously
every 4 h, and a susceptibility map is produced daily through map algebra algorithm, which
uses static (topography, vegetation and land use) and dynamic (weather) variables. Every
process runs through automated geoprocessing routines. The methodology was tested during
the dry period of 2007 in the Carajas National Forest, in the Brazilian Amazon, within an
area of 400,000 ha. It is a critical area constantly threatened by fires caused by invasions and
deforestation owing to intense agribusiness advances and mining activities in its
surroundings (1JGIS 2010, vol. 24, no 6, p. 873-901).

Monitoring forest areas from continental to territorial levels using a sample of medium
spatial resolution satellite imagery A global systematic sampling scheme has been developed
by the UN FAO and the EC TREES project to estimate rates of deforestation at global or
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continental levels at intervals of 5 to 10 years. This global scheme can be intensified to
produce results at the national level. In this paper, using surrogate observations, we compare
the deforestation estimates derived from these two levels of sampling intensities (one, the
global, for the Brazilian Amazon the other, national, for French Guiana) to estimates derived
from the official inventories. We also report the precisions that are achieved due to sampling
errors and, in the case of French Guiana, compare such precision with the official inventory
precision. We extract nine sample data sets from the official wall-to-wall deforestation map
derived from satellite interpretations produced for the Brazilian Amazon for the year 2002 to
2003 (JPRS 2010, vol. 65, no 2, p. 191-197).

Pre-processing of a sample of multi-scene and multi-date Landsat imagery used to monitor
forest cover changes over the tropics In support to the Remote Sensing Survey of the global
Forest Resource Assessment 2010, the TREES-3 project has processed more than 12,000
Landsat TM and ETM+ data subsets systematically distributed over the tropics. The project
aims at deriving area estimates of tropical forest cover change for the periods 1990-2000—
2005. The paper presents the pre-processing steps applied in an operational and robust
manner to this large amount of multi-date and multi-scene imagery: conversion to top-of-
atmosphere reflectance, cloud and cloud shadow detection, haze correction and image
radiometric normalization. The results show that the haze correction algorithm has improved
the visual appearance of the image and significantly corrected the digital numbers for
Landsat visible bands, especially the red band. The impact of the normalization procedures
(forest normalization and relative normalization) was assessed on 210 image pairs: in all
cases the correlation between the spectral values of the same land cover in both images was
improved. The developed automatic pre-processing chain provided a consistent multi-
temporal data set across the tropics that will constitute the basis for an automatic object-
based supervised classification (JPRS 2011, vol. 66, no 5, p. 555-563).

Prediction of L-band signal attenuation in forests using 3D vegetation structure from
airborne LiDAR In this study, we propose a novel method to predict microwave attenuation
in forested areas by using airborne Light Detection and Ranging (LIiDAR). While
propagating through a vegetative medium, microwave signals suffer from reflection,
absorption, and scattering within vegetation, which cause signal attenuation and,
consequently, deteriorate signal reception and information interpretation. A Fresnel zone
enveloping the radio frequency line-of-sight is applied to segment vegetation structure
occluding signal propagation. Return parameters and the spatial distribution of vegetation
from the airborne LIiDAR inside Fresnel zones are used to weight the laser points to estimate
directional vegetation structure. A Directional Vegetation (JPRS 2011, vol. 66, no 5, p. 642-
651).

Use of ETM+ images to extend stem volume estimates obtained from LIDAR data Airborne
LiDAR techniques can provide accurate measurements of tree height, from which estimates
of stem volume and forest woody biomass can be obtained. These techniques, however, are
still expensive to apply repeatedly over large areas. The current paper presents a
methodology which first transforms mean stand heights obtained from LiDAR over small
strips into relevant stem volume estimates. These are then extended over an entire forest by
applying two estimation methods (k-NN and locally calibrated regression) to Landsat ETM+
images (JPRS 2011, vol. 66, no 5, p. 662-671).

Potential of an ultraviolet, medium-footprint lidar prototype for retrieving forest structure
The aim of the paper is to carry on methodological development for retrieving forest
parameters from medium-footprint lidar signals and for assessing the performance of
different sampling strategies. The 2.4 m footprint lidar prototype (a profiler instrument using
an ultraviolet laser) was flown above two different maritime pine stands: a young plantation
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(10 years old) and a mature, semi-natural stand (55 years old), both in the Landes forest,
France. The vertical distribution of lidar measurements was studied for retrieving forest
height parameters (mean total height, mean crown height and top height). The processing
algorithm was based on an aggregation of successive signals followed by the correction of
the signal attenuation along the travel through the vegetation. The performance of different
sampling strategies was assessed by comparing the results for the full dataset (several fight
lines over the stands) and for only a data subset (one flight line). In addition, the horizontal
distribution of height measurements was studied for identifying the planting pattern of the
stands and assessing the tree spacing of the semi-natural parcel, using geostatistics (JPRS
2011, vol. 66, no 6, Supplement, p. S92-5102).

Use of ALS, Airborne CIR and ALOS AVNIR-2 data for estimating tropical forest
attributes in Lao PDR In this study, the potential of remote sensing in tropical forests is
examined in relation to the diversification of sensors. We report here on the comparison of
alternative methods that use multisource data from Airborne Laser Scanning (ALS),
Airborne CIR and ALOS AVNIR-2 to estimate stem volume and basal area, in Laos.
Multivariate linear regression analyses with stepwise selection of predictors were
implemented for modelling. The predictors of ALS metrics were calculated by means of the
canopy height distribution approach, while predictors from both spectral and textual features
were respectively generated for Airborne CIR and ALOS AVNIR-2 data (JPRS 2011, vol.
66, no 6, p. 776-786).

The role of ground reference data collection in the prediction of stem volume with LIDAR
data in mountain areas Ground reference data collection represents an important element in
the prediction of stem volume with LiDAR-derived variables, and at present it is the most
expensive part of such analyses. In this paper two aspects of ground reference data
collection were analyzed: (1) the positioning error of the ground plots; and (2) the optimal
number of training plots. A system for the prediction of stem volume at area-based level was
adopted. LIiDAR data were preprocessed and 13 variables describing both height and
coverage were extracted (JPRS 2011, vol. 66, no 6, p. 787-797).

Rapid Assessment of Forest Damage from Tornadoes in Mississippi On april 24, 2010,
mississippi was impacted by seven separate tornado events, the most notable of which was
an EF4 that had a damage path up to 2.8 kilometers wide along an approximately 242
kilometer long track. Ten deaths and dozens of injuries were reported in Mississippi as a
result of the storm (PERS 2010, vol. 76, no 12, p. 1298-1301).

Automated Methods for Measuring DBH and Tree Heights with a Commercial Scanning
Lidar Accurate forest structural parameters are crucial to forest inventory, and modeling of
the carbon cycle and wildlife habitat. Lidar (Light Detection and Ranging) is particularly
suitable to the measurement of forest structural parameters. In this paper, we describe a pilot
study to extract forest structural parameters, such as tree height, diameter at breast height
(DBH), and position of individual tree using a terrestrial lidar (LMS-Z360i; Riegel, Inc.).
The lidar was operated to acquire both vertical and horizontal scanning in the field in order
to obtain a point cloud of the whole scene. An Iterative Closet Point (ICP) algorithm was
introduced to obtain the transformation matrix of each range image and to mosaic multiple
range images together. Based on the mosaiced data set, a variable scale and threshold
filtering method was used to separate ground from the vegetation. Meanwhile, a Digital
Elevation Model (DEM) and a Canopy Height Model (CHM) were generated from the
classified point cloud. A stem detection algorithm was used to extract the location of
individual trees (PERS 2011, vol. 77, no 3, p. 219-227).

111


http://www.sciencedirect.com/science/article/pii/S092427161100102X
http://www.sciencedirect.com/science/article/pii/S092427161100102X
http://www.sciencedirect.com/science/article/pii/S0924271611001006
http://www.sciencedirect.com/science/article/pii/S0924271611001006

26. Estimating Aboveground Carbon of Moso Bamboo Forests Using the k Nearest Neighbors
Technique and Satellite Imagery The extensive distribution of bamboo forests in Southern
and Southeast Asia plays an important role in carbon sequestration and climate change.
Providing timely and accurate estimates for aboveground carbon (AGC) of Moso bamboo
forests is an urgent task. Based on the integration of Landsat Thematic Mapper (TM) and
field inventory data, this study explores use of the k Nearest Neighbors (KNN) technique for
estimating AGC. A new distance metric named Slope, Intercept, and Correlation Distance
(SICD) is introduced and compared with Euclidean Distance (ED) and Mahalanobis
Distance (MD). Using leave-one-out (LOO) cross-validation, the estimation performance of
KNN technique is then compared with a linear regression model. The research indicates that
the SICD is slightly better than ED and MD but no significant differences were found
between them in estimating AGC. For extreme AGC conditions, the KNN technique has a
greater estimation performance than that of the linear regression model, and is a convenient
and effective method for estimating AGC of Moso bamboo forests in a large area (PERS
2011, vol. 77, no 11, p. 1123-1131).

27. Daily MODIS Data Trends of Hurricane-induced Forest Impact and Early Recovery We
studied the use of daily satellite data from the Moderate Resolution Imaging
Spectroradiometer (MODIS) sensors to assess wetland forest damage and recovery from
Hurricane Katrina (29 August 2005 landfall). Processed MODIS daily vegetation index (V1)
trends were consistent with previously determined impact and recovery patterns provided by
the “snapshot” 25 m Landsat Thematic Mapper optical and RADARSAT-1 synthetic
aperture radar satellite data. Phenological trends showed high 2004 and 2005 pre-hurricane
temporal correspondence within bottomland hardwood forest communities, except during
spring green-up, and temporal dissimilarity between these hardwoods and nearby
cypresstupelo swamp forests (Taxodium distichum [baldcypress] and Nyssa aquatica [water
tupelo]). MODIS VI trend analyses established that one year after impact, cypress-tupelo
and lightly impacted hardwood forests had recovered to near prehurricane conditions. In
contrast, canopy recovery lagged in the moderately and severely damaged hardwood forests,
possibly reflecting regeneration of pre-hurricane species and stand-level replacement by
invasive trees (PERS 2011, vol. 77, no 11, p. 1133-1143).

3. CONCLUSIONS

Analysis of 4 geomatics journals in the 2 years in aspects of forest ecosystems selected
27 articles, but most of them, 15 articles, were published in International Journal of Applied
Earth Observation and Geoinformation.

Articles are related to application of geomatics technology in researches of forest
ecosystems for: forest inventory; assessment of forest health; estimating forest canopy height,
which has a direct relationship with, and can provide better understanding of the aboveground
forest carbon storage; monitoring of ecosystems; post-fire management; burned area mapping;
forest fire alert system; mapping and dating forest disturbances and regrowth; quantifying forest
cover loss; dynamic modeling of forest conversion; improving the mapping of regenerating
forest stands; analyzing forest transition in relation to socioeconomic factors and the
environment; simulating the behaviour of forest ecosystems at different development stages;
predicting forest structural parameters; development of large-area land cover and forest change
indicators.

Development of forest change indicators and ecological indicators is important for
assessing impacts of human activities on ecosystems. A means of identifying and applying
appropriate indicators is a prerequisite for: environmental assessment; better assessment and
understanding of ecosystem health; elucidation of biogeochemical trends; and more accurate
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predictions of future responses to global change, particularly those due to anthropogenic
disturbance. The challenge is to derive meaningful indicators of change that capture the
complexities of ecosystems yet can be monitored consistently over large areas and across time.
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Abstract: The paper analyzes homogeneity of fir (Abies alba) and spruce (Picea abies) forest stands in the
MU “Igman” using the homogeneity index (H-index) and Lorenz curve. According to established forms of Lorenz
curves homogeneity level of stands deviates significantly from the homogeneous stands. The homogeneity level by
values of the homogeneity index for poorer site capability corresponds with the even aged stands thinned by high
thinning, but for stands of better site capability corresponds with selection stands. It was concluded that due to the
“surplus” of trees in the higher and “shortage” in the lower diameter classes homogeneity level is greater in
comparison to selection stands, while in cases where homogeneity level corresponds with homogeneity of selection
stands that is consequence of the effects of better site capability.

Key words: forest stand homogeneity, Lorenz curve, homogeneity index

1. INTRODUCTIONS

Productivity and stability of forest stands are closely linked to their structure, i.e. specific
inter-relations of elements that build them. In relation to that, in order to set up realistic grounds
for forest management, it is of utter importance to be aware of the actual state (structure) of
forest stands and changes that occur. One of the forest stand structure indicators, relatively
simple to define and interpret, is homogeneity (Vuckovi¢, Staji¢ 2006, Stajic 2010). Well
structured forests and forest stands are those that give out the impression of lack of homogeneity
(Fiilldner 1995, Staji¢, Vuckovi¢ 2006). In order to define forest stand homogeneity, De Camino
(1976) adjusted the homogeneity index set up earlier, in 1931, by Gini for the needs of
researching into the structure of agricultural and forestry management units (Kramer 1988). A
forest stand is considered homogeneous if it is consisted of trees of equal volume. Forest stand
homogeneity in reality stands out for the absolutely homogeneous forest stand, more or less
depending on the growing model, age (for even aged stands), stage of development, treatment
applied and quality of the site (Vuckovié, Staji¢ 2006.).

2. MATERIAL AND METHODOLOGY APPLIED

In order to analyze forest stand homogeneity, we used data on five permanent sample
plots in fir and spruce forests in the MU “Igman” on the Igman mountain. From the syndynamic
point of view, these forests may be observed as the interim stage of vegetation towards
climatogenic beech, fir and spruce forests, or, due to specific conditions, represent a permanent
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vegetation stage (frost pocket), and related to that, depending on the vegetation development
status sample plots are different in terms of composition of tree species. Two sample plots
belong to the association Abieti Piceetum illyricum Stef., two to the association Abieti Fagetum
illyricum Treg. with a small portion of beech that has just recently began integrating in the part
of the stand that has been inventoried (taxation limit is 10 cm) and one to the association Picetum
montanum inversum Fuk., frost pocket spruce forest. Besides fir and spruce as main species, the
sample plots contain beech, sycamore maple, rowan, and on one sample plot (43) individual trees
of goat willow, wild cherry and elm. On one sample plot (88) there are no deciduous species, but
is inhabited by scots pine that is not regenerating and is slowly getting extinct. Soil in all sample
plots is series of lime based types of soil.

Table 1. General data on sample plots
Sg:gf[)sle Association Tree species (&I’ ) fiirtgpce}gisess '?:\I\;lirsa?qersaiff
species

Fir 62 2,8

43 Abieti Piceetum illyricum Stef. Spruce 24 2,8 2,8
Broadleaved * 14 -
Fir 30 1,7

138 Picetum montanum inversum Fuk. | Spruce 69 1,9 1,8
Broadleaved 1 -
Fir 36 3,0

58 Abieti Fagetum illyricum Treg. Spruce 58 3,2 3,0
Beech 6 1,7
Fir 69 2,7

88 Abieti Piceetum illyricum Stef. Spruce 25 2,9 2,7
Scots pine 6 2,1
Fir 60 2,3

73 Abieti Fagetum illyricum Treg. Spruce 20 2:5 2,3
Beech 16 2,1
Broadleaved * 4 -

Includes deciduous species whose share is below 5%

Having in mind site capability defined based on the height of the trees, two sample plots
are considered to have better conditions (site class 2) than the other three (site class 3). Selection
model of forest management is applied on all sample plots.

Forest stand homogeneity is presented by graph using so called Lorenz curve and by
table using homogeneity index (H).

The Lorenz curve is a graphical representation of the dependence of the sum of volume
percentages up to a certain diameter class (Y axe) of the sum of percentages of the number of
trees of equal diameter class (X axe). Given that a homogeneous forest stand is one consisted of
equal volume trees, sums of percentages of the number and of the volume of trees in that
particular forest stand are equal for each diameter class (Snow = Sve), implying that the Lorenz
curve is actually a line defined by coordinates (0.0) and (100.100). For these particular forest
stands these sums are not equal which leads to the aberration of the Lorenz curve from the
straight line. The bigger the aberration, the less homogeneous the stand.
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Homogeneity index is calculated using the following formula (Kramer 1988):

n-1
D SN%
H= i=1

1
SN% —SV%
1

where:
SN% — sum of percentages of the number of trees up to a certain diameter class i,
SV% — sum of percentages of the volume up to a certain diameter class i,
n — number of diameter classes.

Lower homogeneity index implies lower forest stand homogeneity (Kramer 1988). For selection
stands, homogeneity index varies between 1.8 and 2.3, for high-thinned even aged stands it
varies between 2.2 and 4.2, and for low-thinned even aged stands between 4.0 and 10.0.
Calculation of the homogeneous index and construction of the Lorenz curves implies previously
defined distribution of frequency of breast height diameters and volumes of trees. In order to
define these distributions, this study used diameter classes width 5 cm.

3. RESULTS AND DISCUSSION

Diameter structure of sample plots, in terms of individual species and for all species in
general are in form of descending curves and point out to their selection structure, as shown by
graph 1. Due to “shortage” or “surplus” of trees in some diameter classes, all diameter
structures, more or less, deviate from the hypothetical “normal” form of diameter structure of
selection forest stands. Exception to this is scots pine diameter structure in sample plots 88
which is unimodal — which is a characteristic of even aged stands or uneven aged stands of
photophilous species of tries (scots pine). Besides diameter structures, graph 1 presents the
hypothetical “normal” form of diameter structure, the Liocourt’s geometric series for coefficient
g = 1.4, which corresponds with the mediocre habitat conditions on the territory of Bosnia and
Herzegovina.

Graph 1. Frequency distributions of breast height diameters (left) and the Lorenz curves (right)
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The Lorenz curves for individual species of trees and total of all species deviate from the
straight line that characterizes a homogeneous stand, which points to obvious lack of
homogeneity, which is in line with their diameter structure. The Lorenz curve for the scots pine
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on the sample plots 88 is in line with the diameter structure as well, although it is closer to a
straight line, and points to a higher level of homogeneity. In sample plots 43 and 138, the Lorenz
curves for fir, spruce and total are close to equal — carriers of selection structures are both fir and
spruce in equal degrees. For sample plots 58, 73 and 88 the Lorenz curves are apart, with spruce
being the least homogeneous. Given that spruce less shade-tolerant than fir (semi-sciophilous
species) this ratio is not logical. It is caused by a relatively larger segment of spruce in lower
diameter classes, and relatively smaller in higher diameter classes in comparison to fir. The same
can be said for beech in sample plot 73 which is also less shade-tolerant than fir, while deciduous
species in sample plot 43 are more homogeneous than fir and spruce.

According to the values of the homogeneity index (table 2), the least homogeneous,
which is typical of selection stands, are sample plots 138 and 73, both in terms of individual
species and in terms of total for all species.

Table 2. Homogeneity index height in terms of individual species and in terms of total for all

species
Sample plots
Species
43 138 58 88 73

Fir 4.17 2.40 3.65 2.70 2.69
Spruce 2.67 2.52 3.74 2.82 2.21
Scots pine - - - 13.78 -
Beech - - - - 6.18
Broadleaved 4.87 - - - -
Total 3.62 2.55 3.61 3.28 2.44

As the diameter structures in those sample plots out from the “normal” selection stand
more prominently than diameter structures of other sample plots, the reason for this lack of
homogeneity can be seen in the more favorable site condition, which is a characteristic of these
areas in comparison to others. The stands became less homogeneous due to improved habitat
conditions, which points to the possibility to use homogeneity index as an additional parameter
for site capability evaluation (De Camino, 1976; according to Vuckovi¢, Staji¢ 2006), which
often encounters difficulties for selection forest stands.

Homogeneity index value typical of selection forest stands applies to spruce in sample
plot 88, while it is slightly higher for fir. However, due to apparent homogeneity of scots pine
and poorer habitat conditions, homogeneity of the whole stand is larger and corresponds to the
structure of even aged forest stands thinned by high thinning methods. Slightly higher
homogeneity, which also corresponds to the structure of even aged forest stands thinned by high
thinning methods, is observed on sample plots 43 and 58. Given that the diameter structure of
these sample plots are close to “normal” selection structure, higher homogeneity level may be
seen as a consequence of the poorer site conditions.

Homogeneity index for deciduous species differs, but in this case cannot be seen as
reliable, as deciduous species are very scarce in the observed diameter structures, which may
cause unrealistic increase of the homogeneity index (Vuckovié, Staji¢ 2006).

Comparison of sample plots and species of trees in terms of homogeneity on the base of
the homogeneity index value is simple and clear, which is not the case with the comparison of
the Lorenz curves, see graph 2.
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Graph 2. The Lorenz curves of sample plots, total for all species
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For the observed sample plots, based on the Lorenz curves, the only safe statement is that
the sample plot 88 is more homogeneous than others. This form of the presentation of
homogeneity is simple, but is not applicable for comparisons and, in this case, not linkable to the
site capability. However, using these curves it is possible to simply define and compare the
production contribution of some diameter classes or, in this sense, comparison of tree species
and analysis of changes accompanying the development of forest stands (Vuckovi¢, Staji¢ 2006).

4. CONCLUSIONS

According to the graphical representation of homogeneity (the Lorenz curve) and value
of the homogeneity index, homogeneity of the respective forest stand of fir and spruce is more or
less low. Given that the Lorenz curves with the highest level of homogeneity are typical for
stands inhabited by the scots pine (photopious species), while other stands are less homogeneous,
their ranking is not possible only by comparison of the Lorenz curves. Within the same forest
stand, species that are typically more homogeneous are those with “surplus” of trees in medium
and higher diameter classes and “shortage” in lower diameter classes, regardless of their natural
shade tolerance.

In terms of the homogeneity index, the least homogeneous, which is typical of selection
stands, are the sample plots 138 and 73. For other stands defined homogeneity level corresponds
with the even aged stands thinned by high thinning. Having in mind that the diameter structures
of the sample plots 138 and 73 significantly deviate from the “normal” distribution of selection
stand (the Liocourt’s geometric series) and that they have better site capability in comparison to
other sample plots, lower homogeneity may be seen as a result of better site conditions.

Defined homogeneity indicators, as well as diameter structures, point out to certain
derogations of structure of the stands from the selection structure. In the forest stands that are
regularly managed, the “shortage” of trees in lower diameter classes and “surplus” in higher are
consequences of applied treatments. Reduce of the homogeneity and a step towards the selection
structure would be achieved by a reduction of the number of trees in higher diameter classes,
which should be followed by necessary increase of the number of trees in lower diameter classes,
which is only possible through professional selection and cutting of trees, primarily those trees
from the higher diameter classes. In case there is no natural regeneration, or if it is insufficient,
measures should be taken according to the reasons for that state (soil cultivation, repair planting
and filling seedlings).
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HOMOGENEITY OF FIR AND SPRUCE FOREST STANDS
IN THE MANAGEMENT UNIT “IGMAN”

Aida IBRAHIMSPAHIC, Besim BALIC, Ahmet LOJO
Summary

The paper analyzes homogeneity of fir (Abies alba) and spruce (Picea abies) forest stands in the MU
“Igman” using the homogeneity index (H-index) and Lorenz curve. The study used data collected by the five
permanent sample plots in fir and spruce forests in the MU “Igman” on the Igman mountain.

According to the graphical representation of homogeneity (the Lorenz curve) and value of the homogeneity
index, homogeneity of the respective forest stand of fir and spruce is more or less low. Given that the Lorenz curves
with the highest level of homogeneity are typical for stands inhabited by the scots pine (photopious species), while
other stands are less homogeneous, their ranking is not possible only by comparison of the Lorenz curves. Within
the same forest stand, species that are typically more homogeneous are those with “surplus” of trees in medium and
higher diameter classes and “shortage” in lower diameter classes, regardless of their natural shade tolerance.

In terms of the homogeneity index, the least homogeneous, which is typical of selection stands, are the
sample plots 138 and 73. For other stands defined homogeneity level corresponds with the even aged stands thinned
by high thinning. Having in mind that the diameter structures of the sample plots 138 and 73 significantly deviate
from the “normal” distribution of selection stand (the Liocourt’s geometric series) and that they have better habitat
capability in comparison to other sample plots, lower homogeneity may be seen as a result of better site conditions.

Defined homogeneity indicators, as well as diameter structures, point out to certain derogations of structure
of the stands from the selection structure. In the forest stands that are regularly managed, the “shortage” of trees in
lower diameter classes and “surplus” in higher are consequences of applied treatments. Reduce of the homogeneity
and a step towards the selection structure would be achieved by a reduction of the number of trees in higher
diameter classes, which should be followed by necessary increase of the number of trees in lower diameter classes,
which is only possible through professional selection and cutting of trees, primarily those trees from the higher
diameter classes. In case there is no natural regeneration, or if it is insufficient, measures should be taken according
to the reasons for that state (soil cultivation, repair planting and filling seedlings).
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MONITORING OF FOREST AREA CHANGES USING SNOW COVERED
SATELLITE IMAGERY IN NORTHERN EUROPE
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Abstract: Boreal and northern temperate forests cover substantial parts of European land area. These
forests are subjected to several kinds of tree removal disturbances, dominated by clear-cut logging. There is a need
for quick and cost-efficient remote sensing methods to provide an independent means of detecting disturbances and
recording the history of disturbances both at regional, national as well as at European level.

The forests at northern latitudes are characterized by winters in which snow cover remains for some
months of the year. Winter images are particularly suitable for change detection, while snow provides a uniformly
bright background that accentuates tree crowns and their shadows and provides remarkable conditions for
separating forested from non-forested areas.

We highlight a methodological approach of remote sensing based mapping of forest patches and forest
disturbances in the Baltic region using multi-temporal winter imagery, obtained from medium resolution satellites
Landsat and Spot and from scanner Aster. The mapping examples cover the areas in Eastern Europe in Estonia,
Latvia and western parts of Russia. The time period covered is from 1987 to 2011.

Results show that a very simple approach using winter images is useful in mapping forest patches,
canopy removal disturbances in forests and appearance of new forest patches within the context of agricultural
lands in the situation of abandonment of agricultural land. We conclude that the use of snow-covered satellite
images for forest change detection can be very efficient alternative to the use of summer images.

Key Words: Forest mapping, forest change detection, medium resolution satellite images, winter images

1. INTRODUCTION

The delineation of landscape patch boundaries between neighbouring vegetation
communities is important for several aspects of land-use management planning and in the
compilation of resource inventories. The location and accuracy of the delimited vegetation
boundaries of patches however, depend on the sharpness of the boundary, the spatial and
temporal resolution of the available data, as well as the subsequent statistical methods used to
detect them (Fortin and Edwards 2001).

Winter in mid-latitude to boreal regions is the season with the greatest target to
background contrast on predominantly two-class images composed of forest and non-forest
classes offering an opportunity for accurate mapping of forests using medium-resolution satellite
images. Dry snow cover causes a significant radiometric contrast between open areas and forests.
Forest patches that are surrounded by open areas border on similar bright snow on all sides in
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winter. The reflectance of snow is very high in the visible and near-infrared part of the spectrum,
where the Landsat Thematic Mapper (TM) spectral bands 14 are located.

The surface brightness of a snow-covered area is a function of the type and density of
vegetation and the depth and age of the snow. If an area is devoid of vegetation, snow depth and
age are primarily responsible for brightness variability over the area. Brightness increases rapidly
with snow depth, irrespective of snow age. Once the depth reaches approximately 15 cm, any
further increase in reflectivity with increased depth is slow, and the age and state of the snow
surface become the critical variables affecting surface brightness (Robinson and Kukla 1985).
The differences in spectral reflectance between different snow/ice cover types (frost, fine
granular snow, medium granular snow and coarse granular snow) are relatively small in visible
bands, but large in the longer wavelength bands of the mid-infrared spectral region (Xiao et al.
2002).

In an earlier study (see Peterson et al. 2004; Liira et al. 2006) we tested a method for
forest mapping by the thresholding of a Landsat TM image made in late winter in plain snow
cover conditions. The optimal edge threshold level can be defined by looking for a maximum
radiance contrast of neighbouring pixels in a boundary area. We hypothesized that shadows cast
by trees on forest edges on the bright snow of the surrounding open area make north-or north-
west-facing forest edges less sharp than edges facing in other directions. If this holds true for
medium-resolution Landsat TM satellite images, forest area change studies should carefully
consider images taken under different atmospheric and solar elevation conditions in order to
distinguish real changes at forest edges from those stemming from different conditions of solar
illumination.

The results of the study showed that there were no significant differences in radiance
between forest edges exposed in different azimuthal directions on the winter image. From the
result, it followed that a global threshold can be applied in image classification of winter images
if forest is the target class and thresholding is the classification method.

Change detection between two or more periods is one of the most important uses of
satellite remote sensing data in forestry applications and in monitoring land cover change in
general. Among the variety of change detection techniques, two variations are used most
frequently (Coppin et al. 2004; Lawrence and Ripple, 1999; Yuan et al., 1999): (1) change
detection from sequential date-pairs of images including postclassification change detection (e.g.
Lunetta et al., 1999; Cohen and Fiorella, 1999; Lunetta et al., 2004) and (2) computing curves of
change from multitemporal imagery (e.g. Lawrence and Ripple, 1999; Joyce and Olsson, 2000).
Pairwise image comparison methods have been a more widely used technique in change
detection studies (Lawrence and Ripple, 1999). Even when long time series have been used,
individual date-pair images have been used to create a merged change data set (e.g. Lambin and
Strahler, 1994; Olsson, 1994; Eastman and Fulk, 1993; Cohen et al., 1998, Potapov et al. 2011;
Baumann et al., 2012).

Clearcutting as a major stand replacing change in forests alters the structure of forests by
reducing the amount of mature forest cover, increasing edge density and isolating mature forest
stands (Franklin and Forman 1987; Reed et al. 1996; Tinker et al. 1998). Political and economic
changes that have resulted after the collapse of the Soviet Union have opened access to those
forests that are now in private ownership and large-scale exploitation of their timber resources
has started in mid 1990s. However there have been relatively few quantitative transbounbdary
assessments of the extent and rate of forest fragmentation by clearcutting in Northern Europe.

In an earlier study (see Piissa et al. 2005) we tested the dependence of radiance in
Landsat TM bands 1 —5 and 7 and normalized difference vegetation index (NDVI) on forest age,
gap size and forest type within the first 10 years following clear-cut logging in different seasons.
This study tested the three key stages in the phenological cycle of clear-cuts of northern
temperate forests that corresponded to (1) winter with snow-covered ground and leafless
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deciduous vegetation, (2) rapid increase in May before Betula spp. budburst, and (3) seasonal
maximum in peak summer (July).The results of the study showed that late winter images with
snowcovered ground are phenologically the best timed images for detecting forest clear-cut area
regionally. Spring and summer images revealed to be more useful for estimation of the
successional age of clear-cut areas in various soil fertility and moisture conditions.

2. MATERIAL AND METHODS
2.1. Study Area

The study region is bounded by 55° 30°N and 60°N latitude and 21° E and 32° E
longitude and spans an area that extends about 500 km south from the southern shore of the Gulf
of Finland in the Baltic Sea and about 600 km east from the eastern shore of the Baltic Sea. The
forests in the area are boreal and boreo-nemoral forests dominated by Norway Spruce, Scots
Pine, Birch and Common Alder. Clearcut timber harvesting has been a major use over the last
tens of years, and has resulted in a mosaic of regenerating clearcuts within a matrix of uncut
forest over most of the region. The dominant land cover in the region is forest (about half of the
area is forested), pastureland, cropland and wetland.

2. 2. Satellite Data and Image Processing

The data set consisted of substantially cloudfree Landsat TM and Landsat ETM+ winter
images available free of charge by the USGS Center for Earth Resources Observation and
Science (EROS) and spanning a time interval from mid 1980s till 2011. The Landsat data set was
supplemented with scanner ASTER winter images and SPOT HRV winter images. For change
detection Landsat TM summer image pairs were used to fill the gaps in the time series of winter
images.

We used digital number (DN) thresholds to assign pixels to one of the two classes ‘forest’
and ‘nonforest’. Conversion of the Landsat TM recorded data to ground reflectances was not
considered necessary in this study. The threshold value was established as the average between
the 2nd and 98th percentile values in the bimodal frequency distribution of brightness of the
Landsat TM bands. Figure 1 presents a bimodal frequency distribution of brightness of the
Landsat TM visible red spectral band (TM 3). Other Landsat TM spectral bands have a similar
frequency distribution.

Post-processing included the removal of small patches of forest, and patches classified as
forest, from urban areas. Small patches, classified as forests with an area less than 0.5 ha, were
removed with a minimum area restriction. Patches classified as forests in urban areas were
masked out with the built-up areas map layer of the national base map.

Forest harvesting activity was mapped in a straightforward manner using an image
differencing algorithm (Coppin et al. 2004) with image pairs. The images were analysed as
separate date-pairs, the results of which were merged into a final harvest map. The errors in a
clearcut harvest map derived from Landsat data were characterized with a comparison with a
vector database containing forest stand historical information for Estonia and Latvia.

The classification of satellite images was supported by orthophotos and 1:10 000 scale
national basic map in vector format for Estonia, National 1:50 000 base map for Latvia and
Russian topographic maps in scale 000 and 1:50 000 for Russia. Forest was defined as area with
30 % or more tree cover with minimum patch size over 0.5 ha.
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Figure 1. Subset of a Landsat Thematic Mapper image in the visible red spectral band (TM3) (a)
and the frequency distribution of pixel values (b). The image is dated10 March 1996, the subset
covering an area of 25km x 25km on the ground. The frequency distribution shows image pixel
brightness values in th so-called DN units The highest radiance values correspond to snow-
covered bare areas or areas covered with very sparse and low vegetation. The lowest radiance
values correspond to conifer dominated and mixed forests. Pixels with intermediate values are
predominantly boundary pixels of forest patches.

3. RESULTS AND DISCUSSION

The overall accuracy of the derived forest map was compared with a vector format
national base map at a scale of 1 : 10 000 that was rasterized into two classes ‘forest’ and ‘non-
forest’. A set of map sheets, Skm x 5 km on the ground, was crosstabulated against the classified
image. Commission and omission errors of the forest class in the forest map were from 0.02 to
0.03; Kappa index of agreement was from 0.8 to 0.9 on different map sheets. More than 80% of
the discrepancies in the two datasets were located within a two-pixel-wide zone around the forest
patches.

The administrative regions differed widely in forested area, the number and density of
clearcuts when the area was tiled into 25 km by 25 km non-overlapping quadrangles. The overall
accuracy of the forest-to-nonforest classification was better than 90%. Harvest activity was also
mapped using merged differencing with greater than 90 % accuracy.

The first obvious trend is a gengerally increasing amount of temporally non-forest
(clearcut) areas over time in forests in all ownership types. Approximately 15% of the forest area
was disturbed overall, translating into annual disturbance rate of 0.6 %. The second trend in
forest-cover patterns is the consistent difference of clearcutting between forest ownership types
in the areas where it was possible to be differentiated (in Estonia and in Latvia). The general
rates and patterns of clearcutting within the last twenty five years since 1985 were found to be
rather similar in Latvia and in Estonia. The annual rate of cutting has increased both in private
and in state-owned forests in these two countries if the yearly average rates of late 1980s and the
first ten years in early 2000s are to be compared. While the rate of cutting has remained more
conservative in state-owned forests, that on lands now in private possession has increased up to
five times if averaged over commune areas.

Though the annual average rate of clearcutting has not exceeded 1 % of the total forest
area in most of the communes, thus still supporting a hundred year long rotation period. Within
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these prevailing average rates of clearcutting forests from different growing conditions are
harvested with different intensity. Forests in the studied areas of North-Western Russia have
been cut to a lower rate than in the neighbouring Baltic States with the pattern of the clearcut
area distribution dependent on the accessibility of forests i.e. on the network of roads. Forest-
cover dynamics in private forests in Estonia and in Latvia during the last decade of the twentieth
century was affected by a low amount of forest clearing during the preceding four decades and
decline in the agricultural economy after collapse of the Soviet Union.

Disturbance rates in our study area (0.6 %) per year fall toward the lower end of the
range reported for temperate forests. While the rates of disturbance are not markedly higher than
those recorded from other temperate forests there has recently been a large alteration in the
disturbance regime which will lead to a general transformation of forest age structure in the
Eastern Baltic area if the trend continues. In general forest cover decreased throughout the region
and throughout the period. Forest cover decreased across the area in all municipalities (counties)
and in all forest ownership types, though there was a notable difference in rates of change.

Clearcutting is associated with predictable changes including a decrease in core area, an
increase in edge density and decrease in the size of remaining forest patches. The results of these
analyses reveal that fragmentation increased over the 25-year time span covered by Landsat
images, but the isolation of fragments did not change substantially.

4. CONCLUSIONS

A series of medium resolution late winter satellite images covering an area of Estonia,
Latvia and western regions of Russia in Northern Europe were used to classify forest from non-
forest and to examine forest area changes in the region that have occurred within the last twenty
years. Two processes contributing to forest area changes were clearcutting and afforestation of
lands that were formerly in agricultural use respectively. The data set consisted of images from
scanners Landsat Thematic Mapper (TM), Landsat Enhanced Thematic Mapper Plus (ETM+),
SPOT High Resolution Visible (HRV) and Aster. The images covered a time frame from mid
1980s till 2011. Forest map was generated and forest area changes were estimated from late
winter images imaged in the conditions of persistent snow cover. Forest clearcuts were mapped
also from summer satellite images using forest map derived from winter images as a mask.

Approximately 15% of the forest area was disturbed overall, resulting in temporarily non-
forested areas, translating into an annual disturbance rate of 0.6 %. The general rates and patterns
of clearcutting within the last two decades were found to be rather similar in Estonia and in
Latvia but were more modest in the territory of Russia. Clearcuting resulted in increased forest
fragmentation.

Mean forest patch size and patch core area decreased, edge density increased as a result
of clearcuts. The increase of forest fragmentation has accelerated since mid 1990s and
particularly in private forests. While the rates of disturbance are not markedly higher than those
recorded from other temperate forests there has recently been a large alteration in the disturbance
regime which will lead to a general transformation of forest age structure in this part of Northern
Europe if the trend continues. In general forest cover decreased throughout the region and
throughout the period due to clearcut activities. The effects of land-use changes, abandonment of
agriculture on forest cover throughout the region have resulted in the net increase of forested
area. The increase of forested area has occurred both as the result of expansion of forest patches
otwards to former agricultural lands and as appearance of new forested patches on former
agricultural land. The net forest area increase is within the range of 2 % of the land that were in
agricultural use in 1990 in Estonia and in Latvia. The net forested area increase in the expense of
non-forested land was regionally varying in Russia, but was within 4 % of the non-forested land
in late 1980s.

127



REFERENCES

Baumann, M., Ozdogan, M., Kuemmerle, T., Wendland, K.J., Esipova, E. and Radeloff, V.C., 2012, Using the
Landsat record to detect forest-cover changes during and after the collapse of the Soviet Union in the temperate zone
of European Russia, Remote Sensing of Environment 124, 174-184.

Cohen, W. B., Fiorella, M., Gray, J., Helmer, E. and Anderson, K., 1998, An efficient and accurate method for
mapping forest clear-cuts in the Pacific northwest using Landsat imagery. Photogrammetric Engineering and
Remote Sensing , 64, 293 -300.

Cohen, W. B. and Fiorella, M. F., 1999, Comparison of methods for detecting conifer forest change with Thematic
Mapper imagery. In R. S. Lunetta, & C. D. Elvidge (Eds.), Remote sensing change detection. Environmental
monitoring methods and applications London: (Taylor and Francis) (pp. 89 — 102).

Coppin, P., Jonckheere, 1., Nackaerts, K. and Muys B., 2004, Digital change detection methods in ecosystem
monitoring: a review. International Journal of Remote Sensing, 25: 1565-1596.

Eastman, J. R. and Fulk, M., 1993, Long sequence time series evaluation using standardized principal components.
Photogrammetric Engineering and Remote Sensing , 59, 1307 -1312.

Fortin, M.-J., and Edwards, G., 2001, Delineation and analysis of vegetation boundaries. In Spatial Uncertainty in
Ecology. Implications for Remote Sensing and GIS Applications, edited by C. T. Hunsaker, M.

A. Friedl, M. F. Goodchild and T. J. Case (New York: Springer), pp. 158-174. Franklin, J.F. and Forman, T.T.
1987. Creating lanscape patterns by forest cutting: Ecological consequences and principles. Landscape Ecology, 1,
5-18.

Joyce, S. and Olsson, H.,2000, Long-term forest monitoring with temporal -spectral trajectories from Landsat TM
data. In T. Zawila-Niedzwiecki & M. Brach (Eds.), Proceedings of a conference on Remote Sensing and Forest
Monitoring , Rogow, Poland, 1 -3 June 1999 Warsaw Agricultural University, (pp. 477 -489).

Lambin, E. F., and Strahler, A. H., 1994, Change vector analysis in multitemporal space: A tool to detect and
categorize land-cover change processes using high temporal-resolution satellite data. Remote Sensing of
Environment , 48, 231 -244.

Lawrence, R. L. and Ripple,W. J.,1999, Calculating change curves for multitemporal satellite imagery: Mount St.
Helens 1980 -1995. Remote Sensing of Environment , 67, 309-319.

Liira, J., Piissa, K. and Peterson U., 2005, The radiance contrast of forest-to-clearcut edges on a medium resolution
Landsat Enhanced Thematic Mapper satellite winter image, International Journal of Remote Sensing Vol. 27, No.
13, 10 July 2006, 2753-2766.

Lunetta, R. S., Ediriwickrema, J., Johnson, D. M., Lyon, J. G. and McKerrow, A., 2002, Impacts of vegetation
dynamics on the identification of land-cover change in a biologically complex community in North Carolina, USA.
Remote Sensing of Environment , 82, 258 -270.

Lunetta, R. S., Johnson, D. M., Lyon, J. G. and Crotwell, J., 2004, Impacts of imagery temporal frequency on land-
cover change detection monitoring. Remote Sensing of Environment , 89, 444 -454.

Peterson, U., 2003, Forest mapping for Eastern Baltic region with Landsat Thematic Mapper winter images. In
Research for Rural Development. Conference Proceedings, Jelgava, Latvia, pp. 189-192.

Peterson, U., Piissa, K. and Liira, J., 2004, Issues related to delineation of forest boundaries on Landsat Thematic
Mapper winter images. International Journal of Remote Sensing, 24, 5617-5628.

Piissa, K., Liira J. and Peterson U., 2005, The effects of successional age and forest site type on radiance of forest
clear-cut communities. Scandinavian Journal of Forest Research, 20, (Suppl 6): 79-87.

Potapov P., Turubanova S., Matthew C. Hansen M.C., 2011, Regional-scale boreal forest cover and change mapping
using Landsat data composites for European Russia, Remote Sensing of Environment, 115, 548-561.

Robinson, D. A., and Kukla, G., 1985, Maximum surface albedo of seasonally snowcovered lands in the Northern
Hemisphere. Journal of Climate and Applied Meteorology, 24, 402 — 411. Reed, R.A., Johnson-Barnard, J. and
Baker, W.L., 1996, Fragmentation of a forested Rocky Mountain landscape, 1950-1993. Biological Conservation,
75, 267-277.

Tinker, D.B., Resor, A.C., Beauvais, G.P., Kipfmueller, K.F., Fernandes, C.l. and Baker, W.L., 1998, Watershed
analysis of forest fragmentation by clearcuts and roads in a Wyoming forest. Landscape Ecology, 13, 149-165.

128



Xiao, X., Moore, B. Ill, Quin, X., Shen, Z., and Boles, S., 2002, Large-scale observations of alpine snow and ice
cover in Asia. International Journal of Remote Sensing, 23, 2213-2228.

Yuan, D., Elvidge, C. D. & Lunetta, R. S. (1999). Survey of multispectral methods for land cover change analysis.
InR. S. Lunetta, & C. D. Elvidge (Eds.), Remote sensing change detection. Environmental monitoring methods and
applications London: (Taylor and Francis), (pp. 21 -39).

129



130



International Scientific Conference

FORESTS IN THE FUTURE — SUSTAINABLE USE, RISKS AND CHALLENGES

4-5 October 2012, Institute of Forestry, Belgrade, Republic of Serbia

TREE RINGS IN THE MEDITERRANEAN

Paolo CHERUBINI*

Abstract: Water is one of the most important resources for human life and human societies on the Earth.
For plants, water is essential too. Without water and CO, no photosynthesis processes occur, and trees don't grow.
Tree rings, as indicators of tree growth and physiological activity, have been used since long time ago, i.e., the
beginning of the past century, for reconstructing past precipitation at local to regional scales over centuries.

At sites where tree growth is limited by summer precipitation, such as in arid and semiarid, but also
mediterranean, regions, tree-ring width is strongly affected by precipitation, and thus can be used to reconstruct
past variability in precipitation patterns. At these sites, dendrochronological studies have helped in climatic
reconstructions, the understanding of ecological processes, and archaeological dating. Moreover, recently, ring
width has been used for reconstructing past streamflow too. Such studies are particularly critical and instrumental
for water management in regions politically very sensitive, i.e. in the Middle East, where disputes on water are often
a cause of war, but in the Mediterranean too.

INTRODUCTION

Analysing how forest ecosystems have reacted to changing climatic conditions in the past
is of major importance to understand how they will react in the future. Tree rings provide
information on the responses of forest ecosystems to environmental changes and allow their
reconstruction in many regions. In the regions characterised by temperate climates, trees and
shrubs stop growing during the cold season, so that annual rings are formed. These can enable
the reconstruction of past climatic conditions (Fritts, 1976; Schweingruber, 1988, 1996).

For the Mediterranean region, information about past environmental conditions is scarce,
although this kind of information would be very useful for understanding the effects of global
change on important ecological processes such as desertification. The typical mediterranean
climate at low elevations is characterized by temperature and precipitation regimes that are very
different from temperate climates. Vegetative activity does not always and everywhere have a
regular dormancy period, so that annual tree rings are not always formed. Although annual rings
have long been reported in coastal mediterranean trees, dating tree rings in the Mediterranean is
difficult because of the lack of seasonality. Tree rings are difficult to be distinguished and the
application of dendrochronology in the Mediterranean is lacking (Cherubini et al. 2003).
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TREE RINGS

Tree rings in mediterranean environments can be used as a tool for dendroclimatic and
dendroecological applied research. The difficulties in dating tree rings are induced by the wood-
anatomical, physiological and phenological responses of trees to mediterranean climatic
conditions (Cherubini et al. 2003).

CLIMATE

The Mediterranean climate consists of a temperate climate characterized by sunny, hot
and dry summers, dependent on the seasonal shift of the desert regime, and by cool winters, with
a pronounced rainfall maximum. Mediterranean climates grade into dry climates to the south and
into cool, humid climates to the north. Mediterranean lands are therefore transitional zones with
indistinct borders that may vary from year to year between moist and arid ecosystems, and
between temperate and tropical regions. The types of vegetation and of tree-ring formation found
at a particular site reflect the climatic conditions there as well as their biogeographical and
evolutionary histories. Given the high variability of climatic conditions within the mediterranean
area, a great variability in cambial activity (and in tree rings) within this region should be
expected (Cherubini et al. 2003).

VEGETATION

The typical woody vegetation in mediterranean regions is characterized by the
predominance of hard-leaved evergreen shrubs and dwarf and short trees, with small, stiff,
leathery and thick leaves, termed sclerophyllous. The functional significance of sclerophylly
commonly has been related to water conservation and to the resistance to negative turgor
pressures. Mediterranean woody plants exhibit a great variety of growth forms and phenological
traits. They may form proper resting buds (dormant) or not, and therefore they may grow during
the winter or not. In mediterranean regions, water is usually the limiting factor. Wood anatomy,
plant architecture, leaf anatomy, life history, and physiology are all related to one another, and
whereas there are adaptations to aridity in each of these factors, many plants exhibit suites of co-
occurring characteristics. There are various suites of xylem characteristics that commonly are
found in woody plants of mediterranean regions. Most of the special characteristics associated
with xylem of mediterranean plants are xeromorphic traits related to water transport and
vulnerability to cavitation (Cherubini et al. 2003).

WOOD ANATOMY

The frequent appearance of numerous vessels with narrow, short elements, small
intervessel pits, and helical thickenings in the vessels in arid zone species has been interpreted as
a strategy for conductive safety. Many mediterranean ecosystems are dominated by shrubs or
branchy wood plants. Shrubs tend to have narrower, shorter vessels than do trees, and branches
have narrower, shorter vessels than main stems, so short narrow vessels will be common in the
wood of mediterranean species. However, we still do not have a good functional explanation for
why vessels are narrower and shorter in branches and shrubs than in trees. In conclusion,
physiological adaptations may modify the cambial response to climate at the species and at the
tree level, so that different responses of cambium activity between species and between
individuals of the same species may be found.
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DENDROCHRONOLOGY

Despite the increasing interest in dendroclimatic reconstructions for the Mediterranean
region, mediterranean tree rings have seldom been used for dendroecological,
dendroarchaeological or dendroclimatological purposes and the few dendroecological and -
climatological studies carried out in the region mostly have been restricted to high elevation
trees. The main reason for this deficiency is the inability in many cases to identify clearly and
date tree annual rings. Cambial activity may stop not only when temperature becomes
prohibitive (at these latitudes, during the winter), as in temperate regions, but also when periods
of drought occur (during the hot, dry summer). This is the so-called characteristic Mediterranean
“double stress* that triggers the formation of false or double rings. A double ring is caused by
the interruption of the normal course of growth during a season. In mediterranean environments,
this phenomenon happens irregularly in space (at different sites at the same time) and in time (in
different years at the same site), so that it is difficult to assign a date to the formation of rings. In
conclusion, mediterranean plants must face two different types of stress, winter cold and summer
drought. Drought stress is the climatic factor responsible for restriction of productivity and
growth of woody plants in mediterranean environments.

CONCLUSIONS

Consequently, climatic conditions, vegetation type, ecophysiological response, and
phenological phase all play a key role in tree-ring formation (Cherubini et al. 2003).

(1) Dating tree rings in the Mediterranean is very difficult but possible. It is possible to cross-
date unequivocally the samples for deciduous species, whereas for evergreen species dating
is very difficult, and strongly depends on sampling site elevation and geographical location.

(2) Difficulties in dating are inducd by false rings triggered by climatic conditions, vegetation
type (deciduous do not form false rings, but the evergreen do), ecophysiological response and
phenological characteristics (laurophyllous versus sclerophyllous).

(3) Sampling tree cross sections is preferable to cores because of false rings, i.e., intra-annual
density fluctuations. Wood anatomical observations on microsections are useful to
distinguish false rings from true annual rings, although their preparation is very time-
consuming.

(4) Tree-ring formation in mediterranean environments can be classified into four groups:

(a) Trees with winter dormancy in cambial growth: a temperate mediterranean type.

(b) Trees with a summer stop in cambial growth: found at very dry sites where summer-
decidous shrubs have a drought-avoiding behaviour involving leaf desiccation or
folding at the end of the growing season, i.e., the so-called malacophyllous species

(c) Trees with a double stop, in winter and in summer: an adapted mediterranean type,
typical for evergreen sclerophyllous and laurophyllous vegetation.

(d) Trees with cambial activity characterized by no stops: a moist mediterranean type.
In the Mediterranean, site and species selection is of highest importance because of the

great spatio-temporal variability in climate, vegetation types, and phenological and
ecophysiological conditions.

133



Acknowledgements

This is a short synthesis of a paper previously published by Cherubini et al. (2003). The purpose
of this paper is to stimulate tree-ring research in the Eastern Mediterranean region. The author
is grateful to the Forest Research Institute in Belgrade for having invited him to attend a very
stimulating conference in October 2012.

REFERENCES

Cherubini P., Gartner B.L., Tognetti R., Briker O.U., Schoch W., Innes J.L. , (2003) Identification, measurement
and interpretation of tree rings in woody species from mediterranean climates. Biological Reviews 78, 1, 119-148.

Fritts H. C. (1976). Tree rings and climate. Academic Press, London, United Kingdom.

Schweingruber F. H. (1988). Tree rings. Basics and applications in dendrochronology. Reidel, Dortrecht, The
Netherlands.

Schweingruber F. H. (1996). Tree rings and environment. Dendroecology. Paul Haupt, Berne, Switzerland.

134



International Scientific Conference

FORESTS IN THE FUTURE — SUSTAINABLE USE, RISKS AND CHALLENGES

4-5 October 2012, Institute of Forestry, Belgrade, Republic of Serbia

FOREST MANAGEMENT IN PROTECTIVE WATERSHED AREA OF PALJANSKA
MILJACKA ON JAHORINA MOUNTAIN

Branka RAJIC-BUELICY, Azra CABARAVDIC?

Abstract: Forests are one of the most complex ecosystems on Earth, which is a dynamic complex of plant
and animal communities, micro-organisms and their abiotic environment. Different forest functions play important
roles depending of particular forest and environmental potentials on one side and the social needs on other side.
Jahorina is forested mountain in the eastern part of Bosnia and Herzegovina, near the capital — Sarajevo in Bosnia
and Herzegovina. The particular importance of this area is connected with forest productivity and water resources
originated from forested areas. Particular attention is paid on forest productivity on protective watershed area of
Paljanska Miljacka on Jahorina. The research question is how protections of watershed zones influence forest
production or are there some differences in forest production on regular economic and protective watershed areas.
Survey was conducted in high forests of beech and fir with spruce on limestone soils in two departments in
commercial forest of economic character and water protection forest. On the basis of field data statistical
comparisons is carried out. In the characterization of production are analyzed: the growing stock, wood volume
increment and felling on the basis forest plans for selected departments of the two categories of forests. For the
analysis of structural characteristics were compared to the projected wood volume of the structure of wood stock.

Key words: forest management, commercial forest, watershed

1. INTRODUCTION

Recent global climate changes and growing need for natural resources recognized forest
management as a integral part in environmental utilization and protection. Particular attention is
paid on forest management treatments to different environmental aspects as ecological,
productive, social and others. It is known that sustainable forest management considers all forest
functions trying to harmonize their interaction and contribute in natural protection and social
utilization (Mati¢ 1973). Overlapping functions as productive and protective usually open
questions about rational treatments of natural resources by several users (Ollinger et al. 1998,
Medarevi¢ 1991, Nikoli¢ et al. 1998/99, Vilhar et al. 2006, Kuglerova 2010, Niki¢ et al. 2010,
Vilhar et al. 2010).

Here is examined forest management in protective catchment’s area in order to clarify
were regular forest activates adapted to particular conditions aiming to preserve other forest
function as protective and hydrological. Stated aims considered total wood volume distributions
and wood quantities in two forested areas: in catchment’s zones and in surrounding economic
(productive) forest.

M. sc. Branka Raji¢-Bijeli¢, Republic Administration for Inspection Activities Republic of Srpska (branka.rajic@gmail.com)
2 Prof. dr Azra Cabaravdié, Faculty forestry University Sarajevo
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2. MATERIAL AND METHOD

The study area for this research was the forested catchment’s area of Paljanska Miljacka
watershed in the central Bosnia. The study area covered the Forest management unit “Jahorina”
Pale containing state owned productive and protective forests on 6273. 04 hal. About 95%
forests are native, multi-layres, multi-species assigned as selective forests. Here were analysed
four dominant forest management classes: the high beech and fir forest with spruce on deep
sylicat and silicate-carbonate soils (1201), the high beech and fir forest with spruce on carbonate
soil (1202), the high fir and spruce forest or spruce forests on sylicat and silicate-carbonate soil
(1203) and the high fir forest or fir and spruce forest on carbonate soil (1204).

(Figure 1.) Forest management unit contains complete catchment’s zone which is divided
in three zones (the first zone - without forest management activities and the second and the third
zones with regular management activities). Forest stands were delineated and digitized based on
the map of basic forest management units while boundaries of catchment’s zones was delineated
and digitized according to the elaborate for water source protection (Corovié et al. 1987).
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Figure 1. Study area in GJ ,,Jahorina“ — catchment’s zones and representative stands

In order to compare productive characteristics of forest stands in productive and
protective forests, fifteen forest compartments were chosen (eight in productive and seven in
protective forest). Regular planned cuttings were completed in chosen compartments for current
management period and it was expected that achieved structures could indicate possible
differences. Growing stock, wood volume increase and cuttings per ha based on management
plan were compared.

Then two representative forest stands were selected randomly and taxative measurements
on 58 sample plots in total were completed according regular rules for forest taxation (sampling
plan for high forest) in year 2010 (Figure 2). Economic forest was represented by compartment
75 (Figure b) and protective forest was represented by compartment 72 (Figure a).
Compartments belong to management class the high beech and fir forest with spruce on
carbonate soil (1202). Here were estimated and compared the most important forest productive
attributes: number stem, basal area and wood volume per ha. Then hypotheses testing about
means equalities were performed using Student t-test.

1 3PS ,Sume Republike Srpske*, Istrazivadko-razvojni i projektni centar, Banja Luka (2002): Sumsko-privredna osnova za
Paljansko SPP.
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Figure 2. Sampling schemes in representative compartments
(a. Compartment 72, b. Compartment 75)

3. RESULTS

In the forested catchment’s zones two types of activities are planned: in the first zone the
sanitary cutting only while in the second and third watershed zones regular forest activities are
planed. Sustainable forest management principles consider importance of protective and
hydrological forest functions what could influence planned cutting.

Here are examined and compared total wood volume diameter structures in two areas:
economic (surrounding determined catchment’s zones) and protective (the second and third
catchment’s zones) forests (Diagram 1). Diameter distributions were obtained for chosen
compartments where regular cutting were performed in current management period. It was
found that both distributions follow approximately normal distribution with left asymmetry
indicating insufficient stock in lower diameter classes (below 30 cm). In the middle diameter
class total wood volume was higher in protective forest while in upper diameter classes wood
volumes were similar.
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—&— Productive

100 —B— Protective

5-10 11-20 21-30 31-50 51-80 >81

Diagram 1. Total volume diameter distribution for representative stands

Then total wood volume diameter distributions per management classes were obtained and
compared with projected normal distributions (Diagram 2). Similar tendency of left asymmetry
and higher total wood volume in middle classes in protective forests were obtained in
management classes too. It is visible that total wood volume structures in productive forests were
bellow projected normal distributions manly while in protective forests wood volumes were
higher then projected in the middle diameter classes. In all management classes total wood
volumes were lower then projected in upper diameter classes.

Obtained results pointed out that cutting were less intensive in protective forests what
may be indication about respect of other forest functions here. In productive forests total wood
volume distributions indicate needs for improvement aiming to follow projected wood volume
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distributions. According to management plan performed cuttings were less the planned and
allowed (less then wood volume increment) (Bijeli¢-Raji¢ 2011).
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Diagram 2. Total volume diameter distribution for representative stands per management classes

Further, we examined estimates of taxative elements: the number stem, the basal area and the
total wood volume for two representative compartments (72 and 75). Compartment 72 belongs to
protective forest while compartment 75 is in productive forest. Both compartments belong to the
same management classes and have similar management treatment. Terrestrial measurements,
observation and estimates were used in order to compare results between compartments. The

95% confidence intervals for the number stem, the basal area and the wood volume are presented
in Table 1.

Table 1. Number stem, basal arae and total wood volume 95% confidence intervals for
compartments 72 (protective forest ) and 75 (productive forest)

Number stem Basal area Total wood volume
Species per ha (m?/ha) (m*/ha)
72 75 72 75 72 75
Fir 373+36 346+32 11.09+0.68 7.21+0.48 139.55+8.93 82.27+6.08
Spruce 212427 349425 10.07+0.72 15.64+0.62 132.89+9.61 201.74+7.07
Beech 117£20 186+32 4.25+0.67 4.60+0.23 58.08+11.03 66.92+3.30
Total 67042 733452 | 25.58+0.71 24.36+0.80 330.52+10.6 308.74+7.83

Obtained estimates for totals showed better situation in protective forest: less average
number stem with higher basal area and total wood volume. It is visible that fir participation in
total wood volume is higher in protective area while in productive forest spruce dominates with
similar beech participation in both compartments. Significant influence of fir was confirmed in
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testing hypotheses of the basal area and the total wood volume averages (Table 2). It is
interesting that beech basal area and total wood volume were higher significantly in
compartment in productive forest.

Table 2. The t values for forest attributes per species and total (tciticie= 2.00)

Species Number stem Basazl area | Total Wogd volume
(n/ha) (m“/ha) (m°/ha)

Fir 0.924 3.449* 3.750*
Spruce -1.374 - 2.040 - 2.001
Beech -0.200 2.918* 2.317*

Total -0.466 0.855 0.826

4. DISCUSSION

The findings point out differences in forest management in protective and productive
forest showing that protective forest achieved higher productivity. Reasons behind could be less
intensive cutting and better stand conditions. The utilization in catchment’s forest was supported
by animal while in economic forest tractors and animal were used so such approach contributes
to decrease of potential risks of utilization damages, erosion and preserves ecosystem stability
more in protective forest. Also it is noticeable that conditions in productive forests surrounding
catchment’s zones should be improved as in productivity so in other forest functions (protective,
social, tourism) contributing in nature protection and local rural development.

Presented results related to total wood volume diameter distributions and the most
important forest attributes in two representative compartments from protective and productive
forest point out that forest management in catchment’s zones follow planning goals and
principles respecting protective forest function. This is consistent with recommendation of
rational utilization of all forest potentials with identified priorities which influence forest
management goals (Medarevi¢ 2006).

5. CONCLUSION

Forest management in forested protective catchment’s zones is limited in the first
protective zones (around water source) while in the second and the third zones regular forest
activities are considered. Having in mind hydrological forest function there it was interesting to
examine if regular forest utilization could achieve stated productive goals preserving other forest
functions.

Here were compared total wood volume distributions in four dominate management
classes in Forest management unit “Jahorina” Pale in forested protective catchment’s zones and
productive forest and found that distributions deviate from normal distributions in both forest
categories. Better situation was found in protective forest where obtained total wood volume was
higher in middle diameter classes then projected and distribution was closer to normal. In
productive forest total wood volume distributions and quantities were less then planned. In both
forest categories utilization were less then planned. It seems that here were prioritized other
forest function as protective, hydrological and social then productive. Such approach supports
integration in overall natural protection what has particular importance having in mind that study
area contains forests, catchments, watershed, settlements and tourism-recreational capacities.
Further research could be conducted in order to clarify values of non-productive forest function
here and to identify potential economical issues non-usable today.
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Abstract: In investigation of variability of morpho-anatomic properties of Serbian spruce (Picea omorika
/Panc./ Purkyné), Bosnian pine (Pinus heldreichii Christ.), Pyramidal fir (Abies alba var. pyramidalis Tosi¢) and
Swiss pine (Pinus cembra L.), 13 characteristics of two-year old needles were measured: needle length, fascicle
sheat length, needle width, needle thickness, cuticle + epidermis thickness, hypodermis thickness, central cylinder
width, central cylinder thickness, number of vascular bundles, vascular bundle width, vascular bundle thickness,
number of resin canals and resin canal diameter. The most variable properties were needle length and needle
thickness as well as central cylinder width and central cylinder thickness. In Picea omorika needles the average
values were 10.3 mm for needle length, 1.5 mm for needle width and 0.8 mm for needle thickness. In P. heldreichii
needles the average values were 82.2 mm for needle length, 1.4 mm for needle width and 0.7 mm for needle
thickness. In A. alba var. pyramidalis needles the average values were 20.0 mm for needle length, 1.95 mm for
needle width and 0.5 mm for needle thickness. In P. cembra needles the average values were 77.5 mm for needle
length, 1.1 mm for needle width and 0.9 mm for needle thickness. Average resin canal diameter was 33.8 um in P.
omorika needles, 41.3 um in P. heldreichii needles, 127.9 um in A. alba var. pyramidalis needles, and 76.8 um in P.
cembra needles. All analysed properties were compared with appropriate literature sources.

Key words: morphology, anatomy, cuticle + epidermis, hypodermis, central cylinder, vascular bundles,
resin canals

1. INTRODUCTION

Serbian spruce (Picea omorika /Panc./ Purkyng) is a tertiary relic conifer tree and Balkan
palaeoendemite which in Serbia naturally occupies large areas of mountains Tara and Zvijezda,
as well as small area in MileSevka Canyon near Prijepolje (Jovanovi¢, 2000 and refs. cited
therein). According to Vidakovi¢ (1982) it grows up to 30 (50) meters high and has pyramidal
crown with whitish needles at lower sides of branches. Needles are 1 - 2 cm long and about 2
mm wide, on the cross-section flat, adaxial side is dark green, abaxial side has two rows of
stomata. Cones are small and purple-red. Seeds are very small (up to 3.8 mm).

Bosnian pine (Pinus heldreichii Christ.) is a tertiary relic conifer tree and Balkan
subendemite of south Italy, Bosnia and Herzegovina, Serbia, Montenegro, Albania, Macedonia,
Bulgaria and Greece (Vidakovi¢, 1982). This two-needle pine grows up to 20 (30) meters high
and has pyramidal crown with needles on short shoots. Needles are set in bundles of two, 6 - 10
cm long, 1.5 — 2.0 mm wide. Resin ducts in needles are medial. Cones are about 8 cm long.
Seeds are up to 7 mm long.

nstitute of Forestry, Kneza Viseslava 3, 11000 Belgrade, Serbia
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Pyramidal fir (Abies alba var. pyramidalis Tosi¢) is a fir of a narrow pyramidal or conical
habitus with dense branches pointed upwards, of 24 — 26 m height. It also differs from common
fir in terms of other morphological properties (Rakonjac et al., 2010 and refs. cited therein).

Swiss pine (Pinus cembra L.) is a conifer that naturally occurs in the Alps and the
Carpathian mountains (Jovanovi¢, 2000). This five-needle pine reaches the height between 10 m
and 23 m. Its crown is pyramidal in Swiss pine young age, while in the old age it assumes oval
shape. Needles are 5 - 9 cm long and about 1.5 mm wide. Cones are 5 - 8 cm long. Seeds are 8 -
12 mm long.

Based on morpho-anatomical properties of conifer pines, it is possible to analyse
variability of species and to resolve a dilemma with respect to the taxonomic status (of Pinus
sylvestris, for instance, Urbaniak et al., 2009), or the position of certain genera in the systematic
(genera Keteleeria and Cathaya, for instance, Wu and Hu, 1997). A number and position of resin
canals perform an important role in addressing the above-mentioned dilemmas.

2. MATERIALS AND METHODS

The object of investigation were two-year old needles of four trees: Serbian spruce and
Bosnian pine (both collected at Belgrade parks), pyramidal fir (gathered at the locality
Ogorijevac near Sjenica in south-west Serbia), and Swiss pine (brought from Zvolen, Slovakia).
Needles were collected at the end of the photosynthetic active season, around the lower third of
the unshaded tree crown. Macroscopic and microscopic analyses were performed at the
laboratory of the Institute of Forestry, Belgrade. Needle length and needle sheath length were
measured by a portable measuring device, while other properties (needle width, needle thickness,
cuticle + epidermis thickness, hypodermis thickness, central cylinder width, central cylinder
thickness, number of vascular bundles, vascular bundle width, vascular bundle thickness, number
of resin canals and resin canal diameter) were observed under microscope and measured in
cross-section. Needle cross-sections were cut by a razorblade, in the central part of needles.
Microscopic analyses and the measurement were performed by a light microscope Carl - Zeiss
Jena. Measurements were conducted on 20 needles of each species.

3. RESULTS AND DISCUSSION
3.1. Picea omorika

The length of two-year old needles of the Serbian spruce subject to our study displays
lower level of variation (9.0 mm — 11.5 mm; Tab. 1, Fig. 1a) when compared to the results
disclosed by Pavlovi¢ and Matovi¢ (1994) (9.0 mm — 13.3 mm) and Milovanovi¢ et al. (2005)
(12.1 mm — 19.7 mm). The needle mean length is 10.3 mm, the width is approximately 1.5 mm
and the thickness amounts to approximately 0.8 mm. In the studies conducted by Milovanovi¢ et
al. (2005), Serbian spruce needles are averagely longer and wider (19 mm and 1.7 mm,
respectively), but of similar thickness. Serbian spruces originating from the industrial zone have
a higher average thickness: 935 um (Ilijin — Jug, 1995). Picea glehnii also has a similar needle
length (9.5 mm), but its needles are narrower and thinner in comparison to Serbian spruce (0.65
mm and 0.5 mm, respectively) (Ishii et al., 2003). Serbian spruce needles are considerably
shorter than needles of P. sitchensis (length: 21.8 mm, after Chandler and Dale, 1990). The
hypodermis of the Serbian spruce subject to our study is single - layered. In terms of the
thickness (16.44 um — 24.66 um), needles of Serbian spruce from our study are less variable in
comparison to literature data for this species (9.5 um — 20 um; Viloti¢, 1994).

In our investigations, the number of needle resin canals in Serbian spruce ranges from 0 -
2. Resin canals are predominantly of external type (touching epidermis). Within the Picea genus,
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P. sitchensis and P. polita (after Marco, 1939), along with P. glehnii and P. jezoensis (Ishii et al.
2003) also have external resin canals. Ilijin — Jug (1995) first noticed occurrence of the third
resin canal in needles of Serbian spruce growing out of its areal (in a polluted environment). The
maximum resin canal diameter of needles subject to our study (78.09 pum) is significantly higher
in comparison to data on Serbian spruce disclosed by Viloti¢ (1994) (37 um), but lower in
comparison to data provided by Milovanovi¢ et al. (2005) (87.3 um) and Isajev et al. (1999) (207
um). The value of resin canal mean diameter (33.8 um) is considerably lower when compared to
literature data on both Serbian spruce (102.54 pm — 128.42 um, Isajev et al., 1999; 70.69 um —
87.30 um, Milovanovi¢ et al., 2005) and other species of Picea genus, such as P. likiangensis (70
um), P. sitchensis (440 um), etc., (Marco, 1939).

Table 1. Morpho-anatomical properties of 2-year old needles of Picea omorika

SERBIAN SPRUCE
Needle Range Mean Standard deviation
characteristics (min - max) X + Sx S+Ss
1 | Needle length (mm) 9.00 - 11.50 10.30 £ 0.16 0.72+0.11
2 | Fascicle sheat length (mm) - - -
3 | Needle width (um) 1290.00 - 1687.75 | 1522.20+25.22 112.77 + 17.83
4 | Needle thickness (um) 623.50 - 827.75 771.90 £ 10.62 47.52 +£7.51
5 | Cuticle + epidermis thickness (um) 16.44 - 24.66 20.80 + 0.70 3.12+0.49
6 | Hypodermis thickness (1m) 16.44 - 24.66 19.90 + 0.54 2.41+£0.38
7 | Central cylinder width (um) 258.00 - 376.25 320.90 £7.73 34.58 £547
8 | Central cylinder thickness (pm) 258.00 - 365.50 316.60 £ 6.95 31.09 £ 4.92
9 | Number of vascular bundles 2.00 2.00 +0.00 0.00 +0.00
10 | Vascular bundle width (um) 28.77-41.10 37.60 + 0.68 3.06 + 0.48
11 | Vascular bundle thickness (um) 16.44 - 28.77 20.80 £ 0.76 3.394+0.54
12 | Number of resin canals 0.00 -2.00 1.00 +£0.20 0.89+0.14
13 | Resin canal diameter (um) 0.00 - 78.09 33.80 £ 6.92 30.94 +4.89

3.2. Pinus heldreichii

Needles of the Bosnian pine subject to our study have a far lower range of variation in
terms of length (6.5 cm — 9.9 cm; Tab. 2, Fig. 1b) in comparison to literature data on the above-
mentioned species (5.1 cm — 10.2 cm, Gudeski et al., 1975; 8.5 cm — 12.4 cm, Stevanovié -
Janezi¢ and Viloti¢, 1998; 6.3 cm — 11.6 cm, Tosi¢ et al., 2003), etc. In terms of needle mean
length (8.2 cm), the Bosnian pine investigated in our study is most similar to Bosnian pines from
Kamena Gora and Milakovi¢i (7.8 cm; Tosi¢ et al., 2003), while it has slightly larger needles in
comparison to Bosnian pines from Sara mountain (7.1 cm, Gudeski et al., 1975) and Greece (7.1
cm — 7.7 cm, Papaioannau, 1975), but smaller needles than those of Bosnian pines from
Prokletije mountain (9.7 cm, Stevanovi¢ — Janezi¢ and Viloti¢, 1998).

In terms of the needle width (1.4 mm), the Bosnian pine investigated in our study
conforms to relevant literature data, while in terms of thickness (0.7 mm), needles are slightly
thinner when compared to values disclosed in literature (0.9 mm — 1.0 mm). The maximum and
mean value of thickness of cuticle and epidermis (24.7 um and 21.2 um, respectively) are higher
in comparison to the data disclosed by Gudeski et al. (1975) (23.6 um i 17.7 um, respectively),
while they are lower in comparison to same properties disclosed by Popnikola (1975) (27.3 pum
on average). The Bosnian pine subject to our study has a higher mean thickness of hypodermis
layer (42 pm) than Bosnian pines from mount Olympus (30.6 pm), Zlatibor (29 pm), Sara (26.1
um), Prenj (28.8 pum) and from Bulgaria (26.6 pm and 29.2 um), which were described by
Popnikola (1975). Occasionally, the number of hypodermic cell rows is 4 - 6, similarly to
Bosnian pine from mount Olympus (Popnikola, 1975). Resin canals of the Bosnian pine
investigated in our study are of medial type. With its 5-6 resin canals, the Bosnian pine subject to
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our study is most similar to Bosnian pine from Murtenica (5 canals, Tosi¢ et al., 2003). With
respect to mean values of the resin canal diameter (41.3 pm), the Bosnian pine investigated in
our study is most similar to Bosnian pines from Serbia (44 um, Zlatibor - Pester, Nikoli¢, 2008).

Table 2. Morpho-anatomical properties of 2-year old needles of Pinus heldreichii

BOSNIAN PINE
Needle Range Mean Standard deviation
characteristics (min - max) X + Sx S+Ss

1 | Needle length (mm) 65.00 - 99.00 82.15+2.19 9.78 £1.55

2 | Fascicle sheat length (mm) 9.00 - 11.00 10.05+0.15 0.69+0.11

3 | Needle width (um) 1182.50 - 1612.50 | 1389.44 + 28.06 125.50 £ 19.85
4 | Needle thickness (um) 376.25 - 881.50 668.11+ 39.54 176.82 £ 27.96
5 | Cuticle + epidermis thickness (um) 20.55 - 24.66 21.17+0.34 1.51+0.24

6 | Hypodermis thickness (um) 164.40 - 337.02 252.35+12.69 56.74 £ 8.97
7 | Central cylinder width (um) 365.50 - 591.25 461.71 £ 14.01 62.63+£9.90
8 | Central cylinder thickness (pm) 225.75 - 419.25 306.91 + 12.64 56.51 +8.94
9 | Number of vascular bundles 2.00 2.00 +0.00 0.00 £ 0.00
10 | Vascular bundle width (um) 82.20 - 164.40 123.09 +£5.12 23.88 £3.62
11 | Vascular bundle thickness (um) 61.65 - 131.52 101.72 + 4.81 21.50 +3.40
12 | Number of resin canals 5-6 5.10+0.07 0.31+£0.05
13 | Resin canal diameter (um) 32.06 - 49.32 41.33+0.99 4.42 +0.70

3.3. Abies alba var. pyramidalis

The needle length of pyramidal fir (20 mm, Tab. 3, Fig. 1c) is higher than a needle length
of common fir (16.8 mm, Pawlaczyk et al., 2005), while mean values of needle width (1.9 mm)
and needle thickness (0.5 mm) are lower than those of common fir (2.1 mm and 1.08 mm,
respectively). The hypodermis of pyramidal fir is single-layered and broken, frequently double-
layered in corners. The thickness of hypodermal cells (20 um) is similar to that of common fir.
The size of the central cylinder in pyramidal fir is considerable larger than that of common fir
(Robakowski et al., 2004). Like common fir, pyramidal fir has two resin canals. The average
diameter of pyramidal fir resin canals (128 um) is similar or higher than that of common fir
(Pawlaczyk et al., 2005 and Robakowski et al., 2004, respectively). Resin canals of common fir
are external (Robakowski et al., 2004) or medial (Pawlaczyk et al., 2005), while in pyramidal fir
they nearly always touch hypodermis.

Table 3. Morpho-anatomical properties of 2-year old needles of Abies alba var. pyramidalis

PYRAMIDAL FIR
Needle Range Mean Standard deviation
characteristics (min - max) X + Sx S+Ss
1 | Needle length (mm) 12.00 - 27.00 20.05 £ 0.92 4.11 £ 0.65
2 | Fascicle sheat length (mm) - - -
3 | Needle width (um) 1682.50 - 2215.20 | 1950.55 +27.34 12227+ 19.33
4 | Needle thickness (um) 447.30 - 575.10 502.15 + 8.04 35.95+5.68
5 | Cuticle + epidermis thickness (um) 12.06 - 16.08 15.88 £0.20 0.90 £0.14
6 | Hypodermis thickness (um) 16.08 -24.12 20.10 £ 0.29 1.30+0.21
7 | Central cylinder width (um) 298.20 - 585.75 447.83 £ 14.79 66.15 + 10.46
8 | Central cylinder thickness (um) 191.70 - 447.30 25933 +17.67 79.04 + 12.50
9 | Number of vascular bundles 2.00 2.00 £ 0.00 0.00 + 0.00
10 | Vascular bundle width (um) 76.38 - 116.58 95.68 =+ 2.60 11.64+1.84
11 | Vascular bundle thickness (um) 60.30 - 96.48 77.99+2.29 10.22 +1.62
12 | Number of resin canals 2.00 2.00 £ 0.00 0.00 £ 0.00
13 | Resin canal diameter (um) 100.50 - 148.74 127.94 +£3.04 13.59 £ 2.15
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3.4. Pinus cembra

In P. cembra needles the average values were 77.5 mm for needle length, 1.1 mm for

needle width and 0.9 mm for needle thickness (Tab. 4, Fig. 1d). Resin canals are medial
(positioned in mesoderm). The number of resin canals is between 2 and 3. Average resin canal
diameter was 76.8 pm. Related pines (from subgenus Strobus, subsection Cembrae,

classification after Critchfield, 1986) also have two (P. pumila, Wang and Hong, 2004) or three

resin canals: P. albicaulis (one ventral and two dorsal, Kalgutkar, 1973), P. koraiensis and P.
sibirica (Wang and Hong, 2004). With respect to the position of resin canals, P. koraiensis and

P. sibirica are closer related to P. cembra (as they also have medial canals) than to P. pumila and

P. parvifolia, canals of which are external (touching epidermis) (Goroshkevich et al., 2009).
Additionally, needles of P. pumila (Gebauer et al., 2010) are narrower and thicker than P.
cembra.

Table 4. Morpho-anatomical properties of 2-year old needles of Pinus cembra

SWISS PINE
Needle Range Mean Standard deviation
characteristics (min - max) X + Sx S+Ss
1 Needle length (mm) 72.00 - 82.00 77.50 £ 0.74 3.32+0.52
2 | Fascicle sheat length (mm) 2.00 2.00 £+ 0.00 0.00 £ 0.00
3 | Needle width (um) 752.50 - 1204.00 1072.31+27.90 124.78 £19.73
4 | Needle thickness (um) 795.50 - 1075.00 928.26+17.30 7738 £12.24
5 | Cuticle + epidermis thickness (um) 16.44 - 24.66 20.96 £ 0.51 227+£0.36
6 | Hypodermis thickness (um) 10.28 - 16.44 12.43+0.23 1.05+0.17
7 | Central cylinder width (um) 301.00 - 397.75 340.24 +£5.25 23.47+3.71
8 | Central cylinder thickness (um) 290.25 - 397.75 336.48 +£ 6.62 29.62 + 4.68
9 | Number of vascular bundles 2.00 2.00+0.00 0.00 £ 0.00
10 | Vascular bundle width (pm) 82.20 - 246.60 155.56 + 8.62 38.54+ 6.09
11 | Vascular bundle thickness (um) 94.53 - 143.85 115.08 +3.43 15.32+£242
12 | Number of resin canals 2.00 - 3.00 2.85+0.08 0.37+0.06
13 | Resin canal diameter (pm) 36.99 - 96.59 76.82 +3.24 14.48 +2.29

Figure 1: Needles of: a) Picea omorika, b) Pinus heldreichii,
c) Abies alba var. pyramidalis, and d) Pinus cembra (cross-section)
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4. CONCLUSIONS

This article analyzed individual variability of 13 needle traits of Serbian spruce, Bosnian
pine, Pyramidal fir and Swiss pine. Investigations proved that there is a significant variability in
all studied species with respect to all properties of the same tree. Sometimes our results do not
correspond to the results of other authors with regard to the same species, as in Serbian spruce
and Bosnian pine, for instance. Furthermore, a similarity of a higher or lower degree, with
respect to morpho - anatomical properties, has been established between the studied species and
their close relatives.

For the purpose of resolving dilemmas concerning taxonomy and systematisation of
certain species or varieties, in particular when their areas overlap, it would be beneficial to
investigate both the number and the size of stomata opening, needle serrations, etc. For that
reason, current morpho-anatomical studies should be extended so as to also include the above-
mentioned properties, while measurements should be performed on a higher number of
specimen.
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Abstract: The variability of seven populations of wild cherry in Serbia was examined according to eight
morphological leaf characteristics. All examined characteristics showed statistically significant variability among
populations. The highest differences among examined populations were found in leaf blade width. The grouping of
populations was described also by discriminant analysis. In spite entomophyllic crossing and zoohorial seed
spreading, variability among examined populations was considerable, especially related to the recent results in
Bosnia and Herzegovina. Such variability present valuable genetic resource for further work on the improvement of
wild cherry in Serbia, and should be preserved by methods of in situ and ex situ conservation.

Key words: wild cherry, genetic variability, leaf morphological characters

INTRODUCTION

Wild cherry (Prunus avium L.) is found in Serbia in many forest communities (Jovanovi¢
et al. 1997, Dini¢ et al. 2006), mostly in communities with oaks (Quercus sp.) and beech (Fagus
sp.). Throughout the history the significance of wild cherry was considerable, as fruits were used
as a food and the herb in pharmacy. Fruits are also important in nourishment of wild birds and
animals. Considering the fact that those birds and animals are at the same time the seed vectors,
wild cherry quickly disperse in long distances. This is rather an adoptable species, so it could be
found from fertile to very poor soils, and from moist to dry habitats. Also, it inhabit broad
spectrum of soils from riparian deposits on river bank up to the mountains on high altitudes:
1400 m.a.s.l. by Stankovi¢ (1981), 1500 m by Bojkov and Zahov (1951), 1700 m according to
Sili¢ (2005), and 1900 m according to Russell (2003). It is abundant in the continental part but
rather rare in submediteranian region of Serbia. According to the income and yield it belongs to
the group of fast-growing tree species, with rotation of 40 to 60 years (Jovanovi¢ 1972, 2000).
Currently, the research on wild cherry in the area of the former Yugoslavia was conducted by
Ballian (2000; 2002; 2004) in Bosnia and Herzegovina. According to his research wild cherry
grows rarely in pure stands or in larger groups, but mostly at the edges of forests or in restricted
spots within forest. The abundance of light is of crucial importance for this species, because it is
heliophilic species, with weak competitiveness related to other tree species.

The data on morphological variability of wild cherry is rather poor. Often general data
could be found on certain characteristics for wild cherry in Bosnia and Herzegovina, such as
morphology of seed, seldom about flower (Ballian 2000, 2002.), than leaf (Miki¢ 2007, Ballian
2012), as well as about fruit. The size of fruit is used for the taxonomical differentiation, so
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individuals with small black fruits belongs to the variety Prunus avium var. actiana L., or true
wild cherry (Herman, 1971). Long-term development of local population in different ecological
conditions resulted in numerous ecotypes and forms of wild cherry. Kolesnikova (1975) suggest
five ecotypes, Vulf (1960) two forms according to the fruit color, Mijakusko and Mijakusko
(1971) four forms according to several morphological characters, and Hrynkiewicz (1972) three
forms of wild cherry.

Russell (2003) claim that natural populations of wild cherry range from the western part
of Asia to the northern part of Africa and north of Europe. There are different data for the origin
of the species. Usual opinion is that it originated from western Asia and Caucasus (Vavilov
1935), while Zukovsky (1965) suggests the origin from the Mediterranean center. However,
Misi¢ (1987), finds that wild cherry origin from Asia Minor, and south and middle Europe, while
Ninkovskom (1998) suggests it originate from Black sea region. Nevertheless, Russell (2003)
found that archeological and fossil data show that wild cherry originate from north-western and
central Europe.

Misi¢ (1987) reports that genetic analysis suggest that gametophitic incompatibility
depends on the series of multiple alleles Sy, Sy, Ss, ... Sy located in one locus. Briggs and Walters
(1997) report on crossing problem related to this fact. According to Pejki¢u (1980) there are six
alleles. Pandey (1967) suggests that genes create certain proteins in pollen and column that
regulate the expression of incompatibility i.e. the enzymatic destruction of growth hormones
occurs in pollen tube and column of stigma. Ascher (1966, 1970) explains the appearance of
gametophitic incompatibility by hypothesis on inherited regulation mechanisms. New data
gained by the analysis of proteins and DNA (Russell 2003) show the presence of 12 S alleles in
domestic cherry and 25 to 30 alleles in wild cherry that control incompatibility. It should be paid
attention on the incompatibility in the analysis of within and inter population variability, because
it decreases differentiation by limiting intensity of gene-flow at the level of pollen and seed.

The aim of the work was to determine the degree of ecological and genetic differences
among examined populations of wild cherry in Serbia by comparative and statistical analysis of
morphological leaf characteristics. Also, this research could suggest the efficient way of wild
cherry conservation depending on the degree of diversity, and could be used in prescription of
measures for its conservation ex situ and in situ.

MATERIAL AND METHODS
Leaves of wild cherry were collected in seven natural populations in Serbia (Table 1).

Table 1. Basic data on examined wild cherry populations

) Basic geographical data

Population Number of trees Longitude Latitude Altitude (m.a.s.l.)
V. Lomnica - KruSevac 15 43°29'28" 21°20'45" 231
Ivanjica - Golija 13 43°27'15" 20°14'01" 870
Brza Palanka 13 44°28'08" 22°26'06" 87
Karadordevo 10 45°20'32" 19°14'30" 90
Jamena 10 44°52'59" 19°04'20" 77
Sid Molovin 10 45°10'45" 19°18'55" 177
Zlatibor 13 43°44'31" 19°42'53" 930

Leaves were collected according to previously recognized methodology that is applied in
research on Q. pedunculate. According to Trinajsti¢ (1989) and Franji¢ (1993, 1994a, 1994b)
only leaves from short shoots represent their recent state of the species and are suitable for the
taxonomical research. This technique is applied on fruits too. Thus, leaves were collected from
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short fertile shoots only. Only healthy, normal and fully expanded leaves were collected. The
collection was done in the second part of the growing period i.e. in August, when leaves are fully
expanded. Leaves were collected from trees on the edge of stand of solitary trees or individuals,
usually from the sunny side of the tree crown. Those trees were selected because it is known that
only solitary individuals or trees at the edge of forest area are able to present their genotype
completely as it is defined (Franji¢, 1993). Those trees grow without competition with other
trees. This is not the case with trees within the stand. After the collection, the further selection
was performed in order to dispose all the leaves that are not fully and correctly developed, such
as damaged leaves and those that considerably deviate from the normal phenotypic shape.

All the leaves were herbarized for further measurements.

Every leaf was labeled, and in every normally developed and undamaged leaf following
characteristics were measured: petiole length (K1), blade length (K2), the distance from leaf base
to the widest part of the leaf (K3), blade width (K4), insertion angle for the first vain at the right
side of leaf blade (K5), number of teeth at the right part of leaf blade at the 1 cm length of leaf
edge (K6), blade width at 1 cm below the blade tip (K7) and the width at 1 cm above the blade
base (K8). All characters were measured with 0.1 mm precision.

In total, 840 leaves from 84 trees were analyzed. On every leaf, eight characters were
measured, that makes 6720 records in total.

Data was saved in Excel program, and statistically analyzed by SPSS 15.0 for Windows.
Following statistical methods were used: descriptive statistical parameters, analysis of variance,
regression analysis and discrimination analysis.

RESULTS
Analysis of variance

According to the analysis of variance for all examined characters showed highly
significant differences among examined populations, as the probability in F-test was bellow 0,01

(Table 2).

Table 2. Results of analysis of variance

gr;arg/cztidr of \S/glrjiract?on of ssquurgres of?fgerc?gm s'gllf:rne F - test|Probability
Petiol length (K1) Among populations| 3066,35 6| 511,06|21,25** 0,000
Within populations | 29664,87 1234| 24,04
Total 32731,23 1240
Leaf blade length (K2) Among populations| 4767,97 6| 794,66| 8,19** 0,000
Within populations | 119862,52 1236| 96,97
Total 124630,50 1242
Distance form the basis to the widthest |Among populations| 1484,95 6| 247,49| 5,82** 0,000
part of blade (K3) Within populations | 52487,86 1236] 4246
Total 53972,82 1242
Blade width (K4) Among populations| 14167,94 6|2361,32|90,66** 0,000
Within populations | 32190,30 1236| 26,04
Total 46358,24 1242
Insertion angle of the irst vein on the Among populations|  6429,59 6/1071,59|27,77** 0,000
right side of blade (K5) Within populations | 47687,64 1236] 38,58
Total 54117,24 1242
Number of teeth on 1 cm of the right Among populations| 267,43 6| 44,57|23,37** 0,000
edge of blade (K6) Within populations |  2357,06 1236] 1,90
Total 2624,50 1242
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Analyzed Sou_rce_ Sum Degree | Mean F - test|Probability
character of variation of squares|of freedom| square
The width at 1 cm bellow the blade tip  |Among populations| 4102,95 6| 683,82|16,44** 0,000
(K7) Within populations | 51394,20 1236| 41,58
Total 55497,16 1242
The width at 1 cm above blade basis (K8) |Among populations| 3697,50 6| 616,2527,65** 0,000
Within populations | 27502,61 1234| 22,28
Total 31200,11 1240

** - significant F-test at o = 0.01

The post hoc Duncan test was performed for all analyzed characters and populations. As
this test reviles the significance of differences among examined populations, it allows
determining the degree of variability among populations based on examined characters. In order
to limit redundancy results of Duncan test for only three characters (characters that made the
highest discrimination among populations) are presented (Table 3, 4 and 5).

Leaf blade length (K1) varied from 26.92 mm in Zlatibor population to 31,49 mm in
population Ivanjica - Golija, while the total average value was 29,42 mm (Table 3).

The average value for petiole length (K2) varied from 82,58 mm in Sid - Moloviu
population to 87,83 mm in population V. Lomnica — Krusevac. The total average value was
85,35 mm (data not shown).

The distance from basis to the widest part of leaf blade (K3) varied from 43.70 mm in
Jemena population to 46,50 mm in population in V. Lomnica — Krusevac (data not shown).

For blade width (K4) the average value varied from 41,68 mm in population Zlatibor to
52,83 mm in population Jamena (Table 4).

The population average values for the insertion angle for the first lateral vein at the right
half of leaf blade (K5) varied from 43,12 degree in population Brza Palanka to 49,45 degree in
population Zlatibor. The total average insertion angle for examined populations was 46,27
degree (Table 5).

The population average for teeth number on 1 cm length of the right leaf blade edge (K6)
varied from 9.04 teeth in population Ivanjica - Golija to 10,54 teeth in population Sid-Moloviu.
The highest variation of this character was found in population Sid-Moloviu, and the lowest in
population Brza Palanka. The total average value for all examined populations was 9,78 teeth
(data not shown).

The analysis of leaf blade width at 1 cm beneath the blade tip (K7) showed that the
population Brza Palanka had the highest average value (12,70 mm), and the population Sid-
Moloviu the lowest (4,89 mm). The highest variation was found in population Brza Palanka, and
the lowest in population Karadordevo (data not shown).

The width at 1 cm above the leaf blade basis (K8) appeared to be the highest in
population Karadordevo (25,12 mm), and the lowest in population Ivanjica - Golija (21,36 mm).
The total average for examined populations was 23,46 mm (data not shown).

According to Duncan test the grouping of examined populations was similar for every
examined character. In four characters three homogenous groups were defined, in two characters
four homogenous groups and in two characters five homogenous groups could be resolved.

According to these results it could be noticed that the highest differences occur between
populations Ivanjica — Golija and Kradordevo, as the differences are significant for every
presented character. The opposite is the case of populations Sid - Moloviu and V. Lomnica —
Krusevac. The results of Duncan-test confirm considerable variability described by analysis of
variance.
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Table 3. Duncan test for petiole length (K1)

Population Number of Duncan test (¢=0.05)
leaves 1 2 3
Zlatibor 178 26,92
Brza Palanka 195 27,44
Sid Moloviu 148 29,74
V. Lomnica - Krusevac 225 29,83
Karadordevo 150 30,07
Jemena 150 30,68 30,68
Ivanjica - Golija 195 31,49
Significance 0,328 0,106 0,122

According to the results of Duncan test for petiole length (Table 3) populations Zlatibor
and Brza Palanka were grouped in the first homogenous group, populations Sid-Moliviu,
V.Lomnica, Karadordevo and Jemena in second and populations Jemena and Ivanjica - Golija in
third homogenous group.

Table 4. Duncan test for blade width (K4)

. Number of Duncan test (¢=0.05)
Population
leaves 1 2 3 4
Zlatibor 178 41,6778
Ivanjica — Golija 195 42,0097
V. Lomnica — Krusevac 225 45,7564
Brza Palanka 195 46,5981
Sid - Moloviu 150 46,8000
Karadordevo 150 47,9530
Jemena 150 52,8257
Significance 0,545 0,071 1,000 1,000

According to the results for blade length (K2) also three homogenous groups could be
defined but the first group formed Sid — Moloviu, Zlatibor, Jemena and Brza Palanka, the second
group Zlatibor, Jemena, Brza Palanka and Karadordrvo, while in third group are populations
Karadordevo, Ivanjica — Golija and V. Lomnica — Krusevac (data not shown). The distance from
the basis to the widest part of blade (K3) also allowed the formation of three homogenous
groups. The first group form populations Jemena, Karadordevo, Zlatibor, the second Zlatibor and
Sid — Moloviu, and the third populations Sid — Moloviu, Brza Palanka, Ivanjica — Golija, V.
Lomnica — KruSevac (data not shown). According to blade width (K4) there are four groups:
populations Karadordevo and Jemena are defined unique groups, Zlatibor and Ivanjica - Golija
are together, and V. Lomnica — Krusevac, Brza Palanka and Sid — Moloviu formed another
group (Table 4).

According to the insertion angle for the first vein on the right side of blade (K5) five
homogenous groups were defined (Table 5).
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Table 5. Duncan test for insertion angle for the first vein on the right side of blade (K5)

Population Number of Duncan test (¢=0.05)
leaves 1 2 3 4 5
Brza Palanka 195 43,1282
Ivanjica — Golija 195 44,3231 44,3231
V. Lomnica - KruSevac 225 45,1867 45,1867

Sid - Moloviu 150 46,1867
Jemena 150 47,9867

Karadordevo 150 49,1600 49,1600
Zlatibor 178 49,4551
Significance 0,073 0,195 0,134 0,079 0,658

Duncan test for the number of teeth on 1 cm of the right edge of blade (K6) defined four
homogenous groups, where Ivanjica — Golija and Sid - Moloviu form particular groups, while
the rest of populations grouped by two per group (data not shown). According to the blade width
at 1 cm bellow the blade tip (K7) three homogenous groups were defined. These groups do not
overlap with each other (data not shown). The Duncan test based on width at 10 cm above the
blade basis (K8) showed the occurrence of five groups, where two populations formed unique
groups, two groups consist of three populations and one group formed by two populations.
Populations Brza Palanka appears in two homogenous groups, as well as populations V.
Lomniva — KrusSevac and Zlatibor (data not shown).

Grouping of populations according to similarities confirmed significant differences
among examined populations reviled by analysis of variance.

Tests for the normality of distribution of frequencies

According to Kolmogoroff — Smirnoff and Shapiro — Wilk’s tests for the normality of
frequencies distribution it could be concluded that the distribution of frequencies is not normal
for majority of examined characters and populations, as the probability of performed tests was
usually over 0.05.

Petiole length has normal distribution only in the population V. Lomnica-Krusevac,
where the test probability was bellow 0.01, but in all other cases the normality was not
confirmed. According to the Kolmogoroff-Smirnov test, populations Brza Palanka, Karadordevo,
Jemena, Sid-Moloviu and Zlatibor showed considerable deviation from the normal distribution
of frequencies as the probability reached 0,2 (p=0,2).

Deviation from normal
distribution

3‘0_ 35
Petiole length

Figure 1. Deviation from normal distribution for petiole length in population Karadordevo
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Because of specific situation that is found the graphic distribution of deviation of petiole
length is presented for the population Karadordevo that showed significant statistical deviation

(Figure 1).

Discriminant analysis

According to discriminant analysis based on all examined characters, there was no
significant grouping among examined populations in clusters. That is confirmed by the fact that
no function had eigenvalue higher than 1, as it is presented in table 6 and on figure 2, where the
grouping of populations was presented based on canonical discriminant functions.

Table 6. Results of discriminant analysis

Function Eigenvalue % of variance Cumulative % Canonic correlation
1 0,687(a) 58,7 58,7 0,638
2 0,167(a) 14,3 73,0 0,378
3 0,146(a) 12,5 85,5 0,357
4 0,118(a) 10,1 95,6 0,325
5 0,043(a) 3,7 99,3 0,204
6 0,008(a) 0,7 100,0 0,090

a) the first canonic discriminant functions that were used in the analysis.

Canonical Discriminant Functions

Population

O V. Lomnica - Kruseva
O Ivanjica - Golija
Brza Palanka
O Karadjordjevo
Jemena
O sid Moloviu
Zlatibor
Il Group Centroid

Function 2

-10 -

-15—

I I I I I I I
8 6 -4 2 0 2 4

Function 1

Figure 2. Grouping of examined populations based on canonical discriminant functions
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Additional analyses where average values of examined characters were included had
been included were conducted, as within numerous data differentiation among population could
be lost. However, these additional analyses did not show any significant grouping among
examined populations.

DISCUSSION AND SUGGESTIONS

The results gained with this research showed significant statistical differences among
examined populations, even though the wild cherry is a species with very interesting and fast
gene flow, and ecological plasticity and adaptability. That adoptability could be traced in
modification variability. In some earlier research in wild cherry in the region, conducted by
Balliana (2002) and Balliana and Bogunié¢a (2006) insignificant differences among populations
were recorded. However, in our research, that included seven populations from different
ecological habitats and additional morphological characters, significant differences were found.
Earlier research, considering their limited amount of data, could not explain weak differentiation
of wild cherry at the interpopulation level. Analysis of those results, as well as results of other
authors suggests that one of reasons could be in filogenetic juvenility of this species, and its
relatively fast settling of Balkan Peninsula (Ballian et al., in print). However, some authors, at
the base of fossil and archeological remains, suggest that wild cherry is present in Europe for a
long time (according to Misi¢ (1987) and Pejki¢ (1980)), and in Serbia as well.

Morphological markers (characteristics) in this work allowed the differences among
populations appear distinguishable, as it was successfully applied in pedunculate oak by Franji¢
(1993, 1994a, 1994b). However, knowing ecology and genetics of wild cherry, it could be
suggested that beside ecological factors, one of the dominant influence was achieved by human
activities in last 2000 years (Ducci, 1991).

As it was emphasized, wild cherry grows in very different ecological conditions, where
morphological characters are considerably influenced by climatic, soil and orographic factors
that directly influence and modify them in one or the other way. Thus, it could be expected that
this species forms certain ecotypes. The influence of ecological conditions could be supported by
our results but that should be additionally confirmed by molecular markers. Similar results were
successfully explained in other species by Chiarucci et al. (1993), Johansson et al. (1997) and
Kollman and Pfludshaupt (2001), as they efficiently connected differences among populations
with climate conditions in examined area, which is, in present time, above our abilities.

Based on the results obtained in this research, i.e. on the analysis of variability of wild
cherry in Serbia, the basic suggestions could be given for its revival and diversity preservation
by methods of in situ and ex situ conservation. By further research and implementation of new
morphological and molecular markers the more precise picture about wild cherry populations
would be provided. Thus, in that way this research should be continued.

As wild cherry is presented with small populations, solitary trees and scattered and rare
trees within stands, it is necessary to prescribe and release numerous silvicultural measures in
order to improve its conditional status. According to Ballian et al. (in print) for the preservation
and improvement of some population in situ it should be taken in consideration the fact that
survival depends on basic factors of habitat as well as on particular individual tree that is carrier
of genetic resource and its ability to pass this resource to the next generation (vitality,
fructification, tolerance to biotic and abiotic agencies, etc.). Thus, beside the research on
variability based on used markers, it is necessary to learn basic ecological factors that occur on
these habitats. Nevertheless, the results from the statistical analysis should be taken with caution
and criticism, as in spite the perfection of the procedure, the real results could be hidden in the
forest data.
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CONCLUSIONS

At the basis of results and discussion following conclusions could be made:

e Morphological characters used in this research allowed differentiation among examined
populations in Serbia.

¢ High within-population variability could be related to the complex system of crossing, where
numerous multiple S alleles suppress inbreeding, as well as to entomophyllic crossing and
zoohorial seed spreading that suggest efficient and fast gene flow among populations.

e Related to the recent research in the region our results suggest the occurrence of considerable
genetic resources in Serbia that should be preserved by means of in situ and ex situ
conservation.
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Abstract: Several types of planting materials are used for the establishment of poplar plantings, whilst
cuttings and roots produced within the ,,stool bed” system (rooted and stool beds) are used as reproduction
material for their production.

The topographic position of sprout cuttings on the percentage of survival of cuttings is analyzed herein.
The field trial was conducted in the , Ljutovo* nursery in Becej, operated under the PC Vojvodinasume, FH
“Banat” - Pancevo, FA , Zrenjanin“. The field trial was carried out through four repetitions with the random
treatment distribution. Three clones of the American black poplar Populus deltoides (cl. B-229; 665; S;.5) were
included in the field trial, as well as two clones of the Euramerican poplar, namely Populus x euramericana cl.
Pannonia (M) and cl. 1-214.

Research has demonstrated that, although there is no significant statistical difference at the 95% level of
significance, there is a difference with regard to the percentage of survival of cuttings, starting from the basal to the
apical part of the sprout. The topographic location of the cutting on the sprout had an effect on the percentage of
survival, but not on the quality of produced seedlings.

Key words: poplar, clone, position of cuttings, rooting percentage

INTRODUCTION

Well organized nursery production of poplars accounts for the first and immensely
important phase for a successful establishment of forest plantings. The entire technological
process, type and kind of the seedling produced in a nursery depends on the purpose for which
the seedlings are to be used.

Organized production of poplars commenced as early as in 1938 in Baranja, on the
“Belje” state property, where mainly springs of the Euramerican Serotina, Robusta and
Marilandica poplars were collected from selected trees, which were used as reproduction
material for the establishment of perennial stool beds used for the production of cuttings
(Markovi¢ and Roncevi¢, 1986). Such a manner of production of cuttings is in the “stool bed”
system (rooted and stool beds).

A more comprehensive nursery production began in the early 1950s, when certain issues
simultaneously arose. Poplar clones used until then became most susceptible to the Dothichiza
populea fungus (poplar bark cancer), hence the solution was to import foreign selections. The
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best results were achieved with Populus x euramericana (Dode) Guinier cl.I-214, which is
broadly used in Serbian forestry even nowadays. This clone eventually became less resistant to
the Dothichiza populea fungus, as well as to the new kind of fungus named Marssonina brunea,
which causes a disease known as “brown leaf spotting”.

New circumstances led to the gradual introduction of new clones of deltoid poplars i.e.
Populus deltoids Bartr., which demonstrated a higher degree of resistance to the aforementioned
plant diseases. In addition, nursery production underwent significant changes owing to the fact
that the Italian rooted bed — transplanting bed production system had been fully adopted
(Roncevi¢ et al., 2002) when more intensive research pertaining to the planting material
production were performed.

Reasearch has thus far demonstrated that several factors may have an impact on the
success of nursery production of poplars: starting material used for making of cuttings, time of
making and manner of preservation of cuttings, length of cuttings, number of buds on each
cutting, treatment of cuttings before their placement in the soil, distance between cuttings, as
well as any other measure implemented upon rooting of cuttings.

In addition, the habitat where a nursery is established plays an important role in
production of seedlings. The most suitable habitats for the growth of poplars are located in
floodplains of large rivers (the Danube, the Sava, and the Tisza) where inundation is frequent. A
part of the area of all floodplains is protected by means of construction of embankments by the
rivers, thus making them safe from inundation impacts. A lack of inundation accounts for one of
the more relevant preconditions for the selection of nursery areas (Roncevi¢ et al., 2002).
According to the same author, fluvisol and humofluvisol are the most suitable soils for the
establishment of poplar nurseries.

In addition to the aforementioned, the topographic location of the cutting on the sprout is
one of the major factors which may have a large impact on the success of rooting in practical
terms.

Several authors have dealt with the research of the impact of the topographic position of
the cutting on the sprout, as well as with the quality of sprouts used for making of cuttings. They
have also given recommendations on the number of cuttings which can be obtained depending
on the category of the sprout.

Mutibari¢ (1961) tested the quality of the sprout for obtaining cuttings. According to this
author, 7-8 cuttings can be obtained from 2 meter long sprouts. He divided the obtained cuttings
into three groups according to the topographic position and in the end of the vegetation period he
concluded that the largest success of rooting is obtained from the base part cuttings (97.7%),
followed by the medium part cuttings (82.2%), while the apical part cuttings demonstrated the
weakest result (52%), whereby the position of the cutting did not have any significant impact on
the quality and dimensions of seedlings.

Herpka and Markovi¢ researched the quality of rooted cuttings of the I-214 clone as
reproduction material for production of cuttings. They divided sprouts into five height-related
categories, the distance between which was 0.5m (1.0-1.5; 1.5-2; 2-2.5; 2.5-3; over 3.0 m), after
which they made cuttings in accordance with the topographic position. Based on the two-year
long research they recommended the following number of cuttings depending on the sprout
category: class 1- 7 cuttings, class 2— 6 cuttings, class 3— 5 cuttings, class 44 cuttings and class
5-2 cuttings. The best results for obtaining reproduction materials were achieved with 2.0-2.5m
high cuttings.

The purpose of this Paper is to determine the dependency of the topographic position of
cuttings on sprouts on the possible percentage of rooting of cuttings of different poplar clones.
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MATERIALS AND METHODS

The field trial commenced in the spring of 2012 at the “Ljutovo” nursery in Novi Becej,
which is part of the FH “Banat” — Pancevo, FA ,,Zrenjanin®. A total of 5 different poplar clone
cuttings, out of which 3 of them were American black Populus deltoides (cl. B-229, 665, S;.5)
poplar and 2 Populus x euramericana cl. Pannonia® and cl. 1-214 Euramerican clones were used
for the establishment of the experiment. The cuttings are 20cm long and placed in 4 repeated
randomly distributed treatments. A total of 150 cuttings is placed within each repeating.

The position of the location of the cutting on the sprout was taken into consideration
when making cuttings. The initial 20cm of the sprout was rejected from the selected sprouts for
cuttings, whilst the remaining part of sprouts were used to cut cuttings. Five cuttings were cut
from each sprout while taking care that a minimum of three buds remained on each cutting. All
cuttings were gathered into beams and placed in a rooting bed.

After two days the cuttings were removed from the rooting bed and submerged in water
for 24 hours. Before the very placement in the soil they were immersed in the copper lime
solution for 15 minutes.

Cuttings were placed in fluvosol soil of the sandy loam type. Fertilization and nutrition of
the soil was not carried out. Watering and care measures (hoeing, pruning, protection against
insects and plant diseases) were conducted if necessary.

Counting of rooted cuttings was performed after 35 days. The obtained data was
processed in the Microsoft Excel 2007 and Statgraphics programs. The variance analysis —
ANOVA and LSD test at the level of 95% of significance (0=0.05) were used for the purpose of
data processing.

RESEARCH RESULTS

Table 1 demonstrates summary statistics and variance analysis at the 95% level of
significance individually for each position of the cutting on the sprout, collectively for all
positions of cuttings from the sprout per clone, as well as for the total number of cuttings from
the same position of the sprout regardless of the clone.

Table 1. Summary statistics and variance analysis for observed clones

Positign of Clone Summary statistic ANOVA
cutting Count Average (%) Min Max F-ratio | P-value

1-214 112 93.33 83.33 | 100.00
M-1 119 99.17 96.67 | 100.00

I B-229 104 86.67 83.33 90.00 2.05 0.1389
665 112 93.33 86.67 96.67
Sis 108 90.00 76.67 | 100.00
In Total: 555 92.50 76.67 | 100.00
1-214 109 90.83 86.67 96.67
M-1 110 91.67 86.67 96.67

] B-229 103 85.83 80.00 90.00 1.13 0.3782
665 106 88.33 83.33 90.00
Sis 108 90.00 86.67 96.67
In Total: 536 89.33 80.00 96.67

! Hereinafter referred to as M-1, which is a more domesticated term.
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Positi(_)n of Clone Summary statistic ANOVA
cutting Count Average (%) Min Max F-ratio | P -value
1-214 112 93.33 83.33 | 100.00
M-1 113 94.17 90.00 | 100.00
i B-229 101 84.17 76.67 90.00 3.14 0.0462
665 103 85.83 80.00 90.00
Sis 101 84.17 80.00 90.00
In Total: 530 88.33 76.67 | 100.00
1-214 111 92.50 83.33 96.67
M-1 117 97.50 96.67 | 100.00
v B-229 100 83.33 70.00 90.00 7.11 0.0020
665 95 79.17 73.33 83.33
Sis 104 86.67 83.33 90.00
In Total: 527 87.83 70.00 | 100.00
1-214 110 91.67 86.67 | 100.00
M-1 113 94.17 90.00 96.67
\% B-229 100 83.33 66.67 90.00 1.72 0.1983
665 100 83.33 76.67 90.00
Sis 102 85.00 80.00 96.67
In Total: 525 87.50 66.67 | 100.00
1-214 554 92.33 90.67 96.00
Sum of all the M-1 572 95.33 93.33 96.00
cuttings by B-229 508 84.67 80.00 86.67 12.31 0.0001
clone 665 516 86.00 84.00 88.00
Sis 523 87.17 84.00 92.00
In Total: 2673 89.10 80.00 96.00
[ 555 92.50
cuttings by I 530 88.33 078 | 05494
their position
on a sprout v 527 87.83
\Y 525 87.50
In Total: 2673 89.10

A total of 2,673 out of 3,000 placed cuttings of different poplar clones were rooted,
which accounts for 89.1% of the total number of cuttings. The best percentage of rooting was
observed in the M-1 (95.33%) clone, whilst the B-229 clone demonstrated the worst result in
terms of rooting and it amounts to 84.67%.

If we take into consideration the total number of cuttings from the same sprout position
regardless of the clone, we can conclude that the best result was obtained in the first position
cuttings (92.5%), whilst the weakest was in the fifth position cuttings (87.50%). Although
statistically irrelevant at the 95% level of importance based on the variance analysis, the obtained
data has demonstrated that the change of the position from the basis to the apical part of the
cutting on the sprout has an impact on the percentage of rooting of cuttings.

The variance analysis has not demonstrated any significant statistical differences between
cuttings from the first, second and fifth position of the sprout of the observed clones, whilst in
cuttings taken from the third and fourth position of the sprout such a difference is present.
Furthermore, there is a significant difference in statistical terms when we compare the number of
rooted cuttings per clone regardless of the position on the sprout.

Table 2 shows the LSD test results individually for each position of the cutting on the
sprout and collectively for all positions of cuttings from the sprout per clone.
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Table 2. The LSD test results individually for each position of the cutting on the sprout and
collectively for all positions of cuttings from the sprout per clone

Clone Mean g?gjop?s' Clone Mean g%?;op?s'
| 1
B-229 86.67 X B-229 85.83 X
S1-5 90.00 XX 665 88.33 X
1-214 93.33 XX S1-5 90.00 X
665 93.33 XX 1-214 90.83 X
M-1 99.17 X M-1 91.67 X
i v
S1-5 84.17 X 665 79.17 X
B-229 84.17 X B-229 83.33 X
665 85.83 XX S1-5 86.67 XX
1-214 93.33 X 1-214 92.50 XX
M-1 94.17 X M-1 97.50 X
\Y Sum of all cuttings by clone
665 83.33 X B-229 84.67 X
B-229 83.33 X 665 86.00 X
S1-5 85.00 X S1-5 87.17 X
1-214 91.67 X 1-214 92.33 X
M-1 94.17 X M-1 95.33 X

LSD test results (Table 2) point to the existence of different homogenous groups within
the analyzed clones between the first, third and fourth cutting, whilst such a difference does not
exist in the second and fifth cutting.

The difference in the first position of the cutting appears between the M-1 and B-229
clones, whilst in the third position the differences appears between the Euramerican 1-214 and
M-1 poplar clones and B-229 and S;.s deltoid poplar clones. There are significant differences
between the 1-214 and B-229 and 665 clones in the fourth position of the cutting, as well as
between the M-1 and B-229, 665 and S;.5 clones.

Based on the results obtained by means of a comparison of summaries of all cuttings on
the sprout per clone there is a clear distinction between Euramerican and deltoid poplar clones.
The aforementioned difference can be explained by the difference in terms of the number of buds
between these two groups of clones. Moreover, the participation of the sapped part in cuttings of
the 1-214 and M-1 clones is less than in the B-229, 665 and S;.5 clones.

Variability of the percentage of rooting of cuttings of different poplar clones taken from
different topographic positions on the sprout test results is graphically shown in Chart 1.
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Chart 1. Variability of the percentage of rooting of cuttings of different poplar clones taken from

CONCLUSIONS

Based on the results received from the experiment and their analyses, the following

different topographic positions on the sprout

conclusions can be drawn:

1. There is a significant difference in the percentage of successfully rooted cuttings between
Euramerican and deltoides poplar clones. The said difference is caused by greater number

of buds and lesser amount of hardwood in the Euramerican poplar clones.

2. The results, although not statistically significant on the significance level of 95%, show
that different topographic position of a cutting on a sprout, starting from the basal to the

apical part, does have an influence on the cuttings rooting success.
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COMPARATIVE ANALYSIS OF THE FLORISTIC COMPOSITION AND DIVERSITY
OF THE VASCULAR FLORA OF NEUTROPHILE BEECH AND FIR FORESTS WITH
SPRUCE IN BOSNIA AND HERZEGOVINA

Sead VOINIKOVIC?Y, Cemal VISNJIC?Y, Besim BALIC?Y, Faruk MEKIC?!

Abstract: This paper presents a study of the diversity of vascular plants within neutrophile beech and fir
forest with spruce from the Illyrian area (Abieti-Fagetum illyricum Treg. 1957. nom ill.). Comparative studies using
an identical method were conducted in two areas within the range of these forests in Bosnia and Herzegovina, in the
central and western regions of Bosnia. Though these are the same plant communities, the starting point was the
hypothesis that there are differences, both floristic and in diversity, between these forests within the sites studied,
arising from their phytogeographical position as well as from the impact of management. The studies revealed that
the beech and fir forest with spruce in western Bosnia (Grmec) is floristically somewhat richer both in number of
species and in diversity than that of central Bosnia (Bjelasnica). The values determined for Grmec were as follows:
average number of species 30; average Shannon index 2.64; average equality index 0.86; the values of the same
indicators for Bjelasnica were: average number of species 28, average Shannon index 2.46, average equality index
0.83. Minor floristic differences were observed in the lllyrian species Cardamine trifolia, Cardamine kitaibelii (syn.
Cardamine polyphylla) of Grmec, which are not present in the Bjelasnica area.

As regards diversity by number of tree species and the proportion of each species by number of individuals,
greater diversity was observed on Grmec, with a Shannon index value of 1.551, as against that of 1.303 for
Bjelasnica. A variance analysis revealed a statistically significant difference in diversity by number of species and
number of individuals on the areas studied. Diversity by basal area on Grmec¢ was 1.538, compared with 1.182 for
Igman- Bjelasnica. Here too the differences were statistically significant, with a probability of 95%.

INTRODUCTION

Beech and fir forests (with spruce) constitute the “fundamental” and economically most
valuable forest communities of Bosnia and Herzegovina. Their distribution covers a variety of
geological substrates: limestone-dolomite, acid silicates, mafic and ultramafic rocks (gabbro,
diabase, serpentinites and peridotites) and flysch series. The preliminary findings of the second
national forest inventory of Bosnia and Herzegovina (2006-2009) are that beech and fir forests
(with spruce) on a limestone-dolomite substrate cover an area of 397,200 ha.

The ecological and vegetation regionalization of Bosnia and Herzegovina (Stefanovi¢ et
al. 1983) distinguishes between two types of mixed beech and fir forest, with spruce, and
without. Beech and fir forest without spruce is widespread in the outer Dinarics, under the
influence of the warm Mediterranean climate to the south and the hot summers of the Pannonian
climate to the north, whereas beech and fir forest with spruce is widespread in the inner Dinarics.

! Faculty of Forestry of the University of Sarajevo, Bosnia and Herzegovina, Zagrebacka 20, Sarajevo
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Map 1- Range of all mixed beech and fir forest (with spruce) in Bosnia and Herzegovina, from
2008 Corini Land Cover (EEA 2008). Scale: 1:600,000

This paper studies the floristic composition and diversity of these forests with a view to
analyzing the range of typical “pure” Illyrian and meta-Illyrian species, the o diversity of
vascular plants and tree diversity, so as to determine the impact of the proposed management
system and the anthropogenic impact on the diversity of the vascular flora of these forests. In
(semi)natural ecosystems, the diversity of a given community is a “dependent variable,” the
outcome of the action of evolutionary, syndynamic and ecological/environmental processes and
anthropogenic impacts, which also affect ecosystem functioning. The timely observation of
changes in biodiversity can help to preserve stable forest ecosystems.

RESEARCH MATERIAL AND METHODS

The studies were conducted at two sites in the range of beech and fir forest with spruce
on limestone substrates in Bosnia and Herzegovina. The first is on Mt. Bjelasnica, near
Sarajevo, the second on the Grme¢ massif in western Bosnia. Both sites lie along the southeast-
northwest orientation of the Dinarics. Fifteen experimental relevés were established on each site.
These experimental relevés are circular, with a radius of 25 m. The centres of the areas were laid
out on a quadrat grid 1 km x 1 km apart. Several classification elements were recorded on each
relevé, including those that are relevant to determining tree diversity, such as tree species,
diameter at breast height of all trees exceeding the classification threshold, and the position of
each tree in the relevé using the polar method.

In addition, phytocoenlogical surveys were carried out on 14 relevés on Grme¢ and 13 on
Bjelasnica using the Braun-Blanquet method (1964). Diversity was analyzed for each stand at o
level (Kimmins, 2004) on both research sites. Juice 7.00 software (Tichy and Holt, 2006) was
used for the a diversity analysis and for the synoptic tables of the phytocoenlogical surveys of
the sites. The data had previously been entered from the Turboveg database (Hennekens et
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Schaminée, 2001). The measures of diversity used were number of species, the Shannon index
and the Evenness equality index. The indexes obtained from the phytocoenlogical data were
compared graphically using a box and whisker diagram for both sites. A T-test was used to test
the significance of the tree diversity between the sites identified by number of trees and basal
area.

RESULTS AND DISCUSSION
Comparison of the floristic composition of vascular plants

The comparative diagram produced results indicating that a large number of vascular
species are to be found at both sites. This was to be expected as, syntaxonomically speaking,
these communities belong to the same association of beech and fir forest (with spruce): Abieti-
Fagetum illyricum Treg. 1957 (nom ill.). The following species are common to both sites, by
storey: tree storey — Abies alba, Fagus sylvatica, Acer pseudoplatanus, Picea abies, Ulmus
glabra, Sorbus aucuparia...; shrub layer — Lonicera sp., Rhamnus alpinus s. fallax, Daphne
mezereum, Corylus avellena; herb layer — Ajuga reptans, Anemone nemorosa, Asarum
europaeum, Athyrium filix-femina, Brachypodium sylvaticum, Carex sylvatica, Epilobium
montanum, Dryopteris filix-mas, Euphorbia amygdaloides, Galium odoratum, Melampyrum
sylvaticum, Polygonatum verticillatum, Symphytum tuberosum, Telekia speciosa, Vaccinium
myrtillus, Viola reichenbachiana.

Table 1. Synoptic table of the floristic composition of beech and fir forest (with spruce) of Grmec

. Voo
and Bjelasnica
GRMEC BJELASNICA
Synoptic table with percentage constancy and cover Synoptic table with percentage constancy and cover
range range
Group No. 1 Group No. 1
No. of relevés 14 No. of relevés 13
Abies alba 6 50 ' Abies alba 2 46 17
Abies alba 5 93 173 Abies alba 5 85 "
Abies alba 4 73 Abies alba 1 54
Abies alba 1 93 Acer pseudoplatanus 6 15 *!
Abies alba 2 100 273 Acer pseudoplatanus 5 69 *
Acer pseudoplatanus 6 43 * Acer pseudoplatanus 2 g !
Acer pseudoplatanus 1 211 Aconitum lycoctonum 6 15 !
Acer pseudoplatanus 2 21 * Actaea spicata 6 46
Acer pseudoplatanus 5 21 1 Adenostyles alliariae 6 8
Aconitum lycoctonum 6 14 ° Aegopodium podagraria 6 23
Actaea spicata 6 29 * Ajuga reptans 6 54 1
Aegopodium podagraria 6 7" Anemone nemorosa 6 8
Ajuga reptans 6 50 * Angelica sylvestris 6 8
Anemone nemorosa 6 50 "t Aremonia agrimonoides 6 77 7t
Aremonia agrimonoides 6 64 °* Asarum europaeum 6 62 *
Asarum europaeum 6 43 71 Athyrium filix-femina 6 46 7!
Asplenium scolopendrium 6 21 * Atropa bella-donna 6 g
Asplenium trichomanes 6 21 ° Brachypodium sylvaticum 6 8 !
Asplenium trichomanes-ramosum 6 21 ° Cardamine enneaphyllos 6 8
Athyrium filix-femina 6 71t Cardamine waldsteinii 6 15
Atropa bella-donna 6 14 ° Carduus personata 6 23
Brachypodium sylvaticum 6 14 ° Carex digitata 6 15
Cardamine bulbifera 6 36 7* Carex sylvatica 6 31
Cardamine enneaphyllos 6 57 1 Corylus avellana 6 8
Cardamine kitaibelii 6 14 ° Corylus avellana 5 8
Cardamine trifolia 6 79 1 Cystopteris montana 6 15
Cardamine waldsteinii 6 36 7 Daphne mezereum 6 15
Carex digitata 6 7 1 Daphne mezereum 5 15
Carex sylvatica 6 57 *2 Digitalis grandiflora 6 8
Circaea lutetiana 6 7" Doronicum columnae 6 31
Corylus avellana 6 14 ° Dryopteris filix-mas 6 85
Cystopteris montana 6 64 "t Epilobium montanum 6 31
Dactylorhiza maculata 6 7" Euphorbia amygdaloides 6 62 't
Daphne laureola 6 14 ° Euphorbia carniolica 6 23
Daphne mezereum 6 57 ° Fagus sylvatica 5 85
Daphne mezereum 5 14 ¢ Fagus sylvatica 2 62 1°
Dryopteris filix-mas 6 86 ! Fagus sylvatica 1 771
Epilobium montanum 6 14 ° Festuca altissima 6 85 "
Euonymus latifolia 6 14 Festuca heterophylla 6 15 **
Eupatorium cannabinum 6 7" Fragaria vesca 6 31
Euphorbia amygdaloides 6 29 Galium odoratum 6 85 "7
Euphorbia carniolica 6 Galium sylvaticum 6 31 !
Fagus sylvatica 2 100 ¢ Gentiana asclepiadea 6 23 %!
Fagus sylvatica 5 71 173 Geranium phaeum 6 15
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Fagus sylvatica 1 93 I Geranium robertianum 6 31
Fagus sylvatica 6 14 " Heracleum sphondylium 6 23
Festuca altissima 6 14 " Hordelymus europaeus 6 38
Fragaria vesca 6 7 Hypericum montanum 6 15
Fraxinus excelsior 6 14 1 Knautia dinarica 6 23 *
Fraxinus excelsior 1 7! Lamium galeobdolon 6 85 "2
Galeopsis speciosa 6 7 Lamium maculatum 6 g8 *
Galium odoratum 6 57+t Laserpitium krapfii 6 38
Galium rotundifolium 6 43 *71 Lathyrus vernus 6 8
Gentiana asclepiadea 6 43+t Lilium martagon 6 15
Geranium robertianum 6 29 % Lonicera alpigena 5 g8 *
Glechoma hederacea 6 7" Lonicera alpigena 6 46 "t
Gymnocarpium dryopteris 6 14 * Lonicera nigra 5 15 **
Heracleum sphondylium 6 7 Lonicera nigra 6 8
Lamium galeobdolon 6 93 ™3 Lonicera xylosteum 5 15 7t
Lathraea squamaria 6 7 Lunaria rediviva 6 g8 *
Lathyrus vernus 6 14 * Luzula sylvatica 6 31 7t
Lonicera alpigena 5 14 "1 Melampyrum sylvaticum 6 15
Lonicera alpigena 6 36 7t Milium effusum 6 15
Lonicera nigra 5 21 *t Mycelis muralis 6 38 "t
Lonicera nigra 6 36 't Myosotis sylvatica 6 15
Lonicera xylosteum 6 7" Oxalis acetosella 6 62 72
Lonicera xylosteum 5 7t Paris quadrifolia 6 31
Luzula luzulina 6 7! Phyteuma spicatum 6 8 *
Lycopodium annotinum 6 7" Picea abies 2 69!
Melampyrum sylvaticum 6 7 Picea abies 1 85
Mycelis muralis 6 57 1 Picea abies 5 69 2
Myosotis sylvatica 6 7" Picea abies 6 8 *
Oxalis acetosella 6 86 Picea abies 4 8
Paris quadrifolia 6 57 * Polygonatum verticillatum 6 38 ¢
Picea abies 1 43 13 Polystichum setiferum 6 54 ¢
Picea abies 4 7 Populus tremula 5 8
Picea abies 5 71 7t Prenanthes purpurea 6 69
Picea abies 2 43 Pulmonaria officinalis 6 g *
Picea abies 6 29 Ranunculus platanifolius 6 8
Platanthera bifolia 6 7 Rhamnus alpinus s. fallax 6 8
Poa pratensis 6 7 Rhamnus alpinus s. fallax 5 62 173
Polygala vulgaris 6 7 Rosa pendulina 6 46
Polygonatum multiflorum 6 21 Rubus hirtus 6 15
Polygonatum verticillatum 6 29 Rubus idaeus 5 23 "1
Polypodium vulgare 6 29 Rubus idaeus 6 38 2
Polystichum lonchitis 6 21 Salix caprea 2 8 *
Polystichum setiferum 6 50 *°h Sambucus ebulus 5 g
Populus tremula 5 7 Sambucus racemosa 5 8
Prenanthes purpurea 6 57 Sambucus racemosa 6 8
Rhamnus alpinus s. fallax 6 7 Sanicula europaea 6 46 °
Rhamnus alpinus s. fallax 5 21 Saxifraga rotundifolia 6 23 *
Rubus hirtus 6 100 * Scrophularia nodosa 6 15
Rubus idaeus 6 14 Senecio germanicus 6 31 ¢
Ruscus hypoglossum 6 14 * Sorbus aucuparia 5 54 72
Salix caprea 5 7 Sorbus aucuparia 2 8 ?
Salvia glutinosa 6 21 ¢ Stellaria nemorum 6 g !
Salvia pratensis 6 7 Symphytum tuberosum 6 31 ¢
Sambucus nigra 6 7 Telekia speciosa 6 8
Sambucus racemosa 5 77 Thalictrum aquilegifolium 6 g8 *
Sambucus racemosa 6 14 Ulmus glabra 2 g '
Sanicula europaea 6 43 7! Urtica dioica 6 23
Scrophularia nodosa 6 7" Vaccinium myrtillus 6 38 *?
Senecio germanicus 6 64 Veronica chamaedrys 6 23 *
Sorbus aucuparia 5 29 ! Veronica urticifolia 6 23
Sorbus aucuparia 2 7" Viola reichenbachiana 6 85 !
Sorbus aucuparia 6 43+t

Symphytum tuberosum 6 7"

Telekia speciosa 6 7"

Ulmus glabra 5 7!

Ulmus glabra 1 7 1

Ulmus glabra 6 21 ¢

Ulmus glabra 2 14 172

Vaccinium myrtillus 6 14 1

Viola reichenbachiana 6 57 *

Some species, however — Cardamine trifolia (R), Cardamine kitaibelii (syn. Cardamine
polyphylla) (V) — are present on Grme¢ but absent on Bjelasnica, which is associated with the
range of these species, classified as protected rare (R) and vulnerable (V) species (Sili¢, 1996).
As well as differences arising from the range of species, there are also floristic differences
resulting from sampling times and the corresponding phenophases when the surveys were
conducted. Further species found on Grmec¢ were Fraxinus excelsior, Daphne laureola,
Cardamine bulbifera, Circaea lutetiana, Eupatorium cannabinum, Lathraea squamaria,
Platanthera bifolia, Poa pratensis, Polygonatum multiflorum, Ruscus hypoglossum, Salvia
glutinosa, Salvia pratensis, Sambucus nigra, which were not observed on Bjelasnica during the
course of this study, though this does not mean they are absent. During the study conducted by
Beus and Vojnikovi¢ (2002) in the virgin forest area of Ravna Vala — Bjelasnica (department
106), Cardamine bulbifera, Polygonatum multiflorum and Salvia glutinosa, or Circaea lutetiana
were recorded, but were not observed during the present study. Some of these species, such as
Sambucus nigra, Eupatorium cannabinum, Poa pratensis and Salvia pratensis, are not typical
forest species but are associated with human activity in forest ecosystems. A few of these
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species are vulnerable or rare: Platanthera bifolia is classified as rare (R), Ruscus hypoglossum
as endangered (E), and Daphne laureola as rare (R) (Sili¢, 1996).

Species recorded on Bjelasnica but not on Grme¢ include Adenostyles alliariae, Angelica
sylvestris, Carduus personata, Dactylorhiza maculata, Doronicum columnae, Digitalis
grandiflora, Hordelymus europaeus, Hypericum montanum, Phyteuma spicatum, Stellaria
nemorum, Veronica chamaedrys and Veronica urticifolia. Among the tall herbaceous species
(class Adenostyletea) that feature within this forest phytocoenosis are Adenostyles alliaria,
Angelica sylvestris, Digitalis grandiflora, Veronica urticifolia, Stellaria nemorum and Phyteuma
spicatum, which appear infrequently, in small numbers and over limited areas. None of these
species is classified as rare or vulnerable. However, their presence on Bjelasnica in beech and fir
forest is an indication that the habitat has been somewhat disturbed in places, since they were
found where trees had been felled, in clearings, along forest roads and log tracks on fresh,
friable, nutritious soil with fully decomposed humus. Still more significant is the presence of
Rhamus alpinus s. fallax and Festuca altissima in significantly greater abundance and percentage
cover as well as frequency in beech and fir forest on Bjelasnica by comparison with Grme¢.
These species are associated with forest habitats on limestones of which the structure has broken
down, where there is sufficient light for them to develop at shrub or herbaceous level
respectively. The presence of these species may also indicate a somewhat higher level of
xerothermalization of the habitat. Though not recorded during the surveys, the forest species
Vicia oroboiedes is also present on Bijelagnica (personal observation), which Sili¢ (1996)
classifies as rare (R).

Analysis of the diversity and equality indexes of vascular plant flora

In all, 115 species of vascular plants were recorded on fourteen of the relevés in the
beech and fir forest on Grmec, an average of 30 per relevé. The largest number of species on a
relevé was 52, compared with 17 on the relevé with the fewest species. It was found, however,
that the relevé with the largest number of species did not have the highest Shannon diversity
index. The highest Shannon diversity index was 3.42, and the lowest was 2.12, on a relevé which
also had almost the lowest equality index value (0.69). In the studies conducted by Visnji¢ et al
(2009) in the virgin forest reserve of beech and fir with spruce at PljeSevica in western Bosnia,
the Shannon diversity index was similar in value, at 2.89.

On Bjelasnica, a total of 105 species of vascular plants were recorded on thirteen of the
relevés in beech and fir forest on limestone substrate. The average number of species per relevé was
28; the numbers ranged from the maximum number of 39 species on one relevé to 21 on the relevé
with the fewest species. The average Shannon diversity index was 2.46. The relevé with the most
species and the highest equality index (0.83) also had the highest Shannon diversity index (3.14).
The lowest Shannon index (1.93) was on the relevé with the lowest equality index (0.63), which was
also the relevé with the fewest species. The average equality index value on Bjelasnica was 0.71.

The box and whisker diagrams below — species numbers (Diag. 1), Shannon index (Diag.
2) and equality index (Diag. 3) reveal that there are no significant differences in the diversity
indexes for herbaceous plants for the beech-fir forest stands on Grme¢ and Bjelasnica. The
quantitative results suggest that the selective cuting management system of the beech-fir forests
on Grme¢ and Bjelasnica has had roughly the same effect on herbaceous flora diversity,
including species number, diversity and species equality.
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Diagram 3. Comparison of tree species diversity on Bjelasnica and Grmec

The findings of the studies on Bjelasnica and Grme¢ were used to compare the diversity
of the recorded tree species by number of trees of each species and the ratio of the basal area of
each tree to the basal area as a whole. The results of the study revealed that there are differences
in tree species diversity between Bjelasnica and Grmec.

The average number of tree species on Bjelasnica on the fifteen relevés in beech and fir
forest with spruce on limestone substrate was four, compared with an average of six tree species
on the fifteen relevés in western Bosnia (Grme¢). In terms of diversity by number of species and
abundance of each species, greater tree species diversity was observed on Grme¢, where the
Shannon index had a value of 1.551, compared with 1.303 on BjelaSnica. Variance analysis
identified a statistically significant difference in diversity by number of species and number of
trees per species at the two sites. Similar results were obtained by Solakovi¢ (2011), who
studied tree diversity in western Bosnia, where the diversity index by number of trees was 1.78.
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Table 2: Average tree species diversity on Bjelasnica and Grmec calculated on the basis of the
number of tree species and the number of individual trees per species

Site N Number of Diversity by number of | T-test
species individuals
Bjelasnica 15 4 1.303 +
Grme¢ 15 6 1.551 *
Probability level 0.95 F=4.89

Still greater differences in tree diversity were revealed from an analysis of diversity by
ratio of the basal area of the various trees on the relevés to the total basal area. Diversity by
basal area on Grme¢ was 1.538, compared with 1.182 for Bjelasnica. The conclusion is that tree
species diversity by basal area is greater on Grmec¢, with a statistically significant difference
compared with that on BjelaSnica, with a probability level of 95%. The ratio of species by basal
area on Grmec is significantly more evenly distributed than on Bjelasnica, with no single species
dominant in the distribution of basal areas, which cannot be said of Bjelasnica.

Table 2: Average tree species diversity on Bjelasnica and Grmec calculated on the basis of the
number of tree species and ratio of their basal area

Site N Number of Diversity by T-test
species basal area

Bjelasnica 15 3.8 1.182 +

Grmed 15 5.6 1.538 *

Probability level 0.95 F=7.32

Differences in tree species diversity by species abundance at these sites are the result of
the local climate, the prevailing habitat-related orographic and edaphic conditions, and human
activity over the centuries, with latitude and altitude, along with the interaction between animals
and plants within these forests, playing a decisive part. However, as regards tree species
diversity by basal area, the main impact is anthropogenic. Different management systems are
applied at various sites in these forests, with different objectives. The projected composition ratio
has a marked impact on the basal area, so that the state of the basal area is closely tied to
management. It would thus appear that the management system applied on Grmec¢ encourages
dendrological diversity to a markedly greater extent than is the case on Bjelasnica.

CONCLUSIONS

The analysis of the floral elements present at the sites suggests that there are differences
between the areas studied as regards individual species of vascular plants. A greater number of
species on the potential Red List for the flora of Bosnia and Herzegovina were recorded on
Grmec¢ than on Bjelasnica, which can be explained by the proximity of centres of Illyrian
provenance (north-western Bosnia, north-western Croatia and part of Dinaric Slovenia). On the
other hand, the presence of tall herbaceous plants (class Adenostyletea) in forest stands suggests
that there are greater felled areas, log tracks or open habitats on parts of Bjelasnica, allowing tall
herbaceous plants to establish. Typical Illyrian species found in Slovenia and Croatia, such as:
Lamium orvala, Omphalodes verna, Haquetia epipactis, Scopolia carniolica and Calamintha
grandiflora, were not recorded during this study. However, certain distinctive and characteristic
species associations give these forests their particular appearance, distinguishing them from
central European beech-fir forests: Aremonio-Fagion (Syn. Fagion illyricum), and species such
as Euonymus latifolius, Rhamnus fallax, Daphne blagayana, Aremonia agrimonoides, Euphorbia
carniolica, Cardamine polyphylla and Dentaria trifolia. Given their location in relation to the
centre of species of Illyrian provenance, these species may be described as meta-Illyrian (from
the Greek meta, with, after, between — Oxford English Dictionary on-line, 27 July 2012; Klaic,
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1958). Beech and fir forests (with spruce) in Bosnia on a limestone-dolomite geological
substrate have not been clearly classified syntaxonomically according to current
phytocoenlogical nomenclature. In Slovenian and Croatian reference works, these forests are
referred to as Omphalodo-Fagetum Marincek et al. 1992, in line with the current code of
phytocoenlogical nomenclature. Studies in Bosnia and Herzegovina (Visnji¢ et al. 2009) have
not confirmed the presence of Omphalodes verna, which is regarded as the differential species of
the communities of these forest, making the use of this term questionable in the case of Boshia
and Herzegovina. The question of nomenclature or syntaxonomical definition should be resolved
at a future date.

Differences have been observed in the number of species of vascular plants between
beech and fir forests (with spruce) on various geological substrates (Beus et Vojnikovi¢, 2010).
Previous diversity studies have demonstrated that there are no significant differences in the
diversity indexes and number of species of vascular flora between managed forests and virgin
beech and fir forest (with spruce) on limestones-dolomites (Beus et Vojnikovi¢ 2002, Sebastia et
al. 2003, Beus et Vojnikovi¢ 2006). The analysis also shows that there are no significant
differences in the number of species, diversity index and equality index between the forests
studied in western and central Bosnia where the same management systems are applied. The
quantitative results suggest that the selective cuting management systems applied to beech-fir
forests on Grme¢ and BjelaSnica have approximately the same impact on herbaceous plant
diversity, including number of species, diversity and species equality.

Differences in tree species diversity are potentially caused by the local climate, habitat-
related orographic and edaphic conditions, syndynamic moments and human activity over the
centuries. This statement is valid if tree species diversity is compared by number of species and
abundance of each species.

However, in the case of tree species diversity by basal area, the impact of management is
of greatest significance in preserving tree diversity in beech and fir forests with spruce. One of
the indicators of forest management quality is the preservation of indigenous tree species and
their even distribution within a community. The present study has revealed that the management
system applied on Grmec¢ helps to conserve and enhance the state of diversity of beech and fir
forest with spruce.
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Abstarct: This paper presents the results of the variability of stomatal parameters (stomatal dimensions
and number) of the leaves of ornamental cultivars of beech: red-leaf Fagus sylvatica L. ‘Purpurea’ and variegated-
leaf Fagus sylvatica L. ‘Roseomarginata’ (= F. Sylvatica L. ‘Purpurea Tricolor’), as well as the leaves of Fagus
moesiaca (Domin, Maly) Czeczott. - control. These trees, from which the leaves are collected, were selected at the
site Beli Dvor and two private gardens in Belgrade. Ten leaves were taken from each tree for the research of size
(width and length) and number of stomata per unit area. The number and size of stomata were measured on the
lower epidermis of the leaf. The characteristics of stomata were determined by the method “collodion process”,
stomata were taken between the third and fifth leaf vein. Analysis was performed using the computer system and a
microscope with a camera. The values obtained for stomatal sizes were processed by computer program
"Statistica". There are differences between the ornamental cultivars and the Moesian beech. The research results
are shown in the paper.

Key words: stomata, red-leaf beech, variegated-leaf beech

INTRODUCTION

European beech (Fagus sylvatica L.) is a significant forest tree species, also renowned by
numerous ornamental cultivars. These representing spontaneous mutants in leaf colour and shape
are very rare and insufficiently researched in Belgrade. European beech is a drought-sensitive
species, and drought stress is one of the most important limiting factors for photosynthesis, as it
induces stomata closing. Stomatal density, apertures and their regulation are of key interest in the
study of drought-adaptation in forest trees (Catiova, et al., 2008). Stomatal characteristics vary
widely among beech species and genotypes (Fei et al., 1999; Denk, 2003; Cafiova, et al., 2008).

The results of the study of anatomical characters of the leaves from selected beech test
trees are presented. The research object were 5 test trees — 4 ornamental beech cultivars: Fagus
sylvatica L. ‘Purpurea’ and Fagus sylvatica L. ‘Purpurea Tricolor’ and one Moesian beech -
Fagus moesiaca (Domin, Maly) Czeczott. Test trees were selected from 3 different locations in
Belgrade.

The aim of this research was to study the variability of the stomatal characteristics of
selected ornamental beech cultivars and compare it with Moesian beech.
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MATERIALS AND METHODS

Test trees of ornamental beech cultivars - Fagus sylvatica L. ‘Purpurea’ (trees number 1
and 2) and Fagus sylvatica L. ‘Purpurea Tricolor’ (trees number 4 and 5) and one Moesian beech
- Fagus moesiaca (Domin, Maly) Czeczott (tree number 3), were selected in Belgrade. At the
site Beli Dvor were selected 3 test trees (Fagus sylvatica L. ‘Purpurea’ and Fagus moesiaca
(Domin, Maly) Czeczott.), another 2 test trees (Fagus sylvatica L. ‘Purpurea Tricolor’) were
selected in private courtyards on Banovo Brdo and Zarkovo. Ten fully expanded leaves were
collected from each tree. Stomatal imprints from leaves were prepared in a laboratory under
identical conditions, a sudden or extended dark or a high temperature and strong wind can close
the stomata or influence their degree of openness (Brewer, 1992; Batos et al., 2010).

Stomatal imprints were taken by applying colourless nail polish over the midrib on the
abaxial leaf side in the direction from the petiole to the leaf top. All imprints were fixed onto
glass microscope slides (Figure 1). Stomatal density and dimensions were measured by
analyzing the imprints with a light microscope with a camera (Magnum), at a magnification of
40 x 10 and 100 x 10.

Y e b

Figure 1. Method for making stomatal imprints

Three stomatal parameters were analyzed: stomatal density (SD), stomatal length (S,) and
stomatal width (Sy), and one derived parameter - stomatal shape coefficient (SSC). Stomatal
density was defined as the number of stomata per mm?, while stomatal size was defined as the
length and width of the stomatal aperature (5 sampled stomata were measured per imprint using
calibration factors for the microscope). The data were processed by the software package
,,Statistica®. Following results were presented: descriptive statistics (minimum and maximum
values, average value, standard deviation), LSD-test, one-way analysis of variance and cluster
analysis.

RESULTS AND DISCUSSION

In Serbia, the leaf stomatal traits of beech cultivars have been studied by a small number
of researchers. Viloti¢ et al. (2006) were analyzed the morpho-anatomical characteristics of
leaves of cultivars Fagus sylvatica ‘Luteofolia’ and Fagus sylvatica ‘Atropunicea’, but no
detailed research has been done so far on stomatal characteristics of Fagus sylvatica ‘Purpurea
Tricolor’ cultivar. In Slovakia, Canova, et al. (2008) were analyzed changes in stomatal
characteristics in European beech cultivars: ‘Aurea Pendula’, ‘Cristata’, ‘Rohanii’,
‘Rotundifolia’ and “Viridivariegata’, during leaf development.

Results of descriptive statistics for measured anatomical characteristics are presented in
Table 1.
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Table 1: Results of descriptive statistics for size and number of stomata
Trait Tree 1 2 3 4 5
s Xomin - Xmax | 15.00-24.20 | 13.10-24.80 | 15.70-27.50 | 13.30-22.20 | 18.30-26.10
L X 18.70 17.88 20.14 19.37 21.29
() sd 2.00 2.65 2.54 191 1.94
Xomin - Xmax | 7.20-19.00 | 9.80-19.60 | 11.80-22.90 | 12.10-22.20 | 9.80-20.90
Sw X 12.87 15.05 17.97 16.62 16.83
() sd 3.03 2.44 2.34 2.03 2.78
N 40.91- 53.57- 60.15- 61.73- 47.23-
SSC min = AAmax 107.65 126.67 128.22 121.02 100.00
(%) X 68.77 85.54 90.29 86.72 79.31
Sd 13.78 16.53 14.54 14.02 12.84
Xumin - Xmax | 56.00-88.00 | 72.00-104.0 | 56.00-92.00 | 44.00-88.00 | 52.00-80.00
(nf‘n?.z) X 75.55 85.78 74.22 64.44 70.67
Sd 9.59 10.29 11.82 14.45 9.50

Legend: S, - stomatal length; Sy - stomatal width; SSC - stomatal shape coefficient; SD - stomatal density;
Xmmin = Xmax - Minimum and maximum values; X - average value; Sd - Standard deviation

The values show statistically significant differences in the size and density of stomata.
Values for stomatal length range from 13.10 um to 27.50 um, and for stomatal width from 7.20
pum to 22.90 um. The smallest mean stomatal length and width were measured in leaves of red
beech cultivar (Fagus sylvatica ‘Purpurea’) - tree number 2 for smallest stomatal length (17.88
um) and number 1 for smallest mean stomatal width (12.87 um), Figure 2. The highest mean
stomatal length was observed in cultivar Fagus sylvatica ‘Purpurea Tricolor’ (tree number 5 -
21.29 um), while the highest stomatal width was measured in Fagus moesiaca (Domin, Maly)
Czeczott. leaves (tree number 3 - 17.97 um), Figure 3 and Figure 4.

Figure 3. Stomata Of F. sylvatlca L. ‘Purpurea Tricolor’
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These results are similar with results of research where Viloti¢ et al. (2006), were
analyzed the morpho-anatomical characteristics of leaves of red beech, yellow beech and
European beech. Results of their analysis also showed that the smallest stomatal length and
width were measured on red beech cultivars.

Stomatal shape coefficient (SSC) was defined as the ratio of the stomatal width (Sy) and
stomatal length (S.), in percentages (Batos et al., 2010):

SSC = (S—W] -100
S|

Test trees were grouped into three categories, according to the stomatal shapes:
1) SSC =< 80% - more elongated stomata

2) SSC =80-90% - less elongated stomata

3) SSC =>90% - flattened stomata

The mean values for stomatal shape coefficient show that ornamental beech cultivars are
characterized with different shape of stomata, in comparison with Moesian beech. Stomata of
Fagus sylvatica ‘Purpurea’ and Fagus sylvatica ‘Purpurea Tricolor’ belong to first and second
category, with more or less elongated stomata, while stomata of Fagus moesiaca (Domin, Maly)
Czeczott. belong to third category, because mean value for SSC is >90% (90.29 %) and the shape
is different - flattened stomata. The most elongated stomata are observed in leaves of red beech
cultivar — tree number 1 (68.77 %).

The values for the number of stomata per mm? show that the red beech cultivar is
statistically different, with a greater number of stomata on the abaxial leaf side (85.78 and 75.55
stomata per mm?), while the smallest number was obtained in variegated-leaf beech (64.44 and
70.67 stomata per mm?). This result confirms that the leaves with smaller stomata (the smallest
mean stomatal length and width were measured in leaves of red beech cultivar) have higher
stomatal density and larger transpiration area. A large stomatal opening that induces transpiration
is a necessary consequence of the plant’s need to maintain gas exchange in leaves for
photosynthesis (Lemoine et al., 2002). On the other side, values for Moesian beech are between
red beech and variegated-leaf beech cultivars (74.22 stomata per mm?). These results are very
similar with results of Viloti¢ et al., where: ,,the red beech cultivar is statistically significantly
different, it has a greater number of stomata (85.33) on the leaf underside, compared to the
yellow beech cultivar and common beech* (Viloti¢ et al., 2006).
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Results of Analysis of variance (Table 3) showed that the obtained differences between
average values of beech cultivars and Moesian beech were statistically significant (P-value
<0.05) for all analyzed characteristics of stomata.

Table 2: Results of analysis of variance (ANOVA)

Between trees
Trait Mean Square F-ratio P-Value
Stomatal length 155.25 31.24 0.00
Stomatal width 350.16 53.90 0.00
Stomatal shape coefficient 6427.04 31.02 0.00
Stomatal density 1095.82 8.61 0.00

Table 2 presents the results of LSD test for analyzed characteristics of stomata.

Table 2: LSD-test for analyzed characteristics of stomata

LSD-test
Tree Average | Homogenous Tree Average | Homogenous
value groups value groups
Stomatal length (um) Stomatal width (um)
2 17.88 X 1 12.87 X
1 18.70 X 2 15.05 X
4 19.37 X 4 16.62 X
3 20.14 X 5 16.83 X
5 21.29 X 3 17.97 X
Stomatal shape coefficient (%6) Stomatal density (mm™)
1 68.77 X 4 64.44 X
5 79.31 X 5 70.67 XX
2 85.54 X 3 74.22 X
4 86.72 XX 1 75.55 X
3 90.29 X 2 85.78 X

The test trees were grouped to identify similarities and differences between the average
values. Values for the stomatal length are very different and trees were not grouped, while values
for stomatal width of trees number 4 and 5 are similar (16.62 and 16.83 um), and make one
homogenous group. For stomatal density, trees number 4 and 2 are very different, and trees
number 1 and 3 are in one homogenous group.

According to the diagram of Cluster analysis (Diagram 1), it can be concluded that the
shortest linkage distance is recorded between trees 3, 5 and 4 (Fagus moesiaca (Domin, Maly)
Czeczott. and Fagus sylvatica ‘Purpurea Tricolor’), on the other side are linked trees number 1
and 2 (Fagus sylvatica ‘Purpurea’) on longer distance.
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Diagram 1. Cluster analysis diagram based on
stomatal length, width and stomatal shape coefficient

CONCLUSIONS

Based on the results of the study of anatomical characteristics of the leaves (size and
number of stomata), which are undoubtedly under genetic control, it was concluded that beech
cultivars with red leaves (Fagus sylvatica ‘Purpurea’) are significantly different from variagated-
leaf beech cultivars (Fagus sylvatica ‘Purpurea Tricolor’), as well as from the Moesian beech
(Fagus moesiaca (Domin, Maly) Czeczott.).

It can be concluded that the red-leaf beech showed the smallest mean stomatal length and
width and highest stomatal density. This means that leaves of red beech have larger transpiration
area, and this cultivar can be planted on the moister sites, compared to both variagated-leaf and
Moesian beech.
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Abstract: Beech forests that make almost one half of forestry fond in Serbia have important function in
biomass production and influence on environmental status. Valuable information about functioning of forest
ecosystems can be provided by investigating the structure of mycorrhizal community. The aim of this study was to
preliminarily describe and identify ectomycorrhizal types in natural managed beech (Fagus sylvatica L.) stands
from four different sites in Serbia: Homolje Mountains, Cemernik-Ostrozub, East Boranja and Fruska gora.
Samples were collected in December 2011 with soil corer of 274 ml volume at a distance of about 1m from the tree
trunk. The total number of samples was 12 i. e. 3 samples per locality. Identification of fungal partner in
ectomycorrhiza was obtained with morphological and anatomical characterization according to published
descriptions. Different types of ectomycorrhiza were observed, described and identified. Shannon-Weaver diversity
index and Species richness index were calculated. Total number of ectomycorrhizal types found in examined beech
stands was 26 (8 types of ectomycorrhiza were found in the locality Fruska gora and East Boranja, 9 types in
Cemernik-Ostrozub and 10 ectomycorrhizal types were observed in Homolje mountains). The preliminary results
indicated high ectomycorrhiza diversity which is at the level of diversity published for other comparable beech
stands in central and SE Europe. However, seasonal dynamics of ectomycorrhizal community structure should be
investigated and identification of ectomycorrhizal types should be supplemented with molecular methods.

Key words: ECM, Fagus sylvatica L., morphological-anatomical characterization, Serbia

1. INTRODUCTION

Establishment, growth and survival of trees in most temperate and boreal forests depend
on colonization with ectomycorrhizal (ECM) fungi. Mycelium of ECM fungi represents the main
component of forest ecosystems which link biotic with abiotic factors. ECM fungi successfully
take water, organic and inorganic nutrients from soil and translocate them to fine roots of plants
from which they obtain carbohydrates in return (Smith and Read, 2008). Since the functional
compatibility and stress tolerance of ectomycorrhizal types is species specific, the information on
the ectomycorrhizal community structure can provide valuable information about physiology of
forest trees and functioning of forest ecosystems (Kraigher et al., 2007).

Beech (Fagus sylvatica L.) is the most common tree species in Europe and it has
important economical and ecological function in forestry ecosistems (Jazbec, et al., 2007). In
Serbia beech forests make almost one half of forestry fond. They have important function in
biomass production and significant influence on environmental status as well (Vucicevi¢, 2004).

In spite of the importance of this species, data about community structure of ECM fungi
on beech in Serbia are scarce (Katani¢ et al., 2011). The aim of this study was to preliminary
describe and identify types of ectomycorrhizae in natural managed beech (Fagus sylvatica L.)
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stands from four different sites in Serbia: Homolje mountains, Cemernik-Ostrozub, East Boranja
and Fruska gora.

2. MATERIAL AND METHODS

ECM was analysed at four sites in Serbia representing pure or mixed natural uneven-aged
managed beech (Fagus sylvatica L.): Homolje Mountains, Cemernik-Ostrozub, East Boranja and
Fruska gora.

Locality at Homolje Mountains is situated 20 km from town Kucevo in Eastern Serbia.
Coordinates of locality are N44°24°12°° E21°36°35’, altitude is 480 m a.s.l. and climate is
continental. The average annual precipitation is 653 mm, average annual temperature is 11,3 °C
(data for Veliko gradiste according to RHMZ) and soil type is illimeric soil (Skorié et al., 1985).

In Cemernik-Ostrozub samples were taken 15 km from town Predejane in South-eastern
Serbia (N42°50°13” E22°12°47°’). Altitude of locality is 936 m a.s.l. and climate is temperate
continental. The average annual precipitation is 625,4 mm, average annual temperature is 11,1
°C (data for Leskovac according to RHMZ) and soil type is acid brown soil (Skori¢ et al., 1985).

Locality in East Boranja is placed 20 km from town Krupanj in Western Serbia
(N44°21°24> E19°16°41”"). Altitude of locality is 801 m a.s.l. and climate is continental. The
average annual precipitation is 868 mm, average annual temperature 11,6 °C (data for Loznica
according to RHMZ) and soil type is acid brown soil (Skori¢ et al., 1985).

Iriski venac locality is situated at Fruska gora, 20 km from Novi Sad in North-western
Serbia. Coordinates of locality are N 45° 09’ 25>’ E 19°48°26’, altitude is 480 m a.s.l. and
climate is temperate continental. The average annual precipitation is 647,3 mm and average
anual temperature is 11,4 °C (data for Novi Sad according to RHMZ) and soil type is gray brown
podzolic soil (Skori¢ et al., 1985).

Istocna Boranja Homoljske planine

o
Cemernik-Ostrozub

Map of Serbia with studied sites

Beech was main and dominant woody species on all localities. However, on locality
Krupanj was found Sambucus nigra L., while at Iriski vanac there were Sambucus nigra L., Acer
platanoides L., Tilia sp. and Rubus sp. as well.

Soil samples at all localities were collected in December 2011. A soil corer of 274 ml
volume was used for taking standardized samples (Kraigher, 1999) at a distance of about 1m
from the tree trunk. The total number of samples was 12. Three samples were taken per each
locality. Roots were carefully washed from soil and vital ECM root tips were separated from old,
nonturgescent and nonmycorrhizal (ONN) roots in water under a dissecting microscope. Types
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of ECM were analyzed and ECM fungi identified after morphological and anatomical
characteristics with a binocular (light sourse Olympus Highlight 3100, daylight filter) and
microscope Olympus BX 51 (enlargement 100-2000x) according to published descriptions
(Agerer, 1987-2002; Agerer et Rambold, 2004—2011) and methodology described by Agerer
(1991) and Kraigher (1996). Divesity indices (Shannon Weaver index, Species richness index,
Evenness, Equitability and Berger-Parker index) were calculated after formulas given by Atlas at
Bartha (1981).

3. RESULTS AND DISSCUSION

The total number of ECM types at all sites was 26 (Table 1). Eleven types of ECM were
identified to the species level: Cenococcum geophilum Fr., Cortinarius bolaris (Pers.:Fr.),
Fagirhiza cystidiophora, Fagirhiza tubulosa, Geastrum fimbriatum Fr., Genea hispidula Berk.
&Br., Lactarius blennius Fr., Lactarius subdulcis Bul: Fr,  Piloderma croceum Erikss.&
Hjortst, Russula illota Romagn., Russula ochroleuca (Pers.) Fr.; five types were determined to
the genus level: Lactarius sp., Russula sp. 1, Russula sp. 2, Russula sp. 3 and Tuber sp., while
ten ECM types remained unidentified.

It should be kept in mind that ECM types in this study were identified only according to
morphological and anatomical characteristics, so identifications to the species level are only
“closest to characteristics of these types”. In order to support the identification, molecular
methods should be applied. In that case it is assumed that results could differ to some extent
from obtained ones (Straus et al., 2011).

In the localities Iriski venac and Krupanj were separated 8 types of ECM, in Predejane 9
types and in Kuc¢evo 10 ECM types (Table 2). Number of vital ECM in investigated samples was
in range from 517 (IriSki venac) to 2288 (Predejane) and the total number of fine roots ranged
from 2027 (Krupanj) to 9013 (Predejane). However, the highest percentage of vital ECM roots
was found in Krupanj. The highest value of the species richness index was recorded in Kucevo
(2,99) and Shanon Weaver index was highest at Iriski venac (1,64). The lowest values for both
indices were found in Krupanj (2,35 and 1,15 respectivelly). For samples from Iriski venac were
observed highest values of evenness, equitability and Berger-Parker index, while in Krupanj
those values were the lowest among analysed localitites.

Diversity indices of ECM fungi recorded on investigated sites were comparable to
diversity indices of ECM fungi on beech published in other papers (Al Sayegh Petkovsek, 2004;
Grebenc, 2005; Grebenc et al. 2009; Masek et Grebenc, 2011). Preliminarily results indicate high
ECM diversity on investigated localities.

The ECM community structure differed among investigated localities (Figure 1). In all
sites one dominant ECM type has made about a half of all ECM roots. In Kuéevo the dominant
ECM was Lactarius subdulcis with 51%, in Predejane Cenococcum geophilum (55%), in
Krupanj Lactarius blennius (61%), and in Iriski venac Cortinarius bolaris with 46%. There was
no ECM type in common for all investigated sites, yet Russula illota and Lactarius blennius
were found at three sites. Cenococcum geophilum was recorded only in Predejane and Iriski
venac. Lactarius subdulcis, Cortinarius bolaris and Tuber sp. were also found on two localities,
while other ECM types occurred only on one of studied localities.

Recorded types of ECM are commonly found on beech (Brand, 1991; Grebenc et
Kraigher, 2007; Kraigher et al., 2007). Lactarius and Russula, with three and five species/types
of ectomycorrhizae were the most abundant genera in investigated samples which is in
accordance with previous research (Grebenc, 2005; Grebenc et al., 2009). Cenococcum
geophilum has a World-wide distribution with a wide range of plant partners (Smith et Read,
2008). Its mycorrhizae is very common on seedlings and mature trees but it rarely dominated
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root system (Ingleby et al., 1990). However, Cenococcum geophilum is known to be frequent
and abundant on sites under the influence of stress factors (LoBuglio, 1999). At locality
Predejane this species made 55% of all found vital ECM could indicate stress conditions. On the
other hand it has been shown previously that C. geophilum may include several types and
therefore should be considered as a ,,group type* (Al Sayegh Petkovsek et Kraigher, 1999). In
order to confirm our finding, molecular analyses are needed and number of soil samples should
be increased as well.

Expected global climate changes, especially decrease of precipitation and temperature
increase, could result in increse thread to beech forests within their present areal (von
Wuehlisch, 2004). Information about ECM community structure and abundance of ECM fungi
on beech is helpful in estimating site condition of particular stands and monitoring their potential
changes in future. In order to reveal potential disturbance of ECM fungal diversity on analysed
localities, the ECM monitoring should be continued. In addition, the started monitoring should
be supplemented with molecular methods for ECM identification and special attention should be
paid on the seasonal dynamics of ECM community structure.

ECM fungi on beech from locality ECM fungi on beech from locality
"Kucevo" "Predejane”

L] naris is B Geneahispi B Lactarius blennins

Corﬁ)ufmn botam‘ Genea hispidnln Lactarins Dlenniis u Cenococcum geophilim B Lactarins sub dulis
B Lactariussubdulcis ™ Russulaillotn " Russula sp. u Pilodernu croceum B Tubersp.

Tuber sp. UnknowntypeME 1 “ Unknown type MK 2 EUnknown typeP 1 B Unknownfype P 2

7 e ] UnknowntypeP 3 UnknowntypeP 4
Unknovntype MK 3 5%o%| |2% % v 1304 1961%
12% 2% o I

200 \

=0
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ECM fungi on beech from locality ECM fungion beech from locality
"Krupan;j" "Triski venac"

B Fagirhiz cystioplora B Fagirhizn tubulosa B Cenococerm geophilim B Cortinarins bolaris
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B Russula ochrolenca E Russulasp. 1 B Lactarius subdnlciy B Russnla ilfota

Russniasp. 2 Unknowntype K1 UnknowntypeIV 1 UnknowntypeIV 2
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Figure 1. ECM community structure of different sites in Serbia
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Table 1. Description of ECM types found in beech stands from different localities in Serbia

Designated Ramification and |Surface and |[Hyphae and [Rhizomorph, Anatomy of mantle Locality
identity code of  |shape color cystidia anastomoses (IV=Iriski venac;
ECM type MK=Kucevo;
K=Krupanj;
PR=Predejane)
Cenococcum simple, loosely melanized not observed outer mantle hyphae star-| PR, IV
geophilum Fr. monopodial- woolly or hyphae like arranged and tightly
pinnate, straight or |long spiny,  |without glued together, G type
bent black clamps, according to Agerer (1987-
cystidia not 2002), inner mantle
observed plectenchymatous
Cortinarius irregularly pinnate, |densely hyphae with  |rhizomorphs D type |outer mantle MK, IV
bolaris Pers.:Fr. |bent stringy, white |clamps, according to Agerer |plectenchymatous hyphae
silvery, cystidia not (1987-2002), irregularly arranged with no
brown observed anastomoses special pattern, B type inner
opened with short  |mantle plectenchymatous
bridge ring-like, A type according
to Agerer (1987-2002)
Fagirhiza monopodial- short spinny, |hyphae are not [not observed outer mantle epidermoid K
cystidiophora pyramidal, straight |golden- observed, cells bearing a hyphal net Q
yellow, cream|cystidia A type type according to Agerer
according to (1987-2002), inner mantle
Agerer (1987- plectenchymatous
2002)
Fagirhiza irregul., pinnate, woolly- hyphae without [not observed outer mantle P type K
tubulosa bent cottony, clamps, according to Agerer (1987-
bright brown , |cystidia not 2002), inner mantle
silvery observed plectenchymatous
Geastrum simpe, monopodial- |densely hyphae without|rhizomorphs outer mantle hyphae v
fimbriatum Fr. pinnate, bent woolly, clamps, slightly irregularly arranged with no
white, silvery, |cystidia P type |differentiated C special pattern, B type
brown accordingto |type accordingto |according to Agerer (1987-
Agerer (1987- |Agerer (1987- 2002), inner mantle
2002) 2002) , anastomoses |plectenchymatous
not observed
Genea hispidula  |monopodial grainy with  [hyphae thick |not observed outer mantle angular cells, MK
Berk. &Br. pyramidal, bent emanating walled, without bearing mounds of roundish
hyphae or clamps, cells, K type according to
loosely cystidia G type Agerer (1987-2002), inner
woolly, dark |according to mantle plectenchymatous
brown Agerer (1987-
2002)
Lactarius blennius|simple, mon. shiny, hyphae without|not observed outer mantle epidermoid, MK, K, IV
Fr. pinnate-pyramida, |smooth, light |clamps, puzzle-like, jig-saw-shaped,
straight brown, cystidia not M type according to Agerer
golden, cream |observed (1987-2002), inner mantle
plectenchymatous with
laticifers
Lactarius sp. mon. pinnate- smooth, not observed |not observed outer mantle Q type PR
PR8 005 pyramidal, straight |golden-brown according to Agerer (1987-
with veins 2002), inner mantle
plectenchymatous with
laticifers
Lactarius monopodial — shiny, hyphae without |not observed outer mantle angular cells MK, PR
subdulcis Bul: Fr |pinnate, pyramidal, |smooth, clamps, bearing a hyphal net , P type
bent shiny, cystidia not according to Agerer (1987-
orange- observed 2002), inner mantle
brown, plectenchymatous with
golden laticifers
Piloderma simple, monopodial |wooly- hyphae without [rhizomorphs A outer mantle hyphae PR
croceum pinnate or cottony, clamps, type according to  |irregularly arranged with no
Erikss.&Hjortst. [irregularly pinnate, (lemon cystidia not Agerer (1987- special pattern , B type
bent yellow, white, |observed 2002), anastomoses |according to Agerer (1987-
silvery closed by a simple |2002), inner mantle
septum, with bridge |plectenchymatous
Russula illota monopodial densely short- hyphae not not observed outer mantle MK, K, IV
Romagn. pyramidal, straight, |spiny, with |observed, plectenchymatous hyphae
bent sand, cream, |cystidia D arranged net-like, with
brown type according prominent cystidia , D type
to Agerer according to Agerer (1987-
(1987-2002) 2002) inner mantle
plectenchymatous
Russula monopodial densely not observed  |not observed outer mantle angular cells K
ochroleuca (Pers.) |pinnate, monopodial |grainy or and mounds of flattened cells
Fr pyramidal,straight |warty, yellow , O type according to Agerer
with (1987-2002), inner mantle
yellowish or plectenchymatous

greenish dots
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Russula sp. K1 simple, straight grainy, light |hyphae are not not observed outer mantle K type K
(K1001) brown observed, according to Agerer (1987-
cystidia D type 2002), inner mantle
according to plectenchymatous
Agerer (1987-
2002)

Russula sp. K2 pinnate, straight smooth- hyphae are not |not observed outer mantle M and in some | K

( K1 005) grainy, observed, parts Q type, inner mantle H
golden-brown [cystidia B type type according to Agerer

according to (1987-2002); structures that

Agerer (1987- look like laticifers in inner

2002) mantle
Russula sp. MK1 [irregularly pinnate, |(grainy, dark |hyphae are not |not observed outer mantle K type, inner MK
MK 2 008 straight brown observed, mantle L type according to

cystidia B type Agerer (1987-2002)

according to

Agerer (1987-

2002)

Tuber sp. pinnate, bent smooth with |hyphae not observed outer mantle Q type MK, PR
emanating without according to Agerer (1987-
hyphae, clamps, 2002), middle M type and
brown, cystidia A type inner mantle
younger parts [according to plectenchymatous
are brighter |Agerer (1987-

2002)
Unknown type irreg. pinnate- loosely hyphae without [not observed outer mantle L and in some v
1V 3 pyramidal, simple, |woolly, clamps, parts P type, inner mantle L

(FG 3004) straight-bent brown with  |cystidia not type according to Agerer
white observed (1987-2002
(silvery)

Unknown type irregularly pinnate, |loosely hyphae with  [not observed outer mantle L and in some v

V1 bent woolly, clamps, parts P type, inner mantle H
(FG 2 003) brown, cystidia not type according to Agerer
younger parts |observed (1987-2002
are brighter

Unknown type pinnate, straight, smooth with |hyphae with  [not observed outer mantle Q type K

K1 bent emen. clamps, according to Agerer (1987-

(K1 004) hyphae, gray- |cystidia not 2002), inner mantle
brown observed plectenchymatous

Unknown type  [simple, straight smooth with |hyphae with  |rhizomorphs A type |outer mantle MK

MK 1 emanating clamps, according to plectenchymatous, B inner

(MK4 001) hyphae and  |cystidia not Agerer (1987- mantle H type according to
sand, white  |observed 2002), anastomoses |Agerer (1987-2002)

not observed

Unknown type pyramidal, bent smooth with [hyphae without|not observed outer mantle L type MK

MK 2 emen. hyphae |clamps, according to Agerer (1987-

(MK 2 004) and sand, cystidia not 2002), inner mantle
white-cream |observed plectenchymatous

Unknown type pinnate, straight smooth, dark |not observed  [not observed outer mantle Q type, middle | MK

MK 3 brown, young mantle M type and inner

(MK 3 004) parts are mantle plectenchymatous
golden-brown according to Agerer (1987-

2002)

Unknown type pinnate, bent- smooth, gray- [not observed  [not observed outer mantle M type PR

PR 1 (PR10 005) |[torturous cream according to Agerer (1987-

2002), inner mantle
plectenchymatous

Unknown type pinnate, bent woolly- hyphae with  |not observed outer mantle hyphae PR

PR 2 (PR8 002) cottony, clamps, arranged net-like, repeatedly
cream-brown |cystidia not and squarrosely branched , E

observed type according to Agerer
(1987-2002), inner mantle
plectenchymatous

Unknown type  [simple, straight-bent|smooth with |hyphae without|not observed outer mantle M type PR

PR 3 (PR8 004) emen. clamps clamps according to Agerer (1987-
hyphae, with [not observed, 2002), inner mantle
sand, cream, |cystidia not plectenchymatous
gray observed

Unknown type simple, pinnate, cottony, dark [hyphae without|not observed outer mantle gelatinous PR

PR 4 (PR15004) |bent brown, clamps, matrix between the hyphae,
younger parts |cystidia N C type according to Agerer
are brighter |type according (1987-2002), inner mantle

to Agerer plectenchymatous

(1987-2002)
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Table 2. Number of ECM, fine roots and diversity indices on different localities from Serbia

Locality Number | Number | Number | Total % of Species Shanon Evennes | Equitabi | Berger-
of ECM of vital of number vital richness | Weaver S lity Parker
types ECM ONN of fine ECM index (d) | index (e) J) index

roots roots roots (H)

Kudevo 10 1032 7005 8037 12,8 2,99 1,46 1,46 0,21 0,48

(Homolje

Mountains)

Predejane 9 2288 6725 9013 254 2,38 1,42 1,49 0,18 0,44

(Cemernik-

Ostrozub)

Krupanj 8 947 1080 2027 46,7 2,35 1,15 1,27 0,17 0,39

(East

Boranja)

Iriski venac 8 517 1811 2328 22,2 2,58 1,64 1,82 0,26 0,54

(Fruska

gora)

4. CONCLUSIONS

e Total number of ECM types found in samples taken in investigated beech stands was 26

e Eleven types of ECM were identified to the species level, five were determined to the genus
level, while ten types remained unidentified

e ECM community structure differed among investigated localities

e Russula illota and Lactarius blennius were found on three sites, Cenococcum geophilum,
Lactarius subdulcis, Cortinarius bolaris and Tuber sp. were observed on two localities, while
other ECM types occurred only on one of studied localities

e Preliminary results indicated a high ECM diversity on all investigated localities
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SURVEY OF MACROFUNGAL DIVERSITY IN THE FOREST ECOSYSTEMS OF
VIDLIC (STARA PLANINA), KOPAONIK AND TARA
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Abstract: Forests represent one of the ecosystems with exceptional biodiversity and yet they are among the
most threatened ones nowadays, due to unsustainable management, pollution, climate change. Fungal diversity is
one of the most important indicators of overall forest biodiversity and its health. However, scarce information exists
on the macrofungal diversity of mountain forests in Serbia.

Survey conducted during four months in 2011, on three sites (Vzganica - Vidli¢, Metode — National Park
Kopaonik, Mitrovac — National Park Tara), yielded in 119 species of macrofungi. They were recorded from the five
selected permanent plots, each with the size of 1000m? Plots no.1 and 2 are situated on Vidli¢ (beech stand and
stand of Douglas fir and spruce, respectively), plot no. 3 on Kopaonik (stand of beech and spruce), while plots no. 4
and 5 are located on Tara (stands of spruce, beech and fir). Fifteen species were collected from more than one plot,
while 104 were collected from only one plot. Twenty species were reported during more than one investigated month
and 99 were reported only once during investigated year. Forty-four species couldn’t be identified. Among the
identified species only 5 belong to division Ascomycota and 70 to division Basidiomycota. Determined fungal
species were members of following ecological trophic groups: 38 identified species were lignicolous (wood-
decaying), 20 were terricolous saprotrophs and 17 mycorrhizal. This survey gave only a slight insight into the
fungal diversity of investigated forests. Further ivestigations will give us more accurate picture and enable us to
monitor the well-being of selected forest ecosystems.

Key words: diversity, forest, macrofungi, mountain, ecosystem

INTRODUCTION

Forests are ecosystems with exceptional biodiversity. Nowadays, they are also among the
most threatened ecosystems due to unsustainable management, pollution and climate change.
Fungi play very important role in the ecological balance of forest ecosystems. They represent
crucial decomposers of organic matter, members of mycorrhizal communities necessary for the
normal development of trees, accumulators and degraders of harmful materials. Due to this,
fungal diversity is one of the most important indicators of forests health (Karaman et al., 2012).
However, studies on fungal ecology and their presence in the specific forest habitats are still
neglected and rare in the region of Serbia. This paper represents results of one year survey
dealing with macrofungal diversity in 5 different habitats on the following mountains: Vidli¢
(Stara Planina), Kopaonik and Tara. Research was carried out as part of an integrative project
“Biosensing technologies and global system for continuous research and integrated management

! University of Novi Sad, Faculty of Sciences, Department of Biology and Ecology, Trg Dositeja Obradoviéa 2, 21 000 Novi Sad,
Serbia
2 Institute of Lowland Forestry and Environment, Antona Cehova 13, 21 000 Novi Sad, Serbia
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of ecosystems”, supported by the Ministry of Science of the Republic of Serbia. Only few papers
dealing with fungal diversity and distribution in the investigated areas were published so far,
mostly concerning fungi of Mt. Kopaonik (Torti¢, 1979; Karadzi¢, 1989; Ivancevi¢, 1996).
Fungal diversity of Stara Planina-Vidli¢ and Tara are even less explored - first and the only
records are represented by Ivan¢evié, Beronja (2004) and Coli¢ (1968).

Vidli¢ Mountain is predominantly located in the southeastern part of Serbia, between a
city of Pirot and Stara Planina (Balkan Mountain range), while its smaller part is situated in
Bulgaria. The highest peak is Basarski kamen (1377 m). Vidli¢ is often considered part of a Stara
Planina Mts, and yet it is far less studied. In contrast to Stara Planina, Vidli¢ has lower altitude,
limestone as geological basis and is poor in water (Andelkovié¢, 1980).

Kopaonik represents the largest mountain range in the central part of Serbia, with
Pancicev vrh as the highest peak (2017m). Kopaonik has a very diverse geological composition,
as a result of tectonic movements and volcano activities responsible for its formation in the past.
Rocks of different origin and age are present: granites, serpentinites, slates, marble, andesite,
limestone (Andelkovi¢, 1980, http://www.npkopaonik.com/). Kopaonik is located on the border
between mediterranean and continental air currents, which is why its subalpine climate has
specific characteristics (heavy snowfall, large number of sunny days, relatively high winter
temperatures). The forest vegetation has a typical height alternation, with deciduous forests in
the lower parts to coniferous forests at higher altitudes.

Tara Mountain represents a part of Dinaric Alps, located in western Serbia. The highest
point is Kozji rid (1591m). Tara is mostly made of limestone and characterized by mountain
peaks, gorges, karst caves, pits and springs. Climate is moderate-continental, with a high level of
humidity (http://www.nptara.rs/). Most part of this national park is covered with forest
ecosystems dominated by spruce, fir and beech. Tara represents one of the very important
refugial habitats in Europe, with many rare, relict and endemic species.

MATHERIAL AND METHODS

Mycological investigation was conducted on three sites: Vzganica - Vidli¢, Metode —
National Park Kopaonik, Mitrovac — National Park Tara. Five selected permanent plots, each
with the size of 1000m?, were established. Plots 1 and 2 are situated on Vzganica. Plot 1 is
located in the beech stand and plot 2 in the stand of Douglas fir and spruce, planted in the natural
habitat of beech. Plot 3 is established in the Nature Reserve Metode, protected area of 1. degree,
in the stand of beech and spruce. Last two plots are located on Mitrovac. Plot 4 is situated within
the protected area of 2. degree, in the stand of spruce, fir and beech. Plot 5 was set up in the
wider range of the Nature Reserve “Crveni potok”, in the stand of spruce, fir and beech.

Macrofungal sporocarps were collected in April, June, July and September of 2011.
During four days of each expedition all of the investigated sites were visited. Established
permanent plots were carefully searched for the fungal fruiting bodies. Each fungus was
photographed in the field, using Nikon Coolpix P90 camera. Collected material was transported
to the lab within solid boxes in the handy fridge. Long period of transport and often unfavorable
conditions (high outside temperatures, carpophores damaged before collecting) resulted in the
loss of one portion of collected samples. Laboratory examination implied analysis of
macromorphological and anatomical characteristics, microscopic characteristics of spores and
other relevant structures (Olympus BX51, Japan) and the specific chemical reactions. Literature
of Department’s Library as well as on-line books, keys and specialized mycological sites were
consulted during determination: Dennis, 1968; Moser, 1978; Courtecuisse & Duhem, 1995; Bon,
2000; Jordan, 2004; Uzelac, 2009; Kuo, 2011; Rogers, 2012. Classification and nomenclature
follow “Species 2000 & ITIS Catalogue of Life: 2011 Annual Checklist” (Bisby et al., 2011) and
“Index Fungorum” (Kirk, 2012). Each fungal species was assigned to a specific ecological group
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(lignicolous/terricolous saprotroph/mycorrhizal) depending on substratum they were found on.
Dried material, spore prints and microscope slides are kept in BUNS Herbarium (Department for
biology and ecology, Faculty of sciences, University of Novi Sad).

RESULTS AND DISCUSSION

Survey conducted during four months in 2011, on three sites, within five permanent
plots, yielded 119 species of macrofungi, among which 75 were identified to the species level.
Among the identified species only 5 belong to division Ascomycota and 70 to division
Basidiomycota. Forty-four species could not be determined, mostly due to the poor condition of
the carpophores. Nevertheless, they represent an important part of registered diversity and thus
were included in the analysis of each investigated site. Following table (Tab.1) shows the list of
recorded fungal species with information on their distribution, monthly occurrence and
ecological trophic group they belong to.

Table 1. Fungal species recorded during 2011 on selected permanent plots

] Plot Month *
Species PL P2 P3 P4 P5|IV VI Vil Ix|ETC

ASCOMYCOTA
Hypoxylon fragiforme (Pers.)J.Kickx f. X X
Kretzschmaria deusta (Hoffm.)P.M.D.Martin X X

Peziza phyllogena Cooke X X
Vibrissea truncorum (Alb. & Schwein.)Fr. X X
Xylaria hypoxylon (L.) Grev. X X X
BASIDIOMYCOTA
6 | Amanita battarae (Boud.) Bon X X
7 | Amanita rubescens Pers. X X

8 | Bjerkandera adusta (Willd.) P. Karst. X
9 | Boletus badius (Fr.) Fr.

10 | Boletus calopus Pers.

11 | Calocera cornea (Batsch) Fr.
12 | Calocera furcata (Fr.) Fr. X
13 | Calocera viscosa (Pers.) Fr.
14 | Cantharellus cibarius Fr. X
15 | Craterellus tubaeformis (Fr.) Quel. X

16 | Clavulina coralloides (L.) J. Schrot. X

17 | Cortinarius collinitus (Pers.) Fr. X

18 | Cortinarius evernius (Fr.) Fr.

19 | Cortinarius flexipes (Pers.) Fr.

20 | Cortinarius sanguineus (Wulfen) Fr.

21 | Daedaleopsis tricolor (Bull.)Bondartsev&Singer
22 | Entoloma vernum S. Lundell X X

23 | Flammulaster carpophilus (Fr.) Earle ex Vellinga X X

24 | Flammulaster erinaceellus (Peck)Watling X X

25 | Flammulina velutipes (Curtis) Singer X X
26 | Fomitopsis pinicola (Swartz ex Fr.) Karsten. X X X X
27 | Ganoderma applanatum (Pers. ex Wallr.) Pat. X X X X X
28 | Geastrum quadrifidum DC. ex Pers. X X

Gymnopus androsaceus (L.) J.L. Mata & R.H.
Petersen

30 | Gymnopus dryophilus (Bull.) Murrill X X X | x X X
Gymnopus foetidus (Sowerby) J.L. Mata & R.H.
Petersen

32 | Gymnopus perforans (Hoffm.) X X X
33 | Hericium clathroides (Pall.) Pers
34 | Hydnum repandum L. X X

abbownN -
—
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35 | Hypholoma fasciculare (Huds.) P. Kumm. X X L
36 | Laccaria laccata (Scop.) Cooke X X TS
37 | Lactarius vellereus (Fr.) Fr. X X M
38 | Lycoperdon perlatum Pers. X X TS
39 | Lycoperdon pyriforme Schaeff. X X L
40 | Marasmius bulliardii Quél. X X X TS
41 | Marasmius rotula (Scop.) Fr. X X X X X TS
42 | Megacollybia platyphylla (Pers.) Kotl. & Pouzar X X TS(L)
43 | Mycena galericulata (Scop.) Gray X X L
44 | Mycena galopusl (Pers.) P. Kumm. X X L
45 | Mycena maculata P. Karst. X X L
46 | Mycena pura (Pers.) P. Kumm. X X TS
47 | Mycena rosea Gramberg X X TS
48 | Mycena rubromarginata (Fr.) P. Kumm. X X X X L
49 Mycena sanguinolenta (Alb. & Schwein.) P. X X TS

Kumm.
50 Myc_etin_is alliaceus (Jacg.) Earle ex A.W.Wilson & % X X X TS

Desjardin
51 Myc_etin_is scorodonius (Fr.) A.W. Wilson & X X X X X TS

Desjardin
52 | Oudemansiella mucida (Schrad.) Hohn. X X L
53 | Oxyporus populinus (Schumach.) Donk X | x L
54 | Phallus impudicus L X X X TS
55 | Phellinus pomaceus (Pers.) Maire X X L
56 | Pleurocybella porrigens (Pers.) Singer X X L
57 | Pluteus cervinus (Schaeff.) P. Kumm. X X X L
58 | Pluteus leoninus (Schaeff.) P. Kumm. X X L
59 | Polyporus varius Pers. ex Fr. X X X X X L
60 | Psathyrella candolleana (Fr.) Maire X X TS
61 | Pseudohydnum gelatinosum (Scop.) P. Karst. X X L
62 | Russula cyanoxantha (Schaeff.) Fr. X X M
63 | Russula foetens Pers. X X M
64 | Russula fuscorubroides Bon X X M
65 | Russula nigricans Fr. X X M
66 | Schizophyllum commune X X L
67 | Sparassis crispa X X X L
68 | Strobilurus tenacellus(Pers.) Singer X X TS
69 | Trametes gibbosa (Pers.) Fr. X X L
70 | Trametes hirsuta (Wulfen) Lloyd X X X L
71 | Trametes pubescens (Schumach.) Pilat X X L
72 | Trametes versicolor (L.) Lloyd X X | X X L
73 | Trichaptum abientinum (Dicks.) Ryvarden X X L
74 | Tricholomopsis rutilans (Schaeff.) Singer X X L
75 | Xerula radicata (Relhan) Dorfelt X X X X | TS(L)

UNIDENTIFIED 8 9 7 13 7 2 16 15 11
Total 27 23 20 40 27|15 43 44 37

* EG- ecological trophic group (L - lignicolous, TS - terricolous saprotrophs, M - mycorrhizal)
* hatched fields — species already recorded on the same site/mountain in the work of other authors

Out of 75 determined fungal species, 15 were collected from more than one plot (Tab. 1),
which could indicate to their higher distribution ability. Gymnopus androsaceus and Gymnopus
dryophilus were the only species reported from all of the investigated mountains. Majority of
104 taxa (including unidentified species) were collected from only one plot. Twenty species
were reported during more than one investigated month and 99 were reported only once during
investigated year. In order to better estimate species prevalence and the frequency of their
occurrence in studied sites, more detailed investigation is needed (more than one year of research
and more visits per year).
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The most favorable months for fructification were Jun and July (Tab. 1). It is not usual to
collect high number of fungi during summer period. This could be due to frequent weather
changes in 2011, with the shift of rainy and warm, dry periods.

Determined fungal species were members of following ecological trophic groups: 38
identified species (51%) were lignicolous (wood-decaying), 20 (27%) were terricolous
saprotrophs and 17 (22%) mycorrhizal (Fig. 1).

E lignicolous

51%

O terricolous
saprotrophs

O mycorrhizal

22%

Figurel. Proportion of the identified fungal species classified into three ecological trophic
groups

From 119 fungal taxa collected during this research, the highest number (62; 20 of which
remained unidentified) was recorded from Mitrovac, Tara Mt. (Fig 2.). Investigation of site
Vzganica, located on Vidli¢ Mt., yielded in 32 registered species (17 were unidentified), while
the lowest number of species, 20 (7 unidentified), was recorded from site Metode on Kopaonik
Mt.

62

32

20

Tara (Mitrovac) Vidli€¢ (Vzganica) Kopaonik (Metode)

Figure 2. Number of fungal taxa recorded from investigated sites

Among investigated plots, plot 4 (spruce, beech and fir association) stands out with the
highest number of findings (Fig. 3). Such a result was expected, considering that in this locality
water is often retained in the surface layers of soil, due to poorly permeable substrate. Within
twenty-seven fungal species identified from plot 4, lignicolous species were dominant (15
species comparing to 9 mycorrhizal and 3 terricolous saprotrophs). Similar situation was
observed on plot 5 — 13 lignicolous species, 5 terricolous saprotrophs and 3 mycorrhizal (Tab. 1).
Both plot 4 and 5 are situated in protected parts of forest where human disturbance is minimal,
which resulted in significant amount of coarse woody debris suitable for development of
lignicolous fungi. Lignicolous species whose carpophores were recorded in high quantities on
both plots are Ganoderma applanatum (present mostly as a saprotroph) and Fomitopsis pinicola
(present mainly as a parasite but also as a saprotroph). These species are known as usual
residents of beech and spruce forests (Edman & Jonsson, 2001; Piltaver et al., 2002; Bernicchia
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et al., 2007a; Bernicchia et al., 2007b; Kiiffer et al., 2008). Another important taxon recorded on
plot 5 is Hericium coralloides, listed as rare species, as well as important indicator of
conservation value for old growth forests (Christensen et al., 2004; Adamcik et al., 2007).

| B unidentified Didentified |
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Figure 3. Number of fungal taxa recorded from investigated plots

Results of survey conducted on plots 1 and 2 from Vidli¢ Mt. show similar number of
fungal species. Among all other plots, plot 1 (beech stand) had the highest number of recorded
terricolous saprotrophs, but no mycorrhizal fungi were found (Tab. 1). This may be due to rich
litter layer. As reported by several authors, the litter thickness and humus form can promote
fructification of saprophytic fungi and decrease development of mycorrhizal species (Tyler 1991,
Holec, 1994, Mihal & Bucinova, 2005). Dominant species on plot 1 was Xerula radicata,
detected during 3 of 4 visits, mainly with more than one developed carpophor. On plot 2 (stand
of Douglas fir and spruce, planted on the natural habitat of beech) all trophical groups of fungi
have been reported, showing that ecological balance might be established.

Investigation of plot 3 (association of spruce and beech) yielded lowest number of fungal
species. This might be due to significant steepness of terrain (30-40°) resulting in water and
nutrient draining. Polyporus varius showed extraordinary abundance on this plot, being the only
species present during every month of research, except April, and always with high number (>5)
of fruiting bodies. Similar situation was observed on plot 1, but with less abundance of
carpophores. In studies of other authors, Polyporus varius was recognized as one of the most
frequent and typical species in beech stands (Andersson, 1995; Mihal & Bucinova, 2005).

Only a few published papers exist for the fungal diversity of mountains Stara Planina,
Kopaonik and Tara. If we consider Vidli¢ as an independent geological structure, apart from
Stara Planina mountain range, mycological data given in this paper represent a complete novelty
for this area. In comparison to the list of fungi of Kopaonik Mt., summarized by Ivancevié¢
(1996), results of our investigation yielded 6 new species for this mountain (Amanita battarae,
Bjerkandera adusta, Cortinarius collinitus, Flammulina velutipes, Gymnopus dryophilus,
Mycena galericulata). Furthermore, these data are significant since investigated site, Metode,
represents one of the most important Nature Reserves on Kopaonik Mt., with the presence of
relict forest communities. The only previously published mycological study on Tara Mt. was
conducted by Colié¢ (1968), on the same locality where plot 5 is situated. In comparison with
these data (251 recorded fungal species), among 42 species of fungi presented for Tara Mt. in
our research, 21 represent new records (Tab 1.).
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CONCLUSION

Research of fungal diversity on mountains Vidli¢, Kopaonik and Tara, conducted during
four visits in 2011, has yielded 119 records and 75 identified species. These results are even
more important considering the fact that only scarce information on macrofungal diversity in
Serbia exist so far. Future investigations of established plots will give us more complete picture
on fungal diversity and enable us to monitor the condition of fungal populations. Results of such
studies are beneficial for better understanding of important natural processes and monitoring of
ecosystems health.
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Abstract: Crni vrh near Priboj is a part of serpentine-peridotite massif of Balkan peninsula, which is
located on the border between Ilirian and Moesian floristic provinces and it possesses high vegetation diversity.
Black pine forests are the most widespread vegetation segment of this area. The comparation of floristic
composition of black pine plant communities Potentillo heptaphyllae-Pinetum gocensis B. Jovanovi¢ 1959 and
Erico-Pinetum gocensis Krause 1957 is presented in this paper with the aim to ascertain what is the difference in
the floristic composition between these two communities, considering they are located in immediate vicinity of each
other. Testing with t-test showed there are no significant differences between researched communities considering
canopy and elevation. There are significant differences in the coverage of herbacious layer and aspects in which
these communities grow. Total number of recorded plant species in communities is 97, of which 39 occur in both
communities. Jaccard similarity index is 0.39. Community Potentillo heptaphyllae-Pinetum gocensis B. Jovanovi¢
1959 is more xerophilous and intolerant than community Erico-Pinetum gocensis Krause 1957, and contains more
xerophilous elements in the spectrum of distribution types also. Apart from similarities, which are the consequence
of the same geologic bedrock, these two communities show also significant dissimilarities which differ them clearly.

Key words: black pine, Pinus nigra, Crni vrh, plant community, floristic composition

1. INTRODUCTION

Forest management unit ,,Crni vrh-Ljeskovac® is located in southweastern Serbia, near
Priboj. It is positioned on the border between Bosnhia and Herzegovina and Serbia, where both
illirian and moesian floristic influences occur. That causes heterogenous vegetation, making this
area interesting for multidisciplinary research. Geological bedrock of researched area is
serpentine. Forest vegetation is very diverse. The most widespread species in this management
unit is black pine (Pinus nigra Arn.) Forests are degraded due to the vicinity of settlements, and
since black pine suffers from fires, this presents a big problem in a process of reclamation of
these degraded areas. One of the most important plant communities in this area is Erico-Pinetum
gocensis, which used to be widely present in ofiollite massifs of eastern Bosnia and western
Serbia (Pavlovi¢ 1951; Jovanovi¢ 1972; Tati¢ 1969 etc). Plant community Potentillo
heptaphyllae-Pinetum gocensis is much more scarce in Serbia, it is recorded only in Go¢ Mt.
(Jovanovi¢ 1959) and Pester highland (Ozren Mt. and Dubocica river valley) (Rakonjac 2002). It
is mostly of secundary origin, developed on former beech, beech-fir or sessile oak sites (Tomic¢
2006). Comparation of floristical composition of black pine forest with cinquefoil (Potentillo

! University of Belgrade-Faculty of Forestry, Serbia
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heptaphyllae-Pinetum gocensis B. Jovanovi¢ 1959) and black pine forest with snow heath
(Erico-Pinetum gocensis Krause 1957) on Crni Vrh Mt. near Priboj, with the aim to ascertain if
there is a difference between floristic composition of these communities, considering they are
placed next to each other and to ascertain if it is justified to set aside these two forests as separate
communities.

Figure 1: Géd'gr.a‘p.hi.é ’bdsifibﬁ of researched area
2. MATERIAL AND METHODS

Ten phytocoenological releves in community Erico-Pinetum gocensis Krause 1957 and
nine in community Potentillo heptaphyllae-Pinetum gocensis B. Jovanovi¢ 1959 were collected
in Crni vrh near Priboj using classique Braun-Blanquet (1964) method (Novakovi¢ 2008). They
were sorted in phytocoenological tables. Ecological spectra as well as spectrum of distribution
types were made according to Stevanovi¢ (1992, unpublished). Ecological species
characterisation (relation of plants towards moisture and light) were provided according to Koji¢
et al (1997). Forest vegetation taxonimic units were named according to Tomi¢ (2006). Jaccard
similarity index is calculated (Magurran 2004). Correlation analysis between the communities
and t-test were made in software package SPSS Statistics 17.0 (IBM Inc. 2008).

3. RESULTS AND DISCUSSION

There is no statisticaly significant difference between researched communities
considering elevation, although community Potentillo heptaphyllae-Pinetum gocensis grows on
somewhat higher ground, while community Erico-Pinetum gocensis has higher amplitude of
elevations. Also, there is no statisticaly significant difference between communities considering
inclinations, although community Potentillo heptaphyllae-Pinetum gocensis usually occurs on
steeper slopes, while community Erico-Pinetum gocensis can be found on almost flat terrains.
There is no significant difference considering characteristics of tree layer also.

Table 1: Average elevation, inclination, canopy and coverage of herbacious layer in researched

communities
Potentillo heptaphyllae-Pinetum | Erico-Pinetum
Elevation (m a.s.l.) 956.7 772
Inclination (°) 17.7 16.4
Canopy (%) 0.49 0.51
Coverage of herbaceous layer (%) 0.71 0.88
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Results of t test analysis showed no statistically significant difference between researched
communities considering coverage of herbacious layer. Mean total coverage in community
Erico-Pinetum gocensis is 0.88, and in community Potentillo heptaphyllae-Pinetum gocensis
0.71. The explanation could be in the different presence of Erica carnea in communities, which
is very frequent in community Erico-Pinetum gocensis, while it occurs only in one releve in
community Potentillo heptaphyllae-Pinetum gocensis.

Light conditions dont influence coverage level of herbacious layer. That is expected since
both researched stands are standards, which have open canopy, and there were no recent forest
openings which would allow the entrance of species dependent on additional light influx.

Significant difference exists considering aspects on which researched communities
develop. While community Potentillo heptaphyllae-Pinetum gocensis occurs mostly on sunny,
southern and southwestern aspects, the community Erico-Pinetum gocensis more frequently
grows on sheltered aspects-northern, northeastern, northwestern. It is usual that both
communities grow on sunny areas, however on Crni vrh community Erico-Pinetum gocensis
well preserved itself on northern, inaccesible part of river Uvac valley, while the stands on more
accesible terrain are highly degraded or replaced with black pine plantations.
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Figure 2: Aspect ratio on which researched stands grow (E_P (Erico-Pinetum gocensis);
P_P (Potentillo heptaphyllae-Pinetum gocensis)

Total number of all recorded plant species in both communities is 97, 39 of which were
found in both communities, making 40% of species. The high number of joint species is
expected, considering same dominant species, same geological bedrock and small spatial
distance. However, the number of different species is high also, which indicates that these are
two different plant communities. Jaccard similarity index for researched communities is 0.39.

Table 2: Floristic characteristics of researched communities

Family Species Community Distribution type ftlrfr;
EP |PP

Aceraceae Acer campestre L. + - Middleeuropean P
Acer tataricum L. - + Pontic P
Anacardiaceae Cotinus coggygria Scop. + + Mediteranean-Pontic P
Apiaceae Danaa cornubiensis (Torn.) Burn. - + Middleeuropean H
Cirsium lanceolatum (L.) Scop. + - Euroasian H
Asteraceae Hieracium bauhini Schult. - + Middleeuropean H
Mycelis muralis (L.) Rchb. - + Middleeuropean H
Tanacetum corymbosum (L.) Sch. + - Euroasian T
Betula pendula Roth. + + Eurosiberian P
Betulaceae Carpinus betulus L. - + Middleeuropean P

Ostrya carpinifolia Scop. Mediteranean-
+ + - p

Submediteranean

Boraginaceae Pulmonaria officinalis L. - + Middleeuropean H
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Family Species Community Distribution type form
Brassicaceae Alyssum markgraffi Schulz. i + Meditergean- Ch
Submediteranean
Campanulaceae Campanula patula L. + + Middleeuropean H
Campanula persicifolia L. + + Middleeuropean H
Caryophyllaceae Silene vulgaris (Mnch.) Gar. - + Euroasian H
Cistaceae KIA«?::anthemum nummularium (L.) i + | Middleeuropean H
Cupressaceae Juniperus communis L. + + Holarctic P
Dipsacaceae Knautia arvensis (L.) Coult. + - Middleeuropean H
Scabiosa columbaria L. + + Mediteranean-Pontic H
Ericaceae Erica carnea L. + + Middeleuropean montane Ch
Vaccinium myrtillus L. + + Cirkumboreal Ch
Euphorbia amygdaloides L. + + Middleeuropean Ch
Euphorbiaceae Euphorbia cyparissias L. - - Middleeuropean H
Mercurialis ovata St. et Hoppe Mediteranean-
+ . H
Submediteranean
Coronilla varia L. - + Middleeuropean H
gg:{fmum germanicum  (Gr.) + + Mediteranean-Pontic Ch
Genista ovata W.et K. + - Mediteranean-Pontic Ch
Fabaceae Lathyrus p_ratensis L. + - Euroas?an H
Lotus corniculatus L. + + Euroasian H
Medicago falcata L. - + Mediteranean-Pontic H
Trifolium alpestre L. + + Middleeuropean H
Trifolium pretense L. + + Euroasian H
Vicia incana Vil. + + Mediteranean-Pontic H
Fagaceae Fagus moesia}ca K. Maly) Czecz + + Middleeuropean P
Quercus cerris L. + - Middleeuropean P
Quercus dalechampii Ten. + - Middleeuropean P
Geraniaceae Geranium sanguineum L. + - Middleeuropean H
Hypericacae Hypericum montanum L. + + Middleeuropean H
Hypericum perforatum L. - + Euroasian H
Hypolepidaceae Pteridium aquilinum(L.) Kuhn. + + Cosmopoliten G
Calamintha vulgaris (L.) Druce - + Middleeuropean H
Melittis melissophyllum L. - + Middleeuropean H
Prunella laciniata L. - + Mediteranean-Pontic H
Prunella vulgaris L. - + Holarctic H
Lamiaceae Stachys recta L. Mediteranean-
- + . H
Submediteranean
Stachys scardica Gris. Mediteransko-
+ + - . H
Submediteranski
Thymus pulegioides ssp.montanus Middleeuropean
L + + Ch
Liliaceae Allium pulchellum Don. + - Mediteranean-Pontic G
Ornithogalum umbellatum L. Mediteranean-
- + . G
Submediteranean
Oleaceae Fraxinus ornus L. + + Meditergnean- P
Submediteranean
Onagraceae Chamaenerion angustifolium L. + + | Cirkumboreal H
Epilobium montanum L. - + Euroasian H
Orchidaceae Cephalanthera rubra (L.) Rich. - + Middleeuropean G
Pinaceae Pinus nigra Arn. + + | Southeuropean montane P
Anthoxantum odoratum L. - + Euroasian H
Poaceae Arrhenantherum elatius (L.) Mert. + i Middleeuropean H
et Koch.
Brachypodium pinnatum (L.) P.B. + + Euroasian H
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Family Species Community Distribution type flc_)lrfri
IIi.rsf:hypodlum sylvaticum Huds. + + Euroasian
Bromus mollis L. + - Euroasian T
Dactylus glomerata L. + - Euroasian H
Deschampsia flexuosa (L.) Tr. + - Cirkumboreal H
Festuca heterophylla Lam. + + Middleeuropean H
Poa pratensis L. + - Holarctic H
Poa trivialis L. - + Euroasian H
Sesleria serbica Adamovic + + Southeauropean montane H
Polygalaceae Polygala comosa Schk. - + Pontic H
Polygonaceae Rumex acetosella L. - + Holarctic H
Ranunculaceae Aquilegia vulgaris L. + - Middleeuropean H
Clematis vitalba L. + - Middleeuropean S
Aremonia agrimonioides (L.) DC + + Middleeuropean H
Crataegus monogyna Jacq. + + Middleeuropean P
Filipendula hexapetala L. - + Euroasian H
Fragaria vesca L. + + Euroasian H
Potentilla heptaphylla Jusl. + + Middleeuropean H
Cerasus avium Mnch. + + Middleeuropean P
Pyrus pyraster Burg. + + Middleeuropean P
Rosaceae Rosa pendulina L. + - Middleeuropean montane Np
Rosa spinosissisima L. + + Middleeuropean Np
Rubus hirtus Wald.&Kif. - + Middleeuropean Np
Rubus idaeus L. + + Cirkumboreal Np
Sangiusorba minor Scop. - + Euroasian H
Sorbus aucuparia L. + - Eurosiberian P
Sorbus domestica L. Mediteranean-
+ + . p
Submediteranean
Sorbus torminalis (L.) CR + + Middleeuropean P
Galium cruciata (L.) Scop. + - Middleeuropean H
Galium purpureum L. + - Southeuropean montane Ch
Rubiaceae Galium sylvaticum L. - + Middleeuropean H
Galium tenuissimum + + Pontic H
Galium vernum Scop. + - Euroasian H
Galium verum L. + - Euroasian H
Salicaceae Populus tremula L. - + Euroasian P
Salicaceae Salix caprea L. + - Euroasian P
Scrophulariaceae Veronica officinalis L. + + Middleeuropean H
Violaceae Viola alba Bess. i + Mediterqnean- H
Submediteranean
Viola silvestris Lam. + + Middleeuropean H
> 68 72
Total species 97
number
Joint species 39

Black pine (Pinus nigra) is almost the only species in tree layer in both communities. In
community Potentillo heptaphyllae-Pinetum gocensis, apart from black pine, occurs Quercus
dalechampii only in one releve, and in community Erico-Pinetum gocensis Fagus moesiaca and
Quercus dalechampii occur in one releve each. Significant differences exist in shrub layer. While
in community Erico-Pinetum gocensis 16 species are recorded in shrub layer, in community
Potentillo heptaphyllae-Pinetum gocensis only 9 occur. Rejuvenation of Balkan sessile oak
(Quercus dalechampii) is abundant in shrub and herbacious layer, which indicates sindynamic
correlation of black pine forests with more mesophilous basiphilous Balkan sessile oak forests.
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The highest coverage in community Potentillo heptaphyllae-Pinetum gocensis posses
Rosa spinosissima, Rubus idaeus and Brachypodium silvaticum apart from dense rejuvenation of
Pinus nigra, while the highest coverage in community Erico-Pinetum gocensis has Erica carnea,
and all other species occur single or in smal groups. Erica carnea is the main differential species
between these two communities, since it dominates in community Erico-Pinetum gocensis, while
in community Potentillo heptaphyllae-Pinetum gocensis it occurs only in one phytocoenological
releve.

Community Potentillo heptaphyllae-Pinetum gocensis is more diverse (it contains 31
family, 59 genera and 72 species) than community Erico-Pinetum gocensis (it contains 26
families, 54 genera and 68 species). The most species rich families in community Erico-Pinetum
gocensis are Rosaceae, Poaceae and Fabaceae, while in community Potentillo heptaphyllae-
Pinetum gocensis the most species rich are Rosaceae, Lamiaceae and Fabaceae. The family
representation in researched communities is mostly in concordance with other communities on
serpentine. It is worth to stress families Fabaceae, Asteraceae, Poaceae and Ericaceae, which
are especially significant in serpentine vegetation of southern Europe (Marin, Tati¢, 2001).

Hemycryptophytes are the most numerous life form in both communities, which is usual
in communities in this climatic area, but they are more frequent in community Potentillo-
Pinetum nigrae (59.7%) than in community Erico-Pinetum gocensis (51.5%). However, in
comparison with this community on Pester (Rakonjac, 2002), where hemycryptophytes count for
52% of species number, community Potentillo-Pinetum nigrae on Crni vrh is richer in this life
form. It may be caused by high presence of families Fabaceae and Lamiaceae, which mostly
belong to this life form. Phanerophytes have high presence in both communities, but they are
more numerous in Erico-Pinetum gocensis (30.9%:25.0%), due to more diverse shrub layer.
Chamaephyte share is nearly equal in both communities, while terophytes and climbers are rare
in Erico-Pinetum gocensis and they are not recorded in Potentillo-Pinetum nigrae.

Middleeuropen group of distribution types is dominant in both communities, but it is
more numerous in community Potentillo heptaphyllae-Pinetum gocensis (43.0%:38.2%). This
community has high share of species belonging to xerophilous distribution types (mediteranean-
pontic, mediteranean-submediteranean and pontic), totally 25%, while the patricipation of these
species in community Erico-Pinetum gocensis is 17.6%. On the other side, community Erico-
Pinetum gocensis has significantly higher share of species belonging to euroasian distribution
types (23.5%:15.3%). It can be concluded from the spectrum of distribution types that both
communities develop under strong submediteranean influence, which is a characteristics of their
coenological relations, but this influence is higher in community Potentillo heptaphyllae-
Pinetum gocensis. Species from northern and colder areas are more widespread in community
Erico-Pinetum gocensis. It can be explained in aspects on which these communities occur; while
community Potentillo heptaphyllae-Pinetum gocensis grows on sunny slopes, with natural
presence of xerophilous floristic elements, community Erico-Pinetum gocensis grows on
sheltered aspects, more suitable for the development of more cold resistant species.

Considering relations to light, semitolerant species dominate in community Erico-
Pinetum gocensis (50.0%), while semitolerant-tolerant species are most widespread (43.1%) in
community Potentillo heptaphyllae-Pinetum gocensis. Generaly speaking, community Potentillo
heptaphyllae-Pinetum gocensis has more intolerant species, but all comunities have high
representation of semitolerant species.

In commnity Erico-Pinetum gocensis xerophilous and mesophilous species are equaly
represented, 50% each, which is not usual for these forests, but it is the consequence of
significant presence of species characteristic for beech forest, which are mesophilous.
Considering moisture, xerophilous species are more prevalent to mesophilous in community
Potentillo heptaphyllae-Pinetum gocensis (56.0%:44.4%). It indicates that community Potentillo
heptaphyllae-Pinetum gocensis is more xerophilous than community Erico-Pinetum gocensis.
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4. COCLUSIONS

Comparation of floristical composition between plant communities Potentillo
heptaphyllae-Pinetum gocensis and Erico-Pinetum gocensis on Crni vrh Mt. near Priboj is done
in this paper. Analysis of floristic composition showed significant differences between two
communities. Plant community Potentillo heptaphyllae-Pinetum gocensis contains 72 species,
and community Erico-Pinetum gocensis 68; 39 species occur in both communities. Community
Potentillo heptaphyllae-Pinetum gocensis contains more genera and families also. There are no
statisticaly significant differences between researched communities considering elevation,
inclination, or canopy, but there are significant difference in herbacious layer coverage.
Community Potentillo heptaphyllae-Pinetum gocensis has higher herbacious layer coverage,
which is a consequence, on the first place, of great coverage of Erica carnea, which absolutely
dominates in shrub layer of community Erico-Pinetum gocensis. Great differences exist in aspect
on which communities develop. While community Potentillo heptaphyllae-Pinetum gocensis
occurs mostly on sunny, southern and southwestern aspects, community Erico-Pinetum gocensis
grows mostly on sheltered aspects-northern, northeastern or northwestern.

Spectrum of life forms has hemycryptophyte-phanerophyte character in both
communities, but the community Potentillo heptaphyllae-Pinetum gocensis contains somewhat
more hemycryptophytes (59.72%:51.47%), and community Erico-Pinetum gocensis more
phanerophytes (30.88%:25%). In the spectrum of distribution types in community Potentillo
heptaphyllae-Pinetum gocensis, highly represented are species who belong to xerophilous
distribution types (mediteranean-pontic, mediteranean-submediteranean and pontic), totally 25%,
while community Erico-Pinetum gocensis has much more species of euroasian distribution type
(23.52%:15.27%). Speaking about relation of species to light, community Potentillo
heptaphyllae-Pinetum gocensis contains more intolerant species, but both communities have
high presence of semitolerant species. Considering the light, community Potentillo heptaphyllae-
Pinetum gocensis is more xerophilous than community Erico-Pinetum gocensis .

Floristical composition shows that both communities have a lot of similarities, but also a
lot of differences, which reflects in the coverage of herbacious layer, aspects on which they
develop, present species, genera and families. Community Potentillo heptaphyllae-Pinetum
gocensis is more xerophilous and intolerant than community Erico-Pinetum gocensis. According
to analysis of floristic composition it can be concluded that it is justified separation of these two
forests in different plant communities.
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Abstract: Forest management has been aiming to eliminate natural disturbance dynamics in forest
ecosystems over the last centuries. Since the last decades, however, the changes of structural and microclimatic
conditions for example by storms or bark beetle infestations have been detected by science as valuable hotspots of
forest biodiversity. Protected areas enable a monitoring of the natural processes following large-scale disturbances
and their consequences for biodiversity.

In the Berchtesgaden National Park winter storms in 1990 and 2007 led to subsequent bark beetle
calamities, without interference by management on approximately 6,000 ha of forest land in the core zone of the
park. To assess the impact of the large-scale disturbances on the unmanaged forest ecosystem we investigate how
the site conditions are altered by the disturbances, how vegetation and deadwood develops and how this processes
influence the diversity and abundance of selected groups of species. The study plots are located in three different
types, namely, undisturbed spruce stands potentially susceptible to bark beetle infestation (reference), stands
affected by bark beetles within the last 5 years (new disturbance) and stands being infested in the 1990" (old
disturbance). Stand structure, regeneration, vascular plants and arthropods diversity were surveyed during the
vegetation period 2012. Preliminary results show that nitrophyllous and light demanding species as Rubus idaeus,
Rubus fructicosus s.l., Urtica dioica and fern species were more abundant in bark beetle gaps. No significant
differences in species numbers between the different levels of forest succession could be detected yet. An increase in
sample size in the next year may provide a clearer picture in further analysis.

Keywords: forest succession, biodiversity, vascular plants, disturbance, conservation

INTRODUCTION

The European spruce bark beetle Ips typographus L. (Coleoptera, Scolytinae) is an
important element of every spruce forest ecosystem and one of the most destructive pests of
Norway spruce (Picea abies Karst)(Schwerdtfeger 1995, Wermelinger 2004). The typical r-
strategist profits from the availability of large amounts of dying spruce trees, commonly after
storm events, and reacts with an explosive increase of its population size (Wermelinger and
Seifert 1998). Under these conditions large areas of previously vital forests can be infested
(Kautz et al. 2011). Between 1950 and 2000 about 2.9 million m? of timber are estimated to be
damaged per year in European forests by bark beetles (Schelhaas et al. 2003).

Forest management has been aiming to eliminate natural disturbance dynamics in
anthropogenically shaped forest ecosystems over the last centuries (Schelhaas et al. 2003).
However, natural disturbances as storm, fire and biotic impacts as bark beetle calamities shape

! Berchtesgaden National Park Administration, Berchtesgaden, Germany

2 Georg-August-University Géttingen, Department of Silviculture and Forest Ecology of the Temperate Zones, Gottingen,
Germany

% Bavarian Forest National Park Administration, Grafenau, Germany
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the ecosystem processes of European forests. The majority of present forest species developed
by adaptation to past natural disturbance regimes (Bengtsson et al. 2000). Protected areas enable
a monitoring of the natural processes following large-scale disturbances and their consequences
for biodiversity.

Bark beetle calamities create spatial patterns in forests that alter microclimate and
nutrient conditions. In addition large amounts of deadwood are produced. Changes in habitat
structures are closely related to the occurrence and abundance of forest species (Bouget and
Duelli 2004). Particularly light demanding species or species which rely on deadwood
availability are favored. Miiller et al. (2008) characterized 1. typographus as driving factor for
Norway spruce forest succession and as a keystone species for biodiversity in unmanaged spruce
forests.

The Alpine National Park Berchtesgaden was founded in 1978. In contrast to managed
forests where most often active control, salvage logging and regeneration measures are
conducted, no manipulation of natural forest dynamics takes place on approximately 6,000 ha of
forest land in the core zone of the National Park. Although already in the 1990s several bark
beetle outbreaks occurred in the Parks forest, spruce bark beetles caused a significant die-off of
spruce stands not before the winter storm Kyrill in 2007.

To assess the impact of large-scale disturbances on the unmanaged mountain forest
ecosystems and their further development, this project addresses the following questions:

» Which site characteristics are influenced by the disturbances through spruce bark beetles?

« How do the altered site conditions influence further forest dynamics? And how does the
forest development proceed?

« How is the diversity of selected species groups (vascular plants, wood-decaying fungi,
arthropods, mollusks) influenced by the development of the forest ecosystems?

MATERIALS AND METHODS

Study area

The Berchtesgaden National Park is located in South-Eastern Germany in the Northern
Limestone Alps and covers an area of 20,800 ha (Fig. 1). With an altitudinal gradient from 603
m a.s.l. in the Konigssee valley to 2,713 m a.s.l. at the top of the Watzmann massif the mean
annual temperature ranges from +7°C to -2°C. Annual precipitation values vary between 1,500 -
2,600 mm. The mean duration of snow cover increases from approximately 110 days in the
valleys to 200 days in 1,500 m a.s.l. and 2,700 days in 2,000 m a.s.l. (Spandau 1988). The main
soil types are rendzic leptosol of intermediate and shallow soil depth and eutric leptosol (humus
layer > 15cm - 35 c¢cm) at the steep slopes and chromic cambisol at less steep slopes and in the
valleys.

study plots 2012
@ reference

tion (2007 - 2012)

ion (1990 - 1997)

forest
[ Berchtesgaden National Park
Area of spruce bark beetle control

Fig. 1 The study area Berchtesgaden National Park in South-Eastern Germany with the location
of the forest area and the 51 study plots.
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Mixed mountain forest sites with beech, spruce and fir and mostly high growing stocks
composed the natural vegetation at the montane and high montane slopes of the area till the
middle ages. Spruce-larch and Swiss stone pine stands characterized the subalpine regions
(Kostler and Mayer 1974). The foundation of the monastery in Berchtesgaden in the 12" century
and the settlement of the surrounding valleys started the shift of the natural forests towards pure
spruce stands at assessable sites. This development increased drastically with the rise of the salt
mining industry in the 16™ century (Knott et al. 1988).

Nowadays 44% of the National Park area is covered by forest (Nationalpark
Berchtesgaden 2001) (Fig. 1). Norway spruce (Picea abies (L.) Karst) holds the highest share of
the species composition with 50%, followed by European larch (Larix decidua Mill.) 28%,
European beech (Fagus sylvatica L.) 8%, Swiss stone pine (Pinus cembra L.) 4%, sycamore
maple (Acer pseudoplatanus L.) 4%, dwarf pine (Pinus mugo Turra) 2% and silver fir (Abies
alba Mill.) 1% (Konnert and Siegrist 2000).

Induced by the winter storms Vivian and Wiebke in 1990 around 100 ha of spruce stands
were affected by spruce bark beetles between 1990 and 1997. Dead trees were removed only
within the control zone of 1,200 ha at the border of the National Park (Fig. 1). The calamity
ceased naturally at the end of the 1990s (Nationalpark Berchtesgaden 2001). Contrary to the
preceding events the winter storms Kyrill in 2007 and Emma in 2008 caused most disturbances
in the core zone where no management takes place. Since then, approximately 500 ha of spruce
stands have been infested by bark beetles (Fig. 2).

' Fig. 2 Unmanaged forest development influenced by
storm and spruce bark beetle southeast of
the Konigssee in May 2012

(Photo: M.B. Winter).

Study design

Unfortunately, no investigations of forest dynamics have been conducted in the National
Park following the calamities in the 1990s. Therefore no “true” time series analyses can be
performed. Instead, study plots were established which are located in three different types of
forests characterizing a “false” time series of unmanaged forest dynamics following spruce bark
beetle attack. The three types are: undisturbed spruce stands potentially susceptible to bark beetle
infestation (reference), stands affected by bark beetles within the last five years (new
disturbance) and those being infested in the 1990" (old disturbance) (Fig. 3). Each category
could by found on three altitudinal zones (montane, high montane, subalpine) and on south- and
north-facing sites with each three replicates. The only exceptions are old disturbed stands in the
subalpine region which could, due to a missing number of replicates, not be included into the
study.

For assessing the impact of salvage logging, three additional plots have been installed on
north-facing slopes in the montane region inside the bark beetle control zone, where all infested
trees have been removed by clear-cutting.
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Fig. 3 False-time series of forest development following bark beetle calamities with the example
of study plots in the Wimbach valley (Photos: M.B. Winter).

b

The reference plots are measuring points of the National Park forest inventory grid
(Konnert and Siegrist 2000). The old and new plots have been established specifically for this
study in the centre of bark beetle disturbances. As the size of the old bark beetle gaps did rarely
exceed one hectare, gaps were chosen with dimensions of 1,000-10,000 m? to keep them
comparable. The selection of potential plots was carried out with the help of aerial photographs
of 1990, 1997, 2001, 2003 and 2009 and verified in the field. Each of the 51 circular study plots
(17 variants x 3 replicates), is 500 m? in size and permanently marked by magnet in its center.
For detailed measurements of seedlings, small saplings (0-20 cm height) and vascular plants 8
subplots (1 m? circle) are surveyed on each plot. Saplings with a height of 20-50 cm are
measured on a 50 m? small incircle; 50-200 cm high saplings are surveyed on a 150 m? large
incircle (Fig. 4).

+ plot center
1- 1V guarters
& 1 m® subplot — regeneration (0-20 cm height), vascular plants, soil, radiation

® temperature-logger
v pit fall traps
+ fight interception trap
S0m® small incircle — regeneration (20-50 cm height)
130 m? large incircle — regeneration (50-200 cm height)
S00 n plot — stand structure (iving & dead wood), wascular plants, fungi, mollusks

Fig. 4 Sampling design of the study plots.

Data sampling and analyses

Data-loggers storing half-hourly measurements of air temperature (1 m above ground)
and soil temperature (5 cm below ground) were established in May on 34 of the 51 of the study
plots. A first read out of the loggers and analysis of the temperature measurements was carried
out in September.

To characterize the changes in radiation caused by the disturbances hemispherical photos
are taken on each subplot.

Arthropods were sampled during 2012 (May-September) using two pitfall traps and one
flight interception trap per plot. Additionally light traps were used to sample moths, operating
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during warm and dark nights in June and August. The specimens of the following species groups
are currently determined to species level and will later be evaluated: Beetles (Coleoptera),
spiders (Arachnida), true bugs (Heteroptera), springtails (Collembola), snails (Mollusca) and
moths (Lepidoptera).

Stand structure of living and deadwood, regeneration and vascular plants have been and
will be recorded on all plots during the vegetation periods of 2012 and 2013.

Field mapping of vascular plants was conducted on the 500 m? plots following Braun-
Blanquet (Braun-Blanquet 1964). The abundance was later coded as mean of the cover class.
The total share of vascular plants on the 500 m? was estimated in 5%-Steps. SPSS was used for
statistical analyses (SPSS 13.0 for Windows 2004). For comparison of species diversity of
vascular plants between the different plots and plot types the true Shannon-diversity-index was
calculated (Jost 2006). The level of significance for all statistical readings is defined with a <
0.05.

PRELIMINARY RESULTS: DEVELOPMENT OF VASCULAR PLANTS IN THE
UNMANAGED MONTANE ZONE

Soil and air temperature showed no significant differences in mean values from June to
September. Mean air temperatures vary between 15.7 °C and 16.7 °C, mean soil temperatures
ranged from 14.1 °C to 16.0 °C (Tab. 1).

The mean total cover of the herb layer was highest on the study plots with old
disturbances (81%), medium on the recently disturbed plots (75%) and lowest in reference stands
(61%), however without significant differences yet.

A total of 235 vascular plant species were found on the 18 plots in the montane zone of
which five are listed as endangered species (Coeloglossum viride, Cotoneaster integerrimus,
Laserpitum siler, Taxus baccata, Trollius europaeus) (Scheuerer and Ahlmer 2003).

Six species showed a maximum degree of presence and could be found on each study
plot (Acer pseudoplatanus, Adenostyles alpina, Brachypodium sylvaticum, Fragaria vesca, Picea
abies and Senecio fuchsii).

Tab. 1: Site characteristics of montane plots concerning temperature and plant diversity.
Standard deviation (mean temperature) respectively range (mean diversity) in parenthesis.
montane zone (700-1.200 m a.s.l.)

reference new disturbance old disturbance
north south north south north south
air mean 158(4.2) 16.7(45)  158(43) 157(45) 157(42) 16.3(5.2)
temperature minimum 5.6 4.8 5.3 4.4 5.7 4.7
[°C] maximum 28.9 31.7 30.6 30.3 31.7 33.8
soil mean 148(21) 16.0(1.9) 144(15 145(1.6) 141(1.4) 158(2.0)
temperature minimum 8.7 10.1 9.2 8.6 9.1 8.7
[°C] maximum 22.6 21.8 18.3 18.4 17.3 20.4
mean 71 74 73 74 72 81
vascular speciesno. (63 - 79) (71 - 81) (70 - 78) (60 - 91) (70 - 78) 56 - 93)
plants ?i?:?es 14.93 15.79 17.28 15.68 17.98 15.34
d?versity (9.29-23.28) (14.78-16.47) (15.25-19.73) (9.25-23.59) (16.86-20.04) (11.98-22.07)

The total number of species did not differ significantly among plot types (Tab. 1). The
highest numbers of species were found on south-facing sites with old or new disturbances.
Species that profited most from the disturbance of the tree canopy and reacted with higher cover
rates were nitrophyllous and light demanding species as Rubus idaeus, Rubus fructicosus s.l.,
Urtica dioica and fern species.
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OUTLOOK

Additionally to the completion of the study plot set (10 study plots/plot type = 170 study plots)
during the vegetation period 2013, nutrient measurements (soil and leaves) will be conducted to
improve the understanding of the altered site conditions. Moreover the occurrence and
abundance of mollusks and wood-decaying fungi as important deadwood composers will be
surveyed in August/September 2013.
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Abstract: Floristic and edaphic characteristics of Balkan beech and Turkish hazel plant community
(Corylo colurnae-Fagetum B. Jovanovi¢ (55) 1979) are researched in national park “Perdap“ in eastern Serbia.
This plant community, in national park “Derdap *, occupies cold aspects-northern, northwestern and northeastern.
Inclinations are very different, from flat terrains to very steep slopes.

Balkan beech and Turkish hazel plant community in national park “Derdap “is distributed mainly on
limestone parent material. Soils are very different and next soil units interchange on very small area: Rendzic
Leptosol (sceletic, brunic), Molic Leptosol (eutric), Leptic Cambisol (eutric, clayic), Vertic cambisol (eutric) and
Colluvic Regosol (eutric).

Seventeen tree species are recorded in tree layer. Dominant species are Balkan beech (Fagus moesiaca K.
Maly) Czecz) and Turkish hazel (Corylus colurna L.), but beech has greater abundance. Other tree species with
high presence level in this layer are: Acer platanoides L., Fraxinus excelsior L., Fraxinus ornus L., Acer campestre
L., Carpinus betulus L. and Acer pseudoplatanus L. Seventeen species are recorded in the shrub layer also. The
highest abundance has beech regeneration, while high presence level have also Sambucus nigra L. and Cornus mas
L. High presense level in herbacious layer have: Asperula odorata L., Rubus hirtus W. et K., Mercurialis perennis
L., Prunus avium L., Viola sylvestris Lam., Pulmonaria officinalis L., Fagus moesiaca K. Maly) Czecz., Festuca
drymeia M. et K and Lamium galeobdolon (L.) Crantz.

Phanaerophytes are most numerous in the life forms spectrum (39.5%), which indicates polidominant and
relic character of these forests. Increased number of geophytes (16%), confirms that this community belongs to the
alliance of beech forests Fagion moesiacae Blec et Laks 1970.

The Balkan beech and Turkish hazel plant community excels in flora richness and ecological diversity,
which ensures joint life to various ecologically different plant species.

Key words: Corylo colurnae-Fagetum, floristic composition, edaphic conditions, life forms, distribution
types, Perdap

INTRODUCTION

Tree hazel (Corylus colurna L.) is distributed in the southeastern Europe (southwestern
Romania, Serbia, southeastern Bosnia and Herzegovina, Montenegro, FYR Macedonia, Bulgaria,
Greece and Albania) and western Asia (Turkey, Iran and Caucasus region) (http://www.ars-
grin.gov/cgi-bin/npgs/html/taxon.pl?11645). Tree hazel occurs in Serbia at elevations below
1200 m, as a dominant species in various plant communities, but mostly with beech, usually on
limestone (Cvjeticanin, Perovi¢ 2010; Jovanovi¢ 2007). Tree hazel grows in Serbia in the
following plant communities: polidominant community of common lilac, tree hazel and other
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species (Syringo-Coryletum colurnae Misi¢ 1967), polidominant community of oaks, tree hazel
and other species (Querco-Coryletum colurnae var. geogr. Acer intermedium Misi¢ et Dinié
1971), polidominant community of ash, tree hazel and other species (Fraxino excelsioris-
Coryletum colurnae var. geogr. Acer intermedium Misi¢ et Dini¢ 1972), polidominant
community of balkan maple, tree hazel, beech and other species (Aceri intermedii-Coryletum
colurnae B. Jov. 1953), relic pauperized forest of beech and tree hazel (Corylo colurnae-
Fagetum moesiacae B. Jov. (55)1979), polidominant forest of beech, tree hazel and other species
(Fago moesiacae-Coryletum colurnae Misi¢ 1967) (Tomi¢ 2006). All these plant communities,
with the exception of Aceri intermedii-Coryletum colurnae B. Jov. 1953, are recorded in Perdap
area (Misi¢ 1997). Considering that tree hazel plant communities in Serbia are not satisfactorily
researched, the aim of this work is to present new data on floristic characteristics of beech-tree
hazel community and to define soils on which this community grows.

OBJECT OF RESEARCH

Research was done in the National park ,,Derdap*, which is located in eastern Serbia, on
the border with Romania. It comprises the biggest part of Derdap gorge, the longest gorge in
Europe, located on the right bank of Danube river, with total lenght of 98 km. The area of
National park is 63680 ha, and buffer zone 93967 ha, which makes ,,Dedap* the biggest national
park in Serbia. The lowest elevation in park is 80 m, and the highest 803 m a.s.l. (Vucicevic,
1999). The climat in this area is temperate continental. Mean annual precipitation level is 784
mm, and mean annual temperature 11.3°C, which indicates that this area is considebarly warmer
in comparison with the most of the territory of Serbia. Geological composition is very diverse,
siliceous and limestone rocks are approximately equaly distributed (Medarevi¢ 2001, 2005).
Over 1100 vascular plant species and over 50 tree and shrub plant communities occur in the
National park (Amidzi¢ et al. 2005; Amidzi¢ et al. 2007). Total volume of tree hazel stams in
National park area is 45998 m?, i.e. 0.5% of the total volume of Perdap forest sands and it counts
over 120000 stems (Medarevi¢, 2001). The research was done in the area of Forest management
units ,,Strbacko korito“ and ,,KoZice*.

Figure 1: The position of the Perdap national park in Serbia
MATERIAL AND METHODS

Eighteen phytocoenological releves were collected in the field using classique Braun-
Blanquet (1964) method. Releves are afterfards sorted in phytocoenological table. Plant species
are determined according to ,,Flora Srbije I-X (Josifovi¢ et al. 1970-1977, Sari¢, Dikli¢ et al.
1986, Sari¢ et al. 1992) and ,,Ikonographie der flora des stidostlichen Mitteleuropa™ (Javorka,
Csapody, 1979). The names of syntaxons are given according to Tomi¢ (2006). The spectrum of
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floristic elements are made according to systematisation of biogeographical elements by Gaji¢
(1980, 1984), and biological elements and life forms spectra according to Koji¢ et al. (1997).

Soil research was done based on the 11 dug soil profiles. Field research was done
according to the standard methodology described in ,,Guide for field soil research® (Priru¢nik za
ispitivanje zemljista, book IV, 1967). Morphogenetical research of soil profiles were done, and
samples were collected for the laboratory research. Laboratory research comprised physical and
chemical soil properties. Among physical properties the content of hygroscopic water was
estimated by drying in kiln at the temperature of 105°C during 6 to 8 hours; granulometric
composition was estimated by treating the samples with sodium-pyrophosphate, and soil
fractioning was done by the combination of piphete methode and elutration methode using sieve,
according to Atterberg, by estimating percentage of next fractions: 2-0.2mm, 0.2-0.06mm, 0.06-
0.02mm, 0.02-0.006mm, 0.006-0.002mm and fractions smaller than 0.002mm. The triangle of
American pedological society was employed for estimating of texture classes.

The following chemical properties are investigated: active acidity (pH in H,O) estimated
electrometrically by using of pehameter, supstitucional acidity (pH in 0,01M CacCl,) estimated
electrometrically using pehameter, hydrolitical acidity estimated by Kappen methode, the sum of
adsorbed alkali cations (S in cmol*kg ™) estimated by Kappen methode, total adsorption capacity
for cations (T in cmol*kg ™), total sum of acid cations (T - S u cmol*kg ™) calculated indirectly
using hyrdrolitical acidity, level of alkali soil saturation calculated by Hissink (%), total nitrate
level in soil calculated by Kjeldahl (%) method, proportional relationship of carbonate to nitrate
(C:N), accesible P,0s and K50 (mg/100 soil grams) calculated by Al method.

Analytical methods used for laboratory soil research are described in JDZP guides for soil
research (***1966, ***1997). The soils were classified according to the Classification of soils of
Yugoslavia (Skori¢ et al, 1985), and afterwards, based on the proposition of the new version of
national classification (Knezevi¢ et al, 2011), these soils were described according to the
principes of the WRB classification.

RESULTS

On the basis of phytocoenological research it was established that researched plant
communities belong to the beech-tree hazel community (Corylo colurnae-Fagetum moesiacae B.
Jovanovi¢ (55) 1979). This community in Perdap occurs mostly on sheltered aspects-northern,
northwestern, northeastern. Inclinations are very different: it occurs on flat areas, than on mild,
steep and very steep slopes. Total number of 81 vascular plant species is recorded in releves. The
species numbers in a single releve varies from 11 and 34, averagely 24. Balkan beech (Fagus
moesiaca Domin/Maly/Czeczott) and tree hazel (Corylus colurna L.) are recorded in all releves,
while 15 plant species are recorded in more than 50% phytocoenological releves, which makes
18.5% of total species number.

The canopy in tree layer varies between 0.6 and 0.9. Tree layer counts 17 species,
dominant species is always Fagus moesiaca Domin/Maly/Czecz.(V**™*), while Corylus colurna
L.(V*??) is codominant. In this layer, with high presence level (1V), are recorded also Norway
maple (Acer platanoides L.) and common ash (Fraxinus excelsior L). Shrub layer also counts 17
species, and most frequent is rejuvenation of Fagus moesiaca which has presence level 1V*22,
Corylus colurna is sparsely represented with presence level I*. Characteristic species assemblage
in herbacious layer comprise: Asperula odorata L.(V*?*%), Rubus hirtus W. et K.(IV**9),
Mercurialis perennis L.(IV*#*%), Prunus avium L.(1V"), Viola sylvestris Lam.(1\V*), Pulmonaria
officinalis L.(IV*™"?), Fagus moesiaca Domin/Maly/Czecz.(IV**?), Festuca drymeia M. et
K(IV*3®) and Lamium galeobdolon (L.) Nath(IV*#*2),

In Perdap area, tree hazel plant communities grow on soils formed on limestone and
basic and neutral siliceous rocks. Significant areas are occupied by beech-tree hazel forests
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(Corylo colurnae-Fagetum moesiacae B. Jovanovi¢ (55) 1979) on limestone parent material.
Soil forming conditions on limestone are very specific. The alteraton of soil types occurs on very
small area (Knezevi¢ 2001; KoSanin, Knezevi¢ 2005; Kosanin, Knezevi¢ 2007).

In Corylo colurnae-Fagetum moesiacae B. Jovanovi¢ (55) 1979 community, next soil
types are researched in Perdap area (Skori¢ et al, 1985): colluvium, rendzic on limestone,
kalkocambisol and eutric cambisol. On the basis of established soil properties and using the
proposal of new version of national soil classification (Knezevi¢ et al, 2011), researched soils are
presented according to the principles of WRB classification (2006). Next classification units are
recorded in researched beech-tree hazel stands in Perdap: Rendzic Leptosol (sceletic), Rendzic
Leptosol (brunic), Molic Leptosol (eutric), Leptic Cambisol (eutric, clayic), Vertic Cambisol
(eutric) and Colluvic Regosol (eutric).

Rendzic Leptosol (Sceletic); Rendzic Leptosol (Brunic); Molic Leptosol (Eutric)-
Leptosols are shallow, azonal soils, very frequent in mountain areas, sceletic. In many
classifications leptosols on limestones belong to rendzic soils, and those on other rocks to
rankers. Researched rendzic soils are distributed on the rims of the funnel-shaped holes and on
the steeper slopes of researched area. Soils are usually highly sceletic-Rendzic Leptosol
(Sceletic). This deteriorates physical soil properties. Sceletic soils are also very shallow. Typical
rendzic soils-Molic Leptosol (Eutric), have mollic A horizon, up to 25 cm (40 cm) thick, colour
is brown to dark grey, structure is granular. AC horizon is incoherent which deepens
physiologically active layer to about 45cm. The texture of researched renzic soils is silty-loam.

Chemical properties of rendzinas are characterised by neutral or slightly acidic reaction,
and adsorptive complex shows high alkali saturation (V=95,51%). Rendzic soils are moderately
rich in humus, as well as in sodium. Relation C:N shows the formation of mul humus. The soils
are poorly supplied with accessible phosphorous, while they are moderately to well supplied
with accessible potassium. Deeper rendzinas are brownized in the lower part of the A horizon-
Rendzic Leptosol (Brunic). In these soils a subsurface cambic horizon can be separated, at the
dephts below 50 cm, which shows signs of differentiation considering A horizon. Differentiation
is consisted in higher content of clay and colloid fraction. Primary and secondary soil particles
are connected in bigger structural aggregates, and the manifestation of the characteristic brown
color occurs also. Formed layer has all characteristics of cambic horizon, with the depht lower
than 15 cm-Rendzic Leptosol (Brunic). Typical rendzinas in Perdap frequently occur in soil
combination with brownized rendzinas and cambic soils on limestone.

Leptic Cambisol (eutric, clayic) - in researched area these soils are on limestones, they
mostly form on flatter relief forms (bottoms of funnel-shape holes and slopes with lower than 5°
inclination), although this soil can be formed also on much steeper slopes, with the inclination of
20°, and even 35° (slopes of funnel-shaped holes). The surface is rocky (15-20%), but that
characteristics does not occur in all profiles. Profile depth is up to 60-80 cm.

A horizon is 4.0-10.0 cm deep, its colour is brown, structure is usually granular. (B)
horizon is much better developed, its depth is between 20 and 70 cm. Its color is
characteristically brown to reddish-brown, the structure is poliedric to nut. Shallower soils are
more sceletic, while deeper soils do not contain scelet at all. According to the texture, researched
soils are loam to clay-loam in A horizon, and loam-clay in (B) horizon. Humus content in A
horizon is 2.14-11.77%, and 1.05-5.45% in (B) horizon. Soil is without carbonates, its reaction is
slightly acidic in all layers. Soils have high adsorption capacity and alkali saturation level is
more than 50%. Soils are poorly supplied with accessible phosporous, while they are moderately
supplied with accessible potassium.

Vertic Cambisol (eutric) - this soil in Perdap forms on neutral or basic igneous rocks:
amphiboles, andesites, sandstones etc. Depth of these soils in Perdap is between 50 to 70 cm. A
horizon is tawny gray, with stable granular or nut structural aggregates, with loamy texture. (B)
horizon is brown, it has very favourable mechanical composition, mostly with nut structure.
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Mechanical composition is mostly loamy. Soils are usually more or less sceletic. Reaction of
these soils is slighty acidic to neutral, and humus content is moderate. This type has high level of
alkali saturation (V>63,10%).

Colluvic Regosol (Eutric) - they are very poorly developed mineral soils on incoherent
substratum, and they are not differentiated on soil horizons. Colluvic Regosols (Eutric) are very
frequent in Perdap. They are formed by leaching of soil material which was represented by
sandy clays and fragmented parent rock material. This material forms as a consequence of
intense rock weathering, and is leached from higher ground downslope. These soils are up to 80
cm deep. Mechanical composition is very diverse and depends on the parent material. Their
texture is usually silty loams to silty clays and silty clay-loams. Humus content is the highest in
the uper layer and reduced with the depth, its values are from 6.99 to 1.09%. Upper soil layers
are well supplied with nitrogen, so the C:N relation shows very favourable humification and
mineralisation processes. Their reaction is moderately to weakly acidic. High saturation of
adsorptive complexes with alkali (54.26-92.11%) indicates that soil was formed by
sedimentation of weathering particles from neutral or basic siliceous rocks and soil material
formed from these substrata. Soils are poorly supplied with accessible phosphorous, while they
are usually moderately supplied with potassium.

Dominant lifeform in Corylo colurnae-Fagetum Jov. 1979 biological spectrum are
phanerophytes (40.7%), on the second place are hemycryptophytes (33.3%). Significantly
represented are also geophytes (16%). The most frequent group in the spectrum of distribution
types is the group of middeleuropean floral elements, which counts for 39.5% of all plant
species. Next most abundant group are eurasian group of floral elements (19.8%), and
submediteranean group (11.1%).

Table 1. Spectrum od distribution types of Corylo colurnae-Fagetum Jov. 1979 community in

CIRKUMPOLAR AND

Derdap
. Plant . Plant
Group of floristic elements Presence Floristic element
number number

MIDDLEEUROPAEAN 32 3050 | Middleeuropean 11
Submiddleeuropean 21

SUBATLANTIC 7 8.6% Subatlantic-submediteranean 7
Submediteranean 6

Eastern-submediternean 1

SUBMEDITERANEAN 9 11.1% | Subeuksinsian 1
Subiranian-eastsubmediteranean 1

BALKAN AND BALKAN- Moesic 1
APENINE 2 2.5% Subbalkanic 1
Pontic-submediteranean 2

PONTIC-MIDDLEASIAN 5 6.2% Pontic-eastsubmediteranean 2
Subpanonian 1

Subsouthsibirian 2

EUROASIAN 16 19.8% | Euroasian 11
Subeuroasian 3

Cirkumpolar 3

2

3

1

1

81

0 -
COSMOPOLITE 8 9.9% | Subcirkumpolar

Cosmopolitan
TURANIC 1 1.2% Iranian-euksinian
ADVENTIVE 1 1.2%
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DISCUSSION

Beech-tree hazel plant communities belong to the alliance of beech forests (Fagion
moesiacae Ble¢. et Laks. 1970) and suballiance of beech-tree hazel forests (Corylo colurnae-
Fagenion Jov. 1979). It comprises xeromesophilous communities on hilly and montane areas on
limestones in eastern and southeastern Serbia. They very rarely occur on other parent material,
for example on andesite on Mrkonjski vis near Medveda. These comunities are vicarious to those
in suballiance Ostryo-Fagenion from western Serbia, with the difference than here Ostrya
carpinifolia doesnt occur, and is replaced with Corylus colurna. Floristic composition of beech-
tree hazel community shows, apart from mesophilous species of beech forests, significant
number of xerophilous, and calciphilous species (Tomi¢ 2004).

Two similar beeck-tree hazel communities are recorded in Perdap area: polidominant
community of beech, tree hazel and other species (Fago moesiacae-Coryletum colurnae Misi¢
1967) and relic pauperised forest of beech and tree hazel (Corylo colurnae-Fagetum moesiacae
B. Jov. (55)1979). Misi¢ (1997) quotes that community Corylo colurnae-Fagetum moesiacae B.
Jov. (55)1979 formed during the process of pauperisation of more complex and diverse
community Fago moesiacae-Coryletum colurnae Misi¢ 1967, and that there are transitions
between them which indicate their common origin. Community Corylo colurnae-Fagetum
moesiacae B. Jov. (55)1979 contains lower number of woody species than Fago moesiacae-
Coryletum colurnae Misi¢ 1967, and is characterized with the absence of Acer intermedium
Panc¢. as well as with the domination of beech in tree layer (Tomi¢ 2004). Analysis of floristical
composition of researched forest stands revealed that Balkan beech (Fagus moesiaca Domin,
Maly/ Czecz) is the most frequent species in all phytocoenological releves, in contrast to the
other dominant species Corylus colurna L., which is also represented in all releves, but with
much lower frequency. Besides that, the presence of Acer intermedium has not been recorded at
all. Thus, we consider that researched forest stands belong to the plant community Corylo
colurnae-Fagetum moesiacae B. Jov. (55)1979. This community occurs out of refugia, on
limestone areas of hilly and montane belts in biger part of eastern Serbia. It often forms on
tablelands or flat ravines. Elevations are 700 to 1100 m, inclinations are lower than in
community Fago moesiacae-Coryletum colurnae Misi¢ 1967. Soils are without rock blocks on
the surface (Tomic 2004).

Biological spectrum of Corylo colurnae-Fagetum moesiacae B. Jov. (55)1979
community in researched area has phanerophyte-hemycryptophyte-geophyte character.
Indicative is high representtion of phanerophytes (40,7%) comparing with biological spectrum of
Serbia, where phanerophytes are represented with 8% (Jovanovi¢ 2007). This fenomena clearly
speaks of relic character of this community. Overrepresentation of geophytes (16%), comparing
with 10%, which is averege representation of geophyites in Serbian flora (Dikli¢ 1984), confirms
affliation of this community to the allliance Fagion moesiacae Ble¢. et Laks. 1970.

Middleeuropean group of floral elements is the most frequent group in the spectrum of
distribution types, which indicates temperate-continental climate conditions in this community.
Significant occurence of submediteranean group (11,1%) indicates xerothermic influence (Gaji¢
1984).

Vast number of species recorded in this community are characteristic for the class
Querco-Fagetea, i.e. order Fagetalia: Fagus moesiaca Domin/Maly/Czeczott, Asarum
europaeum L., Arum maculatum L., Dryopteris filix-mas (L.) Schot., Festuca drymeia M. et K,
Geranium robertianum L, Circaea lutetiana L., Dentaria bulbifera L., Sanicula europaea L. etc.
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CONCLUSIONS

Beech-tree hazel plant community (Corylo colurnae-Fagetum B. Jovanovi¢ (55) 1979) is
researched in National park Perdap”. This community grows on colder aspects, on very
different inclinations, from flat to very steep terrains. Geologic parent material is mostly
limestone, although it was recorded also on other rock types. Corylo colurnae-Fagetum B.
Jovanovi¢ (55) 1979 in Berdap occurs on different soil types: Colluvic Regosol (eutric), Rendzic
Leptosol (sceletic), Rendzic Leptosol (brunic), Mollic Leptosol (eutric), Leptic Cambisol (eutric,
clayic) and Vertic Cambisol (eutric).

The community is floristically very diverse. In 18 phytocoenological releves, 81 vascular
plant species is recorded. Most frequent are phanerophytes (40,7%), which clearly indicates relic
character of this community. Overrepresentation of geophytes (16%) indicates affliation of this
community to the alliance Fagion moesiacae. Characteristic species assemblage comprise
following species: Fagus moesiaca Domin, Maly/ Czecz, Corylus colurna L, Asperula odorata
L, Rubus hirtus W. et K, Mercurialis perennis L, Prunus avium L, Viola sylvestris, Pulmonaria
officinalis L, Festuca drymeia M. et K. and Lamium galeobdolon (L.) Nath.
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Corylo colurnae-Fagetum B. Jov. 1979

Releve number
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Aspect NE NE NNE N N N N WNW | NW | NW | WNW WNW
_ NE | NE N W NE
Inclination (°) 20 19 20 20 20 18 15 35 37 30 30
_ 15 7 15-25 27 10-15 35 -
Parent material Limestone @
Species number 33 21 24 32 31 l 25 25 l 28 33 l 30 34 18 23 20 l 18 13 11 17
TREE LAYER
Canopy 08| 07 | 09 |09 |08 |o0s|o09| 09 |09 | 09| 09 |07|09]|09]| 09 |06]| 09 | o8
4.4 34 4.4 4.5 4.4 4.5 55 3.3 2.2 3.3 3.2 11 2.2 11 3.3 1.2 1.2 2.2
Fagus moesiaca Domin/Maly/Czecz \
11 1.2 1.2 1.2 11 1.2 11 2.2 1.2 22 2.2 11 + + + 11 11 11
Corylus colurna L. \
12 | 11 | 12 | 12 12 11 12 1.2 + + +
Acer platanoides L. . . . v
11 2.2 2.2 11 11 1.2 1.2 11 + + 11 11
Fraxinus excelsior L. . 2.1 [\
+ + 11 + 11 11 11 11 11 +
Fraxinus ornus L. . . . . 11
+ + + 11 + 2.2 + + +
Acer campestre L. . 11
+ + + 3.2 1.2 2.2 11 +
Carpinus betulus L. . . 11
+ + 11 + 11 + + + + +
Acer pseudoplatanus L. 11
+ 1.1 + 11 11 2.2 2.2
Tilia tomentosa Mnch. 1
+ + + + 11
Juglans regia L. . 1l
+ + 11 + 11 + 11
Prunus avium L. . . . 1
11 + + + + +
Sorbus torminalis (L.) Cr. . 1l
+ + 11 +
Tilia platyphyllos Scop. 1l
11
Quercus petraea (Matt.) Lirb. |
+
Populus tremula L. . |
Pyrus pyraster Burg. + 11
|
11 11
Ulmus glabra Huds. |
SHRUB LAYER
Canopy 04| 02 | 02 |02]o01|o1|o1| 03 [o02]01]| 03 [o01|o02]02| 03 |04a| o |o4
+ 22 12 12 11 11 + 12 11 12 1.2 1.2 1.2
Fagus moesiaca K. Maly) Czecz . |\
+ + + 1.2 + 2.2 1.2 + 33
Sambucus nigra L. . . . 11
+ 12 12 + 11 1.2 1.2
Cornus mas L. +.2 11
+ 11 + 1.2 + 1.2 1.2
Tilia tomentosa Mnch. 1l
11 + + + +
Acer platanoides L. 1
1.2 +
Daphne laureola L. +2 | +2 1
+ +
Tilia platyphyllos Scop. +.2 |
1.2 +
Fraxinus excelsior L. . |
+ + +
Carpinus betulus L. ) |
+ +
Acer campestre L. |
Cornus sanguineus L. +
|
+ +
Corylus colurna L. |
+
Sorbus torminalis (L.) Cr. |
+ +
Prunus avium L. . |
+ 1.2
Fraxinus ornus L. |
+
Clematis vitalba L. . |
T
Crataegus monogyna Jacg. |
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Corylo colurnae-Fagetum B. Jov. 1979

HERBACIOUS LAYER

Coverage

0.7 0.8 0.5 0.7 0.8 0.7 0.7 0.7 0.7 0.7 0.8 0.9 0.6 1 0.5 0.6 0.2 0.7
33 33 23 33 | 34 | 33 | 23 1.2 1.2 23 | 12
Asperula odorata L. +.2 +.2 2.2 +.2 \
1.2 1.2 + + + + + + 1.2
Rubus hirtus W. et K. +.2 +.2 +.2 +.2 +.2 v
2.2 1.2 1.2 2.2 1.2 1.2 3.4 4.4 33 3.3
Mercurialis perennis L. +.2 +2 | +2 . \
+ + + + + + + + + + + +
Prunus avium L. . [\
+ + + + + + + + + + + +
Viola sylvestris Lam. . . . [\
+ + + + + + + + +
Pulmonaria officinalis L. +.2 +.2 +2 | +2 \Y
1.2 + + 1.2 12 1.2 +
Fagus moesiaca K. Maly) Czecz +.2 +.2 +.2 . +.2 +.2 v
+ + + + 1.2 3.2 2.2 3.3 2.2
Festuca drymeia M. et K +.2 +.2 +.2 2.2 v
1.2 1.2 12 1.2 12 | 12 1.2
Lamium galeobdolon (L.) Nath +2 | +.2 +.2 +.2 +.2 +.2 [\
1.2 1.2 2.2 1.2 . .
Circaea lutetiana L. +.2 +.2 +.2 +.2 11
+ + + + + +
Daphne laureola L. +.2 +.2 . . . 11
12 . . + 12 | 12 | 12
Melica uniflora Retz. +.2 +.2 +.2 +.2 . . 11
+ + + + + + + +
Acer platanoides L. +.2 +.2 11
+ + + + + +
Corylus colurna L. . . 1l
+ + + + + +
Salvia glutinosa L. +.2 . 1l
+ + + + + +
Acer campestre L. 1l
+ + + + + + +
Juglans regia L. . 1
+ + + + +
Dryopteris filix-mas (L.) Schot. +.2 +.2 1
+ +
Polystichum setiferum (Forsk.) Moore +.2 +.2 +.2 1]
R + + +
Ruscus hypoglossum L. +.2 +.2 1l
+ + + + +
Acer pseudoplatanus L. . 1l
+ + + + + + +
Lathyrus venetus (Mill.) Wohlf. n
+ + + +
Mycelis muralis (L.) Rchb. . 1
+ + + +
Sanicula europaea L. +.2 . . 1
+ + + + +
Sorbus torminalis (L.) Cr. . 1
+ + + +
Tilia tomentosa Mnch. +.2 1
+ + + + +
Clematis vitalba L. . 1
+ + + + +
Dentaria bulbifera L. 1]
+ + + + + +
Alliaria officinalis Andr. . 1l
+ + . + + 1.2
Hedera helix L. 1l
+ + + +
Melittis melissophyllum L. . . 1l
+ + + + + +
Ulmus glabra Huds. . 1
12 12
Carex pilosa Scop. +.2 2.2 1]
Asarum europaeum L. +.2 +.2 +.2 +.2 . . 1
+ + + + +
Euphorbia amygdaloides L. 1
+
Stachys sylvatica L. +.2 |
+ +
Geranium robertianum L. +.2 |
+ +
Calystegia sepium (L.) Br |
R + +
Arum maculatum L. |
+ + +
Atropa belladonna L. |
Rosa pendulina L. +.2 |
Brachypodium sylvaticum (Huds.) P.B. +.2 |
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Stenactis annua (L.) Ness.

Corylo colurnae-Fagetum B. Jov. 1979

Fraxinus ornus L.

Epilobium montanum L.

Cornus mas L.

Fragaria vesca L.

Carex sylvatica Huds.

Geum urbanum L.

Fraxinus excelsior L.

2.2

Moechringia trinervia (L.) Clairv.

Quercus petraea (Matt.) Lirb.

Dactylis glomerata L.

12

+.2

Populus tremula L.

Heracleum sphondylium L.

+.2

Sambucus nigra L.

Lunaria rediviva L.

Urtica dioica L.

Galeopsis speciosa Mill.

Asperula taurina L.

+.2

Tilia platyphyllos Scop.

Lithospermum purpureo-coeruleum L.

+.2

Lilium martagon L.

Carpinus betulus L.

Ruscus aculeatus L.

Evonymus latifolius (L.) Mill.

Staphyllea pinnata L.

+.2

Phyllitis scolopendrium (L.) New.

+.2

Carex digitata L.

+.2

Aremonia agrimonioides (L.) DC

Rosa arvensis Huds.

+.2

Brachypodium pinnatum (L.) P.B.

Crataegus monogyna Jacg.

Ligustrum vulgare L.

Glechoma hirsuta W. et K.

+.2

12

Viburnum lantana L.

Polystichum aculeatum (L.) Roth.

Parietaria officinalis L.

5.5

Hepatica nobilis Mill.

+.2
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FORESTS - THE CRUCIAL PLAYER OF THE GLOBAL CARBON CYCLE -
ENVIRONMENTAL SENSITIVITY AND SEASONAL COURSE OF THE

Michal V. MAREK?, Dalibor JANOUS

Abstract: Carbon fluxes between the stands of plants and atmosphere could be regarded as the key process
of the global mass and energy exchange. Especially forest stand plays crucial role, because their surface area and
longevity. Huge amount of the atmospheric carbon is absorbed by vegetation via the process of photosynthesis, i.e.
biological pump of the carbon. Final carbon exchange of a real plants stand is a manifestation of a permanent
balance between assimilatory activity and respiratory losses of the carbon. The respiration carbon efflux is a result
of both autotrophic (mainly plants roots) and heterotrophic (soil bacteria) activity strongly dependent on the
temperature and soil moisture, respectively. The process of plants carbon pumping is extremely sensitive to the
impact of environmental factors, primarily the effects of microclimatic factors of the real plant stand and external
synoptic events, and by the seasonal ontogeny of assimilatory apparatus and soil biota. Carbon pumping in the real
world of plants stand is characterised by the distinctive seasonal course of the carbon fluxes because of the seasonal
ontogeny of assimilatory apparatus. The sensitivity of plant carbon pumping can be demonstrated on the sequence
of spring days, i.e. the situation of the start of the vegetation season. Principles of carbon pumping are mainly
connected to the potential of photosynthetic activity of plants, rep. trees and carbon sources form the forest soil,
respectively. Very interesting for the evaluation of the potential of concrete region, country, point of view brings a
comparison of different ecosystems types. To be able to evaluate the importance of different ecosystem in the carbon
sequestration the comparison for different ecosystems of the Czech Republic is presented. It is still evident that the
importance of forest ecosystem in the carbon deposition is without any doubts.

Keywords: carbon cycle, sensitivity of carbon deposition, ecosystems comparison

EXPERIMENTAL SITES AND METHODS

The eddy-covariance technique (Aubinet et al. 2000) was used for the carbon exchange
measurement in different ecosystem types (Tab.1l). Unified eddy-covariance systems were
applied for the fluxes measurements in all types of investigated ecosystems. Fluxes of carbon
dioxide and water vapor and subsequently latent and sensible heat exchange between stand and
atmosphere were measured using closed-path eddy-covariance system InSituFlux (InSituFlux,
Sweden, IRGA: LI-7000, Li-Cor USA) sonic anemometer (Gill R3, Gill Instruments UK) and
the data were processed by special EcoFlux software (InSituFlux, Sweden,). At present, the
current network of eddy-covariance towers in the Czech Republic is composed of a set of five
observation sites representing the basic types of terrestrial ecosystems (Table 1). The
measurement of carbon fluxes started gradually from 1997 (Bily Kiiz mountain spruce z forest)
to 2008 (Stitna beech forest).

! Laboratory of Plants Ecological Physiology, Global ChaNge Research Centre — CZECHGLOBE Academy of Sciences of the
Czech Republic, Bélidlaa 3a,, CZ-60300 Brno, Czech Republic
e-mail: marek.mv@czechglobe.cz
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RESULTS AND DISCUSSION

Ecosystem final carbon storage is a result of the balance between photosynthetic
assimilation and ecosystem carbon efflux, which is product of both autotrophic (mainly plant
roots, stems, branches and foliage) and heterotrophic (soil fauna, fungi, bacteria etc.) activities
strongly dependent on temperature and soil moisture, respectively.

A comparison of the individual basic types of ecosystems of the Czech Republic
(example of the year 2009) brings evidences on their different carbon storage potential. Concrete
annual the dynamics of the carbon storage makes this differentiation more evident (Fig. 1).
Because of the length of the growing season, the Norway spruce forest was identified as the
significant landscape carbon sink. The same importance was found for the mountain adult beech
forest. Of course the pattern of the seasonal dynamics of the carbon storage is little bit different
because of the seasonality of the assimilatory tissue. The mountain non-managed grassland
showed massive respiration and secondly a part of the grassland carbon is annually lost by the
biomass harvest (up to 1.1 t of carbon) resulting in the negative final annual carbon balance.
Important carbon storage was observed in the agro-system (up to 65% of the forest — spruce and
beech stands carbon storage). However this carbon storage was achieved because of the
combination of an intensive crop management (nitrogen fertilization up to 130 kg N ha™) and a
combination of the crops system (wheat and maize) resulting in a prolongation of the intensive
growth and biomass accumulation phase. Wetland ecosystem carbon sink amounted medium
value in comparison to other ecosystems type (up to 3 t C year™). The flowage is the main
limitation of the carbon uptake in wetland.

Ecosystem carbon sink is strongly related to the course of individual growing season
(Fig.2). The occurrence of some microclimatological events (hot and dry days, drought,
temperature turn of events) are crucial for the final, on seasonal base, carbon storage.

Deeper analysis of the seasonal course of carbon uptake by the spruce forest and the
application Savitzky - Golay Spline fitting makes possible to determine the most productive part
of the season from the carbon storage point of view (Fig. 3).

Observed “between-season” differences in the amount of seasonal storage carbon in
Norway spruce stand are affected by the prevailing form of incident solar radiation (Fig. 5).
Because of the nature of diffusive solar radiation penetration into stand crown layer, the
photosynthetic assimilation responses to diffusive light and generally moderated respiration
under cooler conditions of cloudy days, the final spruce stand carbon storage is positively related
to the number of cloudy days during the season.

Realized analysis shows the undisputable role of forests in Czech Republic terrestrial
ecosystems for the carbon sequestration. This role of forest is generally accepted (Kauppi et al.
1992, Janssens et al. 2003, Marek et al. 2011). The duration of an active growing season, i.e.
time of active photosynthetic carbon uptake can be regarded as the crucial factor determining the
ecosystems carbon sink strength. Especially sequences of zero-plus days with active carbon
storage at the start and lower temperature — related slow respiration activity at the end of the
season are of great importance. The carbon storage is strongly related to the physiological
background, i.e. photosynthesis. Thus, all factors related to the feed-back limitation of
assimilation are responsible for the whole-stand scale carbon capture dynamics. Moreover, the
final balance between the captured and released carbon is very tight mainly because of the strong
link to the microclimatic factors, external synoptic events, soil temperature and moisture and to
the seasonal ontogeny of assimilatory apparatus (Law et al. 2002).

The current mosaic of ecosystem types which is presented in the Czech landscape is
manifested by their different ability to act as important and stable carbon sink. However, the
sustainability of this situation in future is questionable (Nabuurs at al. 2003) because of predicted
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increase of temperature, carbon dioxide atmospheric content, increased occurrence of extreme
climatic events, air pollution and pests.
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Tab.1: Basic description of investigated ecosystems

E_xperlmental Latitude | Longitude Elevation Ecosystem Mal_n Age Height
site (m.a.s.l.) type species (years) (m)
Bily Ktiz 0 n- 0 cor . .
Beskydy Mts. N 497 30 E 17°58 930 spruce forest | Picea abies 32 17
Bily Ktiz 010 04n" Festuca
Beskydy Mts. N 497 30 E 18° 32 855 grassland rubra
Stitna Fagus
White N 49°20° | E17°58’ 560 beech forest | 72 | 150 32
Carpathians Mts y
Zabgice N 49°00" | E 16°36° 179 agrosystem | P2ley.

maize
Mokré louky N49°01° | E 14%6’ 426 wetland saedge
Tiebon grass
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Fig. 1: Seasonal course of the Net Ecosystem Production (NE: kgC ha™) of the investigated
ecosystems types — season 2010 (the area above the x-axis — carbon efflux, area below x-axis —
carbon gain)
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Fig. 2: Detailed analysis of seasonal course of NEP, comparison of 3 seasons, Norway spruce.
Different microclimatic and phenological situations are identified.
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1. INTRODUCTION

It is known that climatic factors determine habitat conditions that influence regeneration
and survival of forests and other plant formations in a given area, and that the distribution of
specific types of forest vegetation is adapted to existing climatic conditions. According to the
Intergovernmental Panel on Climate Change (IPCC), the current changes in global and regional
climate in the future will be, among other things, manifested by increasing the temperature and
temperature extremes, and reducing the amount of rainfall. This would seem particularly
stressful to trees (forest), particularly through reduction of biodiversity, reduction of vitality of
trees, drying (extinction) of some tree species, etc. Forests will be difficult to adapt to sudden
changes, which may lead to their demise. Therefore, forest management has to be adapted to
altered environmental conditions, and one of the solutions is through application of nature-based
silviculture.

It is known that a key component in the hydrologic cycle is evapotranspiration - the
conversion of liquid water at the earth-atmosphere boundary, and a number of approaches
have been used to assess evapotranspiration and runoff changes within the context of an altered
climate.

The evaluation of evapotranspiration is important in the study of the impact of climate
change on water resources as evapotranspiration can be considered a key "link" between the
atmosphere and the soil matrix within the hydrologic cycle (Hagan, et. al; 1967, acc. to Yates
D., Strzepek K. 1994).

The paper presents the results of analyzes of climate change in Serbia based on data for
two typical meteorological stations: one lowland in urban conditions (Belgrade) and other typical
altitude meteorological station in the forest area (Zlatibor). The data relate to the measurement
period from 1991 to 2010., and they were compared with reference data for the period 1961-
1990. We analyzed the basic elements of climate — air temperature and precipitation regime. In
particular, the analysis of climatic parameters important for the development of forest vegetation
(such as evapotranspiration and soil water regime) has been performed. Comparative values of
evapotranspiration are presented by applying methods of Penman-Monteith, Thorntrhwaite, and
Thornthwaite-Mather as different parameters are used in different methods for determination of
evapotranspiration. Also, annual variation for this period is shown along with determined
differences between methods, and there is a recommendation for the use in our conditions.

! Faculty of Forestry, Belgrade
2 Faculty of Forestry, Banja Luka
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The data are particularly important from the point of forestry, especially for the purpose
of defining, selecting and applying specific needs of silvicultural treatments in terms of current
and expected future climate change.

2. GENERAL NOTES ON CLIMATE CHANGE

In the fourth report of the work group | of the Intergovernmental Panel on Climate
Change (IPCC, WGL1 IPCC) 2007 (www.hidmet.sr.gov.yu, 2010) the following facts are stated:

— In many world regions the changes in the intensity and frequency of the occurrence of the
climate extremes, such as drought, floods, tropical cyclones, storm weather, followed by hail,
snow blizzards and avalanches, the waves of the extremely high air temperatures, frost,
strong rain of short duration, wildfires, were registered;

— Furthermore, the projections of the climate change for Europe show the decrease of the
quantity of precipitation in south-eastern Europe by 1% per decade;

— Even in the case of the radical reduction of the emission of the gases with the greenhouse
effect, the average global air temperature will increase by 0.6°C by the end of the century;

— The different increase of the air temperature in some regions would be followed by the
different regional changes in the precipitation regime, variability of the local climate,
changes in the intensity and frequency of the climate extremes, the shift of the climate zones
towards the poles and greater altitude;

— In south-eastern Europe, the region to which Serbia belongs, along with the further trend of
the increase of the air temperature in the next period, the further decrease of precipitation
followed by the reduction of the number of the days with snow and snow layer, the decrease
of the water drainage, soil humidity, and the availability of the water resources, is
anticipated.

According to Jovanovic (1954), Wagner states that in Europe from the beginning of the
XIX century the temperature has increased by 1°C per century. Over the past 100 years the
average global increase of the temperature was 0.6° C, and the further increase of it is anticipated
(Root et al., 2003).

The current climate change has been registered in Serbia. The Republic
Hydrometeorological Service of Serbia (www.hidmet.sr.gov.yu, 2010) presents the following
basic climate characteristics in Serbia in regard to the climate change: in most parts of Serbia
June is extremely warm, July is warm, and August is very warm. The number of the tropical
days was above average for summer, and in August this number was even double the average.
The heat wave, as the extreme climate event, was registered in most parts of Serbia, from June
21% to June 27"

The Figure 1 presents the average annual temperature for GMS Belgrade, by the
deviation of the temperature from normal range for the standard period 1961-1990. The solid
line presents the 5-year moving average for the period 1886-2005, and the columns present the
deviations from the normal range for every year. The global trend of the increase of temperature,
which is particularly expressed in the last decade of the last century and continued by 2005, is
clearly visible. By the mid 20" century the temperature was below the normal range, and since
then until 1990 it varied within the normal range, and later it varied considerably above the
normal range. The post-2000 period has been warmest since the beginning of the temperature
measurement in Serbia (Krsti¢ et al, 2010).
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Figure 1. The deviation of the average annual temperature from the normal range for the
standard period 1961-1990. for GMS Belgrade

3. COMPARATIVE CLIMATE CHARACTERISTICS FOR BELGRADE AND
ZLATIBOR

An analysis of basic climate change elements (air temperature and precipitation) for the
last 20 years (in the period 1991-2010.) was performed and the results were compared to the
reference period 1961-1990. The analysis inter alia involved some specific years: eir changes for
each characteristic in this period: the coldest 1991., the warmest 2000., max precipitation 1999.,
and the the driest (with a minimum rainfall) the year 2000.

Table 1. Basic climate data

Air temperature (°C) Precipitation (mm)
Period Belgrade Zlatibor Belgrade Zlatibor
An GS An GS An GS % An GS %
1961-1990 | 11.9 18.4 7.1 13.0 684 389 56.9 964 545 56.5
1991-2010 | 12.8 19.6 8.0 14.1 714 404 56.6 1040 567 54.5
1991 11.4 18.1 6.6 12.6 728 435 59.8 996 553 55.5
1999 12.4 19.2 8.1 14.4 1051 637 60.6 1282 715 55.8
2000 14.2 21.0 9.2 15.6 368 203 55.2 849 456 53.7

3.1. Change of air temperature

Compared to the reference period 1961-1990., in the last 20 years (1991-2010.) mean
annual air temperatures in Belgrade and Zlatibor has increased by 0.9 °C (Table 1). At the same
time in the growing season the increase is 1.2 °C in Belgrade, and 1.1 °C on Zlatibor. The data
clearly indicate that there was a significant xerothermisation of climate, which is tuoched upon
for the last 100 years.

During the coldest year in the analyzed period (1991.) mean annual air temperature in
Belgrade and Zlatibor is lower compared to the period 1961-1991. by 0.5 °C, and compared to
the period 1991-2010. by 1.4 °C. During the warmest year (2000.) mean annual air temperature
in Belgrade and Zlatibor is higher compared to the period 1961-1991. for more than 2 °C, and in
relation to the period 1991-2010. by 1.4 °C in Belgrade, and 1.2 ° C on Zlatibor. Comparing both
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the warmest and the coldest year, it is found that the temperature difference in the mean annual
temperature was slightly less than 3 °C, and for the growing season exactly 3 °C.

® —o— Annual Rl [ ———

151 1961-1990. " 9,5 1—|———1961-1990.

14 1 |— — 1991-2010. p— 9 4= =1991-2010.

125 g I\ & /A 65 A AN JAAN
S A I\/\ [ Y A WA Y A
T A AL W S W

RNAS \V/ i ——, \

115 6/ \/ 6,5 !

111990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 61990 19'92 19'94 19'96 19'98 20'00 20'02 20'04 20'06 20'08 20'10

Year Year
Figure 2. Air temperature in Belgrade Figure 3. Air temperature on Zlatibor

The analysis of annual changes in air temperature values shows that in relation to the
period 1961-1991. only years 1991., 1996. and 1997., had lower temperatures, while in relation
to the average for the period 1991-2010 variation is very pronounced. At the same time the
cyclic alternating warm and cold periods is indicated. Except the hottest year 2000., significantly
warmer were also the years 1994. and 2007. (2008) (Figure 2 and 3).

30 25

- ——-1991. ———-1901.
25 4+ 2000. 20 4 2000.

— — 1991-2010. %?,/f{%\ — —1991-2010. <=
20 1 1960-1991. 7 15 1961-1990. o \\

7 NL ’ 2 \
15 ; Q Vs
2 10

ToC
N\
\
\
P
4

N
% 3 4 5 6 7 8 9 10 11 12 18

—

Month

Month

Figure 4. Air temperature in Belgrade Figure 5. Air temperature on Zlatibor

Comparing the occurence of monthly values of temperature, it can be concluded that in
the warmest 2000. the warmest month was August and the coldest month was January (Figure 4
and 5).

3.2. Precipitation changes

Similar to air temperature, average annual precipitation in Belgrade and Zlatibor has
increased in the last 20 years (1991-2010.) relative to the reference 1961-1990. period. Increase
in Belgrade was for about 4% and on Zlatibor around 8%. (Table 1). At the same time in the
growing season this increase is not so high.

During the driest year in the analyzed period (year 2000), compared to the period 1961-
1991., the annual sum of precipitation in Belgrade decreased by about 86%, and on Zlatibor for
about 14%. In relation to the period 1991-2010 Belgrade it was almost two times smaller and on
Zlatibor for about a quarter less. Comparing the wettest year 1999. and the driest 2000. for the
period 1991-2010., it can be noticed that the annual sum of precipitation was lower in Belgrade
for more than 2.5 times, and on Zlatibor about 50% less. This difference is even more
pronounced during the growing seasons.
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Analysis of changes in monthly values of annual precipitation sum, it can be concluded
that in the wettest year 1999. the most extreme rainfall was in July (262 mm in Belgrade and
Zlatibor 210 mm) and lowest in August (Figure 8 and 9). In the driest year 2000. least rainfall
was in August with only 8 mm in Belgrade and 22 mm on Zlatibor. These data show the
enormous differences in the amount of rainfall during the vegetation period, which reflects the
stress on vegetation.
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Figure 8. Monthly precipitations in Belgrade  Figure 9. Monthly precipitations on Zlatibor
3.3. Potential evapotranspiration

Runoff changes within the context of an altered climate Thornthwaite (1944) defines
potential evaporation as “the water loss which will occur if at no time there is a deficiency of
water in the soil for use of vegetation” — assuming soil storage is not depleted. According to
Thornthwaite (1948) the rate of evapotranspiraton depends on four things: climate, soil-moisture,
plant cover an land management. First two prove to be far the most important. Precipitation and
evapotranspiration are equaly important climatic factors.

There are a number of methods for estimating reference evapotranspiration (ETo), which
is widely used in many fields of economy and science. In the framework of the UN Food and
Agriculture Organization (FAO), after testing many known methods, Penman-Monteith model-is
accepted as a standard for determining ETo and labeled as FAO56-AM.
www.hidmet.gov.rs/ciril/meteorologija/agro_evapotranspiracija.php. The Penman-Monteith
equation is regarded as one of the most accurate equations to estimate evapotranspiration (Yates
D., Strzepek K. 1994). The Penman-Monteith method refers to the use of an equation for
computing water evaporation from vegetated surfaces. Standardized ET equation for a tall
reference crop would be viewed as successful under this short period test but extreme
environment (Howwel and Evett ).
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The Thornthwaite water balance (Thornthwaite, 1948) uses an accounting procedure to
analyze the allocation of water among various components of the hydrologic system.
Computations of monthly water-balance components of the hydrologic cycle are made for a
specified location. Inputs to the model are monthly temperature and precipitation. Outputs
include monthly potential and actual evapotranspiration, soil moisture storage, snow storage,
surplus, and runoff. (www.javaforge.com/wiki/80890). The modfied Thornthwaite-Mather water
balance model described below, hereafter referred to as the soil-waterbalance (SWB) model,
was developed by the WGNHS to estimate the spatial and temporal distribution of natural
groundwater recharge for watersheds in humid and temperate humid regions. The model
accounts for the processes of precipitation, evapotranspiration, interception, surface runoff, soil-
moisture storage, and snowmelt through (Dripps and Bradbury, 2007).

Comparative characteristics of the implementation of the budget evapotranspiration by
different methods were given by D. Yates, Strzepek K. (1994).

This contribution is an analysis of climatic parameters important for the development of
forest trees — evapotranspiration and water balance in the soil. Among other things, the
evapotranspiration can be used for assessing the situation and assess the need for irrigation. This
article shows the comparative values calculated by methods of Penman-Monteith, Thorntrhwaite
and Thornthwaite-Mather because the calculations use different parameters for determination of
evapotranspiration (Table 2).

The presented data suggest that the Penman-Monteith method gives the highest values of
potential evapotranspiration in all years. The calculation is based on a large number of
parameters that influence PE, air temperature, air humidity, wind speed, and length of daylight
during the year for a given locality. During the reference period 1961-1990. by the method of
Penman-Monteith the annual value (An) of potential evapotranspiration (PE) is 905 mm, and in
the growing season (GS) is 698 mm. Similar values were in the period 1971-2000. (901 and 691
mm), which gives the Republican hidrometeroroloski Service of Serbia (www.hidmet.gov.rs /
ciril / meteorology / pros_pet.php)

Table 2. Potential evapotranspiration (PE mm) by different methods
Year and meteorological station

Used §
method @ 1961-1990. 1991-2010. 1991. 1999. 2000.
o}

Bel. Zlat. Bel. Zlat. Bel. Zlat. Bel. Zlat. Bel. Zlat.
Thornthwaite | An 736 573 776 599 725 570 759 602 837 645
GS 632 504 670 528 620 486 655 534 713 555
Thornthwaite | An 658 503 701 528 649 500 682 529 757 572
-Mather | GS 557 437 596 458 548 421 581 464 637 487
Penman- | An 905 695 771 727 877 636 825 709 1168 858
Monteith | GS 698 541 568 572 673 498 637 547 904 664

Methods by Thornthwaite and Thornthwaite-Mather use the energy-temperature
conditions and duration of sunshine, except that the method of Thornthwaite-Mather calculates
evapotranspiration separately for decades in a month. He also gives a minimum value of PE.
The values of PE, regardless of the applied calculation method, change proportionally in
accordance with the changes in air temperature. The biggest, expectedly, in the hottest year
2000. and compared to the coldest year 1991., the annual values of PE are higher by one third.

According to Yates D., Strzepek K. (1994), several of the more common methods for
estimating potential evapotranspiration were detailed and used within a hydrologic model to
determine how these various methods impact a climate change assessment. It was generally
shown that by simply using a different estimator of Etp, dramatically different impact results can
be found. Empirical methods, which are often only temperature based, give significantly
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different marginal changes to temperature fluctuations when compared with the physically (or
micrometeorological) based methods such as the modified Penman equations.

As is known, the method of Thornthwaite and Mather-Thornthwaite allow calculation of
actual evapotranspiration, which depends also on the amount of precipitation and soil water
reserves. The calculated values are shown in Table 3 according to the method of Thornthwaite, at
higher altitudes it is equal to the potential (as is the case in Zlatibor), or less. In Belgrade, the
annual value is less than potential for the reference period 1961-1990. about 20%, and the like in
the 1991-period of 2010. In the warmest and driest year 2000, the annual value of actaul
evapotranspiration (AE) is lower for more than twice, and in the wettest year 1999 is lower for
about 10%.

Table 3. Actual evapotranspiration (AE mm)
Year and meteorological station

Used

method 1961-1990, 1991-2010. 1991, 1999. 2000,

Bel. Zlat. Bel. Zlat. Bel. Zlat. Bel. Zlat. Bel. Zlat.
Thornthwaite | An 582 573 610 599 618 570 727 602 368 645
GS 487 504 504 528 513 486 623 534 290 555

Thornthwaite- | An 486 442 298 288 484 436 504 435 313 443

Mather | GS 401 380 238 244 400 362 412 373 227 362

Since the decadal values of climatic elements necessary for the calculation of PE and AE
by the method of Thornthwaite-Mather were not available, they were calculated according to the
monthly values, and a comparative view of the relationship of the amount of PE and AE in
analyzed periods is shown on the basis of their values by the method of Thornthwaite (Figure
10).
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Figure 10. Comparative view of the relationship of the amount of PE and AE in analyzed periods
3.4. Climate classification

For the purposes of forestry, especially the method of choice for silviculture and
reforestation, are of great importance, and most are in the application of climate classification by
Lang and Thornthwaite (Koli¢, 1988). D. Yates, Strzepek K. (1994) concluded that the strength
of regional calibrated empirical methods is shown in the Mulbeny Basin, where the calibration
and validation statistics performed best using the Thornthwaite method.

Thornthwaite climate classification divides climates into groups according to the
vegetation characteristic of them, the vegetation being determined by precipitation effectiveness
(P/E, where P is the total monthly precipitation and E is the total monthly evaporation). The sum
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of the monthly P/E values gives the P/E index, which is used to define five humidity provinces,
with associated vegetation (www.encyclopedia. com/topic/Thornthwaite_climate_classification.)

According to Thornthwaite (1948) precipitation and evapotranspiration are equaly
important climatic factor. In some places more rain falls month after month than evaporates or
than the vegetation uses. Where precipitation is in excess of water need, the climate is moist,
where the wather deficiency is large in comparision with the need, the climate is dry.

Table 4. The climate changes determined by using Thornwhite’s and Thornthwaite-Mather’s

methods
. Belgrade Zlatibor
Method Period Im Sym. Climate type Im Sym. Climate type
Thornthwaite 1961- 14 C, Moist subhumid 68.2 Bs Intensely humid
Thornthwaite-Mather 1990. | 17.6 C, Moist subhumid 96.7 B, Extremely humid
Thornthwaite 1991- | 0.2 C, Moist subhumid 73.7 Bs Intensely humid
Thornthwaite-Mather 2010. | 171 C, Moist subhumid 73.1 Bs Intensely humid
Thornthwaite 1991 37.4 B; Mildly humid 74.6 B; Intensely humid
Thornthwaite-Mather | 745 B; Intensely humid 107.0 A Perhumid
Thornthwaite 1999 37.4 B; Mildly humid 113.0 A Perhumid
Thornthwaite-Mather | 745 B; Intensely humid 157.7 A Perhumid
Thornthwaite 2000 -47.6 E Arid 37.9 B; Mildly humid
Thornthwaite-Mather " -20.7 D Semiarid 65.9 Bs Intensely humid

In the analyzed reference periods, in Belgrade climate was moist subhumid (C2), and on
Zlatibor increased to a very humid. In the driest year 2000. the climate is a semi-arid or arid, in
Belgrade, and on Zlatibor mildly or very humid. In the wettest year 1999. climate in Belgrade
was mildly and very humid, and on Zlatibor per-humid.

And this research has shown that the Thornthwaite method is very acceptable for research
in forestry because it provides reliable data about how many actual evapotranspiration there is,
and whether and when during the year there is a surplus or shortage of water in the soil.

4. THE NECESSARY SILVICULTURAL MEASURES IN THE CONDITIONS OF
ALTERED CLIMATE

The Work Group Il of the Intergovernmental Panel on Climate Change (WGIII IPCC,
2007) presented the key technologies and activities for the alleviation of the climate change in
some sectors, stating that the changes in the way of life and model of behavior can contribute to
the alleviation of the climate change in all sectors. The following conclusions are made
(www.hidmet.gov.rs/podaci/meteorologija, 2010):

1. Many natural ecosystems are affected by the climate change, particularly by the
increase of air temperature, due to the global warming: the shift of the zones with certain plant
and animal species to the north and to the greater altitudes; from the early 1980s, the trend of the
leaf formation of the vegetation and the prolongation of the duration of the growing season; the
important changes in many physical and biological systems — above 89% is consistent with the
direction of the anticipated changes of the reaction to the global warming.

2. Many ecosystems which are able to naturally adapt to the climate change will lose this
capacity owning to the unprecedented combination of the climate change, followed by the
disturbances (such as floods, drought, wildfires, insects, ocean acidification), and other factors of
the global changes (changes in the ways in which soil is used, pollution).

The intensifying of the achieving of the targeted goals of the multi-functional forest
management can also be achieved by the application of the close to nature silviculture, which
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implies the permanently sustainable and economically justified silvicultural activities limited by
and conditioned by the natural processes (Krsti¢ et al, 2006; Govedar et al, 2006).

According to Krsti¢ et al. (2010) the significance and role of the future forest growing refers
to the sustainable forest management. The modern concept of the sustainable forest management
implies the harmony between the preservation, use and improvement of the condition, i.e. harmony
between the use of natural resources in the forest, productive potential of site, and genetic potential
of forest tree species, by the preservation of productivity, stability and vitality of forests, protection
of forest ecosystems and natural biodiversity, as well as the preservation of the current natural
rarities — relict and endemic species and forest communities. The basic silvicultural methods would
imply the increase of the areas covered by forests, improvement of the forest condition,
application of the silvicultural form, and the conversion of the degraded forests, which would
mean the application of the suitable silvicultural methods depending on the concrete site
conditions and stand characteristics. In this way their stability and vitality would be preserved,
and, at the same time, the anticipated forest functions would be performed in the best way, the
impact on the alleviation of the climate change would intensify, and the forests would adapt to
the altered climate conditions much faster.
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Abstract: According to forest land area, the most tree species is Norway spruce in the Czech Republic.
Climate change will probably be mediated through changes in disturbance regimes (storm, insect, pathogens).
Decreased susceptibility of trees to abiotic stress impacts in combination with favorable conditions for pests’
gradation can lead to declination and disintegration of spruce stands. Nevertheless, most of the forest owners still
justify spruce monocultures on these unsuitable sites.

We analysed all main inputs and outputs in the forest with norway spruce monoculture and compared it
with altered tree species composition corresponding to the potential vegetation. For comparison were used methods
of energy balance, amount of carbon in aboveground, belowground and total forest biomass and economic balance.

Forests with Norway spruce monoculture have benefit with economic profit (70,679 EUR), but energy
efficiency (262.6 GJ:1GJ from calculation of aboveground biomass; 317.5 GJ:1 GJ from calculation of total
biomass) and amount of carbon in biomass (433 t of carbon/ 1ha) are lower by comparing with altered trees species
composition.

Key words: Norway spruce (Picea abies), forest management, energy-carbon-economic balances

1. INTRODUCTION

In the Czech Republic, total area of forest is 2,657,376 ha (33.7% from total land area)
(CSO, 2011). Current forest composition consists of 73.9% of coniferous forest and 25.1% of
broadleaf forest (51.9% of coniferous forest area is formed by Norway spruce). Natural
composition of forest consisted of 34.7% coniferous forest and 65.3% broadleaf forest
(coniferous forest area was formed by 11.2% of Norway spruce) (Ministry of Agriculture of the
CR, 2011).

Forests in Middle Europe are particularly sensitive to climate change. Lindner et al.
(2010) projected temperature increase 2.5-3.5 °C, but water limitation due to the increased
evapotranspiration is especially risky. The most important effects of climate change will
probably be mediated through changes in disturbance regimes (storm, insect, pathogens).
Prolonged and warmer vegetation period will especially enhance the development of bark
beetles.

From these reasons we can expect that the cultural Norway spruce stands in the middle and
lower altitudes in the Czech Republic would become fragile. Nevertheless, most of the forest
owners still justify spruce monocultures on these unsuitable sites by its economic potential.

! Global Change Research Centre AS CR, v.v.i., Czech Republic
2 Faculty of Agriculture, University of South Bohemia in Ceske Budejovice, Czech Republic
® Faculty of Forestry and Wood Technology, Mendel University in Brno, Czech Republic
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The contribution aim is to analyze the current state of costs (inputs) and benefits (outputs) of
energy balance, amounts of carbon in forest biomass (aboveground, belowground, total) and
economic balance to compare forest stands with different management in region of Novohradské
hory Mts. (Czech Republic). For these points of view several management types of Norway
spruce monoculture with model alternatives with altered tree species composition in forest stands
were compared.

2. MATERIALS AND METHODS 8N ™
Germany U,w”": N~ \."\‘3“ 2 Poland
The research area is located in WL . T
the Novohradské hory Mts. (Czech /" \ R - Prague;\Aa \ / A
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ponds). “~» § ¥
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Fig. 1. Research Area in the N e
Novohradské hory Mts. e

For comparison of forest management of Norway spruce monocultures with forest stands
with altered tree species composition, energy balance, quantification of aboveground and
belowground carbon and economic balance were used. Forest management was divided into
following stages: seedling production, planting, silviculture, and logging. Transport of wood and
next timber processing were not evaluated in this contribution. It was accounted with one life
cycle of forest from seedling to logging.

The energy balance method, applied to forest stands, consists of comparison of the
quantified inputs (fossil fuels, electricity, used machinery, fertilizers, etc., converted into energy
units in Joules) with quantified outputs (biomass production in Joules).

For quantification of outputs data about amount of timber in m® (tree diameter higher
than 7 cm) from the Growth and mensurational tables of the main species were used (Cerny M.
et al., 1996). On the basis of calculation using, biomass expansion factors (BEF), total amount of
aboveground and belowground biomass were assessed (Marek M.V. et al., 2011). Amount of
energy and carbon outputs were accounted from dry-weight of biomass.

Accordingly, the economic analysis of expenses and benefits were carried out. Amount
cost of overhead was 25% from total direct costs. Price of materials, fuels and wages are in
average values for year 2012. For quantification of the forest yields price timber assortments on
the basis on table of assortments was assessed (Simanov, 2006).

Function unit, for which all data collected were related, was 1 ha. Main framework of the
approach is demonstrated in Figure 2.
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Figure 2. Main framework for forest ecosystem.

Cienciala E. et al. (2011) published Framework Directions for Adaptation Management
in Norway spruce stands. For selected 5 vegetation zone with altitude range 600-900 m a.s.l.
(expressing natural condition potential), model tree composition, connected with the imagination

of forest stand structure, as a long-term aim of forestry was defined. The description of
individual tree species combinations is given in Table 1.

Tab. 1. Tree species composition (%).

_ Norway _ _ Beech and
Alternatives Spruce Pine Fir others
broadleaves
NS P F B

Morway Spruce 100%

Alternative 1 50% 10% 40%

Alternative 2 10% 40% 50%

Alternative 3 50% 20% 30%

Alternative 4 40% 20% 40%




Energy efficiency was counted according to formula 1.

EEFenercy = EPenercy / 2 INPUtienergy (1)

where EEFgnergy IS the energy efficiency, EPenercy IS the amount of energy in biomass
(aboveground, belowground, total), Inputienergy is the sum of all inputs expressed in energy in
relations to framework (fig. 2).

Economic efficiency was counted according to formula 2.

EEFeconomy = EPeconomy / 2 INpUtieconomy (2)

where EEFgconomy iS the economic efficiency, EPeconomy IS the amount of economic yields
expressed in EUR, Inputieconomy IS the sum of all economic costs in EUR in relations to
framework (fig. 2).

3. RESULTS

Energy inputs for production of Norway spruce was 53.7 GJ/ ha, other tree species
alternatives had energy inputs higher (57.7-59.1 GJ/ ha). Of the total amount of energy used,
silviculture and logging accounted for the largest energy inputs, with 42.3 GJ/ ha (78.9%) for
Norway spruce. Other alternatives had 43.1-44.5 GJ/ ha. Energy outputs for Norway spruce
were lowest from all alternatives (17,042.8 GJ/ha; approximately 170.4 GJ/ ha/ 1 year).
Energy balances for all alternatives were positive (Table 2).

Table 2. Energy balance of energy inputs and outputs (GJ/ ha).

Energy balance Norway Spruce Alternative 1 Alternative 2 Alternative 3 Alternative 4
(inputs, outputs, profit) monoculture NS5, F1, B4 P4,N81,B5 NS5, F2, B3 NS4, F2, B4
GJ/ ha % GJ/ha % GJ/ ha % GJ/ha % GJiha %
Seedling production 48 8.9% 5.0 8.6% 49 8.3% 5.1 8.8% 5.1 81%
Planting 6.6 12.2% 8.8 15.1% 111 18.8% 87 15.0% 9.2 15.7%
Silviculture 204 38.1% 205 35.2% 174 29.5% 20.8 36.0% 208 353%
Logging 219 40.8% 239 4M1% 256 43.4% 232 40.2% 238 40.3%
Total energy inputs 537 100.0% 583 100.0% 591 100.0% 577 100.0% 589 1000%
Energy in aboveground biomass 140959 82.7%| 16679.0 82.5%| 16146.7 82.4%| 162777 826%| 16874.6 826%
Energy in belowground biomass 2946 9 17.3% 35293 17.5% 34567 17 6% 34269 17.4% 35639 17.4%
Total amount of energy in biomass 17042 8 1000%) 202083 1000%| 196034 1000%| 197046 1000%| 204385 100.0%
Energy profit (from abovegr. biomass) 14042 2 166207 16087 7 162200 168157

Note: e.g. NS5, F1, B4 = Norway spruce 50%, Fir 10%, Beech 40% = total 100%

Total amount of carbon (aboveground + belowground forest biomass) was lowest in Norway
spruce monoculture (433 t of carbon/ 1ha). Highest amount of total carbon had the alternative 4
(519.2 t of carbon/ 1 ha) with tree species composition Norway spruce 40%, fir 20%, beech 40%
(Table 3).

Table 3. Forest production of carbon (t/ ha).

Amount of carbon in biomass Norway Spruce Alternative 1 Alternative 2 Alternative 3 Alternative 4

(abovegroung, belowground, total) monoculture NS5,F1,B4 P4,NS1,B5 NS5,F2,B3 NS4,F2,B4

t' ha % t ha % t/ ha % ' ha % t' ha %
Aboveground biomass in carbon 3581 08 4237 08 4102 08 4135 08 4287 08
Belowground biomass in carbon 749 0.2 897 0.2 878 0.2 871 0.2 90.5 0.2
Total amount of carbon in biomass 433.0 1.0 5134 1.0 498.0 1.0 500.6 1.0 519.2 1.0
Aboveground biomass in carbon per 1 year 36 0.0 38 0.0 35 0.0 38 0.0 38 0.0
Belowground biomass in carbon per 1 year 07 0.0 0.8 0.0 0.8 0.0 0.8 0.0 08 0.0
Tatal amount of carbon in biomass per 1 year 43 00 46 00 43 00 46 00 46 00

Note: e.g. NS5, F1, B4 = Norway spruce 50%, Fir 10%, Beech 40% = total 100%



Norway spruce monoculture had lowest economic costs (14,897 EUR), highest yields
(85,577 EUR) per 1 ha and highest profit (70,679 EUR). The lowest profit (53,751 EUR) was
computed for the alternative 2 with tree species composition Norway spruce 10%, pine 40%,
beech 50% (Fig. 3).

Fig. 3. Economic costs, yields and profit (EUR).
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For more comprehensive comparison, the indicators of energy and economic efficiency
were computed. By comparing all alternatives, Norway spruce had lowest energy efficiency
(262.6 GJ:1GJ from account of aboveground biomass, 317.5 GJ:1 GJ from account of total
biomass). Highest energy efficiency were 286.6 GJ:1 GJ and 347.2 GJ:1 GJ by the alternative 4.
From economic point of view, alternatives with lower abundance of Norway spruce had lower
economic efficiency compared to Norway spruce monoculture (Fig. 4).

Fig. 4. Energy and economic efficiency.
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4. DISCUSSION

Berg et al. (2005) published energy use in forest operations in Sweden. In this study
energy use required to produce 1 m® s.u.b. (m®solid under bark) of timber wood was 200 MJ in
northern Sweden, 187 MJ in the central Sweden and 147 MJ in southern Sweden. Of the total
amount of energy used, transporting timber to the industrial sector was accounted for the largest
energy requirement (56%, 113 MJ in the north; 53%, 99 MJ in the central region and 53%, 77
MJ in the south). It means that for seedling production, silviculture and logging, 87 MJ/m? in
northern Sweden; 88 MJ/m?in central Sweden and 70 MJ/m?in southern Sweden were assessed.
According to our results, energy inputs for production of Norway spruce were 53.7 GJ/ ha, other
tree species alternatives had energy inputs higher (57.7-59.1 GJ/ ha). We accounted that average
inputs per 1 m* were 40-45 GJ for main tree species (norway spruce, pine, fir, beech).

For near-natural forest management we can find in literatures a lot of criteria. Near-
natural forests should be mixed from different trees species, to choose suitable tree species in
relation to forest stand, maximum support of a natural regeneration etc. (Kosulic M., 2010).
We suppose that in production forests natural regeneration will be used minimally, while in near-
natural mixed forests it will be used with maximally emphasis. Using natural regeneration can
contributes to decrease energy inputs and economic costs and from this reason to increase energy
and economic efficiency.

In term of carbon sequestration, Jandl R. et al (2007) concluded, that mixture of beech
and Norway spruce is a better forest management option than pure Norway spruce stand. Species
that occupy different ecological niches can complement each other. For the productivity of a
forest over the entire rotation period, its stability against disturbance is important.

5. CONCLUSIONS

Preliminary results in our study indicate that Norway spruce monocultures have benefit
with economic profit, but energy efficiency and amount of carbon in aboveground and
belowground biomass is lower by comparing with altered trees species compositions.
More research is needed. In this time we are planning to add also next method — LCA (life cycle
assessment).

This contribution is an output of the CzechGlobe Centre that is being developed within the OP
RDI and co-financed from EU funds and the State Budget of the Czech Republic (Project:
CzechGlobe, Reg. No. CZ.1.05/1.1.00/02.0073). The authors are grateful for the financial
support also by Governmental Research Intention No. VZ MSM 6215648902.
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Abstract: The paper presents alterations of air temperature and precipitation that result in climate
changes in Republika Srpska. The assessment of variability and climate changes is provided based on the analisys of
climate data that originated from 22 meteorological stations. The alterations of air temperature and precipitation
are provided on the basis of comparative results for 1981-2010 and 1961-1990 periods consecutively. The potential
impact is determined according to the regional climate model devised for the purpose of Second National
Conference of Bosnia and Herzegovina with reference to the United Nations Framework Convention on Climate
Change (SNC BiH UNFCCC). The potential climate changes were analized in compliance with A1B and A2
scenarios along with their potential impact on forest ecosystems in Republika Srpska. A1B scenario was
characterised as "medium™ and A2 as a "high" scenario. The results indicated the evident climate changes on
Republika Srpska territory but the fact remains that those alterations are mostly regional. The changes in air
temperature and pluviometric regime caused the increase of draught intenisty and frequency, which should further
be the basis of any plan or strategy for forest ecosystem adaptation to climate changes in Republika Srpska.

Key words: climate changes, forest ecosystems, climate models

INTRODUCTION

Global climate changes are one of the most popular scientific, ecological, economic, and
political issues in present times. The most pertinent elements and consequences of climate
changes are as follows: air temperature increase, fluctuation of pluviometric regime,
precipitation decrease during the vegetative period, increase of intensity and frequency of
draught periods, floods, and increase in number of days accompanied by tropic temperature (over
30°C). The 4th Assessment Report of IPCC infered that most major climate change impacts on
ecosystems and humans should be manifested through Earth’s water cycles alterations (IPCC,
AR4, 2007). Climate changes also have huge impact on Republika Srpska environment,
especially when it comes to water resources, agriculture, forestry, ecosystems, and human health.
These premises define the starting point and major issues of our research. According to IPCC
and its climate models (e.g. SRES) by the end of 2100, the global temperature of the atmosphere
surface should increase per 1,4-5,8°C, which may further lead towards numerous changes of the
environment, ecosystems, and sustainable development. Temperature regime alterations, the
impact of extreme values, and more, are the key factors of the overall atmosphere surface
condition. The IPCC reports point out the interdependance of the adaptive opportunities and
developent processes, above all the economic ones, as well as the necessity of fundamental

! Faculty of Natural Sciences and Mathematics, Banja Luka, Republika Srpska/BiH, E-mail: gorantrbic@yahoo.com
2 Faculty of Forestry, Banja Luka, Republic of Srpska/B&H
8 Faculty of Forestry, Belgrade, Serbia
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researches that define this type of interdependance. The developing countries, including
Republika Srpska, belong to those countries that are sensitive to any undesirable impact of global
climate changes, which has been confirmed by many recent studies. The estimation is that
Republika Srpska area should be susceptible to the impacts that might affect the whole society.
Any potential protection from these impacts is small on a local level but there are many options
of adaptation to climate changes.

The key issue about the global climate changes and and their impact is to define new
environment models and development strategies at all levels (local, regional, and entity levels)
that would fit the sustainable development (7rbi¢, 2010).

The international contracts on climate changes set forth the principles, institutional
mechanisms, and rules to deal with the causes and consequences of climate changes. The UN
Framework Convention and the Kyoto Protocol bind all the singnatory countries (including BiH,
i.e. Republika Srpska) to devise strategies that would mitigate the climate changes and help
adapt to altered climate conditions, to cooperate within the processes of climate research,
observations and technology transfer, and to improve the programs of public education and
awareness. With reference to this, all European Union candidate countries took the
committments from the Framework Convention on Climate Changes and Kyoto Protocol.
Bearing in mind the actual and potential consequences that climate changes impose on long-term
development goals and the aforementioned ratified agreements, there is a strong need for
defining the development strategies with the elements of action plans.

METHODS AND AIM OF THE RESEARCH

The estimation of climate variability is provided based on the analyses of hystorical
meteorological data from the State Weather Bureau of Republika Srpska and the data from the
State Weather Bureau of BiH Federation. In order to assess the trends of climate changes and
calibration of regional climate models we shall use the current normal period of World
Meteorological Organization (1961-1990) and the last 30-year-period 1981-2010. Based on the
meteorological data from weather stations in towns of Banja Luka, Novi Grad, Prijedor, Doboj,
Bijeljina, Sokolac, Cemerno, Gacko, and Bileca (Republika Srpska) and towns of Sarajevo,
Mostar, Tuzla, Zenica, Jajce, Bugojno, Livno, Bihac, Sanski Most and Ivan Sedlo (BiH
Federation) the GIS theme climate maps were devised for the periods of 1961-1990 and 1981-
2010. The most relevant methods used for our research were interpolation, reduction, and
regression analisys. The mean values of air temperature and precipitation for the total area
observed were calculated by using the digital elevation model (DEM), the regression equation,
and Kriging model of spatial interpolation in Maplnfo GIS software application (Baji¢, Trbic,
2010).

Temperature changes

The research on air temperature changes for the 1961-2010 period clearly shows there
aws the temperature increase in all parts of the country. Based on the comparative analisys for
the 1961-1990 and 1981-2010 periods, the highest average increase in air temperature for the
summer period was in south part of the country (Mostar, Herzegovina 1,2°C) and in central parts
of the country (Sarajevo 0,8°C), whereas the highest increase in spring and winter periods was in
north-central part of Republika Srpska (Banja Luka 0,7°C). The smallest autumn increase of air
temperature was between 0,1 and 0,3°C (Map 1).
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Map 1. Changes of annual air temperatures in Bosnia and Herzegovina (comparison for the
1981-2010 and 1961-1990 periods)

The increase of the air temperature at annual level was between 0,4 and 1,0°C,
whereas the increase during the vegetation period was up to 1,0°C. Nevertheless, the air
temperature increase over the last decade was even more evident (Table 1). It is crucial to say
that the temperature increase, apart from the larger emission of Greenhouse gas, was also due to
larger insolation and bigger urbanheatislandeffect (Trbi¢, 2012).

Table 1.Changes of air temperature (°C) in towns of Banjaluka, Sarajevo, and Mostar1961-2010

Year Vegetation Spring Summer Autumn Winter
period
1961-1990 10,6 16,9 10,9 19,7 10.9 0,8
Banja Luka = 1981-2010 11,4 17,9 11,6 21,0 11,5 15
deviation 0,8 1,0 0,7 0,3 0,6 0,7
2001-2010 11,9 18,4 12,3 21,7 11,8 2,2
1961-1990 9,7 15,7 9,7 18,3 10,4 0,4
Sarajevo 1981-2010 10,1 16,2 10,0 19,1 10,5 0,7
deviation 0,4 0,5 0,3 0,8 0,1 0,3
2001-2010 10,4 16,5 10,5 19,6 10,6 11
1961-1990 14,6 20,3 13,6 23,5 i3 5,9
Mostar 1981-2010 15,2 21,2 14,3 24,7 15,5 6,2
deviation 0,6 0,9 0,7 1,2 0,2 0,3
2001-2010 15,5 21,8 14,9 25,3 15,5 6,5

Changes of precipitation

During the1961-2010 period, most Republika Srpska territory was characterized by little
increase in annual precipitation. Largest positive annual precipitation shift was typical of central
mountain areas (Bjelasnica, Sokolac) and Doboj vicinity, whereas the largest deficit was in
southern part of the country (Mostar, Bileca).
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The biggest decrease in precipitation was in spring and summer and it was mot
emphasized in the region of Herzegovina (up to 20%). In autumn, we measured the largest
precipitation increase when it comes to seasons and the largest suficit was in northern and central
parts of BiH. Even though there were no significant changes of precipitation, the pluviometric
regime, i.e. the annual distribution, was in disbalance. The number of days with precipitation
larger than 1mm decreased almost all over the territory, and the percentage of annual
precipitation increased due to precipitation 95 percent larger than in 1961-2010 period. In other
words, though there were no significant changes at the annual level, the decrease in number of
days with more than 1,0 mm precipitation and the increase of days with intensive precipitation
both strongly abused the pluviometric regime. The huge alteration of annual precipitation
distribution accompanied with temperature increase is one of the major factors that cause more
frequent and intensive draughts and floods on both Republika Srpska and Bosnia and
Herzegovina territory.
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Map 2. Changes of annual preéipitation in Bosnia and Herzegovina (comparison between the
periods of 1981-2010 and 1961-1990)

Table 2. Changes of precipitation (mm) in towns of Banjaluka, Sarajevo, and Mostar 1961-2010

Year Vegetation Spring Summer Autumn Winter
period
1961-1990 1027 562 262 298 246 221
Banja Luka 1981-2010 1034 540 258 270 278 227
deviation +7,0 -22,0 -4,0 -28,0 +32,0 +6,0
2001-2010 1078 546 263 271 280 221
1961-1990 932 468 226 242 241 223
Sarajevo 1981-2010 936 472 221 236 266 213
deviation +4,0 +4,0 -5,0 -6,0 +25,0 -10,0
2001-2010 1014 514 226 252 304 226
1961-1990 1523 522 379 196 450 497
Mostar 1981-2010 1405 502 335 173 458 439
deviation -78,0 -20,0 -39,0 -23,0 +8,0 -58,0
2001-2010 1514 534 339 188 472 506

Climate models and scenarios

Climate scenarios for Republika Srpska, i.e. Bosnia and Heregovina, were devised by
using EBU-POM regional climate model. Its atmosphere component is the ETA model, devised
at the University of Belgrade, with a horizontal resolution of 0,25° and 32 vertica levels. The



ocean component of EBU-POM maodel is the Princeton Ocean Model (POM) with the horizontal
resolution of 0,20°, with 21 levels vertically distributed. The results of integration of the global
SINTEX-G model were used for scaling at the regional level as follows: results of integration for
three periods (1961-1990, 20012030, and 2071-2100). For the 2001-2030 period, only AlB,
IPCC/SRES scenario was used since the results of various scenarios for the same period only
displayed slight difference. Along with the A1B scenario, the A2 scenario was also used for
scaling the global model results for 2071-2100 period (Purdevi¢, 2012).

Al1B scenario, 2001-2030: According to the results of the changes model, mean seasonal air
temperature during the observed 30-year period varied from +0.6°C up to +1.4°C, depending on
the season and BiH area. The largest changes were determined during the June-July-August
season, i.e. +1.4°C in north and +1.1°C in south. For December-January-February season, the
changes were about +0.7°C, and reached the maximum in central parts of BiH. For the March-
April-May season, the changes were somewhat larger in comparison with December-January-
February period, with figures varying from +0.8 up to +0.9. September-October-November
season displayed the +0.6 to +0.8 alterations in east-west direction over the country. The
precipitation changes picture shows that the results of the model displayed both negative and
positive alterations. Positive precipitation changes, i.e. the increase, is evident for March-April-
May season (+5% for north and north-east parts) and June-July-April season (maximum +15% at
the whole territory except from south-east parts). Largest deficit was evident along the south-
west BiH borderline with 20% maximum.
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Picture 1. Changes of mean annual air temperature in < (left) and precipitation in % (right)

At the annual level, the air temperature changes were within the 0.8 up to 1°C, the values being
larger in the north and west parts of the country (Picture 4). Changes of annual precipitation were
negative in the whole territory, ranging from 0 % up to -10 %, except from the north-east parts
where the changes were positive (up to +5 %).

Al1B scenario, 2071-2100: Results for A1B scenario and 2071-2100 period showed that the
spatial structure of parameter changes, especially the temperature, was similar to the 2001-2030
period but only with larger magnitude of changes. This time the temperature changes ranged
from +1.8°C up to +3.6°C. Largest alterations (+3.6°C) were again typical of June-July-August
season. During the winter season (December-January-February) the maximum was reached in
central regions and it was up to 2.4°C. During March-April-May season, the changes in the
whole territory ranged from 2.4°C to 2.6°C. And finally, September-October-November changes
were within the limits of 2.0°C to 2.4°C. There was almost no season or area during this period
that was characterized by positive precipitation anomaly. Large negative anomalies were typical
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of December-January-February and September-October-November seasons with changes
ranging from -15 to -50 %. March-April-May season had the values close to -10% in the whole
territory. The deficit during the June-July-August season was bigger in southern parts (-30 do
0%) in comparison with the northern parts of the country.

temperature change (°C), ann season [2071-2100]-[1961-1990] = alb
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Picture 2. Changes of mean annual air temperature in < (left) and precipitation in % (right).

The annual air temperature changes ranged from 2.4 to 2.8°C, the values being larger in south
and west (Picture 2). Annual precipitation changes were negative in the whole territory (-30 % to
-10 %).

A2 scenario, 2071-2100: Based on the A2 scenario for the 2071-2100 period, the temperature is
expected to increase in the whole BiH territory per 2.4 to 4.8°C. Largest increase during June-
July-August season was in north with values over 4.8°C. The December-January-February
season had the maximum chnge around 3.6°C. The March-April-May season had the values
ranging from 3.4°C to 3.6°C. The September-October-November season changes larger in west
ranging from 2.8°C to 3°C. For A2 scenario, all the seasons, except December-January-
February, had the negative anomaly in the field of accumulated precipitation in all of the
country. The December-January-February season had the positive anomaly in nearly whole
territory ranging from 0% to +30%, except south-east parts. This scenario displayed largest
changes for the June-July-August season wth values of -50%. During the March-April-May and
September-October-November seasons anomalies ranged from -30% to 0%. The annual air
temperature changes ranged from 3.4 to 3.8°C (Picture 3). The annual precipitation changes were
negative in the whole territory ranging from -15 % to 0 %.

temperature change (°C), ann season [2071-2100]-[1961-1980] = a2
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Picture 3. Changes of mean annual air temperature in < (left) and precipitation in % (right)
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Vulnerability of forest ecosistems in BiH to climate changes

Forests and forest soil in BiH cover the surface of 2.700.770 ha i.e. 53 % of total BiH
territory (BiH preparation project for Johanesburgh Summit, 2002). According to the preliminary
results of the 2™ BiH forest inventory (2006-2009) the surface of forests was larger and occupied
63 % of BiH territory. Forest ecosystems produce a biomass that ,,storages” CO, twice as more
as the atmosphere does (Eamus & Jarvis, 1989). Namely, in the process of photosynthesis, forest
trees bind each gram of CO; and release 0,75 grams of oxigen. The increase of CO, participation
in the air stimulates the biomass by accumulating so-called C3 in plants, with which the
atmospheric CO; assimilation occurs directly in the mesophyll cells of the asimilation organs.
Forest ecosystems on Earth bind around 65 billion tonnes of CO, in which process some 51
billion tonnes of oxigen is released. In average environment conditions, trees and other plants in
a 1 ha forest annually consume around 4 tonnes of CO,, which they extract from approximately
18 million cube meters of air (Jones & Curtis, 2000). Consequences that climate melting has on
forest ecosystems are as follows (Medarevic, 2007; Govedar, 2011):

- Increase of intensity and frequency of dangerous atmosphere phenomena and spreading
of areas of certain diseases and pests,

- In the regions of temperate and larger latitudes, the vegetation period is expected to
increase,

- Decrease of biological potential to adapt and limitation of forest biodiversity, limitation
shift of certain forest types regarding the latitude and altitude,

- Different natural redistribution of forest types and their interrelations,

- Different content of some plant communities accompanied by disappearance of one and
appearance of another sort of plants, with reference to levels and social position,

- Changes of relations tha certain types have with reference to daylight,

- Increase of risk for preservation of relic, rare, and endangered forest communities and
tree sorts that are typical of those communities.

Besides, the aggravating circumstances that might affect the forest ecosystems and to
which more attention should be paid (with reference to breeding and preservation) are as follows
(Govedar, 2011):

- the productive period with regular forests of generative origin lasts, with most hardwoods
and conifer woods, more than a hundred years and during that period the climate change
trends inevitably affect the forest conditions

- the increase of air temperature and soil aridity causes the slow and hard decomposition of
dead forest soil, which negatively affects the process of natural forest regeneration,

- the sorts of trees in a forest can only be randomly predicted due to the complexity of
ecological factors that refer to climate changes as well as due to the lack of exact data on
interrelation between trees and those changes over the long production period.

The last decade of 20th century marked the fluctuation of the condition of forest tree
crowns (Karadzic, et al., 2011). That was directly connected with chains of negative climate
effects, entomological and phytopatological diseases, especially the indicative ones that were
typical of oak, beech, spuca, and fir tree forests. Most affected were Quercetum farnetto — cerris
and Quercetum montanum forests as well as the groups of Abieti — Picetum and Abieti —
Fagetum. The reasons were many but were mostly connected with physiological decay of trees
primarily caused by melting. Furthermore, due to arid and warm springs there was the gradation
of insects, whereas severe phytopatological diseases were the result of complete physiological
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decay. Polifag is a consequence of punk gradation (Lymantria dispar) and the beech trees were
mostly defoliated by Orchestes fagi, which was a direct consequence of negative effects of
atmosphere polutants. Conifer forests, especially spuca trees, have been lately exposed to
negative wind impacts in mountain areas due to irrational felling. Furthermore, there were
evident negative impacts of snow in spuca woods, especially the young unattended beech trees
(snowbursts and snow disruption), that were typical of small altitudes in BiH. Spuca trees in the
whole BiH territory displayed the gradation of Ips sexdentatus caused by anthropogenic factors
and suitable climate for this insect's overbreeding. Climate changes according to the devised
scenarios would certainly affect both horiozontal and vertical zones of forest vegetationa and the
forest structure. That would affect all ecological, economic, and social functions of the forests
with the consequences no one could predict. Namely, changes of basic climate parameters do
not have the same trends or intensity and do not occur simultaneoulsy at the all of BiH territory.
Thus, we cannot expect equal changes of the aforementioned functions of forest ecosystems. We
may only assume that the melting of climates according to the A2 scenario might cause severe
damage to the hygrophyle and mesophyle forest communities. The result would be the
domination of beech trees in the Dinarides and most area would be occupied by Mediterrenean
and sub-Mediterranean communities. Sudden climate changes due to thermal impact along with
the alteration of precipitation shape, time, and amount (e.g. snow compared with rain, draught
compared with floods, etc.) may bring about the hypersensitivity of forest ecosystems with
reference to harmful pathogenes (Schlyter et al., 2006.). The production period duration is also
closely connected with the forest productivity. If the production period lasted longer, it would
affect the forest production over the year, which would further have a strong impact on the forest
yield increase. The abundant biodiverity reflects in the number of flora and fauna species in BiH
(NATURA 2000 in BiH). Most endangered would be the species less immune to negative
impacts of high temperatures. The melting might lead to bigger fire threats, and the forest fire are
the constant danger for the forest ecosystems. The damages that result from fires depend on the
type of fire, the surface it affects, the type of trees, etc. and the fire threats differ depending on
the forest type and area. Namely, the sub-Mediterranean areas in BiH with limestone geologic
bottom and limestone soils are most sensitive to forest fires in BiH. This problem is tightly
connected with the regional climate and global warming tendencies, which imposes the necessity
to create the antifire protection and measure programs. The karst regions in BiH over the past
decades have been intensively afforested in compliance with the afforestation programs.
Nevertheless, the current issues of forest fires spreading, which are additionally conditioned by
climate melting, urge us to assess the climate typical of afforested areas, preserve the forest
hotbeds specialised in karst afforestation in BiH, and better choose the trees with reference to
biotopes. Bearing in mind the forest planning in BiH, it is crucial to analise and characterize the
climate of an area on the basis of 10-year movable chains (Burlica and Govedar, 2003). Namely,
the commercial and forest features for the purpose of forestry in BiH are devised on the basis of
a 10-year plan and the planned endurance for most our hard foliage conifers is more than a
hundred years (generative-originated forests with clearly defined technical goals) so during their
growth and development these trees are under the influence of large climate changes. The impact
of these changes is typical of artificial sorts. Because of that, breeding forests should aim at right
choices that may easily adapt to new climate conditions and melting. The increase of number of
trees would probably help alleviate the global warming effects. Namely, the increase of forest
areas affects the process of photosynthesis in which CO; is assimilated (a gas which, among
others, largely affects the Green House effects). Therefore, the solutions should be searched for
through practical increase of trees and local studies of space and time dyamics of climate
changes in BiH forests.
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CONCLUSION

Based on the results obtained, the following may be inferred:

1. The air temperature increase in 1961-2010 period was typical of all BiH territory. Largest
increase during spring and winter was evident for northern and central parts of the country.
Largest mean increase was measured in southern BiH parts (Herzegovina) in summer. The
annual air temperature increase ranged from 0,4 to 1,0°C, whereas the increase during the
vegetation period was up to 1,0°C.

2. Over the 1961-2010 period, most Republika Srpska territory was characterized by little
annual precipitation increase. Largest precipitation decrease was during spring and summer,
especially in Herzegovina region (up to 20%). The precipitation amounts did not largely
decrease but the pluviometric regime was strongly disturbed (i.e. the annual precipitation
distribution).

3. The key factors of more intensive and frequent draughts and floods in Bosnia and
Herzegovina geospace were the change of annual precipitation distribution and air
temperature increase.

4. According to the A1B scenario (2001-2030 period) the annual air temperatute change ranged
from 0.8 to 1°C, the values being larger in north and west. The annual precipitation change
was negative all over the country (0 % to -10 %) except north-east where the change was
positive up to +5 %.

5. According to A1B scenario (2071-2100 period) the annual air temperature change rangd
from 2.4 to 2.8°C, the values being larger in south and west (Picture 2). The annual
precipitation change was negative all over the country (-30 % to -10 %).

6. According to A2 scenario (2071-2100 period) the expected air temperature increase in all
BiH ranges from 2.4 to 4.8°C. The annual temperature changes range from 3.4 to 3.8°C
(Picture 3). The annual precipitation change was negative all over the country ( -15 % to 0
%).

7. Possible impacts of BiH climate changes on forest ecosystems are as follows:

- Larger damage due to negative impacts of abiotic factors, especially in artificial
communities and biotic factors (beech and oak);

- Longer vegetation periods,

- Poorer adaption ability of forest species and decrease of biodiversity;

- Climate melting according to A2 scenario would strongly affect hygrophile and
mesophile forest communities;

- Shift of horizontal and vertical limits of certain forest types and alteration of forest
content;

- Strong impact on forest productivity and natural regeneration;

- Larger forest fire threats, especially in sub-Mediterrenean parts of BiH;

8. Afforestation and studies of space and time dynamics of climate changes in forest
ecosystems in BiH would affect the preventive measures when it comes to alleviating
negative effects of climate changes.
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CLIMATE CHANGES IN REPUBLIKA SRPSKA AND THE POTENTIAL IMPACT ON FOREST
ECOSYSTEMS

Goran TRBIC, Zoran GOVEDAR, Milun KRSTIC, Ivan BJELANOVIC, Srdan KEREN
Summary

Global climate change is one of the most pressing scientific, environmental, economic, and political
problems of our time. The fourth IPCC report (Intergovernmental Panel on Climate Change) indicated that biggest
impact of climate change on ecosystems and the people is manifested through changes in the water cycle on Earth
(IPCC AR4, 2007). According to the IPCC and its climate models by the end of the year 2100, the global
temperature of aboveground atmosphere could rise by 1.4 to 5.8 ° C. Estimates from previous studies indicate that
the Republic of Srpska (BiH) will be exposed to influences that may have consequences for the entire society. For
assessment of climatic variability the analysis based on historical data from meteorological stations of the Republic
of Srpska and Federation of BiH was conducted. Based on meteorological data from stations in Banja Luka, Novi
Grad, Prijedor, Doboj, Bijeljina, Sokolac, Cemerno, Gacko and Bile¢a (Republic of Srpska), and data from stations
in Sarajevo, Mostar, Tuzla, Zenica, Jajce, Bugojno Livno , Biha¢, Bosanska Krupa and Ivan Sedlo (Federation of
BiH), thematic maps in GIS are made two periods: 1961-1990 and 1981-2010. Comparative analysis of two periods
(1961-1990 and 1981-2010) showed that the largest increase in average air temperature during the summer months
was recorded in Herzegovina (Mostar 1.2 ° C) and in the central parts (Sarajevo 0.8 ° C), while the largest increase
in the spring and winter was recorded in Banja Luka 0.7 © C. Smallest increase was in the fall and it ranges from 0.1
to 0.3 ° C. The increase of annual air temperature ranges from 0.4 to 1.0 ° C, while the temperature rise in the
vegetation period is about 1.0 ° C. Increase of air temperature has been more pronounced over the last decade. In the
period of 1961-2010. years, most of the territory of the Republic of Srpska was characterized by a slight increase in
rainfall annually. However, due to reduced number of precipitation days over 1.0 mm and increase in number of
days with intense rainfall, pluviometric regime is severely disturbed. Significant changes in annual distribution of
rainfall followed by air temperature increase, represent one of the key factors that caused frequent and intense
droughts and floods in the Republic of Srpska (BiH). Climate scenarios for the Republic of Srpska and Bosnia and
Herzegovina are made using a regional climate model EBU-POM. For the purpose of scaling the results of global
model two scenarios were used: A1B "medium” scenario and A2 "high" scenario. According to A1B scenario for
period 2001 — 2030 at annual level rise of temperature is expected in the range of 0.8 to 1 °C with higher values in
the north and west of the country. Change in annual rainfall is negative for the whole territory up to -10%, except
the northeast, where the change is positive up to +5%. A1B scenario for period 2071 — 2100 indicates annual level
rise of temperature in range from 2.4 to 2.8 °C with higher values in the south and west of the country. Change in
annual rainfall is negative for the whole country and the interval of these negative values is from -30% to -10%. On
the other hand, according to A2 scenario for period 2071 — 2100 it is to expect that the annual rise of temperature
will be 3.4 to 3.8 °C. Change in annual rainfall is negative for the whole country up to —15%. In conclusion, based
on the analysis of climate models for BiH, climate change model A1B (“’medium scenario’’) is expected. Trend of
increasing temperature on the whole territory of Bosnia and Herzegovina. Precipitation distribution has already
changed throughout the year, which caused significant changes in pluviometric regime leading to intensive droughts
and floods (2010. and 2011). Preliminary analyses indicate necessity for greater use of research results on climate
change. Possible impacts on forest ecosystems are: moving boundaries of forest types in the horizontal and vertical
direction; change in habitats of individual species of flora and fauna; increasing the frequency and extent of forest
fires; increasing the degree of risk for rare, relict and endangered forest communities; changes in the qualitative and
quantitative composition of biocenosis; increased grade bark beetles and gypsy moths (NAO index); there is a
possibility that climate change in the long run (scenario A2) lead to a transformation of the entire forest ecosystem,
shifting distribution and composition of forests. Proposed adaptation measures are: mapping of forest vegetation in
GIS technology; detailed analysis of climate change impacts on forest ecosystems by decades; to improve research
and monitoring (more permanent plots in different forest types); create stand structures that will help in protecting
forests from detrimental insect and fungi species; afforestation with appropriate species selection; strengthen the
capacity of relevant institutions, local communities and the public; and finnally, developing strategies and effective
operational plans for adapting forest ecosystems to expected climate changes.
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EROSION PROCESSES IN THE PORPEVACKA RIVER DRAINAGE BASIN
(SOUTH-EAST SERBIA) IN THE PERIOD 1953-2011

Sonja BRAUNOVIC, Milan KABILJO!

Abstract: The Pordevacka (Davidovacka, Vrtogoska) River is a left tributary of the Juzna Morava River,
into which it flows at approximately 5 km north-east from Bujanovac. The paper presents the results of a study of
change of intensity of erosion processes in 1953, 1970 and 2011. The erosion process intensity in 1953 and 1970
was established on the basis of available erosion maps, whereas in 2011 it was determined by means of satellite
images and field mapping. A calculation of the Z erosion coefficient for all three reference periods was performed
based on Prof Gavrilovié’s methodology, which enabled conducting a comparative analysis of the obtained data.

Key terms: erosion intensity, socio-demographic factor, land use

1. INTRODUCTION

The Pordevacka River is a left tributary of the Juzna Morava River in the Vranje valley.
It flows into the Juzna Morava River at approximately 5 km north-east from Bujanovac. The
drainage basin area amounts to 25,85 km?, it is of an elongated shape and its mean width is 2,01
km. Length of the main stream is 14,8 km. The direction of flow is northwest — southeast,
elevation of the source is 1170 m above sea level and 390 meters above sea level elevation of the
confluence. The drainage basin elevation difference is 780 m.

2. WORK METHOD

The existing documentation on land use and erosion process intensity, type and scope of
performed erosion control works and measures, was collected and analysed. The condition of
drainage basin erosion, its distribution and intensity were determined on the basis of erosion
maps drawn up for all three observed periods based on the method by Prof Gavrilovi¢ (1972).
The Z erosion coefficient [1] was used for quantification of erosion intensity. By means of field
research conducted during 2011 and use of satellite images of the area, the condition of basin
erosion and a land use were established. The objective of such methodological approach was a
comparison of results from 1953, 1970 and 2011.

! Institut of Forestry, 3 Kneza Vigeslava street, Belgrade, Serbia
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3. RESULTS
3.1. Orographic-hydrographic characteristics of the drainage basin

The Pordevacka River’s drainage basin has a well-developed hydrographic network. The
main stream length is 14,80 km. In the upper and middle part of the drainage basin there are 11
mainly smaller tributaries on the right. The left side of the lower part of drainage basin has two
tributaries while in the middle and upper part has 11 tributaries, of which the largest is
Lebovacka river.

8,73 km? (33,77%) of its drainage basin area is located in a 300-500 m elevation zone,
4,94 km? (19,11%) is in a 500-700 m elevation zone, 10,13 km? (39,19%) is in a 700-1000m
elevation zone and 2,05 km? (7,93%) is located in the elevation zone above 700-1000m. The
elevation distribution is presented in the chart (picture 2).

The impact of a terrain relief and its configuration on development of erosion processes
is presented through most important orographic and hydrographic parameters of the drainage
basin (Table 1).

Table 1. Orographic-hydrographic parameters of the drainage basin

Parameter | Symbol | Value
Orographic characteristics of the drainage basin
Drainage basin area F (km?) 25,85
Drainage basin perimeter O (km) 30,58
Drainage basin length L (km) 12,80
Highest point in the drainage basin K, (m) 1270
Elevation of the source (confluence) Kizy (M) 1170
Elevation of the mouth K, (m) 390
Mean elevation of the drainage basin Ng (M.n.m) 841,30
Mean elevation difference D (m) 451,30
Mean slope of the drainage basin I, (%) 2,78
Flood potential during the torrential rains Py 478,42
Local erosion base B, (M) 880
Coefficient of the erosion energy of relief E, (m km?) 123,51
Geomorphological erosion coefficient M (mkm™7?) 0,03
Hydrographic characteristics of the drainage basin
Module of the watershed development E 1,68
Morphological coefficient n 0,12
Coefficient of the drainage basin form A 0,40
Main course length Ly (km) 14,80
Total length of all tributaries Ly (km) 35,20
Density of the hydrographic network G (km/ km?) 1,93
Mean slope of the drainage basin Is (%) 5,95
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Picture 1. Topographic map Picture 2. Elevation distribution map
3.2. Geological and pedological characteristics of the drainage basin
Tertiary sediments, well-represented in this region, are of different composition and age.
The younger Tertiary sediments, which are very widespread, cover the lowest parts of the
drainage basin. They are represented by loosely connected or non-connected pond sediments,
gravels, sands and clays, whereas claystone and marl are comparatively rare [2].

Table 2. Parent rock of the drainage basin

Parent rock Areg Distribution
(km°?) %
Metamorphic rocks
Amphibole schists 0,32 1,24
Quartzite 0,04 0,15
Fine grained biotite and muscovite gneiss biotite 7,61 29,44
Leptinolith and micaschists 0,56 2,17
Total metamorphic rocks | 8,53 33,00
Igneous rocks
Leucogranites; granitoids (Bujanovac pluton) 6,71 25,95
Total igneous rocks | 6,71 25,95
Central part of the series limestone with hornstones, sandstones and marl | 1,09 4,22
Sands, clays, marls, bentonite clay, lignite 3,36 13,00
Prolluvium — facies of subaerial delta sediments 3,49 13,50
Alluvium 1,97 7,62
Delluvium 0,7 2,71
Total sedimentary rocks | 10,61 41,05
Total | 25,85 100,00

Quarternary formations are represented by alluvial and delluvial deposits. Alluvial river
deposits occupy, in topographic terms, lowest parts of the terrain — river and stream beds. Based
on a digitalised geological map of the Purdevacka River’s drainage basin, a classification of its
structure into igneous, sedimentary and metamorphic rocks was performed and their percentage
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representation was calculated (Table 2).

Table 3. Types of soil in the drainage basin

Class Profile Soil type Areg Distribution
structure (km?) %

AUTOMORPHIC SOILS

I Undeveloped (A) - C | Colluvial soil (Colluvium) 1,26 4,87

Il Humus accumulative A-C Smonitza (Vertisol) 6,78 26,23

I11 Cambic soils A-(B)-C | Brown acid (Distric cambisol) 14,97 57,91
HYDROMORPHIC SOILS

| (A)-G (undeveloped) [ (A)-G | Fluvial or Alluvial (Fluvisol) 2,84 10,99

Total | 25,85 100,00

Most represented soils in the Burdevacka River’s drainage basin are district cambisol (58
%), followed by smonitza (vertisol) (26%), alluvium (11%) and colluvium (5 %) (Table 3).
District cambisol on schists is represented in a 600-1100 m elevation zone. It is characterised by
a good-water absorption, along with a presence of numerous fragments created by degradation of
schists. On acount of its pronounced brittleness, it is easily susceptible to erosion processes, the
intensity of which is particularly determined by the absence of protective vegetation cover.
Smonitzas, due to a large content of clay, permeate absorbed water very slowly, and, as a result,
even low intensity rains can cause surface run-offs, whereas in drought periods deep cracks are
created. They lie in a 420-550 m elevation zone.

3.3. Land use

State in 1953. Forests of interrupted canopy were mainly represented in the upper part of
the drainage basin and accounted for 55,55 % of the total surface area. It is well-known that
expansion of agricultural land was performed unreasonably at the expense of forests, which
resulted in an occurrence of intensive erosion and washing away on steep terrains. Creation of
ploughland on forest terrains, which took place in this basin as well, represented the most
important precondition for occurence of the above-mentioned torrents.

Plouhland constituted a large part of the drainage basin (28,38%) and it was characterised
by being located at steep slopes, which, along with an inadequate treatment, additionally
contributed to development of erosion processes (Table 4).

Table 4. Land use in the drainage basin (1953)

Culture ;?hrz;a %
Degraded forests 1436 | 55,55
Ploughland 734 | 28,38
Meadows and pastures 14 0,54
House adjacent gardens 25 0,98
Total productive areas 2209 | 85,45
Barren land 301 | 11,64
Settlements 75 2,91
Total non-productive areas 376 | 14,55
Total 2585 | 100,00
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Table 5. Land use in the drainage basin (2011)

Culture ,Ekhr:)a %
Forests 1359 52,57
Degraded forests 14 0,54
Ploughland 766 29,63
Meadows and pastures 61 2,36
Degraded pastures 22 0,85
Orchards 45 1,74
Vineyards 69 2,67
House adjacent gardens 46 1,78
Total productive areas 2382 92,15
Gullies 1 0,04
Stone fields 74 2,86
Settlements 128 4,95
Total non-productive areas 203 7,85
Total 2585 | 100,00

Condition in 2011 [3]. Based on a drawn up land use map, it can be observed that there
had been no drastic changes in comparison to 1953. Most significant changes occured in the
category of forests, as the area occupied by degraded forest was reduced from 55,55 % to only
0,5%, primarily as a result of applicaton of administrative measures, and a population decrease in
the period 1961-1991. Ploughland, meadow and pasture areas slightly increased, whereas barren
land had been reduced from 11,64 % to 2,90% (gullies and stone fields). Small orchard and
vineyard areas were observed, scattered within the drainage basin. Non-productive areas
accounted for 14,55 % in 1953 whereas in 2011 they constituted 7,85% of the surface area of
Pordevacka River’s drainage basin (Table 5).

3.4. Erosion processes
The intensity of erosion processes in 1953 and 1970 was established on the basis of
available digitalised erosion maps (Table 6, Pictures 3 and 4), whereas the erosion intensity in

2011 was determined by means of satellite images and field research (Table 7, Picture 5).

Table 6. Mean erosion coefficient (Znean) in the drainage basin (1955 and 1970)

Area Area
Category st (ha) % Zst (ha) %
1955 1970
Excessive 1,25 154,00 5,96 1,25 244,00 9,44
Strong 0,85 8,00 0,31 0,85 117,00 4,53
Medium 0,55 1411,00 | 54,58 0,55 534,00 | 20,66
Weak 0,30 266,00 | 10,29 0,30 390,00 | 15,09
Very weak 0,10 746,00 | 28,86 0,10 1300,00 | 50,28
Total Zmean = 0,42 | 2585,00 | 100,00 | Zmean = 0,37 | 2585,00 | 100,00

The value of the erosion coefficient in 1970 amounted to 0,37 (low erosion), 11,9 %
lower than the Z value in 1953 (0,42 — medium intensity erosion), whereas the value of Z erosion
coefficient in 2011 was reduced by 35,7% in comparison to 1953 (0,27 — low erosion). The 1970
erosion coefficient value was reduced by 27,0% when compared to the Z value for 2011 (Table
7).
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Category of erosion
Category of erosion

Excessive
Excessive
Intensive
Intensive B Medium
- Medium - Weak
[ | Very weak | Very weak
Okm 1 Okm 1
Picture 3. Drainage basin erosion map — Picture 4. Drainage basin erosion map —
condition in 1955 condition in 1970

Table 7. Mean erosion coefficient (Zmean) in the drainage basin (2011)

Category | Zsr ,?r::)a %
Strong 0,85 47,00 | 1,82
Medium 0,55 | 140,00 | 5,42
Weak 0,30 | 1874,00 | 72,50
Very weak | 0,10 | 331,00 | 12,80

Total | 2392,00 | 92,53
No erosion® | 193,00 | 7,47
Zean = 0,27

! Areas not endganered by erosion include settlement construction zones, asphalt roads
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Picture 5. Drainage basin erosion map — condition in 2011

3.5. Demographic characteristics

The investigated drainage basin is located on the territory of the cadastral municipality of
Karadnik and Vrtogos. There was a steady decline in the number of inhabitants (Table 8),
average number of household members and population density in the period from 1948 to 2002.

Given the low altitude levels, a slight increase in population figures occurred in the
period 1991-2002 [4]. An increase of population figures taking place until 1953 and a decrease
of population figures in the period 1961-1991 (Table 8) are of importance from the aspect of

erosion processes.

Table 8. Number of inhabitants in the drainage basin

Cadastral Elevation Number of inhabitants per census year

municipality 1948|1953 |1961|1971|1981|1991|2002
Karadnik 396 431| 449| 438| 396| 384| 379| 455
Vrtogo$ 453 |1535|1570|1576|1425|1387|1340| 1369

Picture 6. An abandoned house in the Dordevacka River’s drainage basin -2011
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In the Register of performed erosion control works on direct tributaries of the Juzna
Morava River in the Vranje valley area (1947-1977), there are no data on performed technical
works. The only information is that 4,1 hectares were afforested in that period [5].

CONCLUSION

By conducting a comparative analysis of the obtained data, it was established that the
intensity of erosion in the Pordevacka River’s drainage basin has decreased. Given the fact that
erosion control works have not been registered in the drainage basin (exept for 4,1 ha
afforestation), lessening of an adverse impact of anthropogenic factor, as a result of demographic
decrease, represented a decisive factor that determined lower intensity of erosion processes in the
drainage basin.

In order to maintain such state of erosion in the drainage basin, it is necessary to perform
erosion control works (technical works in the riverbed and biological works on the slopes of the
drainage basin).

Acknowledgement

The research is financed by the Ministry of Science and Technological Development of the Republic of
Serbia, Project TR 31070 "The development of technological procedures in forestry with a view to an
optimum forest cover realisation” (2011-2014).

REFERENCES

Gavrilovi¢, S. (1972): InZenjering o bujicnim tokovima i eroziji (Engineering of torrents and erosion) (in Serbian).
Izgradnja, Belgrade special edition.

Braunovi¢, S., Ratkni¢, M., Rakonjac, Lj. (2010): The Site Characteristics of the Grdelicka Gorge and Vranjska
Basin Areas. International Scientific Conference "Forest Ecosystems and Climate Changes". Proceedings Volume
1, March 9-10, 2010. Institute of Forestry, lufro, EFI, Belgrade, Serbia pp. 91-96

Braunovi¢ S., Ratkni¢ M., (2010): The Changes of the Land Use in Grdelicka Gorge and Vranjska Basin.
International Scientific Conference "Forest Ecosystems and Climate Changes"”, Proceedings Volume 2, March 9-10,
2010. Institute of Forestry, lufro, EFI, Belgrade, Serbia pp. 83-88

Braunovi¢ S., Ratkni¢ M., (2010): The Migration Trends and Soil Protection From the Erosion in Grdelicka Gorge
and Vranjska Basin. International Scientific Conference "Forest Ecosystems and Climate Changes", Proceedings
Volume 2, March 9-10, 2010. Institute of Forestry, lufro, EFI, Belgrade, Serbia pp. 289-295.

Jeli¢, B. (1978): Protiverozioni radovi izvedeni u slivu Velike Morave u periodu 1947-1977 (Erosion control works
carried out in the region of the river Velika Morava drainage basin in the period 1947-1977 (in Serbian). Erosion,
Belgrade no. 9, pp. 25-42.

274



International Scientific Conference

FORESTS IN THE FUTURE — SUSTAINABLE USE, RISKS AND CHALLENGES

4-5 October 2012, Institute of Forestry, Belgrade, Republic of Serbia
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Abstract: For reforestation, especially in the reclamation of degraded areas, it is very important way of
site preparation, seedling selection, proper type, size, age, type of production, techniques of planting and care
measures after planting. The aim of this research was to propose the more successful technique for afforestation and
reforestation activities. Reforested area at the locality “Rendara‘ on the Mt. Kopaonik is exposed to unfavourable
microclimate with strong winds and snow drifts, the coldest and longest winters in Serbia with the lowest average
annual temperature and duration of snow cover is about 160 days a year.

This area used to be under spruce forest, remain without woody vegetation and was reforested 1996 with
spruce nursery stock (Picea abies Karst.), age of 2+2 years, provenance Mt Tara. Planting was done by two
methods: in pits and furrows (”by ripping”). It was planted with a total of 3.000 plants per hectare on the total area
of 20 hectares.

After 20 years it was recorded a very good success of nursery stock survival and physiological vitality in
both planting methods (about 80%) which can be considered very good success. Analysis of growth and
physiological vitality done in 2012 show that there was a significant difference between two planting techniques in
plant height, mean value of plant height planted in pits and furrows was 4.14 m and 4.95m.

According to this research with spruce nursery stock, it is possible to recommend afforestation with
planting method in furrows in order to mitigate unfavourable microclimate.Reforested area on the site of a former
meadow, now with spruce trees height over 4 m, more substantively retains large amounts of water from snow and
rain, which returns to the atmosphere by evapotranspiration, increases the relative humidity of the air and thus
affects the microclimate of this site influencing the temperature of air and soil. A large number of trees also lower
the intensity of the strong winds and thus cause decreased snow on the road during the winter. Further growth and
development of spruce seedlings will certainly improve this favourable trend.

Key words: spruce, afforestation, planting method, microclimate.

1. INTRODUCTION

Multiannual disturbance of traffic by snow and wind at some sections of the road Brzece
— Kopaonik, especially at the locality ”Rendara” (Photol) were extremely endangered (Veljkovi¢
et al. 1990) and this was the reason why the afforestation of this area was proposed.
This area, used to be under spruce forest much earlier, remain without woody vegetation. The
new reforested site at "Rendara” locality, was established in the year 1997 by the Forest service
of the National Park Kopaonik as a forest shelterbelt and represents a supplement to the
previous established spruce snow and wind shelterbelt.

! University of Belgrade, Faculty of Forestry, Kneza Viseslava 1, Serbia
matilda.djukic@sfh.bg.ac.rs
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Spruce is the most common conifer forest species of the North hemisphere. It is very
common in Serbia in the higher parts of mountainous region. It can be high about 40 m and in
about 1 m in diameter. Root is not deep, develops in surface area of the soil and has a good
formatted lateral roots. It is one of the most used species for afforestation in the region.

As an ornamental plant it is used for the mountains region regulation. It is also used in for
grafting methods in various conifer cultivars of genus Picea production, pendulous, globosa,
fastigiata etc. as well as Christmas tree.

On the investigated area spruce seedlings were planted by two methods: in pits and
furrows. In the year 1998, the success of seedling survival, growth parameters and development
of spontaneous vegetation in the afforested area was analyzed (Dozi¢ et al 1998). The results of
the research show a very good success of seedling survival in both planting methods. The
physiological vitality of seedlings in first 2 years was not optimal, namely, the chlorosis of
higher or lower intensity was observed numerous of seedlings, according to the content of
biogenous mineral elements in needles, probably was the consequence of transplantation stress
and damage of the root system (Dozi¢ et al, 1998).

The aim of research was to find out which of the planting method can be recommended
as rather better after a 16 year period of monitoring.

2. MATERIAL AND METHODS
2.1. Environmental conditions in the investigated area

The site "Rendara” on which was done the analysis of spruce seedlings that were used for
afforestation, is located within the National Park Kopaonik, GJ "Brzecka Reka", SO Brus
territory. It is near road from Brzece to the peaks of Mount Kopaonik (43° 19' 42.28" N; 20° 51"
04.02" E), the total area of 20 hectares. The elevation is from 1492 m to 1540 m and a slope of
about 10% to 22%. At the bottom of the slope along the road there is earlier established
protective forest shelter belt of spruce trees 40 years old. On all this area it used to be a dense
spruce forest. On Mt Kopaonik it is represented very proper altitudinal arrangement of
vegetation. Spruce forests dominate from 1550 to 1750 meters above sea level (Misi¢ et al,
1985).

Mt.Kopaonik is the area with special climatic characteristics by the coldest and longest
winters in Serbia (negative monthly temperature from December to April) with the lowest mean
annual temperature. The mean annual air temperature is about 3.0°C. The coldest month is
January with - 6.0°C and the warmest August from 11.9°C. Absolute daily maximum rainfall is
76.5 mm. Average numbers of days with snow cover is 163.6, the maximum height of snow
cover is about 2 m. The most frequent winds of an average year are blowing from the southwest
direction and from the northeast (Smailagi¢ J. 1995). At the locality was found decomposing
bedrock where it formed brown podzolic soil depth of 40-80 cm, with the skeleton (about 30%).

2.2. Plant material and planting method

Spruce nursery stock age of 2+2 years, were produced from seed provenance of Mt.Tara
in local forest nursery at the altitude which is similar to "Rendara” locality on Mt Kopaonik.
Afforestation has been done with two methods, by planting in pits depth of 30 cm and in the
furrows ("’by ripping”) on the second part of the investigated area. It was planted with a total of
3.000 plants per hectare. Spacing between plants in pits and furrows was 2.5 m. It was also done
some floristic analysis on the afforested site.
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2.3. Seedling analysis

Morphometric properties were analyzed in September 2012 at the end of vegetative
season. It was measured tree height, diameter at breast height, needle length, and mass of 100
needles. Analysis was carried out on 3 experimental plots 5x5 m with 25 tree plants on each plot,
selected by the method of randomized blocks and on both areas with different types of planting.
2.4, Statistic

All data were processed in the statistical analysis of data STATGRAPHIC. The
conclusions were made on the basis of analysis of variance (ANOVA) and LSD test was used to
determine significant differences among mean values of the treatments (p<0.05).

P | ‘ﬂ’-.i:! a
i |
— i W
Photo 1. Snow cover at the'\l'oéalizy :,Rendara “ Photo 2. Spruce seedlings on the afforested

area in 2004.
3. RESULTS AND DISCUSSION

According to the observed data on the temperature and winds, it can be concluded that in
this part of Mt.Kopaonik there are extremely unfavourable microclimatic conditions.

Analysis of 19 years old spruce tree plants on the locality "Rendara"(Photo 3,4),
conducted in September 2012, included the assessment of survival rates, physiological vitality,
height, stem diameter, length and weight of needles.

It was recorded a very good success of spruce plants survival in both planting methods

(over 80%) which can be considered very good success.
The earlier analysis of physiological vitality of plants, 2 years after planting and 8 years after
planting (Photo 2), show also very good survival (over 85%), although chlorosis of various
intensity was observed in some plants. Evaluation of chlorosis degree (1-5), needle
macronutrients N, P, K, Mg content, needle mass and length, was than conducted on 600 spruce
plants from six selected experimental plots. Lower physiological vitality, greater percentage of
plants with chlorosis (64.29%) was observed on plants planted in pits than on those planted in
the furrows (48.49%), reflecting the size, average weight and length of needles. According to
sufficient content of biogenous mineral elements in needles, it probably was the consequence of
transplantation stress and damage of the root system due to transplanting (Dozi¢ et al, 1986).A
few years later there was no chlorosis any more until nowadays.

Our current analysis of growth and physiological vitality was done in September 2012.
Spruce plant vitality was very good with average mark 4.9 on the furrows plot and 4.8 on the
plot with planting in pits (grade 1 to 5) (Photo 3 and 4).

Analyzed data show that height and diameter growth of spruce plants were very good.
It was observed that height mean value was significantly less in plants planted in pits (4.136 +
0.125 m) than in plants from furrows (4.954 + 0.115 m) at the level 95% (Figure 1).
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Figure 1. Average spruce plant height (m) on forested plots with planting in pits and furrows.
Different letters indicate significant difference between means at 95%.

Average stem diameter at 1.5 m at breast height was also smaller in plants from pits
(7.569+ 0.323 cm) than in those from furrows (8.015+ 0.287 c¢cm), but there was no significant
differences at the level 95% (Figure 2).
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Figure 2. Average spruce plant stem diameter (cm) on aforested plots with planting in pits
and furrows. Different letters indicate significant difference between means at 95%.

Two years old needles had significantly higher average length in plants from pits (1.853
+ 0.015 cm) than those form furrows (1.614 + 0.014 cm), but needles from current vegetation
were significantly longer in plants from furrows (1.59 +0.0187 c¢m) than in plants from pits
(1.405 £ 0.0131 cm) at the level 95% (Figure 3).
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Figure 3. Average spruce plant needle length (cm) on the forested plots with planting in pits
and furrows. Different letters indicate significant difference between means at 95%.
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Two years old needles had significantly higher average fresh mass in plants from both
plots. In plants from pits average values of fresh mass of 100 needles was 0.73 + 0.0228 g and
from furrows 525 + 0.0068 g. In younger plants, needles from current vegetation from furrows
had lower average values, 0.43 £0,011g, than in plants from pits with average values off 0.49 +
0.007g, at the level 95% (Figure 4).
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Figure 4. Average spruce plant needle fresh mass (g) on the aforested plots with planting in pits
and furrows. Different letters indicate significant difference between means at 95%.

Although there was a various soil moisture in several parts of forested area, it was
considered that the entire surface has enough water because of the great amount of snow cover
and abundant rains, so the soil contains a sufficient supply of moisture during the growing
season. A balanced water regime of spruce plants is of the great importance for the supply and
utilization of mineral elements and for the growth and development (Djuki¢ et al 1996, 98;
George and Marschner, 1996).

Based on the obtained data it can be observed that the spruce nursery stock planted in

furrows achieved a significant better overall vitality and height growth.
Previous studies show that the average height and root collar diameter of plants planted in
furrows have higher values than those planted in pits (Dozi¢ et al.1998).This can probably be
explained by the greater vitality ( less chlorosis) during the first 2 years of development, after
planting. Chlorosis could be caused by less content of macronutrients and Mg as the result of
transplanting stress, and therefore less photosynthetic production and growth rate.

However, afforestation affected the less floristic diversity of this area. According to
earlier research it was observed that in floristic and vegetation terms this area had mosaic
character where in the lower part of the area dominated communities with Festuca ovina as
edificator. In addition to these types numerous were also Hypericum perforatum, Rubus caesius,
Dactylis glomerata, Rhinanthus rumelicus et al. At the lower part of the area there is wetter
facies dominating the species Juncus inflexsus (Dozi¢ et al.1998).

Now, because of the development of spruce seedlings, presence of ground flora has been
substantially reduced, and appears much smaller number of species. The dominant presence of
Epilobium salicifolium, with a small number there are also Rubus caesius, Dactylis glomerata,
and with a very low abundance occur Verbascum longifolium, Gentiana lutea, Trifolium
campestre, etc.

The second reason is probably lower soil pH that is unfavourable for the most herbaceous
plant species that were previous present on this area. It was observed in many cases such as in
New Zealand where it was found that the soil pH in the 0-5 cm soil was significantly lower
under pine forest compared with grassland after 15 years (Alfredsson et al, 1998).

So it is necessary to observe also soil changes (pH and base saturation level) under
conifer afforestated area (Alriksson and Olsson, 1995).
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In aforestation activities it is very important make adequate seedling selection,
provenance, seedling quality (proper type, size, age, type of production), techniques of planting
and also care measures after planting. In this case it this conditions was fulfilled, proper size and
age of seedlings, adequate provenance and planting methods. Care measures after planting
should be improved by fertilization because experience with fertilization of spruce seedlings
showed that the addition of basic macro elements can significantly affect the growth and
physiological vitality (Buki¢ et al, 2004).

In Ireland it was investigated the effect of site preparation on below and above ground
biomass production by young Sitka spruce (Picea sitchensis (Bong.) Carr.) trees. Site preparation
techniques studied included different mounding- and drainage methods and combinations of
these. The results showed that mound planted trees had greater total biomass production, greater
stem biomass and DBH, as well as greater foliage biomass compared to trees planted on the flat.
This was probably due to improved weed control and more favourable soil temperature- and
moisture condition within the planting mounds (Wills et al, 1999).

-

Photo 3. Spucetree in Septeer 202. Photo 4. puEe ees height and good
physiological vitality

4. CONCLUSIONS

The aim of research was to propose the more successful technique for afforestation and
reforestation activities.

The results of the analysis showed a very good success of seedling survival and
physiological vitality at the locality “Rendara“ on the Mt. Kopaonik which is exposed to
unfavourable microclimate with strong winds and snow drifts, the coldest and longest winters in
Serbia with the lowest average annual temperature and duration of snow cover over 150 days a
year.

The presented data of the analysis of 19 years old spruce seedlings show that there was a
significant difference in spruce tree height between two planting techniques with mean values of
plant height planted in pits and furrows of 4.14 m and 4.95 m. It was also recorded a very good
success of seedling survival (about 80%) and physiological vitality which can be considered very
good success. Planting method in furrows could be recommended for further afforestation with
spruce nursery stock.

Reforestated area at about 20 hectares on the site of a former meadow, now with a large
number of spruce trees height over 4 m, more substantively retains large amounts of water from
snow and rain, which returns to the atmosphere by transpiration, increases the relative humidity
of the air, especially during the growing season and thus affects the microclimate of this site
influencing the temperature of air and soil. It also lowers the intensity of the strong winds and
thus cause decreased snow on the road during the winter.
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Further growth and development of spruce seedlings will certainly improve this
favourable trend.
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Abstract: In the last decades, basidiomycetous fungal species became of great importance as sources of
natural bioactive molecules. Moreover, macrofungal species have been also used as a good bioecological indicator
of contamination of ecosystem in biodiversity monitoring examinations, determining conditions of soil, wood species
and air. Biochemical parameters of oxidative stress in four macrofungal species were analyzed for their
antioxidative capacity referring of possibility of disturbance of Fruska Gora Provenance and its forest ecosystem by
environmental (e.g. climate) changes above Vojvodina region. Organic extracts (70% methanol and 100%
chloroform), made of four lignicolus fungal species (Panus tigrinus, Fomes fomentarius, Agrocybe aegerita,
Omphalotus olearius) from natural Fruska Gora Provenance were examined directly for their antioxidative
capacity by 3 tests in vitro: DPPHeassay, FRAP assay and total phenol content determination.

The highest radical scavenging capacity (RSC) and the lowest IC 50 value (129,22 ug/ml) in DPPH* assay
was noticed in the extract of F. fomentarius, while the extract of A. aegerita showed = 13 times higher value
(1746,38 wpg/ml) indicating lower antioxidant potential. O. olearius extract showed the highest antioxidative
capacity in all tests obtained. However, F. fomentarius species showed higher value in FRAP test (69,1 mg
equivalent of ascorbic acid/g dw) and total phenol content (240,55 mg equivalent of galic acid/g dw) then P.
tigrinus and A. aegerita species in the same tests, showing its stronger antioxidative defense against oxidative
stress. Positive correlation (r=0.98) between total phenol content and ferric reducing power of fungal extractst
indicated the possibility that phenols are major active constituents in obtained antioxidative activity. According to
results for DPPH* assay, two fungal species, P. tigrinus and A. aegerita indicate possibility that different, non-
phenolic secondary metabolites can be responsible for high IC 50 value and strong anitoxidative reaction.

The obtained results suggest that all analyzed fungi from natural Fruska Gora Provenance are of potential
interest as a good bioecological indicator for Fruska Gora Provenance which ecosystem is in balance, as opposed
to the obvious climate changes.

Key words: antioxidative capacity, basidiomycetous fungi, climate change, in vitro assays, ROS

INTRODUCTION

Reactive oxygen species (ROS) such as superoxide (O,) and hydrogen peroxide (H,0,)
are by products in normal metabolism of all aerobic organisms, produced mainly by partial
reduction of oxygen during process of respiration. In the presence of traces of metal ions, O,
can react with H,0, and generate the more reactive singlet oxygen (*O,). Furthermore, H,O- can
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oxidize sulfur centers of iron and cysteines in certain proteins or react with transition metals and
produce the most toxic hydroxyl radical (OH’), which cause an oxidation of any cell molecule
resulting in DNA damage, protein inactivation, protein cross-linking and fragmentation or lipid
peroxidation. Cells have a number of mechanisms to maintain low intracellular ROS levels,
which constitute the antioxidant response (Aguirre et al., 2006).

Phenolic compounds are the major naturally occurring antioxidant components found in
medicinal mushrooms (Mau et al., 2002; Ribeiro et al., 2007) and most of those identified in
commercial mushrooms are phenolic acids (Dubost et al., 2007; Kim et al., 2008). Non-phenolic
compounds including terpenoids (Leon et al., 2004) and polysaccharides (Tseng et al., 2008)
have also been recognized as mushroom antioxidants. Some of previous studies of fungal
antioxidants have been oriented towards commercial mushrooms used as food (Dubost et al.,
2007), but the recent scientific literature shows an even higher antioxidative potential for wild-
growing mushrooms (Barros et al., 2007, 2008; Elmastas et al., 2007).

Moreover, macrofungal species have been also used as a good bioecological indicator of
contamination of ecosystem in biodiversity monitoring examinations, determining conditions of
soil, wood species and air. For example, Fomes fomentarius is a common and economically
important wood-rotting fungus in deciduous forests of Central Europe (Gabriel et al., 1997). It is
a whiterot fungus causing heart rot of wood of several tree species including Fagus sylvatica and
Betula pendula (Crockatt et al., 2008). Enzyme activities measured in wood closely located to
fungal fruit bodies of Fomes fomentarius and other basidiomicetous fungal species are likely to
reflect the activity of the single species. Understanding of the decay process in fungus-colonized
wood and the factors affecting fruit body formation are essential for the understanding of the
physiology of fungi causing biodeterioration of wood and may help both to develop preventive
measures to reduce fungus-induced wood losses and to undertake measures for the conservation
of endangered wood associated fungi (Dahlberg et al., 2010).

Lignicolus fungal antioxidative answer due to climate changes may indicate possible
changes on (micro) ecosystem level, since the temperature and moisture variation in Fruska Gora
provenance is evidential and crucial for forest biodiversity sustainability.

The aim of study

Biochemical parameters of oxidative stress in four macrofungal species were analyzed
for their antioxidative capacity referring of possibility of disturbance of FruSka Gora Provenance
and its forest ecosystem by environmental (e.g. climate) changes above Vojvodina region.

MATERIALS AND METHODS

Fungal material. Wild-growing fungi of Fomes fomenatrius ((L.) J.J. Kickx t.) (Figure
1.), Agrocybe aegerita ((Brig.) Fayod) (Figure 2.), Omphalotus olearius (Wulf. Ex Fr.) (Figure
3.) and Panus tigrinus ((Bull.) Fr., (1825)), and Quel.) (Figure 4.) were collected from the Fruska
Gora low mountain chain (northern Serbia). Voucher specimens have been deposited in
Herbarium Laboratory of the Department of Microbiology, University of Novi Sad.
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Figure 4. Panus tigrinus

Extraction of fungal material. Mature fruiting bodies were brush cleaned, air-dried in
the oven at 50°C to constant mass and pulverized. The powder was stored in the dark, at room
temperature, in desiccators over CaSQO;, prior to analysis. For each sample, 10 g of powder was
macerated with 350 mL of 70% aqueous MeOH or 100% CHClj3, at 25°C, stirred using a rotary
shaker (120 rpm) for 72 h and filtered twice. The filtrates were evaporated to dryness at 40°C in
vacuo and the dried extracts redissolved in 70% MeOH (or 100% CHCl3) and stored at <+4°C
for further use (Karaman et al., 2010).

Scavenging effect on the DPPH radical. The radical scavenging activity of fungal
extracts was determined by the DPPH* radical scavenging method (Soler-Rivas et al., 2000).
The samples (6.25-700 pg/mL for MeOH and 6.25-1400 pg/mL for CHCl; of stock solution)
were mixed with 1 mL of 90 pm DPPH solution and made up with 95% MeOH to a final volume
of 4 mL. The reactions were performed in triplicate and recorded against two positive controls
i.e. BHT (0.25 mol/dms) and BHA (0.32 mol/dm?®). The percentage (%) of radical scavenging
capacity (RSC) was calculated by the following equation:

RSC (%) = 100 < (Apjank — Asample/ Ablank)

The scavenging activity of the samples was expressed as IC 50, representing the
concentration of extracts that express 50% inhibitory effect of DPPH radical.

Ferric Reducing Antioxidant Power Assay (hereinafter: FRAP). This procedure involves the
reduction of Fe 1II-TPTZ to a blue-colored Fe 1I-TPTZ by biological antioxidants and chemical
reductants, some of which might have no antioxidant activity in a sample. The FRAP assay compares the
change in absorbance at 600 nm of a sample with the change in absorbance of a known standard (FeSO4 x
7H,0) to determine antioxidant levels (Griffin and Bhagooli, 2004). Each reaction was repeated three
times. Ascorbic acid was used to calculate the standard curve.

Total phenol determination. The concentrations of total phenols (TP) in fungal samples
(expressed as galic acid equivalents) were determined using Folin-Ciolcateu reagent (Taga et al.,
1984). Absorbance was read at 760 nm after 2 h and galic acid was used to calculate the
calibration curve. The estimation of the phenolic compounds was carried out in triplicate. Galic
acid equivalents reflected the phenolic content as the amount of galic acid (mg) per g of dry
extract (d.w.).

All statistical analyses were performed in the Statistica 7.1. Software, using Duncan’s
multiple arrange test and results are finalized in Microsoft Excel Programme as histograms.

RESULTS AND DISCUSSION

The highest radical scavenging capacity (RSC) and the lowest IC 50 value (129,22
ug/ml) in DPPH® assay was noticed in the extract of F. fomentarius, while the extract of A.
aegerita showed =~ 13 times higher value (1746,38 pug/ml) indicating lower antioxidant potential
(Figure 5.). O. olearius extract showed the highest antioxidative capacity in all tests obtained.
However, F. fomentarius species showed higher value in FRAP test (69,1 mg equivalent of
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ascorbic acid/g dw) (Figure 6.) and total phenol content (240,55 mg equivalent of galic acid/g
dw) (Figure 7.), then P. tigrinus and A. aegerita species in the same tests, showing its stronger
antioxidative defense against oxidative stress.

2000 200
1759
1800 174}6’38 1636,59 1e0 '[
| - 1
1800 14:*?9,89 { | aP tigrnus 160 BP tigrinus
1400 T = 140
1200 | | ®mF 120 B £ fomentarius
fomentarius
1000 | 100
500 1 DA, aegerita 80 69,1 DA. aegerita
600 | 60
400 O0O. olearius 40 33,34 25,08 0 0. olearius
200 129,22 B 20 —
0 0
. . .
Figure 5. Results of DPPH" assay Figure 6. Results of FRAP assay

800

7733
800 i

700 | ® P tigrinus

600

B~ fomantanius
500

400

DA asgerita

240,55
300

200 164,85

00. oleanius

100,1
100

o !

Figure 7. Results of total phenol content

Antioxidant activity was in correlation with the total phenol content (eq. galic acid mg/g
dried extract), ranging from 164 to 773 eq ga mg/g dw. Total phenol content was in direct
positive correlation (r= 0.98) to ferric reducing capacity of extracts (eg. ascorbic acid mg/g dried
extract) (Figure 8.). Positive correlation between total phenol content and ferric reducing power
of fungal extarcts indicated the possibility that phenols are major active constituents in obtained
antioxidative activity.
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Figure 8. Correlation between total phenol content and ferric reducing power of analyzed
extracts (mg equivalent of galic acid/g dw)
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According to results obtained for DPPH® assay, two fungal species, P. tigrinus and A.
aegerita indicate possibility that different, non-phenolic secondary metabolites can be
responsible for high IC 50 value and strong anitoxidative reaction. A. aegerita is wealthy in
antibacterial peptides such as agrocybin and agrocybolacton and saccharide, 1,3-o-D-glucan
(Rosa et al., 2003). Agrocybe aegerita is relatively understudied for its cultivation and
biotechnological applications when compared to other mushrooms species of similar
organoleptic properties. Ullrich and Hofrichter (2005) reported that during vegetative growth, A.
aegerita produces a peroxidase which catalyzes the oxidation of 2,6-dimethoxyphenol or 2,20-
azinobis-(3-ethylbenzothiazoline- 6-sulfonate). Laccase, peroxidase and carboxylmethyl
cellulase enzymes were also detected at different stages of fruit body development, during
cultivation on cotton seed and sawdust substrate (Wang et al., 2000). Biochemical composition
of fruiting body of the species P. tigrinus is still unknown.

CONCLUSION

The results of this study suggest that tested fungal extracts contain constituents that are
good radical scavengers. Obtained results indicate also that all analyzed fungi from natural
Fruska Gora Provenance are potentially good biochemical indicators for Fruska Gora
Provenance which ecosystem is in balance, as opposed to the obvious climate changes. Further
in vitro tests should be performed to gain in-depth picture of potential use of these four species
as eco-biochemical indicators of forest environmental changes. Also, the important fact is that
evaluation of oxidative stress level combined with analysis of possible changes in the chemical
composition of wood may allows differentiation between the different ecophysiological groups
of lignocelluloses degrading fungi and may be useful to identify fungal key species.
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Abstract: Understanding and predicting changes in community composition, plant distributions and
ecosystem functions in the era of climate change has become a central issue of invasive plant ecology. There is a
large volume of published studies suggesting that traits related to reproduction, such as timing of flowering, high
seed production, good seed viability and long-distance dispersal ability can promote species invasion potential. This
paper presents results of the research conducted on several locations in Belgrade where Aster lanceolatus Willd.
spread rapidly, forming dense patches over large areas. Late flowering period, high seed production, long-distance
dispersal ability and rapid vegetative spread were noticed. This results suggest that Aster lanceolatus Willd. have
high reproductive potential. This characteristic will be even more significant with the climate change driving
extreme weather conditions, which are likely to support the spread of this invasive perennial.

Keywords: Aster lanceolatus Willd., invasive plants, reproductive potential, climate change

INTRODUCTION

With human populations and average consumption raises, human impact on natural
resources is increasing and natural ecosystems are being degraded, converted and destroyed to
meet human needs. Climate models predict that the temperature will rise and that precipitation
regime will be changed. These changes will affect the plants and the ones that will survive will
be those that are able to evolve or to quickly adapt to changes, migrate and colonize areas that
suit them better. Invasive plants have these abilities and it is reasonable to expect that they will
pose an even greater threat to biodiversity and economy than they are today. These changes will
be most pronounced in urban and suburban areas.

Numerous studies analyzed features of invasive plants, the characteristics of communities
that are prone to invasion and the consequences of invasion to ecosystem and its functions.
However, in recent years, an increasing number of studies have examined how climate change
affects the indigenous and non-indigenous plants, which traits are particularly important in terms
of climate change and invasion and try to predict how invasive species will behave in new
conditions. However, it is difficult to say which features of plants and habitat will have decisive
role for plant growth in the future. Various experiments were conducted, but the general pattern
Is not observed. To predict how particular genus or species will respond to future climate change,
specific case studies are needed (Miller-Rushing and Inouye, 2009).
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Based on 79 independent comparisons of native and invasive plants, Daehler (2003)
reported that the invasive plants were not having higher growth rates, competitive ability or
fecundity, but the success of invasive and co-occurring native plants depend on growing
conditions. Element of global change that could have effect on invasive plants are increased
atmospheric CO;, concentration, climate change, increased nitrogen deposition, altered
disturbance regimes and increased habitat fragmentation (Dukes and Mooney, 1999). It is
important to identify functional traits that are related to tolerance of different climates (Dukes
and Mooney, 1999).

Aster lanceolatus Willd. inhabits moist soils along lakes, riverbed and bogs, or roadsides
and disturbed ground (Obratov-Petkovic¢ et al., 2009; Jones, 1987) and all these sites behave as
migration and dispersal corridors. The primary reproductive characteristics of riparian plants are
tradeoffs between generative and vegetative reproduction, seed size, timing of dormancy, timing
of seed dispersal, seed dispersal mechanisms, and longevity (Naiman and Décamps, 1997).
Characteristics which favor A. lanceolatus over indigenous plants could be related to the
reproductive potential.

The aim of this study was to begin the evaluation of reproductive potential of A.
lanceolatus and to make predictions how unremitting climate change will affect the further
spread of this highly invasive species. Germination rates and potential for vegetative propagation
of A. lanceolatus were investigated.

MATERIAL AND METHOD

Study species Aster lanceolatus Willd.

The studied species was identified as Aster lanceolatus Willd. based on standard floristic
methods, using relevant literature Javorka and Csapody (1934), Josifovi¢ (1970-1977), Tutin et
al. (1964-1980), Sari¢ and Dikli¢ (1986), Sari¢ (1992) and Online data base of Flora Europaea.
A. lanceolatus is common invasive species in Serbia (Obratov-Petkovi¢ et al., 2011). This
species is edificator in the Asteretum lanceolati community, which is a new type of invasive
community in wet and degraded habitats (Obratov-Petkovi¢ et al., 2011). All material was
collected during the fall 2011.

Study sites

To investigate the generative reproductive potential of A. lanceolatus, seeds were
collected at 9 locations: two river islands, Ada Medica and Veliko Ratno Ostrvo; Kumodraz area
in the valley of the creek of Kumodraski potok; Maki§, Ziva¢a, Jakovo, Veliko Blato and
Krnjaca on the alluvial plain and KoSutnjak hill close to Sava River. Rhizomes of A. lanceolatus,
were gathered from Veliko Ratno Ostrvo.

Laboratory studies

Visually mature flower heads from the entire inflorescent were collected from A.
lanceolatus. Collected seeds were stored at room temperature for 6 months until the germination
test. Before the germination test, 7 day prechill treatments were applied. The control was tested
without pretreatment. A germination test was carried out in a growth chamber, Type 1291/TPC-
1/LP-113, on filter paper (3x30 seeds per treatment) at 20°C (£2), 16 h photoperiod was applied
(Grbi¢ et al., 2011). Germinative capacity (GC) was determent after 14 days, while germinative
energy (GE) was calculated on the seventh day (ISTA, 2003).

To asses potential for vegetative reproduction 4 parameters were measured: number of
shoots, total leaf number per plant, number of primary roots and length of primary roots. 46
rhizomes cuttings of A. lanceolatus were prepared for growing in hydroculture. All cuttings were
approximately the same length with the same number of bulbs. Modified Hoagland solution was
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used (Dzamic¢ et al., 1999). After one week, the solution was changed with new one, and during
the second week solution was filled up. Pots with plants were placed in the growing chamber at
20°C (£2). The relative humidity of air was 70%. Photoperiod was 16/8 (light / dark) and the
photon flux densities at a height just above the plants were approximately 20uM/cm. The plants
development was monitored for 3 weeks. After the end of the third week, the plants were
removed from the solution and defined parameters were measured.

RESULTS AND DISCUSSION

Reproduction is particularly important trait for invasive species, because the number and
genetic quality of propagules produced by plants are important for successful colonization and
spread in new environments (Barrett, 2001). Most successful non-indigenous species have traits
that promote effective reproduction and dispersal, superior competitive ability, and the ability to
occupy vacant niches (Elton, 1958).

Generative reproduction

Propagule pressure is a term that describes the number or rate at which propagules enter a
region (Duncan, 2011). However, it is important to consider quality as well as quantity of
propagules when assessing the impact of propagule pressure on the likelihood of an invasion
(Davis, 2009). Flowering of A. lanceolatus does not appear to be controlled by plant size since
all ramets within a clone, regardless of cytotype, year of study, size, or position within a clone,
flower by the end of the growing season (Chmielewski and Semple, 2001). In all investigated
localities A. lanceolatus flowered from late August to early November and clones were with
highly branched inflorescences. Some plants consisted of more than 200 flower heads. Jones
(1987) noticed that plants of A. lanceolatus that were pruned, flowered and that the flowering
time lasted long after the end of flowering of plants that were not pruned. Late flowering period
is important for the spread of A. lanceolatus, especially since climate change leads to the
extension of the growing season and reduces winter and low temperatures (Obratov-Petkovi¢ et
al., 2011). Species A. lanceolatus is pollinated by a variety of insect species and has adaptive
mechanism to preserve and to protect pollen by sleep movements when the ligules tend to close
around the disk florets at night (Jones, 1978). This adaptation could favor A. lanceolatus over
native plants that are pollinated by insects and do not have night movements.

For a successful invasive process, number of seeds produced by the plant is important
factor, because the greater number of seeds leads to a greater chance of successful establishment
and spread into new areas (Leishman and Harris, 2010). A. lanceolatus have relatively high seed
set amounting to 70% or more of the potential number of achenes in a head (Jones, 1978).
Jedlicka and Prach (2006) calculated expected output of 200 000 seeds per one highly branched
plant. Therefore, plants from genus Aster has the highest seed production among invasive plant
in Europe (Jedlicka and Prach, 2006). Due to achenes with pappus and small seed mass, A.
lanceolatus is well adapted to long distance dispersal. These adaptations are advantageous in
open vegetation communities (Lake and Leishman, 2004).

Some species from genus Aster retained seed viability for at least 4 seasons at room
temperature (Jones, 1978). Conversely, McDonald (2005) reported that storage life of seeds for
genus Aster is less than one year. Baskin and Baskin (2005) found out that plants from
Asteraceae family have non-deep dormancy which is break with low temperature. Germination
rate of A. lanceolatus without stratification is between 60 and 80%, and after refrigeration for 2
months that rate is higher (Jones, 1978). Schmid and Bazzaz (1990) identified 39.5 and 43.7
germination rate in A. lanceolatus. Jedlicka and Prach (2006) reported germination rate from
18.7 t0 89.4 and from 42.6 to 83.8 in 1998 and 1999, respectively.
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Figures 2: Mean values of germinative energy (GE) and differences between treatment

Figure 1 shows that in this study, germinative capacity (GC) ranged from 0 to 18% in
samples with prechill treatment and from 0 to 20% in samples without prechill treatment. GC
showed significant differences between treatments on 3 locations. Germinative energy (GE)
(Figure 2) ranged from 0 to 18% in samples with prechill treatment and from 0 to 17% in
samples without prechill treatment. GE showed significant differences between treatments on
Maki$ and Krnjaca. Results showed small differences between treatments. Dormancy was not
confirmed in all samples. This could be due to genotype of parent plant or due to method of
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sampling since seeds from disc florets in Asteraceae family are less dormant than those from ray
florets (Fenner and Thompson, 2005).

The reason for the low germination rate could be due to seeds storage. It is possible that
room temperature was detrimental to seed viability. However, the findings of the current study
were similar to previous one (Obratov-Petkovi¢ et al., unpublished) which showed similar
germination rate of A. lanceolatus seeds, tested immediately after collecting. Low germination
rate could be due to hybridizations or genetic constructions of A. lanceolatus clones.

Vegatative reproduction

Clonal growth allows plants to quickly colonize available space and thus influence its
success in vegetation succession (Prach and PySek, 1994). Species A. lanceolatus forms
extensive stands with long and tangled horizontal rhizomes (Jones, 1978). A. lanceolatus have
spreading genet architecture (Schmid and Bazzaz, 1987). Different genets form uniform stands
of high shoot density between genet and low shoot density within genet (Schmid and Bazzaz,
1987).

Table 1. Mean values of analyzed parameters

Species Number of shoots Total leaf number Number of Length of primary
per plant primary roots roots (cm)
Aster lanceolatus 1.88 8.37 4.58 32.05

In this study, percentage of rooted rhizomes was 100%. Number of shoots was 1.88,
number of leafs per plant was 8.37, number of primary roots was 4.58 and length of primary
roots was 32.05 cm (Table 1). Analyzed parameters suggest that A. lanceolatus has high ability
to reproduce via rhizome segments and have great invasiveness potential.

Picture 1: Cuttings of Aster lanceolatus Willd. ~ Picture 2: Cutting with downward-oriented bud
after 3 weeks

Some rhizome cuttings of A. lanceolatus were accidentally placed with downward-
oriented buds (Picture 2). However, this had no effect on rooting of cuttings, which indicates that
A. lanceolatus could have high ability to survive in disturbed ecosystems. In favor of the
previously mentioned ability goes the observation that vegetative buds on the rhizomes have
survived in a small soil sample exposed to the winter temperatures, for more than one year and
succeeded to produce shoots with leaves.

This paper has investigated reproductive traits of invasive species A. lanceolatus and
attempted to predict how climate change could reflect on reproductive potential of these invasive
plants. Community ecology theory suggests that invasive species may be so successful because
they have different phenologies than native species does or are able to adjust their phenologies to
a new community or climate (Wolkovich and Cleland, 2010). Transcontinental distribution in
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native ranges (Chmielewski and Semple, 2001) gives A. lanceolatus predisposition to more
easily adapt to changing climatic conditions. Shifts toward longer growing season could extend
flowering period and benefit achenes maturation. Results of germinative capacity differ from
some published studies. More research is needed to better understand reasons for low
germination rate which may be due to several reasons, such as different genotypes of studied
plants or the way seeds were sampled. According to Jones (1978), Delisle (1954) suggested that
more fertile achenes were produced by ray florets than by disk florets. However, Jones (1978)
observations do not support this. Future research should therefore concentrate on testing seeds
taken from different parts of the inflorescence and different part of flower head, with diverse
time of storage and treatments.

Studies of secondary succession include A. lanceolatus as significant contributor
(Chmielewski and Semple, 2001). Plants which are producing vegetative offspring at a distance
of 0.5 m or more during one year of growth are more successful in later succession than species
with phalanx growth form (Prach and Pysek, 1994). Competitive performance of A. lanceolatus
may be enhanced by long rhizomes with large capacity for vegetative reproduction. By
vegetative reproduction, A. lanceolatus is capable to migrate from less favorable places for
development, such as the shadow places, to more suitable ones.

Taken together, these findings showed that potential for generative reproduction of A.
lanceolatus is limited. However, great ability of vegetative propagation could be the cause of its
spread. With a more pronounced climate change, it is reasonable to expect further expansion of
population A. lanceolatus. Future research is needed to provide more definitive evidence.
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Abstract: The climatic changes have brought about numerous injuries on trees, which along with damages
caused by the anthropogenic factor, leads to occurrence of numerous wood-decay fungi in the stands. For the
purposes of protection and preservation of beech in Serbia, this paper researched the occurrence of pathogenic
microorganisms on beech trees relative to the presence of injuries on trees. The testing was conducted in the Forest
Holding Kucevo, in a hillside beech forest Fagetum moesiacae submontanum of generative origin. The research was
carried out on 23 testing plots with a total of 324 trees. It was found that the appearance of fungi primarily depends
on the presence of mechanical damage on trees (as much as 73.46%), while the presence of abiotic damage has
almost no bearing (only 3.21%), which indicates that the health condition of high beech stands is heavily dependent
on careful and proper manipulation during harvesting. Each injury inflicted on a beech live tree during logging
opens the door to infection with pathogenic microorganisms.

Key words: Climatic changes, damage, forest, fungi

1. INTRODUCTION

Serbia’s forest area relative to the global aspect is close to the world’s level of 30%, but
significantly below the European average of 46%. Out of the total 29.1% of forest area in Serbia,
7.1% is in Vojvodina whereas 37.6% of forests are located in Central Serbia [1]. Compared to
the reference year of 1979, the area under forests has increased by 5.2%, which contributed to
the positive effect on the overall state and quality of the living environment. The national
inventory of Serbia’s forests in the total volume and bulk growth is dominated by beech, whose
presence amounts to 42.4%, or 32.3% [2].

The strategy of preserving the biodiversity and genetic resources of economically most
valuable species of tress dictates that Serbia’s forestry should primarily be concerned with
preservation of the abundance of natural forests as a national wealth [3]. According to the
internationally adopted definition, sustainable forest management means “the stewardship and
use of forests and forest lands in a way, and at a rate, that maintains their biodiversity,
productivity, regeneration capacity, vitality and their potential to fulfil relevant ecological,
economic and social functions, and that does not cause damage to other ecosystems” (MCPFE,
Helsinki, 1993, as cited in Medarevi¢ et al [4]).

! Dr Miroslava Markovic, scientific associate, Institute for Forestry, Belgrade
2 Dr Snezana Rajkovic, scientific advisor, Institute for Forestry, Belgrade
8 Mr Vlado Cokesa, research associate, Institute for Forestry, Belgrade
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Due to their presence in the forest reserves of Serbia, beech forests undoubtedly have the
greatest significance. We can therefore conclude, quite justifiably, that management of beech
forests is a much more complex and difficult task compared to management of any other tree
species. In addition, available references most frequently speak of the quality of tall beech
forests in descriptive and general terms — that it is unsatisfactory and in need of improvement [5,
6].

Owing to its bio-ecological properties and conditions of its living environment, as well as
the stewardship methods applied to date, beech has preserved its natural structure, the areal of its
natural spread and possibility to be regenerated naturally. Given the fact that natural rejuvenation
is the only regeneration method for beech, Serbia has no artificially established beech forests or
forest cultures. All of this makes up the foundation of their biological diversity, stability and
sustainability. The biological properties, ecological demands, natural distribution, stewardship
values and generally beneficial functions of beech forests, along with their structure, make beech
the basic tree species for Serbian forestry [8], although the use of beech lumber on a wider scale
is limited by its short lifespan.

Beech wood is vulnerable and represents an excellent base for development of numerous
parasitic and saprophytic organisms, among which primarily parasitic fungi and harmful insects.
In beech coppice forests in Serbia, the total of 147 species of fungi were found on beech trees,
out of which 33 species occur on crowns, fruits and young crop, 56 species occur on leaves and
bark of the branches and the trunk, whereas 58 species of fungi cause rot and coloration of wood

[8].

The cause of beech forests dieback is a consequence of simultaneous negative impact of
climatic (climate changes), management and biotic factors. Among these a special place belongs
to man, whose irrational exploitation of beech forests resulted in Serbia’s area under forest being
cut almost in half. Deforestations of beech woodland that occurred in the past (in particular
immediately after World War I1) were not at all conducted as regeneration harvests, but almost
exclusively for exploitation purposes. As a consequence of such management practices, forests
have become extremely sensitive to harmful effects of numerous abiotic and biotic factors,
notably parasitic fungi and harmful insects among the latter. The problem of protection of beech
forests is further complicated by the occurrence of dangerous diseases and a large number of
wood destructors that start their development as parasites on living trees and continue as
saprophytes on timber [9, 10, 11].

This paper researched one aspect of occurrence of pathogenic microorganisms on beech
trees, with the aim to contribute to the most rational approach to use of beech timber while
preserving the beech stands in Serbia to the maximum extent.

2. MATERIAL AND METHODS

The sites selected for research were the ones on which the observation method revealed a
large number of injuries on trees. The paper provides an analysis of the impact of tree injuries on
occurrence of pathogenic and epixylic fungi on live trees in beech woodlands.

The research was carried out in the forest holding “Severni Kucaj” in Kucevo, forest
administration Kucevo, Eastern Serbia, in a hillside forest of Fagetum moesiacae submontanum
beech of generative origin. Tested site was located in the administration unit Majdan Kucajna,
division 33.

The 500-m2 trial experimental plots were circular, placed in the stands at 100 x 100 m
distances (according to the method described by Koprivica [12]). Each experimental plot
included between 4 and 24 trees. Injuries noted on each tree were classified as mechanic (injuries
from felling and hauling during harvest) and abiotic (injuries from wind, snow, ice, frost and
excessive insulation that caused bark inflammation). The methods used were those described by
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Koprivica et al and Markovic et al [13, 14]. In addition, any presence of pathogenic and epyxilic
fungi on trees was also noted. On the basis of the received data, statistical analysis was
conducted in order to determine the correlation link.

3. RESULTS AND DISCUSSION

Table 1 presents an overview of the fungi identified on Administration unit Majdan
Kucajna, division 33 according to their frequency of occurrence. It is evident from the table that
the first 4 fungi are present in all experimental plots (noted on 12.6% to 29% of all trees),
whereas the presence of the latter 8 fungi was noted, on t he average, in only 4 plots and no more
than 0.3% to 0.9% of trees. The fungi with ordinal numbers 5 through 9 are present on over 50%
of experimental plots (or 6.5% to 11.1% of trees), while the fungi with ordinal numbers 8
through 13 were identified on less than 50% of the plots and spread on 1% to 20% of the tested
trees.

Table 1: Fungi identified on site | — Administration unit Majdan Kucajna, division 33

Ordinal 0 . % trees on
number - % plots on Wh'Ch which the
of Type of fungus Significance of the fungus is fungus is
fungus present
fungus present
1 Apiognomonia errabunda foieled 100.0 29.0
2 Coriolus versicolor *x 100.0 24.6
3 Hypoxylon sp. *x 100.0 8.9
4 Stereum spp. *x 100.0 12.6
5 Diatrype stigma * 65.2 11.1
6 Fomes fomentarius foieled 57.0 6.5
7 Trametes spp. *x 52.2 8.6
8 Diatrype disciformis *x 47.8 20.9
9 Nectria galligena foieled 30.4 4.0
10 Armillaria mellea Fxk 26.0 1.2
11 Lenzites trabaea *x 17.4 1.8
12 Nectria coccinea Fxk 8.7 1.2
13 Fomes igniarius *x 8.7 1.5
14 Pleurotus ostreatus Fxk 4.3 0.6
15 Poria obliqua Fxk 4.3 0.3
16 Dedalea quercina *x 4.3 0.9
17 Exidia recisa * 4.3 0.3
18 Hydnum sp. * 4.3 0.3
19 Auricullaria auricila judae - 4.3 0.3
20 Auricullaria mesenterica - 4.3 0.3
21 Bulgaria polymorpha - 4.3 0.6

Table 1 presents fungi classified according to their significance, where those with 3 stars
represent dangerous fungi with high significance, the fungi with 2 stars have medium
significance, the fungi with one star have low significance, and those without stars have no
significance. Under the classification proposed by Karadzic [15], the present fungi were
classified as follows:

*** fungi with high significance (the highest significance is given to fungi that act that both as
parasites and saprophytes, i.e. whose activity starts on standing, live trees and then persists on
dead trees, following the harvest). These species of epyxilic fungi demonstrate a very high level
of destruction and degrade primarily lignin, as well as cellulose and hemicelluloses, but to a
lesser degree. Among the identified fungi, this group comprises Armillaria mellea, Fomes
fomentarius, Pleurotus ostreatus and Poria obliqua. Besides the above-named wood-decay fungi,
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this group also includes the following pathogenic fungi: Apiognomonia errabunda, Nectria
coccinea and Nectria galligena).
**  fungi with medium significance (this group comprises the fungi that cause a somewhat
lower degree of destruction, but appear on both injured, weakened trees and the freshly harvested
ones). This group is represented by Coriolus versicolor, Dedalea quercina, Diatrype disciformis,
Hypoxylon sp., Stereum spp. and Trametes spp.
*  fungi with low significance (this group comprises the fungi that appear on rotting trees,
frequently causing their complete degradation). Among the identified fungi, this group includes
Exidia recisa, Hydnum spp. and Diatrype stigma.
- fungi with no significance (representatives of this group identified include Auricullaria
auricula judae, Auricullaria mesenterica and Bulgaria polymorpha).

Table 2 presents the testing results for the total number of the present fungi and the total
number of mechanical and abiotic damage.

One of the most significant fungi identified on the tested sites is Nectria coccinea (Pers.
Ex Fr.) Fries., which together with the insect Cryptococcus fagisuga Lind. causes the so-called
“beech bark disease”. This fungus was found on 1.2% of trees or on 3 experimental plots (1,3
and 9). This disease is lately being regarded as a major factor compromising normal
development of beech trees, which merits special attention given the fact that it is spreading over
ever-larger areas. Measures undertaken against this fungus are classified into several categories:
— biological preventive measures, including use of predators and super-parasites against insects

(prior to infection with fungus),
— bio-control of the fungus by means of antagonists (once the infection occurs),
— silvicultural measures — removal of diseased trees (in advanced stages of the infection),
— chemical measures, which are non-economical for forests and thus applied only to parks and
alleys of trees.

It is important to note that following the infection of beech trees with this fungus, the
necrotic bark sections very quickly get infested by wood-decaying fungi and wood-destroying
insects, which also play a role in rapid tree decay and extinction of beech trees [15, 16].

Table 2: Overview of attack by fungi and injuries on beech trees on Administration unit Majdan
Kucajna, division 33

(X) Number of fungi found Nurgga)er of Number of gl()zi)otic injuries Total()r(lﬂmber

Ordinal No. of trees (y1) (y2) (y3) mechanical injuries (damage from wind, snow, of mechanical Index
no. of on the plot No. of No. of Total (damage from ice, frost and and abiotic (Xl X)

plot dangerous other number of hauling and felling excessive insulation — bark injuries

fungi fungi fungi during harvest ) inflammation)

1 12 1 3 4 2 3 5 0.42
2 24 1 4 5 3 4 7 0.29
3 9 1 3 4 2 3 5 0.56
4 11 1 3 4 1 3 4 0.36
5 16 1 5 6 8 1 9 0.56
6 9 1 4 5 6 2 8 0.89
7 16 4 6 10 15 6 21 0.06
8 12 4 6 10 20 9 29 242
9 23 6 9 15 27 4 31 1.35
10 15 1 6 I 3 1 4 0.27
11 21 2 6 8 17 9 26 1.24
12 18 3 6 9 21 3 24 1.33
13 8 1 5 6 14 2 16 2.00
14 11 2 6 8 15 3 18 1.64
15 19 2 6 8 11 10 21 111
16 4 1 5 6 4 1 5 1.25
17 15 3 5 8 16 42 20 1.33
18 9 1 4 5 9 6 11 1.22
19 23 4 8 12 19 7 25 1.09
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. (%) (x2) (%)
(x) Number of fungi found Number of Number of abiotic injuries Total number

Ordinal No. of trees (y1) (y2) (ya) mechanical injuries (damage from wind, snow, of mechanical Index
no. of on the plot No. of No. of Total (damage from ice, frost and and abiotic (X! X)

plot dangerous other number of hauling and felling excessive insulation — bark injuries

fungi fungi fungi during harvest ) inflammation)

20 8 2 4 6 7 3 14 1.75
21 8 1 5 6 14 3 17 2.12
22 17 4 6 10 12 8 20 1.18
23 16 3 7 10 23 4 27 1.69

The data presented in Table 2 served as basis for performance of a statistical analysis —
simple and multiple linear regression between all pairs in the presented columns, and correlation
matrixes made between columns X, Y1, y» and ys, as well as columns X, X», X3 and Xs/ X'. The
correlation analysis clearly demonstrates that in all cases there is a link between the number of
trees (x) and other columns. Next, there is a correlation link between the number of dangerous
fungi (y1) and other columns, with the exception of abiotic injuries (X2) and index representing a
quotient between the total number of injuries and the number of trees (xs/x ). The same applies to
columns y, (other fungi), ys (total number of fungi) and x; (mechanical injuries). Column X, has
no correlation links with any other column, whereas x3 (the total number of mechanical and
abiotic injuries) has links to all columns except abiotic injuries (xz). Column xs/x (index) is not
linked to other columns, except to columns x; and X3 (mechanical injuries and total number of
injuries).

This practically means that, the occurrence of fungi (both dangerous and other) — column
y3 is primarily contingent upon the presence of mechanical injuries - x; (as much as 73.46%),
while the remaining 26.54% depends on other factors — tree condition (susceptibility to disease),
position inside the stand (open trees or within a dense canopy, land elevation, geological base,
etc.), climatic conditions during the year that may or may not favour the development of fungi,
etc. On the other hand, statistical analysis of the data received shows that the occurrence of fungi
is not linked to damage caused by activity of abiotic factors (the correlation link is very low at
3.21%).

Therefore, careful and proper handling of trees during felling is critical for the health
condition of tall beech stands. Every injury sustained by live beech trees during felling opens the
door to infection by pathogenic microorganisms.

It is a well-known fact that health status of the stands is contingent upon a large number
of factors, among which year-round climatic conditions must be considered as one of the most
critical. Rainy, humid and relatively warm weather favours the activity of the fungi and increases
the yield, and thus enables not only faster colonization by the fungi but also more precise
identification of the existing microflora. It should also be noted that diagnosis of the disease is
greatly impeded by long incubation of the fungi colonizing vital trees, while primary symptoms
appear on the surface only after several years of attack (reproductive organs — visible
carpophores may not appear at all or their appearance might be extended over a number of
years). In addition to an accurate diagnosis, it is essential to make a precise prognosis of the
dynamics of development of pathological processes in the plant. However, this prognosis cannot
be determined with any reliable level of accuracy for the upcoming calendar years, as climatic
conditions are a determining factor for the development of the infection. It is thus possible to
make only a rough prognosis, based on mapping the parts of the forest under attack according to
the destructor species and attack intensity, and use it as basis for planning the sanitary and
silvicultural activities.

Sanitation felling and other phytosanitary measures, which may or may not be carried out
in forests, certainly have a great impact on general health condition of the stands. Proper
stewardship can minimize the existing infections and thus eliminate or greatly mitigate any new
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infection, which significantly contributes to having the health status of the stands restored and
maintained on a satisfactory level.

4. CONCLUSIONS

On the first tested site, the occurrence of fungi primarily depended on the presence of
mechanical damage, where this link was quite strong with as much as 73.46%, while the
remaining 26.54% were contingent upon other factors. On the other hand, statistical analysis of
the data received showed that the occurrence of fungi had almost no connection to the presence
of abiotic damage (the correlation link was only 3.21%).

The number of injuries may be identified as the determining factor linking the occurrence of
fungi and the damage on trees. On sites with fewer injuries the correlation links between the
occurrence of fungi and the injuries are less strong, and vice versa.

Careful and proper handling of trees during felling is critical for the health condition of tall
beech stands. Every injury sustained by live beech trees during felling opens the door to
infection by pathogenic microorganisms. Proper stewardship may minimize the existing
infections and thus eliminate or greatly mitigate any new infection, which significantly
contributes to having the health status of the stands restored and maintained on a satisfactory
level.
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Abstract: Paper is considering possibilities of application of some useful plant species as innovative
approach in bioengineering protection of soil and groundwater. The analysis included melliferous, aromatic and
medicinal plants that provide effective erosion control and high level crops in agricultural production, i.e.
beekeeping. This kind of slope stabilization also bears importance for landscape planning providing new image of
degraded areas, revitalization of degraded and eroded mountain areas and revival of their local communities and
traditions. Since inappropriate harvest of these plants and intensive farming are endangering land conservation,
paper examines new possibilities for embankments and slope designs and conservation and protection of existing
natural areas. Species most suitable for application were reviewed on their biological and aesthetic characteristics
such as depth and root development, growth rate, sprouting capacity, canopy width and power of water retention,
visual characteristics of plants, color and appearance of leaves, flowers and fruits and average yields in production
of honey.

Key words: bioengineering, erosion control, land conservation, useful plant species

INTRODUCTION

Bioengineering measures for erosion control include various methods for slope
stabilization using different forms of vegetation, taking into account both the cost-effectiveness
and visual appearance. Selection of species is based on their biological and aesthetic features
such as root depth and development, growth rate, sprouting capacity, crown width, power of
water retention, and the plant visual characteristics, leaf, flower and fruit colour and shape. The
most suitable species are fast-growing plants with strong roots spreading over large areas. Grass
species are very tolerant to habitat conditions providing low-cost solutions, as dense grass cover
develops in a very short time period (Mati¢, 1994). Their disadvantage is shallow roots and
regular maintenance requirements. Herbaceous plants, especially the legumes valuable for
nitrification, with deeper rooting and ornamental value, are expensive and their success is not
always guaranteed. On the other hand, shrubs present a very powerful and relatively inexpensive
ground cover with low maintenance requirements. Spartium junceum L. (Spanish broom)
colonizes even the peaks and cliffs, stabilizing the area up to 45° in the soil layer thickness of 0,6
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meters (Tosi, 2007). In addition, many of them are propagated by seed, and evergreen species
provide effective protection throughout the year. However, the disadvantage of this method is the
fact that shrub establishment often requires substantial financial resources. Tree planting
provides the most effective protection as trees have the deepest root system, and once established
tree plantations rarely require further investments. Thanks to their excellent power of vegetative
propagation, willows and poplars are most widely used in bioengineering. Their plantations are
established in a short time period, using one of many methods of propagation by cuttings. At
higher altitudes, willows (Salix amygdalina L., Salix purpurea L., Salix alba L., Salix caprea L.)
are used for wattles - a bioengineering technique usually applied in autumn or spring (Mati¢,
1994).

One of the new bioengineering methods for erosion control is the use of aromatic and
medicinal plant species with strong roots. Since ancient times, aromatic and medicinal plants
have had wide applications in medicine and pharmacy, but beekeepers during spring also use
these plants for honey (with different aromas and tastes), pollen and bee-glue (Weiss, 1997). A
great production of aromatic and medicinal plants comes from wild plants, while more
marketable species (mint, lemon balm, lavender, chamomile, etc.) are cultivated with
conventional or ecological production systems (Rodriguez, 2006). Their application in terrain
stabilization is important both from erosion control aspects and in terms of landscape planning,
as they improve the visual appearance of the degraded areas and the landscape in general. For
example, flower hedges spreading throughout England are mostly constructed as low earth
embankments with trees and shrubs growing on their peaks (Gray, 1996). Ornamental species of
aromatic and medicinal plants characterised by rapid expansion, by their various textures, shapes
and colours of leaves, flowers and fruits, play a significant role in landscape planning. Urban
landscape, as well as rural countryside, can be created with the purpose of production, growth
and introduction of endemic and endangered species of aromatic and medicinal plants (Arslan,
2010).

In addition to these beneficial effects of bioengineering, equally important is the cost-
effective use of aromatic and medicinal melliferous erosion-control plants in terms of
revitalization of degraded and devastated mountain areas through organic farming. The downside
of their implementation is, however, the delayed plantation establishment due to slower growth
and financial requirements much higher than for grassing (Coppin, 1994). The study in the
south-eastern Spain during 2006 monitored the run-off and the soil erosion by using various
aromatic plant covers with the aim to determine the changes in the degree of runoff and soil
erosion according to the plant cover used (Rodriguez, 2006). The final results showed that the
lowest-growing plant covers (Thymus serpylloides and Salvia lavandulifolia Vahl.) discouraged
the soil erosion and runoff more effectively than did the taller and open medium-sized shrubs
(Santolina rosmarinifolia L., Genista umbellate Poiret , Thymus baeticus Boiss and Lavandula
stoechas L.). This review paper gives brief summary on some of the most important melliferous
types of aromatic and medicinal plants with an enviable potential in agriculture and land
conservation — black locust (Robinia pseudoacacia L.), lavender (Lavandula angustifolia L.),
sage (Salvia officinalis L.), creeping thyme (Thymus serpyllum L.) and summer savoury
(Satureja subspicata L.). Data known from literature and empirical observations are reviewed
comparatively in tabular form.

SPECIES TO CONSIDER FOR APPLICATION: MAIN CHARACTERISTICS
Due to various negative influences and impacts of living in modern society, there is an
increasing trend of using the substances and products of natural origin, particularly in nutrition

and medicine. Hilly and mountain areas in Serbia mainly occupy excellent sites beyond the reach
of any pollution sources, distant from densely populated zones and characterized by extensive
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agricultural production. Bearing in mind these conditions, erosion control with aromatic and
medicinal, melliferous plants may represent a valuable opportunity for development of small
family farms and thus the revival and preservation of local communities and traditions. The two
species important to consider for erosion control regarding soil binding and honey production are
Robinia pseudoacacia L. and Lavandula angustifolia L.

Robinia pseudoacacia L. has been used against erosion, for afforestation of sandy
terrains, bare areas and for slope stabilization from the early 17" century, when the species was
introduced to Europe. It grows as a deciduous tree with airy crown, intensely scented white
flowers, and the root reaching the depth of 20 meters in the soil (Jovanovi¢, 2007).

Black locust is widely used in many varieties with different forms of habitus and has
great power of vegetative reproduction. As it is tolerant to various environmental conditions, it
grows on various soil types with modest maintenance requirements. Flowering lasts from May
until the end of June, although the beginning of blooming season may be significantly
conditioned by the altitude and insolation conditions. As a result, bees can have up to three
pastures per season, which contributes to the quantity of honey. Interestingly, solitary trees and
older trees show a much higher productivity than younger trees, or those growing in the forest
(Umelji¢, 2002). Also, productivity decreases with the altitude, but average yield is still very
high and many beekeepers classify black-locust honey among the best of honeys.

Lavandula angustifolia L. is a perennial plant shrub growing wild in the arid conditions
of the Mediterranean region. Plants develop a strong root system with numerous roots, reaching
the depth of seven meters in the ground (Table 1). Lavender plants will tolerate many growing
conditions, they are resistant both to low temperatures and drought which allows successful
implementation in soil protection. Lavenders flourish best in full sun, in dry soils, they cannot
grow only in waterlogged and acid soils. The highest quality lavender grows in France at the
altitude of about 1600 meters, and although some growers believe that the optimum altitude is
700 - 1200 meters, the species is successfully cultivated at the elevation of 150 - 300 meters with
satisfactory production results (Stepanovi¢, 2011). Lavender has a long tradition in
pharmaceutical industry and traditional medicine, but it is also highly valued as melliferous plant
providing high-quality honey with annual average yield reaching 500 kg P ha™.

Salvia officinalis L. is a Mediterranean perennial species distributed in coastal karst areas
and in the continental limestone areas. Plants grow successfully even on bare rocks and thus are
invaluable in the combat against karst erosion - in such areas they dominate the landscape with
the scent and hue of dark silvery leaves and bluish flowers. In Serbia, sage is the most
widespread in the area of the gorges Si¢evacka and Nisevacka, though it should be noted that
plants growing around the city of Ni§ have very similar composition of essential oils as plants
growing within the species natural range in the Mediterranean (Janci¢, 1995). Whole plants have
pleasant scent reminiscent of balm, they bloom gradually from lower to higher altitudes during
May and June. Sage flowers are a rich source of nectar and the average daily yield ranges up to
70 kg of honey per hive, or annually up to 600 kg P ha™. Sage is one of the most important
medicinal plants - Romans called it "the holly plant’’. However, it is the importance and
popularity as a medicinal plant that threatens the beekeeping today. Therefore, its collection and
harvesting has to be limited to the areas that are not used as bee pastures. This request could
easily be satisfied with the sage application in bioengineering, especially as the species is
characterized by generative reproduction with good seed germination.

Thymus serpyllum L. is a perennial subshrub species growing in the spontaneous flora of
Spain, Portugal, Greece and France. It is one of the best known medicinal plants dating back to
ancient Egyptian times. It is an ornamental plant of white to pink flowers, characterized by a
strong branched root system with several roots that, penetrating the soil up to 0.5 meters in
depth, use the maximum of available water and nutrients. Thanks to this feature, creeping thyme
grows in poor soils, on the sunny side of mountain meadows, up to 1700 meters. In Serbia,
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creeping thyme is widespread in the sandy areas of northern Serbia, especially in the mountain
region Fruska Gora (Janci¢, 1995). It tolerates drought and provides abundant amounts of nectar
even in the hottest days when other vegetation is scorched. It blooms from May to September
and produces one of the best types of honey, providing up to 180 kg P ha™ annually.

Satureja subspicata L. is a perennial subshrub with long roots and white flowers. It
grows only on rocky terrains, at the altitudes to 1200 meters above sea level, and as an authentic
Mediterranean species it inhabits the crevices of bare rocks, without any soil. In Serbia, the only
known site where summer savoury grows naturally is the valley of the river Beli Rzav (Janci¢,
1995). It provides a high quality honey and blooms from August to October with the bee pasture
lasting for only 30 days. Although the average honey yield is significantly decided by weather
conditions, particularly rainfall, the secretion of nectar is best recorded between 12 and 16 h, i.e.,
in the afternoon under optimal conditions (Umelji¢, 2002.). Satureja montana L. has red to pink
flowers and grows at somewhat lower altitudes, up to 400 m, but is equally effective both in
binding soil and in honey production.

Brief summary of the previous review points out that black locust, which is highly
productive in beekeeping, is recommended for wattling at the sites where no other kind of
vegetation can be used. Lavender, which is reproduced mostly by cuttings, should be
successfully applied with gabions to protect the roads from landslides and at other sunny
locations vulnerable to erosion. Creeping thyme is reproduced by seeds and rooted cuttings and
therefore it is recommended for grassing the earth embankments and endangered slopes. Sage
and summer savoury may be applied in several forms, though sage particularly in karts erosion
control.

CONCLUSIONS

Regardless of the application method, this review is indicating that positive effects of
these species implementation in bioengineering are multiple. An understanding of the
effectiveness of vegetation in protecting the soil surface against erosion is not only scientific and
environmental interest, but can be of great practical value in land management and agriculture in
semi-arid environments (Rodriguez, 2006). They are primarily valuable to the threatened bee
population since a trend of bee extinction has been noticed worldwide over the last decade. The
scientists are worried because bees have an important role in the production of about one third of
the total food man uses daily. It is reported that, over the last four years, bees have been
inexplicably leaving the hives and mysteriously dying due to several causes, i.e. a combination
of causes such as parasites, viruses, poor nutrition, and especially pesticides. The results were
particularly negative during the cold long winter 2009/2010 in the United States, when the
studies showed that the hives contained also a high percentage of pesticides. There are no
conclusive studies to indicate the specific chemicals, and a special committee formed within the
EU has not yet reported its findings. However, it is considered that strong pesticide actions
infringed the bee immune system and consequently increased their high vulnerability to viruses.

From the aesthetic aspect, the use of aromatic and medicinal plants for honey production
and bioengineering will contribute to a significantly different image of once degraded areas,
which would indirectly contribute to a new perception of the landscape. In economic terms, this
would make possible the production of low-cost and good quality raw materials for
pharmaceutical, cosmetic and food industries. The inappropriate harvest of aromatic plants and
the intensity farming systems of mountain areas endanger land conservation, and there is an
urgent need to implement appropriate land management which has a large-scale perspective but
acts at the local level (Duran Zuazo, 2008). Eventually, the afforestation of streams, abandoned
and degraded sites and steep slopes, will ensure indirectly the protection of endangered
medicinal and aromatic plant species in nature. Their use in erosion control and land stabilisation
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is a potential for rural area development in terms of organic farming, beekeeping, and
particularly large-scale production of aromatic and medicinal plants since lavender, creeping
thyme and sage are considered as the most important medicinal plants widely used in traditional
medicine. This would in turn lead to the revival and development of small family farms and
abandoned properties, thus contributing to the sustainable use of natural resources.
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Table. Bio-ecological and aesthetic characteristics with yields in beekeeping

Height Crown Root Flower Blooming Average annual
Species (mg) width depth colour period yield of honey
(m) (m) (months) (kg P ha™)

Robinia pseudoacacia L. 35 5-7 ~20 white V-VI ~1000
Lavandula angustifolia L. 0.7 0.7 ~3 blue VIl - VI ~500
Salvia officinalis L. 0.8 0.7 ~0.8 blue V-VII ~600
Thymus serpyllum L. 0.5 0.5 ~0.5 white/pink V-1IX ~180
Satureja subspicata L. 0.4 0.5 ~0.5 white VI - X ~100
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Abstract: We present up-to-now knowledge about the response of radial growth of spruce, beech and fir
trees in homogeneous and species-mixed forests on climate variation in West Carpathians, of which the majority
part is within the Slovakia territory. We use the results from different studies that had been conducted recently as
well as first results of ongoing project focused especially on mixed forest stands created by species of so called
“Carpathian mixture”. The first material come from the central part of Slovakia and was acquisited in 2004-2006.
The material consists of 455 dominant and co-dominant trees of spruce and beech from 18 homogeneous and even-
aged forest stands. Second material has being conducted during the ongoing project. Here, the main attention is
paid to the mixed, uneven-aged stands constituted by spruce, fir and beech trees. The inter- and intra-species
variation in the response of radial growth on climatic variation is analyzed. The use of standard
dendrochronological methods for study of the response of the species on climate variation is analyzed here, and
several suggestions are presented.

Keywords: climate change, dendrochronology, spruce, fir, beech

1. INTRODUCTION

In Slovakia, dendrochronological and dendroecological methods have been used since
80" and 90" years of 20™ century, when air pollution and its influence on tree growth and
decline had been arising (Priesol 1989, Scheer 1990, Petras at al. 1993, Dursky 1994, Dursky
and Smelko 1994, Dursky 1995). The 1970s and 1980s in Slovakia were associated with high
sulphur emissions. Heavy metals emissions (lead, cadmium) increased in some regions. Average
concentrations of tropospheric ozone grew. Acidification and atmospheric pollution caused
various environmental problems. The Forest Research Institute in Zvolen initiated a wider
program which was aimed at the research on changes in production of tree species damaged by
air pollution. The program was started in 1989. The results showed the significant effect of
defoliation on tree growth causing loss in all the increments. In a quantitative explanation it
means, that the defoliation of 20% caused 16% loss in volume increment, while the defoliation
of 80% led to volume increment loss by 95% (Petras et al. 1993). Dendrochronological research
in Slovakia had been followed by studies focused on diameter and height increment of pine trees
(Pinus sylvestris) damaged by defoliation (Petras et al. 2000) and influence of climatic factors on
radial increment of spruce trees and stands (Petras et al. 2007) and influence of climate change

National Forest Centre — Forest Research Institute Zvolen,
Ipetras@nlcsk.org

2 hosela@nlcsk.org

®* mecko@nlcsk.org

4 seben@nlcsk.org

311


mailto:1petras@nlcsk.org
mailto:bosela@nlcsk.org
mailto:mecko@nlcsk.org
mailto:seben@nlcsk.org

on Norway spruce growth in Slovak mountain forests (Dursky et al. 2006). Most recent study
using dendrochronological methods was focused on the effect of climatic factors on the
dynamics of radial increment of Norway spruce, European beech and sessile oak (Petra$ and
Mecko, 2011).

2. NOWADAYS DENDROCHRONOLOGICAL RESEARCH IN SLOVAKIA

In 2011, we started the project entitled “The research of the growth and production
pattern of mixed spruce-fir-beech forest stands in the West Carpathians” granted by Slovak
Research and Development Agency. The aim of the project is to acquire the original knowledge
about the whole-life dynamics of the growth of stands consisting of trees in mixed forest of
Western Carpathians. The aim will be fulfilled through the partial aims such as the investigation
of the influence of growth factors on radial increment of mentioned species in mixed forest, and
the investigation of the influence of main growth factors (site, growth space, tree species
composition, clime) on dynamics of growth and production of forest stands. The first aim is to
obtain experimental material and quantify the influence of environmental factors on radial
increment of trees in mixed forest stands. Experimental material will be collected on long-term
permanent research plots. Core samples were taken from the all trees inside (except for thinnest)
the plot and the position of the trees was fixed as well. Employing up-to-date
dendrochronological methods the influence of site, climatic, tree, stand and space parameters on
whole-life dynamics of growth of the trees and forest stands will be discovered. The most
important factors will be selected and models of diameter growth and increment of trees in
mixed forest stands will be derived. The second aim is to repeatedly measure approximately 30
research plots located in mixed forest stands consisting of spruce, fir and beech. The
investigation will focus on the influence of site and climatic factors on the dynamics of growth
and production of species-mixed forest stands. Finally, the models and causalities of long-time
development of growth and production for mixed stands will be derived. Comparison of the
results of the project to up-to-know knowledge about growth and production of unmixed forest
stands will be performed. The aims are of unique in the investigation of joint and long-term
affect of site, climatic and management factors to the radial increment, growth and production of
trees in species-mixed stands.

2.1. Experimental Material

Seven permanent research plots with different composition of spruce, fir and beech in
different growth regions of Slovakia were selected for the project (Figure 1). The research plots
were established in the years 1966-1969 and since then they have been repeatedly measured a
few times for the development of the yield tables for main tree species (Halaj et al. 1987, Halaj,
Petra§ 1998). Particularly, the growth region belonging to the west rim of Slovenske Rudohorie
Mountain (adjacent to Pol'ana mountain massif) and Spi§ region located in eastern part of
Slovakia were selected. Plots established in Pol'ana mountain massif are placed on mesotrophic
sites (Abieto-Fagetum inf.). Bedrock consists of gneiss, granite, granodiorite. Altitude ranges
from 750 to 900 meters above sea level. Second group of plots belonging to Spi§ region is
located in eastern part of Slovenské rudohorie with altitude range of 700 — 925 meters above sea
level. Sites are of mesotrophic character (Abieto-Fagetum inf.) and bedrock is created of fylits.
All of trees growing on the plots were permanently marked and repeatedly measured in the
interval of 5-10 years. The stand age at the establishment of the plots ranged from 69 up to 159
years and from 110 to 202 at the last measurement. Site index of silver fir is from 28 to 36
meters, European beech has site index from 20 to 34 meters, and spruce from 26 up to 40 meters.
In each plot almost every tree, except for thinnest ones, were bored with Pressler’s increment
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borer from the up-slope side (in 45° angle to up-slope line). In Total, 64 core samples of silver
fir, 18 of beech, 94 of spruce, 22 of mountain ash, and 1 of maple were taken and measured for
tree-ring-width in our laboratory.
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Figure 1. Location of permanent research plots used for dendrochronological study
2.2. Cross-dating and detrending of the tree-ring-widths

The core samples were dried and placed into the wooden slats and sounded by vibration
sander. The ring widths were measured in the laboratory using the digital positiometer at the
precision of 0.01 mm. Next steps were performed in the R environment (R Development Core
Team 2011). First of all core samples were cross-dated using the R package called “dpIR” (Bunn
2008, 2010). Employing the function “ccf.series.rwl” we can have a look at the correlation
between individual tree-ring-widths and master chronology according to the user-defined
segments (Figure 2 on the left).
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Figure 2. Left - Plot of correlation between individual RWI and master chronology in user-
defined segments; Right - Skeleton plot for comparison pointer years between individual tree-
ring-width index and master chronology

Using the function “skel.plot”, it was possible to create a skeleton plot by calculating

departures from high frequency growth for each year by comparing that year to the surrounding
three years (Figure 2 on the right). These departures are assigned a relative scale of 1-10. A
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Hanning filter is used to remove low-frequency variation. For studying the impact of various
factors on tree-ring-width the ring-width indices are usually used in dendrochronological
research. However, it is somewhat difficult and a kind of iterative work to obtain relevant indices
for different aims and studies. Thus, one need to try several functions from the kind of both
empirical and stochastic nature. In this sense one can use for instance exponential-based growth
functions (e.g. Huggershoff, Negative exponential, etc.), spline (e.g. Cubic spline), or ARMA
(autoregressive moving average — mathematical model of the persistence or autocorrelation in a
time series). We started by the cubic spline using different setting regarding the number of knots
(number of segments, or length of segments for fitting the polynomial function) and smoothing
parameter to define a degree of smoothness (Figure 3).
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Figure 3. Cubic spline with different setting: left (segment length = 80 yrs, smoothing parameter
= 0.4); right (segment length = 10 yrs, smoothing parameter = 0.9)

2.3. First results
First analysis of climatic data

First analysis was oriented on climate dynamics over the last few decades. We used
climate stations which are closest to the research plots. For precipitation analysis we selected
three nearest stations to calculate an average precipitation characteristics, while for temperature
only the nearest station located at the very similar altitude was considered, since the temperature
highly correlates with the altitude. In the following text we present only the results of
temperature analysis for April, since this month is considered as the beginning of the growing
season. Time series of temperature were split into segments taking into account the reference
climate reported to be up to 1980 (Hlasny 2007). We fitted the linear regression to the segments
analyze the increase or decrease in temperature in the localities. One can see (Figure 4 and 5) a
significant increase in the average temperature in both localities since 1980, while the minimum
temperature increases only slightly without significance (except for June minimum temperature
since 1980).
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Figure 4. Average temperature in the locality of Spis since 1960
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Figure 5. Average temperature in the localizy of Polana since 1960

There are many methodological possibilities how to deal with tree-ring-width data in
connection to climate dynamic. One can perform analysis at tree, stand, or site level. At tree
level each tree is analyzed separately. The tree level seems to be relevant in the case the trees
were selected from fully covered forest stand, where other factors might have significant impact
on the increment such as competition. At stand or site level, a master chronology is built and
then regressed over the climate or other factors. However, in this method, it is very important to
build a reliable master chronology using appropriate methods. In our case, we first started with a
site level and built a master chronology for silver fir separately for two localities (sites) (Figure
6).
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Figure 6. Mean chronology of silver fir ring-width indices in locality of a) Polana and b) Spis
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Next, we used the master chronologies to be regressed over the particular climate
variables using the stepwise regression analysis (both directions). As seen from the preliminary
results (table 1), the most important months or periods within a year in the locality of Pol’ana was
average temperature in January, February, July as well as the temperature in June and October of
previous year. Moreover, the sum of temperature from April to September for previous year was
shown to have an impact. In the Spi§ locality, the climatic variables with highest impact were
little bit similar to the Polana, but with some differences (the precipitation and temperature of
previous year is more frequented).

Table 1. Result of the multiple stepwise regression, where the dependent variable was mean
chronology of silver fir from locality of Polana

Effect Estimate  Std. Error  tvalue Pr(>|t))

(Intercept) -0.11882  0.411134 -0.289  0.77411
T_jan 0.016623  0.010027 1.658  0.10536
P_jul 0.001027 0.00044 2.334  0.02486
P_jun 0.001468  0.000624 2.354  0.02368
T_feb 0.022106  0.009721 2.274  0.02855
T jul 0.048066  0.017277 2.782  0.00828
P_dec_prev -0.0018  0.000636 -2.837  0.00719
T_jun_prev 0.067627  0.021286 3.177  0.00291
T_sumAPR_SEP_prev -0.0133  0.005516 -2.411 0.0207
T_okt_prev 0.034177  0.015966 2.141  0.03862

Residual standard error: 0.1507 on 39 degrees of freedom
Multiple R-squared: 0.573,  Adjusted R-squared: 0.4745
F-statistic: 5.815 on 9 and 39 DF, p-value: 4.14e-05
Note: T — temperatute; P — precipitation; P_dec_prev — precipitation sum during december of last year

Table 2 Result of the multiple stepwise regression, where the dependent variable was mean
chronology of silver fir from locality of Spis
Estimate  Std. Error  tvalue Pr(>|t))

(Intercept) -0.41869  0.285848 -1.465  0.151443
P_jul 0.001016  0.000396 2.565 0.014524
T_mar_prev -0.01837  0.008607 -2.134  0.039509
P_jul_prev 0.000565  0.000417 1.354  0.183941
T _jan 0.025804  0.007111 3.629  0.000855
P_okt_prev -0.00089  0.000315 -2.838  0.007318
P_jun 0.000787  0.000433 1.82 0.076933
T_dec_prev -0.02247  0.009595 -2.341  0.024713
T_apr 0.026299  0.012743 2.064 0.046101
T_jun_prev 0.040647 0.01335 3.045 0.004275
P_aug 0.00082  0.000441 1.86 0.070833
T jul 0.020347  0.012464 1.632 0.111066

Residual standard error: 0.1078 on 37 degrees of freedom

Multiple R-squared: 0.7158, Adjusted R-squared: 0.6313

F-statistic: 8.471 on 11 and 37 DF, p-value: 3.395e-07
Note: the same as in the table 1

These results are only preliminary ones and we intend to analyze it deeper with inclusion
of competition as one of the explaining factors. Since all the plots have been repeatedly
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measured since 1950s and 1960s, it would be possible to use some more time series analysis
employing competition indices as well. We expect to build a growth model that would reflect the
majority of growth-influencing factors. We also intend to answer the question on what is impact
of climate change on tree or stand growth of silver fir, Norway spruce, and European beech in
different mixtures.

3. CONCLUSION

Species-mixed uneven-aged forest stands have been increasing during the last decades
due to the policy that have governed the management in the forests leading to its sustainability.
In the West Carpathians, such forest stands will probably dominate in the near future, thus
forcing the forest management to improve its knowledge by broadening to mentioned forest
stands. Within this project we expect to bring novel information on how trees in mixed forests
response to major environmental factors.
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Abstract: Climate chancing by this way risk of drought and desertification danger is the most global
problem in present. Also, Turkey is situated in the most risky countries related to this problem with its geographical
location, climate, topography and soil characteristics. Approximately, 51 million hectares areas have (65 % of total
area in Turkey) arid and semi arid features. 54 % of forest stands, 59 % of agricultural areas and 64 % of pastures
are exposed medium strong and strong erosion problem. A total of 21.189.000 million hectares are forests and this
come across 27,7 % of total terrestrial area of country. A half of these grounds are unproductive. It is expected that
negative effects of climate changing will increase on forests and forest products in the big part of earth. Reflects of
forests ecosystems against to this changing are differed between systems. Managing forests like plantation forests
are face to face with human activities as breeding, thinning and other applications. This kind of managing activities
can reduce the effects of changing on climate.

Flora composition varies belonging to altitude differences, existing of different climate types.
Approximately 12000 plant taxa are growing up in Europe and 9000 of them are present in Turkey. Also, 3000 taxa
are endemic plant. These endemic species can be damaged by exposing to negative effects of climate changing. Also,
biological diversity, fresh water resources and wild life habitats will be affected by this problem. In addition to this,
by global warming, damages of pest insects and other forest pests will be increased and unexpected problems can
be occurred in controlling of them. Mediterranean Basin of Turkey is under risk for forest fires. Also, increasing of
burned areas by forest fires will be inevitable by global climate chancing. Approximately 7,5 million forest villagers
who live in rural areas will be directly effected by changing in forest ecosystems of Turkey.

The most significant way of preventing or delaying to global warming is increasing to amount of absorbed
CO, from atmosphere. Forests are considered as the most effective tool owing to consume much more CO, than
other ecosystems and keep attributed carbon very long period.

Key words: Global warming, Climate change, forest ecosystems, the Turkish forests

INTRODUCTION

Climate is the overall average values of atmospheric event occurring over a long period
in a particular geographic region. However, climate consist not only conditions close to average,
but also extreme values and statistical variations. In general approach, climate change is defined
as changes in climatic conditions has that large scale and important local effects and are long
term and slow growing changes (Turkes, 2002).

Global climate change is defined as all the changes in climate by human activities that
effect nature structure of atmosphere during comparable time period (Anonymous, 2010).
Greenhouse gases cumulate and effect chemical properties of atmosphere as results of fossil fuel
burning, changes in land use, forest damages since 1850’s when industrialization started. This
also causes climate change in global scale owing to greenhouse effect in long time period. CO,
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exhausting is the most important subject about damages of human activities on climate.
Greenhouse gases which cause global warming are arising from use of fossil fuels, industry,
transportation, changes in land use, waste management and agricultural activities (Turkes, 2003).
These also cause increasing greenhouse gases in atmosphere and by this rapid increase changes
occur in surface temperature and precipitation.

Forests provide livable environment for more than half of species that live on continents.
Therefore, forests stock great amount of carbon in vegetation and soil. By this way, carbon
balance is regulated and global warming reduces. Forests supply water for agricultural and
industrial production by local and regional precipitation. Therefore, forests are vital resources for
billions of human for food, medicine, and fresh water, recreational and aesthetic benefits.

Carbon storage has a global importance. Plants and soil in forests keep CO; by
photosynthesis and release by respiratory. By this way, they can manage and arrange global
carbon balance (Anonymous, 2012a). Three sides of Turkey are surrounded by sea also it has
rough topography and orographic characteristics. Therefore, different regions would be effected
different way and scale.

In this study, global warming and climate change are emphasized. Also, situation of
forests in Turkey and World will be referred and effects of climate change on forests and
importance of forests for control of climate change.

GLOBAL WARMING AND CLIMATE CHANGE

Global warming expresses, increase of global average surface temperature depending on
greenhouse gas emission increase. Greenhouse gases which cause global warming are basically
arising from fossil fuel usage, industry, transportation, land use changes, waste management and
agricultural activities.

The most important reason of global warming is rapidly increasing of gases like CO,,
CH,4 and NO, that cause greenhouse effect. According to global calculations, global carbon
balance cannot be provided because of exhausting of greenhouse gases. In addition to carbon
cycle, 1.6 MMt (million meter ton) by deforestation and 6.3 MMt fossil fuel usage totally 7.9
MMt carbon (C) is exhausted to atmosphere (IPCC, 2007).

Two main components of global carbon cycle continental ecosystems and oceans keep
4.6 MMIC of total carbon. It can be seen easily that 3.3 MMTtC is exist in atmosphere by human
activities. The focal point of preventing to global changing is removing remain 3.3 MMtC
(Anonymous, 2005).
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Figure 1. Variations of anomalies on global annual average surface temperature in 1860-2004
periods (Baycelebi, 2011)
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Belonging to increasing in global temperatures; drought, desertification, melting of
continent and sea glaciers can cause serious changes which can affect social-economical sectors,
ecological systems and human life like changing of climate belts, epidemic diseases and pest
outbreaks.

According to IPCC (International Climate Changing Panel) 2007 Report, global warming
is exactly real and the most reason of this is human. Earth weather warmed 0.74 °C in recent 100
year, also it is expected that it will increase 0.2 °C in next decade. The average of global
temperature rise of 3 °C in this century. According to IPCC report, the Mediterranean Basin will
be in among the most effected regions.

As a Mediterranean country, Turkey will be under impacts of global warming like
weakening of the water resources, forest fires, erosion, and changes in agricultural productivity,
drought and ecological damages, deaths belonging heat wave. Therefore, Turkey is among the
risky countries in point of potential impacts of global warming (Baycelebi, 2011).

GENERAL EFFECTS OF CLIMATE CHANGE

Temperature increases may cause a global scale effects on ecosystems and human life.
Ecosystems have big importance for sustainability of human life and continuity of natural life
cycle. The relationship between economic processes of natural ecosystems like agriculture,
forestry and fishery are vital for human.

Minimal increases in global average temperature can cause climate changing in regional
climate. This changes effect capacities of plant breeding and self-renewal. There are a lot of
numbers about global warming increasing. In different references, 3-5 °C increases is expected.
Slipping will occur by 1-3.5 °C increasing in global average temperatures. Warming on
mountainous areas effect ecosystems in these areas also changing conditions in precipitation will
effect hydrological cycle.

Likewise, ice melting, changes in snow border and on semi-frozen soils can effect
hydrological process, other ecosystems and human systems. Also, plant life which is directly
belonging with water will be affected. It is expected increases in natural disaster such as flood.
Sea level will get higher belonging to global warming and ice melting cause losses in coastal
areas which are used as agriculture and tourism today.

Physical and biological changes such as increase in salinity in estuaries, changes in tidal
regularity, delta formation process will inevitable. These structural changes will cause
degradation changes in coastal ecosystems where are under threaten high population and
environmental pollution.

Climate changes will affect human healthy belonging to damages on natural ecosystem
and human systems. These effects can cause negative impacts like death and also increases in
epidemic diseases can be occur. Besides these impacts, physiological trauma can occur by
natural disasters like tropical tornados, floods.

As a subtropical country Turkey will be affected much more. These negative effects can
be observed as storms, floods, heat and cold weather waves and extreme weather conditions.
Effects of climate changes belonging to global warming will be observed in regional scale.
Regional conditions are very important. Especially, geographical factors like altitude; aspect etc.
will determine intensity and spreads.

Accordingly, as a result of climate changes, effects and densities of natural disasters will
increase belonging to tropical cyclones and bad weather conditions in some part of World in
coming years while in other regions there may be an effective long-term droughts and
desertification process.
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Turkey is also affected by the alteration due to the general atmospheric circulation, as
well as ecologically sensitive, such as Mediterranean climate with a character in the process of
climate change under the influence of climatic conditions, is expected to be affected negatively.

The results of precipitation and temperature trend show that rainfall decrease in Aegean
and Mediterranean costs of Turkey, contrary to expectations any changes have not observed in
Central Anatolia. This result arises from instability of annual total precipitation and false land
and water usage. It is observed that temperatures are increasing in winter in Eastern Anatolia and
in summer in western regions. Among effects which are caused by global warming, drought
risks, degradation ecosystem changes and problems in human activities will take effect to most
of parts in Turkey.

Effects on ecosystems also are estimated on sectorial scale. Tourism and agriculture are
most risky sectors. Besides these, a lot of business sectors like industry and transport will be
affected. The effects of climate changes concerning Turkey, can change human life and
economic structure. Environment problems should be controlled and approaches about
adaptation to future climate process should put forwarded (TURCEK, 2012).

EFFECTS OF CLIMATE CHANGE ON FORESTS

The negative impacts of climate change on forests in many parts of the earth are expected
to increase even more. Paleoclimate and paleobotany studies cited that forests adapted to
temperature increasing in 2-3°C level.

The most important potential climate change impacts on forests and forestry sector can be
summarized as follows:

1. It is expected that tree species will move to the North and mountainous areas as response to
temperature increasing.

2. Higher temperatures will lead to more frequent and severe forest fires

3. Forest productivity will change.

4. According to several scientific studies estimated that CO, fertilization can forced forest
growing. By this way, forest areas range and productivity can be rise. If this fertilization
doesn’t occur, forest growing will be weakened (Anonymous, 2007).

It is estimated that world forests storage 289 gigaton (Gt) in own biomass. Forest
management, plantation and improvement keep and rise carbon storage. Whereas deforestation,
damages in forests and inadequate forest management reduce carbon storage. Carbon storage in
forest biomass all around the world reduced as 0.5 Gt between 2005-2010 periods (Anonymous,
2012c).

The effects of climate change on forests are classified in different references. Steven et
al. (2001), cited these effects in four main title; forest production, biodiversity change, damages
such as fire, insects and social-economical changes.

Mediterranean ecosystems are among the ecosystems which are expected to negative
affected from global climate change (Sala et. al, 2000). The main changes are increasing in
deforestation (Talkkari and Hypen, 1996; Iverson et al.., 1999; Iverson and Prasad, 2002).
Important social-economical changes are expected relating to deforestation and the other effects
of climate changes.

The effects of climate changes are summarized as in following;

- Flora composition varies belonging to altitude differences, existing of different climate types.
Approximately 12000 plant taxa are growing up in Europe and 9000 of them are present in
Turkey. Also, 3000 taxa are endemic plant. These endemic species can be damaged by
exposing to negative effects of climate changing. Also, biological diversity, fresh water
resources and wild life habitats will be affected by this problem.
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- Turkey is face to face with desertification risk by relating climate, topography, geology,
hydrology, vegetation, rangelands and forest stand characters. Moderate, severe and very
severe erosion are seen in approximately 80 % of land in Turkey. Climate change will cause
changes on ecosystem structure and function of evaluation reports provided by the IPCC.
Turkey, both linked to the Mediterranean climate zone climate characteristics, but also
because of the high and rugged landforms, is very sensitive to deforestation.

- The effects of insects and other pests will increase and some problems will exist about
controlling of these pests. Besides that, forest stands become weaken by abiotic effects like
storm, snow, avalanche etc. these negative factors can effect biological diversity, gen
reserves and carbon keep capacities.

- 12 million hectares forest areas which consist 60% of total forest stands are exist in the
Mediterranean basin where forests are very sensitive for forest fires. Densities, period and
range of forest fires can expand belonging to length of warm and drought period. Therefore,
management of forest fires will become more important in the Mediterranean and Aegean
regions of Turkey.

- Turkish forests are affected by social-economical pressures because of approximately 7.5
million forest villagers. Forest villagers, who gain their livelihood from forestry activities,
are thrilled negatively and this situation increase social pressure (Baycelebi, 2011).

THE IMPORTANCE OF FORESTS ON CLIMATE CHANGE

The world’s total forest area is approximately 4 billion ha, and 31% of the total land area
is covered by forests. Mean of 0.6 ha per hectares forest area are in the World. The richest five
countries (Russia, Brazil, Canada, USA and China) for forests have half the total forest area. 10
countries on the World have not any forest area and in addition to this, forest areas of 54
countries are less than 10% of total areas.

Figure 2. Rates of forest areas in total areas of countries (Baycelebi, 2011)

Each year, approximately 13 million hectares of forest land is being damaged. According
to FRA 2010 Report, first five country which showed a decrease in forest areas are Brazil,
Australia, Indonesia, Republic of Democratic Congo and Bolivia between 2005 and 2010
(Baycelebi, 2011).

Forests play key role owing to remove CO, from atmosphere and storing carbon to stems,
leaves, shoots, roots of plant. Except of sedimentary rocks, 67 % of carbon is storing in forest
ecosystems. 75 % of carbon keep by vegetation are storage in forests (Anonymous, 2012b).
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Emissions which occur by damages approximately 13 million hectares forest stands
constitute of 17% total emissions by human sources. In this case, controlling of climate change is
impossible, in this case forests are protected well and rehabilitated.

The first inventory results related forest resources in Turkey obtained in 1972. Second is
could renewed in 2004. According to inventory results of 1972, 21.188.746 hectares (ha) areas
were forests. It was determined as 21.188.746 ha in 2004. Latest results which obtained in 2009
showed that totally 21.5 million ha areas are forests and this value constitute 27.6 % of total
areas in Turkey (Baycelebi, 2011).

Forest ecosystem keeps carbon by increasing of living biomass and participation of fallen
leaves to soil carbon reservoir. Large portion of carbon goes to developing biomass when trees
are planted. By this way, during the first 30-40 years of development of the tree are large
amounts of carbon. The vast majority of carbon sequestration takes place within the first 60-100
years

A well developed, 100-year-old beech tree can absorb 40 million m® airs and also it can
bind 6 tones carbon from 1200 m* carbon dioxide.

In addition to being a collection tress, forest is an environmental system and unity of life
by soil, millions of plants, animal and microorganisms and their relationships together. The duty
of people in the world to protect the vegetation on the forest, plant trees, reduce to human
pressure on forests and reform to damaged stands (Anonymous, 2012b).

CONCLUSION

Forests play key role on reducing and controlling effects of climate changes. They are
very important resources which keep carbon on earth and greenhouse gases in atmosphere
(Magnani et al., 2007).

Forest ecosystems bind about three billion tons of carbon which emitted as a result
anthropogenic effects every year. This also constitutes 30% of CO, from fossil fuels (Canadel et
al., 2007; Canadel and Raupach, 2008).

The world forests, covering four billion hectares, tie up carbon to biomass twice as much
carbon as in atmosphere (Sabine et al., 2004; FAO, 2006).

In order to reduce carbon emissions through forestry activities, it is possible to bring the
four main proposals.

1. Afforestation works for the expansion of forest areas

2. Increase the amount of carbon binding of forests in forest and landscape scale

3. Preventing CO, emitting arising from destroying and damaging forests

4. Expanding and promoting the scope of use of forest products for preventing CO,
emitting arising from fossil fuel usage (Canadell and Rapuach, 2008).

Forests play an important role in regulating the climate in the world. But, forests are not
strong enough to absorb CO, owing to changes in gas concentration in atmosphere and climatic
deterioration. Therefore, the protection of forests in combating climate change and the
establishment of new forests, as well as adaptation measures need to be improved in many other
subjects.

As a result, the most significant way to preventing or at least delaying of global warming,
is increasing the amount of CO, absorbed from the atmosphere. Forests are considered as the
most effective tool owing to consume much more CO, than other ecosystems and keep attributed
carbon very long period.

324



REFERENCES

Anonymous, 2005. What is Global Warming? REC Bulletin of Turkey on Climate Change, October — December
2005, Ankara.

Anonymous, 2007. Climate Change and Forests. REC Bulletin of Turkey on Climate Change, January 2007,
Ankara.

Anonymous, 2012a. Global Warming. http://www.egeorman.org.tr/kureselisinma.aspx , Date of Access: 02.06.2012

Anonymous, 2012b. Global Warming and Forests. http://candandostluk.wordpress.com/2007/01/07/kuresel-isinma-
ve-ormanlar , Date of Access: 02.06.2012

Anonymous, 2012c. Climate Change and Forests.
http://web.ogm.gov.tr/diger/iklim/Sayfalar/iklimDegisikligiveOrmanlar.aspx, Date of Access: 02.06.2012

Baycelebi, S., 2011. Climate Change and Forests. General Directorate of Forestry, Climate Change and Bioenergy
Working Group, 19 p., Ankara.

Canadell, J. G., Le Quéré, C., Raupach, M. R,, Field, C. B., Buitenhuis, E. T., Ciais, P., Conway, T. J., Gillett, N. P.,
Houghton, R. A., Marland, G., 2007. Contributions to Accelerating Atmospheric CO, Growth from Economic
Activity, Carbon Intensity, and Efficiency of Natural Sinks. Proceedings of the National Academy of Sciences
104:18866-18870.

Canadell, J. G., Raupach, M. R., 2008. Managing Forests for Climate Change Mitigation. Science, 320:1456-1457.
FAOQO, 2006. Global Forest Resource Assessment. Food and Agriculture Organization of the United Nations, Rome.

IPCC, 2007. Climate Change 2007, Impacts, Adaptations and Vulnerability. Contribution of Working Group Il to
the fourth Assessment Report of the Intergovernmental Panel on Climate Change, Parry, M.L. et al., eds.,
Cambridge University Press, UK, 976 p.

Iverson, L. R., Prasad, A.M., Schwartz, M. W., 1999. Modeling Potential Future Individual Tree-Species
Distributions in The Eastern United States Under A Climate Change Scenario: A Case Study with Pinus virginiana.
Ecological Modeling, 115:77-93.

Iverson, L. R., Prasad, A. M., 2002. Potential Redistribution of Tree Species Habitat Under Five Climate Change
Scenarios in The Eastern US. Forest Ecology and Management, 155:205-222.

Magnani, F., Mencuccini, M., Borghetti, M., Berbigier, P., Berninger, F., Delzon, S., Grelle, A., Hari, P., Jarvis, P.
G., Kolari, P., 2007. The Human Footprint in The Carbon Cycle of Temperate and Boreal Forests. Nature, 447:849—
851.

Sabine, C. L., Heimann, M., Artaxo, P., Bakker, D. C. E., Chen, C. T. A., Gruber, N., Le Quéré, C., Prinn, R. G.,
Richey, J. E., 2004. Current Status and Past Trends of The Global Carbon Cycle. S. 17-44, Island Press, Washington
DC.

Sala, O. E., Chapin I, F. S., Armesto, J. J., Berlow, E., Bloomfield, J., Dirzo, R., Huber-Sanwald, E., Huenneke, L.
F., Jackson, R. B., Kinzig, A., 2000. Global Biodiversity Scenarios for the Year 2100. Science (Washington),
287:1770-1774.

Steven, G. M., John, D. A., 2001. US National Climate Change Assessment on Forest Ecosystems: An Introduction
BioScience, September 2001 / Vol. 51 No. 9, 720-722.

Talkkari, A., Hypén, H., 1996. Development and Assessment of A Gap-type Model to Predict The Effects of
Climate Change on Forests Based on Spatial Forest Data. Forest Ecology and Management, 83:217-228.

TURCEK, 2012. Climate Change, Control Methods, and Results. Turkey Agency of Environmental Protection and
Greening (TURCEK), www.turcek.org.tr, Date of Access: 25.06.2012

Turkes, M., 2002. Spatial and Temporal Variations in Precipitation and Aridity Index Series of Turkey. In: The
Mediterranean Climate- Variability and Trends, Proceedings of the RICAMARE Workshop on the Assessment,
Assimilation and Validation of Data for “Global Change” Related Research in the Mediterranean Area, (Hans-
Jurgen Bolle, ed.) Casablanca, 21-24 February 2001, Springer Verlag, Heidelberg.

Turkes, M., 2003. Sustainable Technological and Behavioral Options for Greenhouse Gas Emissions. V. National
Environmental Engineering Congress, Chamber of Environmental Engineers, Ankara.

325


http://www.egeorman.org.tr/kureselisinma.aspx
http://candandostluk.wordpress.com/2007/01/07/kuresel-isinma-ve-ormanlar
http://candandostluk.wordpress.com/2007/01/07/kuresel-isinma-ve-ormanlar
http://web.ogm.gov.tr/diger/iklim/Sayfalar/iklimDegisikligiveOrmanlar.aspx
http://www.turcek.org.tr/

326



SECTION IV

FOREST GENETICS,
NURSERY PRODUCTION
AND PLANT BREEDING

CHAIRMEN — MODERATORS:
Roman Longauer
Vera Lavadinovi¢




328



International Scientific Conference

FORESTS IN THE FUTURE — SUSTAINABLE USE, RISKS AND CHALLENGES

4-5 October 2012, Institute of Forestry, Belgrade, Republic of Serbia

USE OF INNOVATIVE PRACTICES AND NEW TECHNOLOGY IN THE
PRODUCTION OF WIDE VARIETY AND HIGH QUALITY FORESTRY SEEDLINGS
IN ORDER TO ENHANCE REGENERATION SUCCESS AND INCREASE
BIODIVERSITY

K. RADOGLOU?

Abstract: A high priority for Greek Forest nurseries is cost-effective regeneration efforts in order to
enhance forest biodiversity and sustainability. Nonetheless, overcoming transplanting stress in Mediterranean
forest ecosystems is a great challenge. Adverse growth conditions in semi-arid environments, such as intense
droughts, substantially decrease regeneration success. Nurseries aim to produce the best seedlings that have the
potential to overcome transplanting stress and successfully grow on a site. The main aim of this project is the
introduction of new technology based on pre-cultivation protocols in mini-plugs in order to serve large-scale
production of forest regeneration material for a wide range of species. Specifically, 26 species will be studied and
initially their germination and growth protocols will be determined. This will help understand the physiology of
each species, and consequently increase seedling quality and quantity through the integration of this new
technology. Both morphological (e.g. seedlings height) and physiological (e.g. root to shoot ratio) variables will
help determine the best growth conditions (e.g.. use of a specific soil substrate) for each species in order to achieve
the best seedling quality. This combined with the increased seeding production that mini-plus can achieve should
help maximize both the quantity and the quality of the seedlings. Furthermore, these seedlings will be studied under
field conditions at three highly disturbed sites that had been burned in the past. The use of this new technology will
allow a large scale production of seedlings that until now was unreachable through the use of the conventional
techniques. The new technology, in conjunction with increased number of different forestry species will result to
increased biodiversity levels that lead to more sustainable ecosystems.

Keywords: Ecosystem sustainability, regeneration, forest nurseries, containerized seedling, mini plugs

STRUCTURE OF THE “VERENIKE” PROJECT

“Verenike” is a “LIFE” project financially supported by the European Communion (EC).
The total budget reaches the 1.324.725 €, with eligible project budget of 1.306.725 E, out of
which the EC financial contribution is 653.362 € (50% of total eligible budget). The duration of
project is 40 months; it started in September 2010 and will end in December 2013. The policy
area of the project is “LIFE+ Biodiversity” that is “Demonstration and/or innovative project
contribution to the objective of the Commission Communication COM (2006) 216 final:
“Halting the loss of Biodiversity by 2010-and beyond”.

! Forest Research Institute, DEMETER, Vasilika, GR-57006 Thessaloniki, Greece

e-mail:radoglou@fri.gr

2 Present address: Professor Department of Forestry and Management of Environment and Natural Resources, University of
Thrace, Greece

e-mail: kradoglo@fmenr.duth.gr
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The beneficiaries that are associated with the project as well as the involved personnel
have been very carefully selected in order to be able to fulfil the objectives of the project and
successfully complete the related actions. Specifically, the coordinating beneficiary is the Greek
organization of the “Hellenic Agricultural Organization DEMETER/Forest Research Institute
(DEMETER/FRI)”, with coordinator Prof. K. Radoglou and with main involved researchers Mr.
George Chalivopoulos, Dr. Gavril Spyroglou and Dr. Valasia lakovoglou. In addition, the other
two Greek beneficiaries are the “Decentralized Administration of Macedonia & Trace-
Directorate for Reforestation in Central Macedonia (DAMT-DRCM), and the “Decentralized
Administration of Macedonia & Trace-Directorate for Coordination and Supervision of Forests
(DAMT-DCSFA) with main involved personnel Mrs Georgia Viglaki, Mr Fotis Kiourtsis, Mrs
Olga Maslarinou and Mr Stavros Karaisaridis. The Italian beneficiary is represented by the
private Italian nursery of Vivai Torsanlorenzo (VT) and the involved personnel are Mrs
Elisabetta Margheriti and Mrs Silvia Giannissi

SCOPE AND OBJECTIVES

A high priority of the Greek Forest nurseries is a cost-effective regeneration effort in
order to enhance regeneration success, forest biodiversity and sustainability. Nonetheless,
overcoming transplanting stress in Mediterranean forest ecosystems is a great challenge (Fancher
et al., 1989; Mendoza et al., 2009). Adverse growth conditions in semi-arid environments, such
as intense drought conditions, substantially decrease regeneration success. Nurseries aim to
produce the best seedlings that have the potential to overcome transplanting stress and
successfully grow at a site.

The project entitled “Use of innovative practices and new technology in the production of
wide variety and high quality forestry seedlings in order to enhance regeneration success and
increase biodiversity” addresses those problems and is aiming in fining possible solutions.
Further, the main objective is the enhancement the biodiversity through the introduction of “new
technology”. This new technology is initially aiming in the creation of a “prototype” unit that
would serve for the easy and fast production of vast amounts of regenerating material (Photo 1).

Specifically, this prototype has automated controlled photoperiods, temperatures and
watering system that can be altered as needed by the user. In addition, it has sixteen rows for
the placement of containers, with each row retaining seven “mini-plug” type of containers (Photo
1). Further, the use of mini-plugs enables the large-scale production of high quality and quantity
seedlings under the most cost-efficient way for a wide range of species (Photo 1). The use of the
prototype in conjunction with the high number of cells within each mini-plug allows the
production of tremendous number of seedlings (Landis, 2007). That, along with the ability to
grow seedlings during winter time and the low shipping cost, makes it one of the most promising
ways in the production of seedling for a wide number of species. Further, the biodiversity level
is enhanced by the “Verenike” project by having to examine and regenerate “fire-disturbed
areas” with 26 highly valuable species that occur at the northern parts of Greece. Detailed eco-
physiological information for each studied species is provided by Table 1.
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ENRICHED STABILIZED
PEAT MEDIUM

Photo 1. The prototype unit, the three mini-plug sizes (3-, 9-, and 18 cm®) and the two soil
substrates (enriched peat and stabilized medium).

Nonetheless, additional objectives were also aimed by this project. Specifically, seed
germination protocols are also aimed to be developed for all 26 species. This type of
information should provide a higher percent of germinated seeds despite the fact that some of the
studied species might experience intense seed dormancy levels. In addition, when regenerating
seed-derived seedlings the genetic superiority of the regenerated material is sufficiently greater
to others (such as cuttings). That, along with the increased number of regenerated species,
sufficiently favours the sustainability of the ecosystems. So far, some of the results of the
“Verenike” project have been presented at International conferences (Iakovoglou and Radoglou,
2012a; lakovoglou and Radoglou, 2012b; Radoglou and lakovoglou, 2012) and reported by the
project’s reports.
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Table 1. Eco-

physiological information for each of the 26 studied forest species.

*®) | )| *De
Common or | or | jor Hardy |Pollinated | Seed
N |Scientific name English name | Family (D) | (3) | (Me)| Type of flower Flowering | Zone by collection | Photo
September
1 |Acer pseudaplatanus L. Sycamore Aceraceae | D | T | Me | Male or Female | April to June 5 Bees  |to October
Grecian i &
Strawberry Bees. self-| September :
2 |Arbutus andrachne L. Tree Ericaceae | E T | Me | Hermaphrodite | March to April 8 fertile |to October
el
October to Bees, self- [October to
3 |Arbutus unedo L. Strawberry Tree| Ericaceae | E T | Me | Hermaphrodite December 7 fertile |December
4 |Buxus sempervirens L. Box Buxaceae | E 5 | Me | Male or Female | April to May 5 |Bees. flies | September h
October to N
5 |Celtis australis L. Nettle Tree Ulmaceae | D T | Me | Hermaphrodite April 6 Bees [November
September )"
6 |Cereis siliguastrum L. Judas Tree |[Leguminosagd D | T | Me | Hermaphrodite May 6 Bees [to October| =
February to September -
7 |Cornus mas L. Comelian Cherry| Comaceae | D | § | Me | Hermaphrodite March 3 Bees  [to October
June to
8 |Cornus sanguinea L. Dogwood | Comaceae | D | § | Me | Hermaphrodite | June to July 5 Insects Tuly *
January to Early -0
9 |Cupressus sempervirens | Italian Cypress Cupressacead E T | Me | Male or Female February 7 Wind spring _
Insects, Middle -
10|Erica arborea L. Tree heath  |Ericaceae E S | Me | Hermaphrodite May self-fertile May m
September| | "
11| Fraxinus ernus L. Manna Ash |Oleaceae D | T | De | Male or female May 6 Wind |to October| ! R
Bees, self ' .
12 | Myrtus communis L. Myrtle Myrtaceae | E 5 | Me | Hermaphrodite | July to August | § fertile. | October
September
13 |Phillyrea latifolia L. Phillyrea  [Oleaceae E T | Me | Hermaphrodite | April to May 7 to October
April to *
14 |Pinus brutia Ten. Calabrian pine |Pinaceae E T | Me | Monoecious April to May May [t
Wind. Not| April to g
15 |Pinus halepensis Mill. Aleppo Pine |Pinaceae E T | Me | Monoecious April to May §  |self-fertile | September 3
Wind. Not| 3d yearin ..
16 |Pinus nigra J.F.Arnold. | Austrian Pine |Pinaceae E T | Me | Monoecious May to June 6 |[self-fertile.| April of
Novermbe
Italian Stone Wind. Not rto %
17 |Pinus pinea L. Pine Pinaceae E T | Me | Monoecious May to June 8 |[self-fertile.| February
. . October to 'x‘.l'\
18 |Platanus orientalis L. Oriental Plane |Platanaceas | D T | Me | Monoecious May 7 Febmaty | =
Bees. Not| July to
19 |Prunus avium L. Wild Cherry | Rosaceae | D T | Me | Hermaphrodite | Aprto May 3 |self-fertile.| August
20|Prunus spinosa L. Sloe Rosaceae | D S | Me | Hermaphrodite | Marto April 4 Insects | October
21|Pyrus pyraster Burgsd. Pear Rosaceae | D | T | Me | Hermaphrodite ] Insects |September
22 |Quercus frainette Ten. |Hungarian OQak| Fagaceae | D T | Me | Monoecious May ] Wind Fall
September
23| Quercus ilex L. Holly Oak Fagaceae E T | Me | Monoecious May to June 7 Wind |to October
<
24 |Quercus pubescens Willd Downy Oak | Fagaceae | D | T | Me | Monoecious May 3 Wind Fall “
Insects.
Self-  |October to T
25|Rosa canina L. Dog Rose Rosaceae | D S | Me | Hermaphrodite | June to July 3 fertile. |December f
. -
26| Tilia tomentosa Moench.| Silver Lime Tiiaceae | D | T | Me | Hermaphrodite | July to August | 6 Insects Fall H ?

* Evergreen (E)/Decidious(D), Tree (T)/ Shrub (S), Diecious (De)/Monecious (Me)
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Depending on the species different methods have been used. More specifically, some of
the species required only a few months of cold stratification (e.g. Arbutus unedo L.), others
indicated positive impact of alternating stratification of warm and cold temperatures (e.g. Prunus
avium L.), while others required combination of chemical treatments as well as altering
stratification (e.g. Rosa canina L.).

Another objective is the development of cultivation protocols of those species in
association with the innovative technology use of both the prototype and the mini-plugs. The
evaluation of seeding quality, based on the soil substrate as well as the size of the mini-plugs that
reflects the volumetric availability for root growth, could benefit the production of high quality
seedlings. Researchers have indicated that those factors could substantially affect the
characteristics of the produced seedlings that would help the regeneration success (Pinto et al.,
2011; Radoglou et al., 2009). They have also suggested that seedlings with more vigorous root
systems were able to overcome transplanting stress at regenerated sites (Crossnickle, 2005;
Villar-Salvador et al., 2008). So far, those effects have also been shown for a number of species
by the “Verenike” project (Iakovoglou et al., 2011; lakovoglou and Radoglou, 2012c). The
studied variables that were both morphological (e.g. seedlings height) and physiological (e.g.
root to shoot ratio), should help determine the best growth conditions (e.g. use of a specific soil
substrate) for each species in order to achieve the best seedling quality. So far, the main
conclusion is that both soil substrate and mini-plug size should be studied for each species if the
best desired characteristics are aimed based on the main objective of the producer.

An additional objective also includes the evaluation of the seedling quality after being
regenerated on the sites. Past research has indicated for Robinia pseudoacacia L. that mini-plugs
with soil substrate of stabilize medium had greater survival when compared to standard
containers that the Greek nurseries use (Dini-Papanastasi et al., 2012).  So, the evaluation of
seeding quality based on the soil substrate as well as the size of the mini-plugs, could benefit the
production towards better quality seedlings with specific desired characteristics (e.g. greater
roots).

Another objective is the introduction of this production system to the public Greek forest
nurseries. The Greek nurseries will be frontiers (pioneers) at the seedling production through the
use of those new innovative technologies by the combined use of the “prototype” and “mini-
plugs”. Consequently, this knowledge will be transferred initially to the staff of the Greek
nurseries that until now was unreachable through the use of the conventional techniques. In
addition it will increase the amount of the produced seedling, even under the “no-production”
periods, like winter time. That will allow early-spring seedling transplant and further seedling
growth that will allow immediate regeneration efforts right after sever disturbance events such as
fires.

THE REGENERATED SITES

Fires events are very common in Greece (Lloret et al., 2002; Thanos, 2000). So, all three
regenerated sites have been highly disturbed in the past by sever fire events. They are all located
at the northern part of Greece, with each reaching five hectares. The first area is a recreational
forest in close proximity to the city of Thessaloniki. The other two areas are both forests located
at the Assiros and Kassandra areas (Figure 1). For those sites when regenerating, it is aimed not
to interfere at areas where natural regeneration has occurred.
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“ Roanpog

A. Recreational

C. Forest Area, Kassandra
Forest, Thessaloniki

Figure 1. The regenerated study areas of the “Verenike” project; A) Recreational forest of
Thessaloniki (A), forested area of Assiros (B) and Kassandra (C).

CONCLUSIONS

The project aims to increase biodiversity of burned forest areas and of reforested areas in
general by increasing the number of planting species. Furthermore, it aims to develop
germination and cultivation protocols for valuable forest species and introduce a new technology
for the production of forest regeneration material. The introduction of a new seedling production
technology and the establishment of the prototype unit produced in the facilities of the associated
beneficiary of forest service nursery will be one of the major steps for the large-scale production.
Hopefully this technology will produce wide range of species in order to facilitate restoration of
forest ecosystems and increase biodiversity levels. Further, the additional knowledge that will be
gained by the breakage of seed dormancy should help to increase seedling production, while the
proper use of mini-plugs combined with the proper soil substrate should provide the best
seedlings. These actions should help increase the biodiversity levels at those sites, while
enhancing ecosystem sustainability at those sites.
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