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Prediction of beech forests succession in Bieszczady Mountains
using a computer model

I. Kozak', V. MENSZUTKIN?

'Landscape Ecology Department, Catholic University in Lublin, Lublin, Poland
*International Centre of Ecology, Polish Academy of Sciences, Dziekanéw Lesny, Poland

ABSTRACT: This work presents the results of investigation into beech forests succession in Bieszczady Mountains using
the FORKOME (FORest KOzak MEnshutkin) model. The model was verified in field trials in 1998-2001 in the forests
with dominating beech (Fagus sylvatica L.) in Stuposiany Forest District in Poland. For the natural beech forest the model
assumes cyclic changes in the number and biomass of beech and fir in a single simulation run and Monte Carlo realiza-
tions. The cutting out of trees does not change the general tendency of the dynamics of beech and fir stands. Under the
logging management only the time of this dynamics varies.

Keywords: beech; forest; computer model; Bieszczady Mountains

Since the 1970s progressive mathematisation in the
field of ecology has developed. As a result different mod-
els of forest dynamics were constructed (WAGGONER,
STEPHENS 1970; SULLIVAN, CLUTTER 1972; SUZUKI,
UNEMURA 1974; MITCHELL, 1975; HORN, 1975; So-
LOMON 1977; SHUGART, WEST 1977).

The forest gap model approach has proved to be useful
in many respects (SHUGART 1984). The first models
(BOTKIN et al. 1972) were rather simple. Subsequent re-
search led to more complicated models. These models
included detailed information such as soil processes
(PASTOR, POST 1985), phytosociological concepts (KIE-
NAST 1987), explicit modelling of tree crown structure
(LEEMANS, PRENTICE 1989), detailed treatment of eco-
physiological (FRIEND et al., 1993) and biophysical pro-
cesses (BONAN, VAN CLEVE 1992; MARTIN 1992) and
intraspecific competition (PAWLOWSKI 1996).

The increasing complexity of forest gap models may
have helped to make detailed and presumably more ac-
curate projections of forest succession. Development of
an ecological model of forest stand applicable under en-
vironmental conditions prevailing in Polish forest stands
is presented (BRZEZIECKI 1991; 1999).

The main aim of the present study is to investigate the
succession dynamics of beech forest in the Bieszczady
in different cutting conditions using the FORKOME
model.

MATERIALS AND METHOD

Permanent research plots are situated on the northern
slope of Kosowiec mountain at the altitude of 800—
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900 m a.s L. (Stuposiany Forest District) and with incli-
nation 14-18°. Brown soils over the Carpathian flysch
are characteristic of the plots. The average age of beech
stands is 92 years.

In our FORKOME model we investigate forest chang-
es on 30 small plots of 30 x 30 m in size (KOZAK, MEN-
SZUTKIN 1999). SHUGART (1984) used 1/12 ha plots.
The model was based on the main assumption that the
dynamics of the whole forest stand is a sum of processes
taking place in small units of the size comparable to can-
opy gaps. The forest dynamics was simulated in such

gaps.
INPUT PARAMETERS

NEW VARIANT

INPUT INITIAL STATE

—

GRAPHICAL
INTERPRETATION |

Fig. 1. Diagram of the FORKOME model algorithm
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Table 1. Basic parameters of growth for main tree species in Bieszczady Mountains used in the FORKOME model

Tree species Hmax (cm) Dmax (cm) Age (years) B2 B3 G DGD . DGD ..
Fagus sylvatica L. 4,500 150 300 5826 0.194 290 4650 12,700
Abies alba Miller 6,000 150 400 78.26 0.261 200 3,855 12,684
Picea abies (L.) Karsten 5,500 150 400 71.60 0.239 370 882 3,960
Betula pendula Roth 3,200 100 100 61.40 0.307 500 0 3,840

Pinus sylvestris L. 4,500 150 400 58.30 0.194 330 270 2,500

Our FORKOME model was constructed on the basis
of FORET model (SHUGART, WEST 1977) with the au-
thors’ modifications considering, for example, tempera-
ture or other elements.

In our FORKOME model different modules (blocks)
are distinguished (Fig. 1). The block “INPUT PARA-
METERS?” represents the estimation of tree and stand pa-
rameters. One of them is maximal tree diameter at
standard height of 130 cm above the ground (Dmax).
Maximal height (Hmax), maximum age (AGEmax) and
minimal and maximal sums of degree-days (DGDmin,
DGDmax) are also considered.

Basic growth parameters by the species in the FORKO-
ME model are listed in Table 1. The FORKOME model
simulates the dynamics of 5 species that dominate on the
15 investigated plots.

Since this model is stochastic, the study of its dyna-
mics requires running through many variants (block
“NEW VARIANT”). These processes are controlled by
the block entitled “NEW YEAR”. The model includes
such variables as mortality, birth, and growth for each
year of the run. The mortality of trees is a stochastic pro-
cess depending on tree age and growth conditions in the
previous year. The simulation of tree regeneration (block
“BIRTH”) is represented in the model as a stochastic pro-
cess depending on the species of tree seedling, soil sur-
face conditions and average temperature at the litter level.
The growth rate (block “GROWTH?”) depends on the di-
mensions and species of each tree. The growth equation
has been developed assuming that tree volume is the
function of tree diameter squared times the tree height
and that tree growth is based on annual volume incre-

ment:
dpn]  r_ _ DH
dt D max H max
where: r — growth rate parameter,
La — tree leaf area (m*m?),
D — breast height diameter (cm),
H — tree height (cm),

D max - maximal diameter (cm),
Hmax - maximal height (cm).
Basic equation simplified by noting that the height is
a function of diameter:
H =130+ b,D - b,D*
where: b, and b, — parameters quantifying the tree form, and
the constant 130 (in cm) is breast height.
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If a tree has maximum height when it has maximum
diameter (dH/dD=0and H=H , whenD=D __),then
it is possible to calculate b, and b, parameters:

H,. —130
e

b, =[H,_ —130)

and

D
The growth rate depends on the most important eco-
logical agents such as light, temperature, and supply of
nutrients as well as other elements.
The light that reaches a given tree is calculated by at-
tenuating the incident radiation by the sum of leaf areas
taller than the tree:

Q(h)= 0, EOZHW
where: LA(h) — distribution of leaf area as a function of height,
Q... - incident radiation,
Q(h) - radiation at height (h),
—0.25 — constant.
We used two equations; the first for light demanding

trees: pele e-l.naalq(h)-o.os]

and the second for shade-tolerant trees:
r=1- e-4.64[q(h)—o.05]
The growth rate depends on temperature conditions.
We applied the following equation (BOTKIN et al. 1972):
. 4(DGD - DGD,,, XDGD,,, - DGD)

(p6p,,, -DGD,, )

where: T — growth reduction due to temperature effects,
DGD - base heat sum for a site,
DGD_,_ — minimum degree-day value where the spe-
cies is known to occur,
DGD,_, - maximum degree-day value where the spe-
cies is known to occur.
For the block of nutrients we used this polynomial
function (WEINSTEIN et al. 1982):

GMF = a + b[RNA)+ c[RNAT

where: g, b, ¢ — constants estimated by regression from field
data,
RNA - relative nutrient availability,
GMF - growth-modifying factor to modify the
growth rate of trees under limited supply of
nutrients.

J. FOR. SCI., 47, 2001 (8): 333-339



In this case

RNA=1--2_
max
and
B=0.1193y D
i=l
where: B - actual trees biomass,
B .. —maximum tree biomass.

The probabilities of tree mortality are calculated. If
D*'—D'<0.1 cm, then P = 0.368
or:

p =1-[1-_4605
AGE,,,

The equations are open to modifications that take into
account the influence of other agents on tree growth.

After the realization of all variants of the model, the
programme carries out a statistical analysis of the ob-
tained results (block “STATISTICS”). In the simplest
case the analysis consists of the calculation of the mean
and standard deviation values, whereas in more complex
cases serial- and cross-correlation functions are calculat-
ed.

The interface of FORKOME model (Fig. 2) has diffe-
rent pictures for SINGLE SIMULATION RUN: “PA-
RAMETERS”, “INITIAL STATE”, “SHOW GRA-

PHICS”, “PRINT GRAPHICS”. After having pressed the
left button of the mice in the position of each tree in the
picture, information about age, height and diameter of
the tree can be obtained. The right button of the mice
allows cutting of the tree.

The statistical processing “MONTE-CARLO REA-
LIZATION” can simulate as much as 200 runs under the
same starting and management conditions. It was accep-
ted that 3040 simulations were sufficient to estimate sta-
tistical parameters of the model in each variant.

The position of each tree in the forest is projected along
the diagonal of research plots. The year 1999 was taken
as the first year of the model time. In this study time is
used as the model time.

RESULTS AND DISCUSSION

For a natural beech forest the model predicts cyclic
changes between beech and fir biomass in one realiza-
tion (Fig. 3a). The cutting of beech trees after the first
year (Fig. 3b) and after 20 years (Fig. 3c) of model time
does not change this cyclic dynamics. Cutting out beech
trees after the first year resulted in a long-term dominance
of fir.

Cutting all the trees after the first year and after 20 years
does not change the dynamics of beech and fir biomass,
either. Depending on the cutting conditions only the time
of transformation of beech stand into fir stand differed.

-

Parameters Initial State  Show Graphics _Print Graphics Monte-Carlo Realizetion  File  Exit
General Area 1| Distribution of age Run Save realization
Fagus sylvatica | |Area 2|| Distribution of height Average numbers | | Open realization
Abies alba [Picture Average biomass ||| save Monte-Cario
Picea abies Leat area Print parameters || Open Monte-Carlo
Betula pendula Distribution of age

Pinus sylvestris Distribution uf height
401 Dynamics of number

Dynamics of biomass

30 g
204
104

0 ! 3

Fagus sylvatica | (“run ) Leftbutton - Show tree's parameters

125y|44m | 80cm Right button - Cut the tree

il T 3

Fig. 2. Interface of FORKOME model
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Fig. 3. Biomass of trees in beech stand in one simulation run;
a — control, b — cutting of beech trees in the first year of model
time, ¢ — cutting of beech trees in the 20 year of model time

In the Monte Carlo realization (30 simulations on av-
erage) the model predicts a decrease of beech biomass
from 400 t/ha in the first year to 140 t/ha in 65 years also
in the control (Fig. 4a). After reaching the minimum bio-
mass the model predicts that beech would show a ten-
dency to biomass increase to 196 + 7.3 t/ha in 130 years.
The model predicts also an increase of fir biomass. The
biomass of fir increases from 50 + 1.1 t/ha in the first
year to 195 + 4.1 t/ha in 280 years. From 150 years to
280 years the model predicts fir dominance and in the
following time beech dominance. In different variants of
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Fig. 4. Biomass of trees in beech stand in Monte Carlo statisti-
cal simulation run; a — control, b - cutting of beech trees in the
first year of model time, ¢ — cutting of beech trees in the 20®
year of model time

tree cutting the Monte Carlo realization assumes a long-
term dominance of fir (Fig. 4b,c).

The model also predicts cyclic changes in the number
of trees: beech dominated for 180 years, and then fir dom-
inated for 250 years of the model time. This transforma-
tion of beech stand into fir stand repeated twice in a single
simulation run. Cutting out beech trees after the first year
caused the dominance of fir for 120 years and later cut-
ting of beech after 20 years of model time also caused
the dominance of fir for 150 years.

J. FOR. SCI, 47, 2001 (8): 333-339
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Fig. 5. The position of each tree in the forest patch projected
along a diagonal of the plot; a — in the model time 1 year; b - in
the model time 66 years; ¢ — in the model time 66 years after
cutting in year 1

The Monte Carlo realization predicts the dominance of
the number of beech trees up to 190 years. After 190 to
240 years fir began to dominate and after that time beech
dominated for 560 years followed by fir dominance. The
model predicts more dominance stages of the fir when
cutting the beech trees.

A single simulation run ensures more detailed analysis
of changes within the simulation. Noteworthy is the in-
vestigations concerning the changes in species composi-
tions. For example, in 1 and 66 years of simulation runs
the species compositions are different (Fig. 5a,b,c). In
the first year there were two groups (Fig. 6a) of age on
the research plots (to 20 years and from 50 to 200 years).

J. FOR. SCI., 47, 2001 (8): 333-339
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Fig. 6. The age tree distribution on the plot; a — in the model
time 1 year; b — in the model time 66 years; c — after cutting in
year 1 in the model time 66 years

In 66 years of model time young trees dominated. The
number of trees decreased with age (Fig. 6b). In 66 years
of model time after cutting the distribution of trees up to
80 years is different (Fig. 6¢). The character of the distri-
bution of cumulative leaf area and light intensity
(Fig. 7a,b,c) is different in the course of succession.

The FORKOME model presented in this study is based
on the gap-phase theory of a natural forest. The structure
of our model is open and modular, enabling its easy de-
velopment and modification. The important feature of the
FORKOME model is its possibility to assess the impact
of changing environmental conditions on forest growth
and functioning, the question that is also emphasised in
the literature (BERNADZKI 1993; BRZEZIECKI 1999).
Generally, the model may be used for quantitative esti-
mates of the effects of various factors (cutting, climatic
changes, introductions of new tree species) on the dy-
namics of forest stand.

The model confirms the cyclic nature of stand devel-
opment trends. Such cycles were already described in the
literature (SHUGART 1984). The FORKOME model as-
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a Cumulative leaf area

Light intensity

Height

b Cumulative leaf area Light intensity

Height

c Cumulative leaf area Light intensity

Height
50

30
20

10

Fig. 7. The distribution of leaf area indices and light intensity in
the succession; a — in the model time 1 year; b — in the model
time 66 years; ¢ — in the model time 66 years after cutting in
year 1

sumes the cyclic dynamics of tree numbers and biomass.
In variants with cutting the beech trees only and cutting
all trees in the first and in the 20® year of simulation, this
tendency of cyclic changes is confirmed too. The cycles
were more frequent for the number of trees than the bio-
mass. Under the cutting conditions only the time of this
dynamics varies.
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Beech and fir trees grow in similar ecological condi-
tions in the Bieszczady Mountains. When the old canopy
trees die, the smallest trees grow more quickly. In the
gap appearing after the death of dominating large trees,
when the biomass and leaf areas are insignificant, the
regeneration stage predominates. The next stage of gap
development is related to the competition between the
trees of similar age in the overstorey. The starting point
of this stage can traditionally be attributed to the moment
of canopy closure resulting in the dominance of one of
the large-size tree species. Then, the gap enters the initial
peak stage (in terms of the biomass) affecting its devel-
opment.

A single simulation run ensures more detailed analysis
of changes within the simulation. In this case very pro-
spective are the investigations of changes in the age and
height of trees or in the distribution of leaf area indices
and light intensity in the course of succession.

The Monte Carlo method also assumes cyclic changes.
The amplitude of these changes is not as high as in a
single simulation run. But in the Monte Carlo method it
is possible to analyse the tendency of the changes in tree
biomass and numbers. The Monte Carlo method also as-
sumes the cyclic transformations of beech stand into fir
stand.

CONCLUSIONS

The FORKOME model predicts the cyclic dynamics
of changes in beech forest in the Bieszczady Mountains.

Cutting of trees will not change the general tendency
of cyclic changes between beech and fir biomass and tree
number, only the time of replacement between beech and
fir will be variable.
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Predikce sukcese bukovych lesti v Beskydech pomoci potitatového modelu

ABSTRAKT: V préci jsou uvedeny vysledky Setfeni sukcese bukovych porostii v Beskydech pomoci modelu FORKOME
(FORest KOzak MEnshutkin). Model byl ovéfovén v terénnich pokusech v letech 1998-2001 v porostech s pfevahou buku
(Fagus sylvatica L.) v polesi Stuposiany v Polsku. B&¢hem jedné simula&ni operace a realizaci Monte Carlo model ptedpo-
klada pro pfirodni bukovy les cyklické zmé&ny po&tu stromi a biomasy buku a jedle. Vykéceni stromi nevede ke zméné
obecné tendence dynamiky bukovych a jedlovych porostd. Pfi pouZiti t&Zeb se méni pouze ¢asovy priibéh této dynamiky.

Kli¢ov4 slova: buk; les; pogitatovy model; Beskydy
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Determining potential natural composition of forests by means
of a mathematical model using the example of the JeStéd Ridge

R. VI3NAK

Straz pod Ralskem, Czech Republic

ABSTRACT: A simple mathematical model has been developed for calculating the natural species composition of forests
according to their site. The model is based on the response of individual tree species to climatic and soil characteristics of
the environment. Values of so-called partial vitality have been defined for each tree species and each of the sets of vari-
ables. These are then connected on the principle of multiplication. After corrections, we can derive potential representa-
tion of each tree species at the given site comparing general (relative) vitalities for individual tree species. The model was
applied to the ecologically varied area of the Jestéd Ridge in Northern Bohemia. Its usability has been tested on a wide
range of localities in the Czech Republic and in the neighboring countries. The model has also been tested for predicting
future natural vegetation in the case of climatic changes or vegetation reconstruction in earlier Post-Glacial periods. In
many cases, however, the results did not agree with expected values. This is caused by the model not being perfect, specif-
ically with regard to the description of competitive relationships between tree species. At the same time the model points
out the complexity of natural processes, which even the best model by definition cannot cover. The factor of “randomiza-
tion” is the ecological (and genetic) variability of tree species within themselves, dynamic scope of succession and con-
tinuing development of forest ecosystems and specific nature of some environmental characteristics. Inconsistent results
from vegetation reconstruction in middle Holocene raise a number of interesting questions.

Keywords: natural forest composition; mathematical model; Je$téd Ridge; Northern Bohemia; potential natural vegeta-

tion; site potential; paleobotany; climatic changes

Foresters and natural scientists have traditionally
taken primary interest in the natural species composition
of forest stand. Its knowledge has considerable practical
significance as simulating natural processes and natural
relationships in forest silvicultural activities are a basic
prerequisite for increasing the ecological stability of
stands. There are however different opinions concerning
the concept of the natural tree species composition of
forest in a specific area. They differ according to what
method of determination has been used and often accord-
ing to the person carrying out the assessment.

We can compare the results of the following procedures
in Central Europe: (i) forestry typology; (ii) phytosociol-
ogy; (iii) paleobotany; (iv) historical research. These dis-
ciplines are unique by their very subject matter. Forestry
typology emphasizes the study of the environment (site)
in which forest communities develop. Well-conserved
forest stands of natural appearance are extrapolated on
related habitats, where natural forest is missing. Geobio-
cenology deals with the analogy of typological approach.
Professor Zlatnik is the founder of this discipline in this
country (ZLATNIK 1975, 1976). Phytosociology focuses
on the plant element of a forest ecosystem, specifically
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concerning the representation of certain plant species,
characteristic species combinations and their diagnostic
values as regards vegetation system units — syntaxa. Pa-
leobotany works with the remains of forests from the re-
cent and distant past — fossils. It puts together a picture
of the past vegetation from the qualitative and quantita-
tive composition of preserved plant remains, especially
pollen grains, i.e. microfossils. Historical research draws
on the study of written records related to forests. These,
unlike fossils, tell us about the composition of forests in
the relatively recent past few centuries when forests were
more or less influenced by humans.

The above-mentioned methods diverge in their time-
space resolution. Forestry typology and phytosociology
deal in detail predominantly with small areas. However,
they can utilize only some rough sketches without a pre-
cise time setting. Conversely, paleobotany and historic
research are more accurate as far as the time is concerned.
They are not as detailed in space orientation (especially
paleopalynology).

The benefits and drawbacks of individual methods lead
to a logical requirement for parallel study of natural for-
est vegetation by means of several methods and a syn-
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thesis of partial results. This requirement, however, can-
not always be met due to the laboriousness involved and
poor accessibility to some data, especially those of pa-
lynology.

A possible alternative or rather a complement to these
methods could be a mathematical model. Finding a suit-
able algorithm would make the formalized assessment of
natural vegetation possible. This method would not be
so laborious and would offer a considerable degree of
space (or time) resolution. The basic presupposition of
such a model concerns the quality of the input and output
data.

The input data must be easily accessible even for some
large areas, they should be topologically connected, space
resolution being at the scale of at least 1:50,000. The in-
put data should already be available in a certain form, so
that not much time is taken by collecting them in the field.
What has been said suggests that the results from typo-
logical research shown on maps with scales of 1:10,000
will be an important source of data. The model should
provide the basic idea about the tree species composition
of forest in view of dominant, subdominant and associat-
ed or incidental species. Simply determining the poten-
tial vegetation belt (in VINS et al. 1996) cannot be
considered sufficient.

There has been developed a number of mathematical
models focusing on the structure and species composi-
tion of plant communities including forests. LEPS (1988)
offers their basic summary and classification. The mod-
els are based on biological and ecological properties of
the plants in question and the characteristics of the envi-
ronment in which they grow.

More complex models include the space structure of
plant communities and deal with the plant individual, i.e.
mostly individual trees (e.g. Forest Gap Model — BOT-
KIN et al. 1972). Simpler mo-dels are static, that means
they do not study the dynamics of vegetation changes
but merely approximate the result of succession whose
duration has not been defined. These models are usually
based on comparing the “supply” of the environment
(a set of ecological variables) and the “demand” of avail-
able plant species, especially tree species or whole plant
communities.

The analyzed area is divided into segments of homo-
geneous properties (pixels in grid systems or polygons
with the average value ascertained in the case of vector
systems). Calculation for each of these segments is made
automatically. Its outcome is either the most probable
vegetation formation or plant community (see e.g. BOX
1981; FISCHER 1994; LINDACHER 1996; TICHY 1997;
VINS et al. 1996) or combination of probably represent-
ed plant species with their approximate quantitative rep-
resentation (KESSEL 1979). After the data has been
converted to the map, we get a map of potential natural
vegetation or a forest typological map; however, it is
called a simulated map of natural (forest) vegetation (FIS-
CHER 1994) considering that a different method has been
used.
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MATERIAL AND METHODS

MATHEMATICAL MODEL

I have developed a static model of quantitative represen-
tation of woody species in the tree layer, dealing with the
problem of the natural species composition of forests in the
area of the Je$téd Ridge. The model operates on ecological
principles, i.e. its results denote the site potential as to its
vegetation. This characteristic is connected with a signifi-
cant limitation of the model discussed below. The model
contains 26 woody species in all (23 trees and 3 shrubs). All
of them grow naturally in the Czech forests. Cerasus avi-
um, Populus nigra and Salix alba are important species that
are not represented here; Betula pubescens, Populus tremu-
la, Sorbus aria, S. torminalis, Taxus baccata are less impor-
tant excluded tree species here.

CHOOSING CONTROL VARIABLES

Such variables were chosen that meet the following
criteria: a) they are significantly correlated to the habi-
tats of individual tree species, b) their sufficiently accu-
rate values are easily available for extended areas. The
selected site variables comprise two groups:

a) Climatic characteristics — average temperature in Jan-
uary; average temperature in July; the difference in
the average temperature in July and January; the length
of the period with average temperature above 10°C
(“season”); aridity (annual sum of precipitation divid-
ed by the temperature in °C increased by 10); climatic
anomalies contingent on specific relief forms.

b) Edaphic (soil) characteristics — trophic and hydric se-
quences according to ZLATNIK (1976), complemen-
ted by some other, ad hoc defined inter-sequences and
subsequences. These variables are of complex nature
and therefore they are expressed in categories.

DETERMINING CONTROL VARIABLES
FOR SPECIFIC LOCALITY

All the control variables are acquired indirectly, i.e. by
conversion of other variables. Climatic variables come
from a net of points of reference. These are climatic sta-
tions where long-term meteorological measurements are
carried out. The values for a specific locality were pro-
fessionally estimated (extrapolated) in view of the alti-
tude, exposure, slope, and specific relief form (a special
variable “anomaly”). The variable “season” was calcu-
lated as a chord of sinusoid. This simplification motivat-
ed by an attempt to minimize the input data is subject
only to a small error in Central European conditions. Soil
characteristics are derived from typological and soil units
in available maps (forestry typological maps 1:10,000
and maps of complex research on agricultural soils of the
same scale).

Within the framework of the control variables, curves
of so-called potential vitality were designed for each tree
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species. These curves were constructed by evaluating (by
means of regressive analysis) anticipated vitalities of tree
species in a set 0of 413 localities representing climatic sites
(174 in the Czech Republic, 27 in Slovakia, the rest in
other European countries). The required environmental
variables (only climatic ones) were derived from clima-
tic diagrams (WALTER, LIETH 1964; MAYER 1984) and
from tables pertaining to the Czech Republic and Slova-
kia (VESECKY et al. 1961).

The potential vitality of individual tree species was
estimated for the environment of each climatic site by
the following scale: 1 — tree species on the verge of eco-
logical amplitude with limited vitality, in stands usually
as an incidental species only, 2 — diminished vitality, in
stands usually as an associated species only, 3 — good
vitality, often a subdominant species of stands, 4 — clear
ecological optimum, striking dominant of stands. The
needed data was obtained from available vegetation
maps, area maps of individual tree species, from other
literature and from the author’s own knowledge. The syn-
thesis of this data helped determine optima and in a num-
ber of cases negatives of individual variables and tree
species. Degrees of vitality were transformed into the
values: 0.2, 0.5, 0.75, and 1.0. The environmental vari-
ables (ecological gradients) were divided into short in-
tervals and from these semiquantitative values an
arithmetic mean was calculated for each interval and each
tree species. Gaussian unimodal curves or their parts then
interpolated these values. Some curves were asymmetri-
cal or they were not rising or falling. The so-called par-
tial vitalities w, , for the tree species i, the site variable j
and the average value of this variable k¥ were then de-
rived from the curves. Partial vitality takes the value bet-
ween 0 and 1, 1 corresponding to ecological optimum.
The complex of site variables is expressed in the form of
a product (multiplicative model). This ensures the valid-
ity of the LIEBIG law of minimum (the factor in mini-
mum is what limits) and at the same time the law of
substitution of factors. If one of partial vitalities equals
0, relative vitality w, will also be of zero value. To rein-
force the limiting effect of the variables being in the ne-
gative, transformation In(20x+1) is used. This loga-
rithmic transformation also moderates the steepness of
curves with the values near the optimum.

Since the competitive qualities of individual tree spe-
cies determine the representation of tree species in a stand
to a great extent, the calculation includes so-called com-
petition exponent C,. This favors competitively strong
tree species, esp. the beech, and on the other hand it sup-
presses the presence of competitively weak tree species
(birch, mountain-ash, alder and willow). It was neces-
sary to set the competitive exponent for each tree species
empirically. Dilatation exponent D emphasizes the dif-
ference between tree species with lower and higher vital-
ities. However, the exponent is not specific in terms of
species. The results of the model are the site potential
expressed as approximate percentage representation of
tree species.
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Mathematically, the principle of the model is described
by the following equation:

F=ort

n

100

W,
i=1 4

- Fi =100%

where: F, — the final representation of i-th tree species ex-
pressed as percentage,
w, — the total relative vitality of i-th tree species.
The value w, is derived from the formula:

w, = [Q‘[’;I In(20v,, + 1))°‘ ]D

where: v, —atabulated value of partial vitality of the tree spe-
cies i for the site variable j and the interval k;
C, - acompetitive exponent of the i-th tree species,
D - adilatation exponent.

The model implies that it can be applied not only to the
current conditions of the environment but to any hypo-
thetical situation, including reconstructed situations in the
past or an expected state of the environment in the fu-
ture.

I applied the model to so-called site categories in the
target area. These categories resulted from overlapping
of a simple relief map (of medium altitude, exposure and
slope) and maps of soil units. About 250 site categories
in all were defined in this way. For each of these catego-
ries represented in the map, I calculated the species com-
position for various situations by at least one polygon.
The following situations were assessed: (i) current PNV
(i.e. potential natural vegetation corresponding to the
current climate), (ii) PNV with suppressed beech,
(iii) PNV with excluded fir and spruce, (iv) PNV for the
anticipated climatic change in 2030, (v) PNV for the main
periods of Holocene. The results of calculations were
shown in hand-drawn maps. For each of the mentioned
cases, it is possible to make both a map of vegetation
formations (i.e. by means of combination of prevailing
tree species) and maps of percentage representation of
individual tree species.

THE TARGET AREA

The target area itself is about 200 km? and is made up
by three sites and biotically contrasted units: (i) The
Jestéd Ridge is the axis of the target area (about 24 km
long) and its main part at the same time. Geomorpholog-
ically, it is efficiently divided into three districts (DEMEK
et al. 1987): the KryStof Ridges, the Hlubocky and the
Kopaninsky Ridges. The latter extends to the target area
northwest of the Mohelka valley. (ii) The Zittau Basin
begins at the northeast slopes of the Jestéd Ridge. It is
then broken up to the Liberec Basin and Hradek Basin. It
extends to the target area only by its smaller southwest-
ern part. (iii) The Sub-Jestéd Hills comprise geomorpho-
logically the marginal parts of the Ralsko Hills and Kotel
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Highlands, the Ceskodubsko Hills and Hodkovice Ba-
sin. Only their marginal parts adjacent to the Je§t¥d Ridge
represent these units.

The ecological conditions of the area are unusually
varied, which is caused by the contrasts both between
the above-mentioned units and within them. The Jestéd
Ridge itself is marked by considerable altitude variances
—the altitude difference between the level of the LuZick4
Nisa River near the village of Bily Kostel and the top of
Je§téd is about 750 m. The Ridge runs toward the Sude-
tic Mountains (i.e. in the NW-SE axis). Most of the slopes
are oriented more or less toward southwest and north-
east, which enlarges temperature differences contingent
on the elevation.

As to the geologic structure, there is a complex mosaic
of igneous, metamorphic and sedimentary rocks in the
complete stratigraphic sequence Proterozoic—Perm with
profuse occurrence of the Upper Cretaceous and Quater-
nary sediments. The Paleozoic crystalline rocks (phyl-
lites, quartzites, mica schist and slates), Turonian even
Coniacian sandstone and Pleistocene eolian and diluvian
sediments. Ecologically notable is the occurrence of
crystalline limestone, even dolomites, paleo- and neovul-
canic rocks as well.

There are largely light soils, medium or more acidic
soils or soils with less favorable form of humus. The pre-
dominant soils on geests of crystalline and granitoid se-
diments are dystric cambisol or typical cambisol, acid
variety and at higher elevations spodo-dystric cambisol
and marginally ferro-humic podzol. There are cambic
arenosol and ferro-orthic podzol widely represented on
the sandstone bedrock of the Sub-Jestéd Hills. Albic and
albo-gleyic luvisol, in some places accompanied by or-
thic luvisol cover Pleistocene sediments of the Zittau
Basin and the Sub-Jestéd Hills. Other soil types preva-
lent in rather smaller areas are lithosol, ranker, rendzina,
fluvisol and gleysol. For basic characteristics of the soil
cover see NOVAK (1993) and the nomenclature of soils
by HRASKO et al. (1991) with FAO-nomenclature equi-
valents.

The climate of the target area is influenced by the wind-
ward system of the borderland hills and highlands, which
make for higher humidity, rather low average tempera-
tures and sub-oceanic character of climate. Average an-
nual temperatures on the Je§téd Ridge usually range from
4 to 6°C (on top of Jest&d only 3.3°C); only at elevations
below 400 m it is about 7°C. Average temperatures in
January range from -2 to —5°C, in July from 12.5 to 17°C.
The amount of annual precipitation does not get below
700 mm anywhere in the area; it is noticeably higher in
the southeast where it reaches 1,000 mm (HOSTYNEK
1984). July is the rainiest month, but precipitation is quite
consistent throughout the year.

In terms of phytogeographical division (SKALICKY et
al. 1988), the area along with prevalent parts of the dis-
tricts of the Je$téd Ridge, LuZice Basin and the Sub-
Je¥téd Hills is included in the phytogeographical districts
of Czech and Moravian Mesophyticum (Jest&d itself is
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considered to be an island of Oreophyticum). A number
of maps (15 in all) show the natural vegetation of the
area. Some of these show the whole area of the Czech
Republic at various scales, while the others show only
parts of the country in greater detail. A closer description
and assessment of maps is beyond the scope of this work.

The main part of the area falls into the Jizera Moun-
tains and JeStéd Natural Forest Region (NFR) 21. The
North-Bohemian Sandstone Basin NFR 18, the LuZice
Highlands (part of which is the Zittau Basin) NFR 20
and the KrkonoSe foothills region NFR 23 marginally
cover the target area.

RESULTS

This is a comment on the maps constructed on the ba-
sis of a mathematical model. The appendix to this article
contains examples of three of them.

A) Current potential natural vegetation. Four units pre-
vail in the simulated map and stand types: (i) beech
wood, i.e. predominantly a beech stand with admix-
ture of fir up to 15%, it covers most of the Jeit&d
Ridge, (ii) silver fir-beech wood, with the presence
of fir up to 30%, it mostly covers higher eastern slopes
of the JeSt&d Ridge, (iii) mixed silver fir wood, it co-
vers accumulative areas at the foot of the ridge on
both sides, especially in the Liberec Basin, (iv) mixed
stand of pine and beech, it is located in the Sub-Jest&d
Hills along with the previous unit. It follows from the
maps of percentage representation of individual tree
species that only beech is consistently predominant.
Silver fir is represented to a lesser extent while more
numerous occurrences of the other tree species are
confined to limited extreme localities. The mathemat-
ical apparatus indicates a tendency to a larger mix-
ture ~ the domination of the main tree species is
suppressed by smaller percentage gains of tree spe-
cies that would not probably find their place in real
stands. Therefore, a tree species having an approxi-
mately 50% share in the output of the model without
any other species being represented to a larger extent
can be considered as the major tree species.

B) Potential natural vegetation with suppressed beech.
This map basically simulates the influence of forest
pasture in the past centuries, which has put mainly
beech at a disadvantage in favor of fir and spruce
(MALEK 1983). The calculated species composition
shows the prevalence of both these coniferous tree
species in almost all the Je$téd Ridge. They are com-
plemented by pine on poorer soils in the Sub-Jestéd
Hills and on the ridge itself. Beech has kept its dom-
inant position only on the nutrient richest substrata,
especially carbonate bedrocks at medium elevations,
where it appears in mixture with oak and fir. Aside
from fir, oak and pine partly replace the suppressed
beech in lower locations.

C) Potential natural vegetation with excluded fir and
spruce. It is basically a modified natural composition
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Table 1. Calculated species composition for typical site conditions — contemporary climate

Soil type Height (m) Expos. Slope (°) % conifer % br.-leav. Species with 5% and more presence (in descending order)

FMG 250 0 0 2 98 Fr 33, Sa 30, Al 27, Pa (E2) 64, others 10
LMg 250 0 0 32 68 Qu 43, Ab 25, Fa 10, Co (E2) 15, others 22

KMm(a) 250 0 0 16 84 Fa 65, Qu 12, Pi 7, Ab 6, others 10

HMm, HMI 250 0 0 13 87 Fa 40, Qu20, Ca 7, Ti 7, Ab 7, Ac 9, Co (E2) 18, others 10
o - p 3 o ng ég(lgi)quss,l:lh:sl]i Fa 15, Pc 7, Fr 7, Ti 6, Pa (E2) 11,
FMG 350 0 0 5 95 Fr 32, Sa 26, A129, Pa (E2) 52, Co (E2) 5, others 13
HMm, HMI 350 0 0 25 75 Fa 45, Ab 14, Qu 12, Pc 7, Ac 7, Co (E2) 13, others 15
LMg 350 0 0 54 46 Ab 40, Qu 26, Pc 12, Fa 10, Co (E2) 10, others 12
KMm(a) 350 0 0 24 76 Fa 63, Ab 12, Qu 6, Pc 6, Pi 6, others 7

KMm(a) 350 SW 30 15 85 Fa 64, Qu 15, Pi 9, others 12

KMa 350 0 0 51 49 Fa 38, Pi 35, Ab 13, Be 6, others 8

PGm 350 0 0 58 4 Ab 42, Qu 21, Fa 14, Pc 12, others 11

GLm 350 0 0 8 92 Al49, Fr 34, Sa 8, Pa (E2) 91, others 9

PZa 350 0 0 84 16 Pi 68, Ab 13, Fa 11, others 8

HMm, HMI 500 0 0 30 70 Fa 49, Ab 17, Pc 11, Qu 8, Ac 5, Co (E2) 8, others 10
KMm(a) 500 0 0 26 74 Fa 64, Ab 13, Pc 9, others 14

KMa 500 0 0 48 52 Fa 43, Pi 28, Ab 15, Be 6, Pc S, others 3

PGm 500 0 0 66 34 Ab 46, Pc 17, Fa 15, Qu 13, others 9

GLm 500 0 0 14 86 Al 47, Fr 31, Pc 7, Ab 6, Sa 5, Pa (E2) 53, others 4
RAm, RAk, KMv 500 N 30 s 95 Fa 81, Qu 6, Co (E2) 15, others 13

KMe 500 N 30 18 82 Fa 61, Ab 11, Ac 9, Pc 6, Co (E2) 10, others 13
KMd 500 0 0 31 69 Fa 60, Ab 15, Pc 10, Pi 6, others 9

KMd 500 SW 30 25 75 Fa 61, Ab 10, Pi 10, Qu 7, others 12

KMd 500 NE 30 37 63 Fa 55, Ab 18, Pc 14, others 13

PZa 500 0 0 81 19 Pi 59, Ab 16, Fa 13, Pc 6, Be 5, others 1

Lim(q) 500 0 0 66 34 Ab 30, Pi 27, Fa 25, Pc 8, Be 7, others 3

GLm-GLo 500 0 0 76 24 Pc 34, Ab 22, Pi 20, Al 15, others 9

KMg 500 0 0 62 38 Ab 44, Qu 20, Pc 16, Fa 8, Co (E2) 12, others 12
KMm(a),PZk 700 SW 30 25 75 Fa 64, Ab 12, Pc 8, Pi 5, others 11

KMe 700 SW 30 13 87 Fa 72, Ab 7, Ac 6, Co (E2) 8, others 15

KMd 700 SW 30 30 70 Fa 60, Ab 13, Pc 9, Pi 7, others 11

PZG, PZo 700 sW 30 61 39 Pc 31, Al 24, Ab 19, Pi 11, Fr 6, Pa (E2) 33, others 9
GLm-GLo 700 0 0 86 14 Pc 47, Ab 26, Pi 13, Al 6, others 8

KMm(a),PZk 700 NE 30 31 69 Fa 64, Ab 16, Pc 13, others 7

KMd- shallow 700 NE 30 37 63 Fa 56, Ab 25, Pc 8, others 11

KMg 700 0 0 79 21 Ab 54, Pc 23, Fa 11, others 12

PZm 850 NE 30 46 54 Fa 50, Pc 27, Ab 19, others 4

RNp-PZm (PZk) 850 NE 30 38 62 Fa 57, Ab 23, Pc 13, others 7

RNp-PZm (PZk) 850 SW 30 32 68 Fa 59, Ab 20, Pc 8, others 13

PZk 850 SW 12 33 67 Fa 62, Pc 16, Ab 16, others 6

RNp,RNm(a) 850 SW 30 64 36 Ab 39, Pc 15, St 15, Fa 12, Pi 10, Be 9, others 0
RNp,RNm(a) 950 SW 30 64 36 Ab 37, Pc 22, Sr 18, Fa 11, Be 7, Pi 5, others 0
RNp-PZm 950 SW 30 34 66 Fa 58, Ab 19, Pc 12, Sr 5, others 6

RNp-PZm 950 NE 30 34 66 Fa 61, Ab 17, Pc 17, others 5

PZm 950 0 0 44 56 Fa 53, Pc 28, Ab 16, others 3

RNp,RNm(2) 950 NE 30 7 29 Ab 35, Pc 34, Sr 14, Fa 12, others 5

Explanations of abbreviations used in tables

Soil type - soil units according to Morphogenetic Soil Classification System (Hra3ko et al. 1991) — equivalents to FAO units (in alphabetical
order):

FMG - fluvi-eutric gleysol, FMm - eutric fluvisol; GLm - eutric gleysol, GLo - histo-humic gleysol; HMg - stagno-gleyic luvisol, HMm - orthic
luvisol, HMI ~ “orthic-albic™ luvisol; KMa — cambic arenosol, KMd ~ “typical” dystric cambisol, KMe — mollic cambisol, KMg — stagno-gleyic
cambisol, KMm(a) — “moderate” dystric cambisol, KMv - calcic cambisol; LIm(q) — dystric litosol; LMm — albic luvisol, LMg — albo-gleyic
luvisol; PGm - dystric planosol; PZa — ferro-orthic podzol, PZG - gleyic podzol, PZk — spodo-dystric cambisol, PZm — ferro-humic podzol, PZo
— histo-humic podzol; RAk — “cambic” rendzina, RAm - “typical” rendzina; RNm(a) - “typical” ranker, RNp - “podzolic” ranker.

Woody species: Ab — Abies alba, Ac — Acer pseudopl. & pl ides, Al ~ Alnus glutinosa & incana, Be — Betula pendula, Ca — Carpinus
betulus, Co — Corylus avellana, Fa — Fagu.s sylvatica, Fr - Fraxmus excelswr. Pa - Padus avium, Pc — Picea abies, Pi — Pinus sylvestris,
Qu — Quercus robur, Sa — Salix fragilis, St — Sorbus aucuparia, Ti - Tilia cordata & platyphyllos, Ul — Ulmus glabra; E2 — shrub layer
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Table 2. Calculated species composition for typical site conditions — beech suppression (simulation of medieval pasture)

Soil type Height (m) Expos. Slope (°) % conifer. % br.-leav. Species with 5% and more of presence (in descending order)

FMG 250 0 0 2 98 Fr 34, Sa 31, Al 27, Pa (E2) 65, others 8

LMg 250 0 0 36 64 Qu 47, Ab 28, Co (E2) 16, others 25

KMm(a) 250 0 0 39 61 Qu 28, Pi 18, Fa 16, Ab 15, Be 7, Pc 6, Ac 6, Co (E2) 9, others 4
HMm, HMI 250 0 0 20 30 Stuh;:,l%c 13,Ca 12, Ti 12, Ab 10, kI 9, Fa 6, Pi 6, Co (E2) 29,
—_— 140 0 3 3 - OA‘: z,l?c 20, Qu 18, Pc 8, Fr 8, Ti 7, U1 6, Pa (E2) 13, Co (E2) 41,
FMG 350 0 0 5 95 Fr 32, Sa 26, Al 29, Pa (E2) 52, others 13

HMm, HMI 350 0 0 42 58 Ab 24, Qu 21, Pc 12, Ac 11, Fa 8, Ti 7, Pi 6, Co (E2) 22, others 11
LMg 350 0 0 59 41 Ab 44, Qu 29, Pc 13, Co (E2) 11, others 14

KMm(a) 350 0 0 55 45 Ab 27, Qu 15, Fa 15, Pc 14, Pi 14, Be 8, Co (E2) 5, others 7
KMm(a) 350 SW 30 35 65 Qu 35, Pi 21, Fa 15, Ab 11, Be 7, Co (E2) 9, others 11

KMa 350 0 0 78 22 Pi 53, Ab 19, Be 9, Qu 7, Fa 6, Pc 6, others 0

PGm 350 0 0 66 34 Ab 48, Qu 24, Pc 14, Co (E2) 5, others 14

GLm 350 0 0 8 92 Al 49, Fr 34, Sa 8, Pa (E2) 91, others 9

PZa 350 0 0 94 6 Pi 76, Ab 14, others 10

HMm, HMI 500 0 0 55 45 Ab 30, Pc 20, Qu 14, Ac 10, Fa 9, Be 5, Co (E2) 14, others 12
KMm(a) 500 0 (1] 61 39 Ab 31, Pc 20, Fa 15, Pi 10, Qu 9, Be 8, others 7

KMa 500 0 0 78 22 Pi 45, Ab 24, Be 10, Pc 9, Fa 7, others 5

PGm 500 0 0 76 24 Ab 53, Pc 20, Qu 15, others 12

GLm 500 0 0 14 86 Al47,Fr31,Pc7, Ab 6, Sa 5, Pa (E2) 53, others 4

RAm, RAk, KMv 500 N 30 19 81 Fa 30, Qu 23, Ac 13, Ab 12, Ti 7, Co (E2) 54, others 15

KMe 500 N 30 41 59 Ab 24, Ac 20, Fa 14, Pc 13, Qu 10, Ti 6, Co (E2) 22, others 13
KMd 500 0 0 67 33 Ab 33, Pc 21, Fa 13, Pi 13, Be 8, Qu 6, others 6

KMd 500 Sw 30 57 43 Ab 23, Pi 23, Qu 15, Fa 14, Be 11, Pc 10, others 4

KMd 500 NE 30 73 27 Ab 36, Pc 28, Fa 11, Pi 10, Be 7, others 8

PZa 500 0 0 92 8 Pi 67, Ab 19, Pc 7, Be 6, others 1

LIm(q) 500 0 0 84 16 Ab 39, Pi 35, Pc 11, Be 9, others 6

GLm-GLo 500 0 0 76 24 Pc 34, Ab 22, Pi 20, Al 15, others 9

KMg 500 0 0 67 33 Ab 47, Qu 21, Pc 18, Co (E2) 13, others 14

KMm(a), PZk 700 SW 30 58 42 Ab 28, Pc 19, Fa 15, Pi 12, Be 10, Qu 8, Sr 6, others 2

KMe 700 SW 30 37 63 Fa 21, Ab 20, Ac 16, Qu 13, Pc 11, Pi 6, Co (E2) 23, others 13
KMd 700 SwW 30 64 36 Ab 29, Pc 20, Pi 15, Fa 13, Be 11, Sr 6, Qu 6, others 0

PZG, PZo 700 SW 30 61 39 Pc 31, Al 24, Ab 19, Pi 11, Fr 6, Pa (E2) 33, others 9
GLm-GLo 700 0 0 86 14 Pc 47, Ab 26, Pi 13, Al 6, others 8

KMm(a), PZk 700 NE 30 72 28 Ab 38, Pc 30, Fa 15, Sr 5, others 12

KMd- shallow 700 NE 30 74 26 Ab 50, Pc 16, Fa 11, Pi 8, Be 7, Sr 5, others 3

KMg 700 (1] 0 88 12 Ab 60, Pc 26, others 14

PZm 850 NE 30 84 16 Pc 49, Ab 35, Fa 9, others 7

RNp-PZm (PZk) 850 NE 30 77 23 Ab47,Pc 27, Fa 12, Sr 7, others 7

RNp-PZm (PZk) 850 sSw 30 68 32 Ab 42, Pc 16, Fa 13, Pi 10, Be 10, Sr 9, others 0

PZk 850 Sw 12 75 25 Pc 37, Ab 36, Fa 14, Sr 6, others 7

RNp, RNm(a) 850 SwW 30 71 29 Ab 44, Pc 17, Sr 17, Pi 11, Be 10, others 1

RNp, RNm(a) 950 SwW 30 71 29 Ab 40, Pc 25, Sr 20, Be 8, Pi 6, others 1

RNp-PZm 950 SW 30 70 30 Ab 40, Pc 24, Fa 12, Sr 10, Be 7, Pi 6, others 1

RNp-PZm 950 NE 30 75 25 Ab 37, Pc 36, Fa 13, Sr 8, others 6

PZm 950 0 0 83 17 Pc 52, Ab 30, Fa 10, others 8

RNp, RNm(a) 950 NE 30 80 20 Ab 39, Pc 38, Sr 15, others 8

Explanations of abbreviations used in tables

Soil type — soil units according to Morphogenetic Soil Classification System (Hrasko et al. 1991) - equivalents to FAO units (in alphabetical
order):

FMG - fluvi-eutric gleysol, FMm - eutric fluvisol; GLm — eutric gleysol, GLo - histo-humic gleysol; HMg - stagno-gleyic luvisol, HMm — orthic
luvisol, HMI — “orthic-albic” luvisol; KMa — cambic arenosol, KMd — “typical” dystric cambisol, KMe — mollic cambisol, KMg — stagno-gleyic
cambisol, KMm(a) — “moderate” dystric cambisol, KMv — calcic cambisol; LIm(q) - dystric litosol; LMm — albic luvisol, LMg — albo-gleyic
luvisol; PGm — dystric planosol; PZa - ferro-orthic podzol, PZG - gleyic podzol, PZk — spodo-dystric cambisol, PZm — ferro-humic podzol, PZo
~ histo-humic podzol; RAk — “cambic” rendzina, RAm — “typical” rendzina; RNm(a) - “typical” ranker, RNp — *“podzolic” ranker.

Woody species: Ab — Abies alba, Ac — Acer pseudopl & pl ides, Al — Alnus glutinosa & incana, Be — Betula pendula, Ca — Carpinus
betulus, Co - Corylus avellana, Fa — Fagus sylvatica, Fr — Fraxinus excelsior, Pa - Padus avium, Pc - Picea abies, Pi — Pinus sylvestris,
Qu — Quercus robur, Sa - Salix fragilis, St— Sorbus aucuparia, Ti - Tilia cordata & platyphyllos, Ul — Ulmus glabra; E2 - shrub layer
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Table 3. Calculated species composition for typical site conditions — exclusion of spruce and silver fir (simulation of strong air
pollution impact)

Soil type Height (m) Expos. Slope (°) % conifer. % br.-leav. Species with 5% and more of presence (in descending order)

FMG 250 0 0 0 100 Fr 34, Sa 31, Al127, Pa (E2) 66, others 8

LMg 250 0 0 4 96 Qué6l1,Fa 14, Ti 5, Ac 5, Co (E2) 21, others 15
KMm(a) 250 0 0 8 92 Fa 71, Qu 13, Pi 8, others 8

HMm, HMI 250 0 0 4 96 Fa 45, Qu 22, Ca 8, Ac 9, Ti 8, Co (E2) 20, others 8
FMm 350 0 0 i 99 g:ezr:,:czs, Fa2l,Fr9,Ti8, Ul7, Cas, Pa(E2) 15, Co (E2) 48,
FMG 350 0 0 0 100 Fr 34, Al 30, Sa 27, Pa (E2) 55, others 9

HMm, HMI 350 0 0 4 96 Fa 58, Qu 16, Ac 9, Co (E2) 17, others 17

LMg 350 0 0 5 95 Qu 53, Fa 21, Ac 6, Be 5, Co (E2) 21, others 15
KMm(a) 350 0 0 7 93 Fa77,Qu 8, Pi 7, others 8

KMm(a) 350 Sw 30 9 91 Fa 68, Qu 16, Pi 9, others 7

KMa 350 0 0 42 58 Fa 46, Pi 42, Be 7, Qu 5, others 0

PGm 350 0 0 8 92 Qu 46, Fa 30, Pi 8, Be 7, Co (E2) 10, others 9

GLm 350 0 0 1 99 Al 52, Fr 36, Sa 8, Pa (E2) 97, others 4

PZa 350 0 0 81 19 Pi 81, Fa 13, Be 5, others 1

HMm, HM1 500 0 0 96 Fa 68, Qu 11, Ac 7, Co (E2) 11, others 14

KMm(a) 500 0 0 5 95 Fa 81, Pi 5, others 14

KMa 500 0 0 35 65 Fa 54, Pi 35, Be 8, others 3

PGm 500 0 0 7 93 Fa 40, Qu 35, Be 9, Pi 7, Co (E2) 7, others 9

GLm 500 0 0 1 99 Al 54, Fr 36, Sa 6, Pa (E2) 61, others 4

RAm, RAk, KMv 500 N 30 1 99 Fa 84, Qu 6, Co (E2) 15, others 10

KMe 500 N 30 2 98 Fa 74, Ac 11, Qu 6, Co (E2) 12, others 9

KMd 500 0 0 8 92 Fa 80, Pi 8, Be 5, others 7

KMd 500 sw 30 12 88 Fa 72, Pi 12, Qu 8, Be 6, others 2

KMd 500 NE 30 7 93 Fa 81, Pi 7, Be 5, others 7

PZa 500 0 0 76 24 Pi 76, Fa 17, Be 7, others 0

LIm(q) 500 0 0 44 56 Pi 44, Fa 40, Be 11, others 5

GLm-GLo 500 0 0 46 54 Pi 46, Al 35, Be 9, Sr 5, others 5

KMg 500 0 0 3 97 Qu 50, Fa 21, Ac 10, Co (E2) 30, others 19
KMm(a), PZk 700 SwW 30 6 94 Fa 80, Pi 6, Be 5, others 9

KMe 700 SW 30 2 98 Fa 81, Ac 6, Qu 5, Co (E2) 9, others 8

KMd 700 sSwW 30 9 91 Fa77,Pi9, Be 6, others 8

PZG, PZo 700 SW 30 22 78 Al 48, Pi 22, Fr 12, Be 6, Pa (E2) 65, Co (E2) 6, others 12
GLm-GLo 700 0 0 49 51 Pi 49, Al 23, Sr 13, Be 12, others 3

KMm(a), PZk 700 NE 30 3 97 Fa 90, others 10

KMd- shallow 700 NE 30 6 94 Fa 84, Pi 6, Be 5, others 5

KMg 700 0 0 5 95 Fa 50, Qu 19, Be 9, Ac 8, Sr 7, Pi 5, Co (E2) 7, others 2
PZm 850 NE 30 1 99 Fa 93, others 7

RNp-PZm (PZk) 850 NE 30 3 97 Fa 89, others 11

RNp-PZm (PZk) 850 sw 30 7 93 Fa 81, Pi 7, Be 6, Sr 5, others 1

PZk 850 SwW 12 1 99 Fa 92, others 8

RNp, RNm(a) 850 SwW 30 21 79 Sr 33, Fa 25, Pi 21, Be 20, others 1

RNp, RNm(a) 950 SwW 30 13 87 Sr 43, Fa 26, Be 17, Pi 13, others 1

RNp-PZm 950 SwW 30 4 96 Fa 83, Sr 7, Be 5, others 5

RNp-PZm 950 NE 30 1 99 Fa 91, Sr §, others 4

PZm 950 0 0 1 99 Fa 93, others 7

RNp, RNm(a) 950 NE 30 5 95 Sr 45, Fa 40, Be 10, Pi 5, others 0

Explanations of abbreviations used in tables

Soil type ~ soil units ding to Morphogenetic Soil Classification System (Hra$ko et al. 1991) - equivalents to FAO units (in alphabetical
order):

FMG - fluvi-eutric gleysol, FMm - eutric fluvisol; GLm - eutric gleysol, GLo — histo-humic gleysol; HMg — stagno-gleyic luvisol, HMm - orthic
luvisol, HMI ~ “orthic-albic™ luvisol; KMa - cambic arenosol, KMd - “typical” dystric cambisol, KMe - mollic cambisol, KMg ~ stagno-gleyic
cambisol, KMm(a) — “moderate” dystric cambisol, KMv - calcic cambisol; LIm(q) - dystric litosol; LMm - albic luvisol, LMg - albo-gleyic
luvisol; PGm — dystric planosol; PZa — ferro-orthic podzol, PZG - gleyic podzol, PZk — spodo-dystric cambisol, PZm - ferro-humic podzol, PZo
- histo-humic podzol; RAk - “cambic” rendzina, RAm 'typlcal" rendzina; RNm(a) - ‘typneul" ranker, RNp ~ “podzolic” ranker.

Woody species: Ab — Abies alba, Ac — Acer pseudop &p ides, Al — Alnus gluti & incana, Be - Betula pendula, Ca - Carpinus
betulus, Co — Corylus avellana, Fa — Fagu: sylvatica, Fr — Fraxinm excelsior, Pa — Padus avium, Pc — Picea abies, Pi — Pinus sylvestris,
Qu — Quercus robur, Sa - Salix fragilis, St - Sorbus aucuparia, Ti - Tilia cordata & platyphyllos, Ul — Ulmus glabra; E2 - shrub layer
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Table 4. Calculated species composition for typical stand conditions — climatic change at year 2030 (without thermophilous trees
[Acer campestre, Quercus pubescens, Ulmus laevis, U. minor] and Quercus petraea)

Soil type Height (m) Expos. Slope (°) % conifer. % br.-leav. Species with 5% and more of presence (in descending order)

FMG 250 0 0 0 100  Fr46, Al 26, Sa 20, Pa (E2) 46, others 8

LMg 250 0 0 1 99 Qu74,Ca9,Ti6, Co (E2) 18, others 11

KMm(a) 250 0 0 3 97 Fa53,Qu 35, Co (E2) 8, others 12

HMm, HM1 250 0 0 1 99 Qu34,Ca22,Fal9,Tils5,Ac7, Co (E2) 23, others 3
i 50 X 5 - 5 le: cz:,sc.a 16, Ti 13, Ac 15, Fr 11, Fa 8, U1 6, Pa (E2) 14, Co (E2) 67,
FMG 350 0 0 0 100 Frd2,Sa27, Al 22, Pa (E2) 57, others 9

HMm, HMI 350 0 0 2 98 Fa 33, Qu 28, Ca 14, Ti 12, Ac 8, Co (E2) 34, others 5
LMg 350 0 0 4 96  Qu68,Fa9,Ca6,Ti6, Co(E2) 31, others 11
KMm(a) 350 0 0 5 95 Fa 67, Qu 21, Co (E2) 9, others 12

KMm(a) 350 swW 30 4 96  Fa45,Qu 44, Co (E2) 7, others 11

KMa 350 0 0 32 68  Fa48,Pi32,Qul7 others3

PGm 350 0 0 6 94  Qué9, Fals, Co (E2) 17, others 16

GLm 350 0 0 0 100 Fr4s5, Al 43, Sa 8, Pa (E2) 100, others 4

PZa 350 0 0 79 21 Pi 78, Fa 17, others §

HMm, HMI 500 0 0 7 93 Fad6, Qu22, Ti 9, Ac 8, Ca 6, Co (E2) 36, others 9
KMm(a) 500 0 0 9 91 Fa 72, Qu 13, Pi 5, Co (E2) 7, others 10

KMa 500 0 0 39 61 Fa 47, Pi 34, Qu 10, others 9

PGm 500 0 0 20 80  Qu52,Fal9,Ab 16, Co (E2) 17, others 13

GLm 500 0 0 2 98 Fr 46, Al 41, Sa 9, Pa (E2) 100, Co (E2) 6, others 4
RAm, RAk, KMv 500 N 30 2 98  Fa66,Qul2, Ti8, Ac S, Co (E2) 64, others 9

KMe 500 N 30 4 96  Fa55,Till,Qu10, Ac 10, Ca 5, Co (E2) 47, others 9
KMd 500 0 0 13 87  Fa72,Qull,Pi8,others 9

KMd 500 SW 30 10 90  Fa6l,Qu24,Pi9,others 6

KMd 500 NE 30 16 84 Fa 72, Ab8, Qu8, Pi 7, others §

PZa 500 0 0 81 19 Pi 76, Fa 15, others 9

Lim(q) 500 0 0 56 44 Pi44,Fa36,Ab 11, Be 6, others 3

GLm-GLo 500 0 0 40 60 Al46,Pi32, Ab8, Qu7,Co (E2) 7, others 7

KMg 500 0 0 12 88  QuS6,Abll,Ti8, Fa8,Ca7 Ac6,Pa(E2)S, Co (E2) 53, oth. 4
KMm(a), PZk 700 SW 30 13 87  Fa67,Qu13,Pi7,Ab6, Co (E2)S, others 7

KMe 700 SW 30 5 95 Fa 59, Qu 14, Ac 8, Ti 7, Co (E2) 38, others 12

KMd 700 SW 30 17 83 Fa 66, Qu 11, Pi 10, Ab 7, others 6

PZG, PZo 700 SW 30 2 78 Al43,Fr18,Pil3,Ab9, Qu8, Pa (E2) 100, Co (E2) 17, others 9
GLm-GLo 700 0 0 64 36 Pi 32, Ab 29, Al 24, others 15

KMm(a), PZk 700 NE 30 18 82  Fa74, Ab 13, others 13

KMd-shallow 700 NE 30 27 73 Fa 62, Ab 19, Pi 8, Qu 6, others 5

KMg 700 0 0 48 52 Ab45,Qu29, Fa 14, Co (E2) 19, others 12

PZm 850 NE 30 23 77 Fa73,Ab 18, others 9

RNp-PZm (PZk) 850 NE 30 25 75 Fa 69, Ab 18, Pi 6, others 7

RNp-PZm (PZK) 850 SW 30 26 74 Fa6l, Ab 14, Pi 11, Be 6, others 8

PZk 850 SW 12 17 83 Fa 77, Ab 13, others 10

RNp,RNm(a) 850 SwW 30 56 44 Ab 31, Pi 24, Fa 13, Be 13, Qu 11, Sr 7, others 1
RNp,RNm(a) 950 SwW 30 59 41 Ab 35, Pi 21, Fa 16, Be 12, Sr 9, others 7
RNp-PZm 950 Sw 30 24 76 Fa 67, Ab 15, Pi9, Be 5, others 4

RNp-PZm 950 NE 30 23 77 Fa 72, Ab 18, others 10

PZm 950 0 0 22 78 Fa 75, Ab 17, others 8

RNp,RNm(a) 950 NE 30 64 36 Ab 50, Fa 20, Pi 10, Sr 8, Be 7, others 5

Explanations of abbreviations used in tables

Soil type — soil units according to Morphogenetic Soil Classification System (Hrasko et al. 1991) — equivalents to FAO units (in alphabetical
order):

FMG - fluvi-eutric gleysol, FMm — eutric fluvisol; GLm — eutric gleysol, GLo - histo-humic gleysol; HMg — stagno-gleyic luvisol, HMm — orthic
Juvisol, HMI — “orthic-albic” luvisol; KMa — cambic arenosol, KMd - “typical” dystric cambisol, KMe — mollic cambisol, KMg - stagno-gleyic
cambisol, KMm(a) — “moderate” dystric cambisol, KMv — calcic cambisol; LIm(q) - dystric litosol; LMm — albic luvisol, LMg — albo-gleyic
luvisol; PGm - dystric planosol; PZa — ferro-orthic podzol, PZG - gleyic podzol, PZk — spodo-dystric cambisol, PZm — ferro-humic podzol, PZo
— histo-humic podzol; RAk — “cambic” rendzina, RAm - “typical” rendzina; RNm(a) — “typical” ranker, RNp — “podzolic” ranker.

Woody species: Ab — Abies alba, Ac — Acer pseudoplatanus & platanoides, Al — Alnus glutinosa & incana, Be — Betula pendula, Ca — Carpinus
betulus, Co — Corylus avellana, Fa ~ Fagus sylvatica, Fr — Fraxinus excelsior, Pa — Padus avium, Pc - Picea abies, Pi — Pinus sylvestris,
Qu — Quercus robur, Sa — Salix fragilis, St — Sorbus iparia, Ti - Tilia cordata & platyphyllos, Ul — Ulmus glabra; E2 — shrub layer
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in the case of heavy air-pollution that disqualifies both
these tree species (harmful impact on other tree spe-
cies, e.g. pine, is not considered here in the interest of
simplification). As a result, beech dominates practi-
cally all the Je§téd Ridge and higher locations of the
Liberec Basin. Silver fir-beech wood alternates with
beech-oak wood in the Sub-Jestéd Hills; beech oak-
wood dominates the warmer part of the Zittau Basin.

D) The last map was made for the anticipated change of
climate in 2030 according to the GISS model (a high-
ly pessimistic scenario). The calculation included dur-
mast oak, which was not taken into consideration in
previous maps; consequently, there is generally
a higher share of oak (presented table shows results
w/o Quercus petraea for better comparability). The
calculated vegetation is considerably diversified;
there is clear vegetative progression, in some places
having the full sequence: oak wood — oak-beech wood
— beech wood — fir-beech wood. A similar situation
can be found on the southern slopes of the Kruiné
Hory Mountains today. The maps of individual tree
species representation would clearly show a high
share of oak and a low share of fir on dystric plano-
sols and other “gleyic” soils where it was significant-
ly suppressed by pedunculate oak. Pine, which is to
be expected at top elevations of Jestéd, would get up
to higher elevations too. Like all other maps, this map
is necessary to understand as an expression of site
potential provided it remains the same. In reality the
anticipated changes of climate will be so rapid that
forest ecosystems will not be able to adjust to them,
the more so as their key component — tree species —
are strongly affected by forestry practices limiting
their proliferation. Tree species will respond to the
resulting stress by diminished vitality, increased pro-
pensity to damage of various type and probably pre-
mature die back. While young stands are still capable
of some adaptation (if they do not dry up), older trees
will often be condemned to extinction. The problem
of climatic change and its impact on forests is, how-
ever, so complex that it cannot be dealt with in this
paper.

E) Natural vegetation for the postglacial periods was also
calculated (Pre-Boreal, Boreal, Atlantic, Sub-Boreal
and older Sub-Atlantic). To reconstruct the paleocli-
mate, temperature and precipitation curves from the
study of LOZEK and CILEK 1995 were used. The cal-
culated forest stand composition significantly diver-
ges from what paleobotanists usually think and
probably from reality as well. The biggest controver-
sy has to do with the share of oak and spruce in the
middle Holocene. Palynologically, the repeatedly at-
tested high share of spruce from medium elevations
up cannot be ecologically explained. In addition, the
likely low representation of oak in late Atlantic can-
not be explained in view of today’s ecological and
biological properties of this tree species.
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DISCUSSION

The verification of the model was made in several
steps. First, current potential natural vegetation was cal-
culated for all climatic stations in this country and in oth-
er countries, and the coincidence of calculated and
expected species compositions was tested. Three versions
of the model with different sets of control variables were
used for this step. The results of individual versions of
the model differed only slightly. In view of a more realis-
tic description of the representation of coniferous tree
species, the version using the mean temperature in Janu-
ary as the only one to do so was used further on. The
calculated species compositions with most of the clima-
tic stations in the Czech Republic corresponded to the
data in vegetation and typology maps. There is, how-
ever, no possibility to objectively compare the data, as
the contents of these maps and all our views of natural
vegetation in general are necessarily liable to certain er-
ror. The model from Slovakian localities, which are more
diversified than the Czech ones, esp. climatically and
phytogeographically, offered rather controversial results.
Even more problematic were the results from most of the
foreign sites, especially those situated outside Central Eu-
rope, the error growing with the distance of the evalua-
ted site from the Czech Republic. There were probably
three main reasons for unsatisfactory results: (i) different
ecological nature of tree species often on the outskirts of
the area, probably having some other genetic disposi-
tions, (ii) the presence of other tree species not included
in the model or not accurately defined in it (esp. Sub-
Mediterranean oaks), (iii) different nature of the site vari-
ables the model could not work with, e.g. low temperature
amplitude, windiness and high air humidity in the Euro-
Atlantic area, dry periods and warm winters in the Sub-
Mediterranean region. The fact that it was not possible to
obtain acceptable results even after various corrections
were used also points to the existence of these reasons.

The calculation was also made for ten primeval forests
in the Czech Republic, which were documented in great
detail by PRUSA (1985, 1999) in view of forestry and
vegetation. The results were largely dependent on pre-
cisely setting edaphic variables; nevertheless, they did
not diverge very much from the present state of stands on
the whole. Larger discrepancies were shown with the
Lanzhot primeval forest (a lowland alluvial wood), where
the current species composition is partly influenced by
man. A number of localities showed the already men-
tioned qualities of the model, that means the higher pres-
ence of oak at low elevations and on the other hand,
a smaller share of spruce. The usefulness of the model
for paleovegetation was tested in the locality Kameni¢ky
in the Czech-Moravian Highlands. To compare the data,
interpretation of a detailed pollen diagram covering con-
tinually all of Holocene was used along with eight sam-
ples of absolutely dated “C (RYBNICKOVA, RYBNICEK
1998). The calculations show relative agreement with the
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Fig. 1. Map comments

Contemporary climate: 1 — pine wood, 2 — (silver fir) pine-beech wood, 3 — (beech) silver fir-oak wood, 4 — mixed silver fir wood,
5 — beech wood with oak, 6 — mixed oak wood, 7 — beech wood, 8 — beech wood with silver fir, 9 — beech wood with spruce and
silver fir, 10 — (mixed) spruce wood, 11 — ash-alder alluvial wood

Beech reduction: 1 — pine wood, 2 — mixture of pine, oak and beech (and silver fir), 3 — (beech) silver fir-oak wood, 4 — (mixed)
silver fir wood, 5 — mixture of “scree trees” (maple, ash, elm, lime), 6 — (0ak-beech) spruce-silver fir wood, 7 — (mixed) beech wood
with silver fir, 8 — (mixed) silver fir-spruce wood, 9 — mixture of pine, silver fir, spruce (and oak), 10 — (mixed) spruce wood,
11 — ash-alder alluvial wood

Expected climatic change: 1 — pine wood, 2 — mixed pine wood, 3 — mixture of pine, oak and beech, 4 — oak wood, 5 — mixed oak
wood, 6 — mixed silver fir wood, 7 — (beech) oak wood with silver fir, 8 — oak wood with beech, 9 — (mixed) oak-beech wood,
10 — beech wood with oak, 11 — beech wood, 12 — beech wood with silver fir, 13 — (oak-beech) pine-silver fir wood, 14 — mixture
of “scree trees”, 15 — ash-alder alluvial wood

Section through the highest part of Je3t&dsky hibet. Left: Podje3tédi Hills (about 400 m, sandstone and quaternary sediments),
middle: massif of Jest&d (1,012 m, acid crystalline rocks), right: Zitavské panev Basin (about 400 m, quaternary sediments)
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expected species composition of stands only in the earli-
est and latest periods while those covering the middle
Holocene (climatic optimum) are in contradiction with
usual paleobotanic conceptions.

There can be three reasons for the unsatisfactory re-
sults: (i) the model is imperfect or at least inapplicable
for paleovegetation reconstruction; (ii) incorrect input
data — wrong presupposition of the values of site vari-
ables; (iii) different ecological and biological properties
of the then tree species in comparison with the present
situation. It is very likely that all of these reasons played
a role and that the model thus raised far-reaching ques-
tions concerning reconstruction of the early vegetation.
Even in simple considerations we find hardly explicable
controversies in expected paleoclimate and paleovegeta-
tion derived from palynologic analyses. There arise
doubts as to the nature of the early climate and especially
as to the behavior of tree species of that time in relation
to the environment. We must admit that either the site
conditions of those days defy our conceptions or those
tree species were not ecologically (and probably geneti-
cally) the same as the current tree species. MALEK (1983)
pointed out different ecological and biological proper-
ties of today’s and the Middle-Ages fir. There are similar
differences between individual populations within their
European territory. Quite a different response of tree spe-
cies to the environment has come from the analysis of
ecological amplitudes of tree species in various parts of
Europe. Some tree species behave unexpectedly for Cen-
tral European situation, especially in the peripheral parts
of the territory, e.g. hornbeam in the Baltic region, oak in
England, beech in Central and Western France and limes
in Southern Europe.

The existence of regional populations of tree species
with specific ecological properties has been proved many
times and sometimes foresters have ascribed the taxo-
nomic value to it (SVOBODA 1953, 1955, 1957). The
most prominent example of ecologically definitely
formed local population in the Czech Republic is so-
called upland pine in Western and Southwestern Bohe-
mia growing commonly at the altitude above 1,000 m. In
most Czech mountains the occurrence of pines ceases at
600 or 700 m, and this situation can be considered much
less influenced by man. There is likely to be a number of
similar cases in all of Europe and many of them may pass
unnoticed. Regional ecological (genetically fixed) vari-
ety of tree species is practically impossible to cover by
this model, which reduces the value of its results.

The competition mechanism used in the model (com-
petition and dilatation exponents) is also a critical issue.
Since the model does not consider vertical stratification
of the stand, it does not help effectively suppress light-
demanding tree species in understorey. This is most con-
spicuous in the representation of dwarf pine and in the
mixture of oak and beech as well as in the mixture of fir
and spruce with deciduous tree species. Both of these
coniferous species have a tendency to create + pure stands
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in their respective ecological optimum, which cannot ful-
ly be seen in the outputs of the model.

Another controversial issue is setting edaphic variables.
The reaction of tree species to these variables was not
possible to detect by means of an exact method, so they
had to be determined empirically. Tree species are very
often closely related to soil, and the variability of tree
species composition generally depends more on changes
of soil environment than on climatic gradients. Moreover,
it gets more complicated as each specific soil is a com-
plex set of site variables whose reduction to edaphic cat-
egory and hydric sequence is greatly simplified.

In summary, the results of calculations for various sit-
uations have disclosed the drawbacks of this model, and
they also showed how multifaceted the problem of deter-
mining the natural tree species composition of forests is.
There is still a lot of uncertainty about the problem. It is
not probably feasible to use the mathematical apparatus
to answer these questions.

Itis possible to compare the results of calculations with
the findings of other methodic processes in the case of
the Je§téd Ridge and its surroundings. Comparing a sim-
ulated map of today’s potential natural vegetation with
phytosociological and typological maps is most helpful
for understanding the problem. There are a large number
of vegetation maps available for the wider target area.
These differ from each other mainly in description of the
area of the Sub-Je§t&d Hills and can be divided into three
groups: (i) forest typological maps showing mostly acid
pine woods (SLT 0K); (ii) phytosociological maps cov-
ering all the country (MIKYSKA et al. 1968-1972; NEU-
HAUSLOVA et al. 1998) suggest the prevalence of
acidophilous oak woods and pine-oak woods (more ex-
actly oak-pine woods); (iii) regional vegetation maps in-
clude the prevalence of acidophilous Sub-Atlantic beech
woods (DOBRY et al. 1973; SYKORA 1974). A mixture
of pine and beech prevails (secondarily oak and silver
fir) in the simulated map. Mixed fir-woods are shown on
the map of Pleistocene sediments (loess-like loam and
colluvial deposits).

The Jestéd Ridge itself is included in the zone of beech
wood where phytosociologically fir and fir-spruce beech
woods also belong. The typological map suggests higher
representation of spruce, and its domination at higher
elevations of the Hlubocky Ridge. The simulated map
shows beech as clearly dominant, with the admixture of
fir and spruce at higher elevations. Spruce as a dominant
tree species occurs only on underdeveloped soils in small
areas, always in mixture with fir. Unlike the typological
maps, its overall representation is distinctly lower.

Deciduous groves (“oak hornbeam woods”) and on
a higher level, acidophilous beech woods are mapped in
the Zittau Basin. Forest typological maps include this area
mainly in the third forest vegetation belt with beech do-
minating and oak mixed in. The simulated map clearly
reflects soil contrasts. Mixed fir woods with growing rep-
resentation of pedunculate oak at lower elevations are
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mapped on prevailing Pleistocene sediments covered
with planosol and other “gleyic” soils. Beech woods with
a small share of fir and a significant admixture of oak are
calculated on the granite geest in the extrazonal sites of
southern and western slopes. Deciduous groves (“oak
hornbeam woods”) are indicated only as transient types
giving way to fir oak woods and fir beech woods.

The author made a map 1:25,000 of the target area
based on interpreting the site units and phytosociologi-
cal research in the field (VISNAK 2000). The legend of
the map is largely made up by syntaxa designed in the
Ziirich-Montpellier School style — association and sub-
association (42 units in all). This map in its content ap-
proximately agrees with the simulated map derived from
the mathematical model.

From the paleobotanic point of view, the Sub-Je$téd
Hills is the best-explored partial area. It may be deduced
from only partially published results of extensive re-
search (FIRBAS 1927) that the major tree species in the
older Sub-Atlantic were fir, pine and beech. Pine cannot
be considered a generally prevalent tree species in the
target area. Oak was probably just a secondary tree spe-
cies unlike what the popular thinking is. It is likely to
have extended up to the southwestern slope of the Je§téd
Ridge. Beech and fir dominated the late Holocene.
Spruce was probably a locally numerous (edaphically
contingent) tree species. There is very sketchy and insuf-
ficient data available for the Zittau Basin as to its paleo-
vegetation. The dominant silver fir and spruce with
a minor representation of beech is in a Sub-Boreal sam-
ple (RUDOLPH 1933) in the western part of the Liberec
Basin. The interpretation of paleobotanic data concer-
ning the older Sub-Atlantic does not basically differ from
the results provided by the model. It must be said, how-
ever, that these data are very fragmentary and pertain
mostly to marginal areas.

Archive documents offer an interesting comparison.
They show beech as dominant with admixture of fir in
the Jestéd Ridge. Occurrences of “Black Forests” are
mentioned at top elevations, i.e. coniferous stands of sil-
ver-fir or spruce. These occurrences are indicated by lo-
cal names like Black Mountain, Black Hill or Black Top
— the main locality of these stands was, however, un-
doubtedly Jestéd itself. Fir and spruce, with pine, beech
and oak occurring locally, have been documented as the
main tree species in the Sub-Jestéd Hills since the end of
the 16" century. Materials for the Zittau Basin are miss-
ing, as the forest properties described extend to the Je3téd
Ridge and the Jizera Mountains. It is obvious that the
condition of described forests cannot be considered rele-
vant to today’s potential natural vegetation. As elsewhere,
originally more numerous beeches must have been sup-
pressed by forest pasture (MALEK 1983) and by the gen-
eral degradation of forest soil, which oligotrophic soils
on sandstone are always prone to. A cool period called
the “Little Ice Age” (1600-1850 or even earlier, SVOBO-
DA 1995) is also in favor of fir and spruce.
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CONCLUSION

The multiplicative model of natural tree species com-
position of the forest is relatively a useful means to eva-
luate partial areas in Central Europe. Its efficiency is,
however, significantly decreased for these reasons: (i) the
model shows the site potential regardless the dynamics
of ecosystems; (ii) the model deals with tree species as
individuals of homogeneous properties in all their geo-
graphical area; (iii) the soil characteristic of the environ-
ment is sketchy, and the properties of tree species in
edaphic gradients were determined empirically; (iv) the
competitive relationships within the model are greatly
simplified. The following was confirmed in applying the
model to various hypothetical sites and situations:

1. The behavior of tree species, i.e. their qualitative and
quantitative participation in stands is a result of a coin-
cidence where ecological causes make up only a part
of the complex. Particularly noteworthy is the factor
of variability within the species, relationships between
the tree species in the stand at a time scale of develo-
ping cycles, succession and secular changes. Yet, these
factors are much harder to know than a mere relation-
ship between the tree species and the environment
(habitat).

2. For this reason natural vegetation cannot be derived
simply from analyzing site conditions, not even on
purely floristic-phytosociologic basis. It is necessary
to combine these two approaches. The paleobotanic
or forest-dendrologic findings cannot be omitted
either.

3. The used model simulates potential natural vegetation.
It is a vegetation expression of the current site supply
and does not depend on the previous development of
vegetation in the particular habitat. “Developing fac-
tors”, however, play a very important role in real life.
Thus, the result of continuing succession and deve-
lopment (the preserved remains of natural forests)
does not have to be identical with the meaning of the
term potential natural vegetation.

4. The ecological requirements of tree species in various
parts of their distribution area or individual relict sites
differ, which is a result of the postglacial development.
From the ecological point of view, geographically dif-
ferent populations of the same species cannot be seen
as the only ecological individual (this is mainly true
about old tree species, such as pine, birch, spruce or
pedunculate oak as to their migration).

5. There are great differences in opinions as to the con-
cept of altitudinal vegetation belts: forest typologists
and geobiocenologists think in terms of continuum —
the dominant species of belts are gradually replaced.
Traditional phytosociology is under the influence of
organismal concept and deals with clear-cut stages
(oak, beech or spruce belts). Vegetation belts in the
individualistic concept undoubtedly exist; however, it
is not fully developed everywhere. Beech in ecologi-
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cal optimum tends to create pure stands. Therefore,
oak beech woods are relatively more rare than beech
oak woods (it is not true for azonal sites). Beech was
probably largely accompanied by fir in the past, so the
beech belt was never quite common. The same is prob-
ably true for the relationship between beech and
spruce. “Pure” vegetation belts, as phytosociology
knows them, are often a consequence of degradation
in the past, resulting in today’s seemingly natural stand
formations.

6. Every method used for studying the natural forest
composition has certain limitations. Palynology has
difficulties with interpreting pollen spectra, the inabi-
lity to reliably document entomophilous tree species,
dependence of the efficiency of pollen diagrams on
localization and site conditions of the studied profile.
The drawback of historical study is a short time the
archived documents (often not numerous and not ade-
quately specific) have been available. In most cases
they document vegetation that has greatly changed.
The disadvantage of phytosociology is sometimes its
one-sided orientation on floristic indicators, many of
which may be sub-spontaneously affected (stand and
degrading stages) and may be of very different ages.
On the contrary, forestry typology favors an ecologi-
cal view (site research) and has a tendency to pass over
phytogeographic circumstances. It is often inspired by
the historical study of forests, which sometimes leads
it to erroneous interpretations.

7. It seems from the analysis of habitats of some tree spe-
cies in the target area, esp. hornbeam and sessile oak,
that their regional absence in potentially favorable
habitats is not caused by migration but by the exis-
tence of earlier ecological or cenotic barriers. These
tree species were able to subsist successfully in favor-
able, often isolated localities, for long periods. It is
probably true of beechless areas in inter-Carpathian
Basins in Slovakia and for the absence of sessile oak
in Southern Bohemia.

8. The postglacial development of vegetation is veiled
by many uncertainties and doubts. The spreading of
some formations in separate periods is at first sight
contradictory to the expected climate and soils. We
would expect the great expansion of mixed oak woods
in most of the area of today’s Czech Republic in warm
and humid older Atlantic. Palynological curves, how-
ever, show the expansion of spruce, and compared to
the current situation, only a little larger distribution of
oak. The later existence of mixed deciduous forests of
Acer-Fraxinus type as proposed by RYBNICKOVA
(1985) has not been supported sufficiently. Uneasily
explicable is also beech coming very gradually, which
was probably made possible only by oscillation in pre-
cipitation and cooling in the younger Atlantic and Sub-
Boreal.

The findings acquired during the study of forest com-
position in the area of the Je§téd Ridge are also impor-
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tant for forest management. They show the unambiguity
of determining natural species composition using diffe-
rent methods and the necessity to synthesize one’s ap-
proaches. The critical issues are especially edaphically
“anomalous” (azonal) sites and sites affected by water as
well as localities with specific mezoclimate, esp. frost
affected depressions and summit areas. Also, one must
not omit regional vegetation variability, behind which
there are developmental and genetic circumstances.

In view of forestry, a risk of climatic changes (war-

ming) and continuing influences of anthropogenic stres-
sors are also a significant factor. If forest stands are to
withstand all these pressures, they must be suitably phy-
siologically equipped for it. This means preferring the
tree species of potential natural composition adequate to
the anticipated climate and a larger number of tree spe-
cies in renewed stands. A dominant and perspective tree
species in the interest area of the Je§téd Forest Adminis-
tration is beech. Its share should increase not only in the
Jestéd Ridge itself (at the expense of spruce), but also in
the Sub-Jestéd Hills (at the expense of pine). It is desi-
rable that beech not grow in pure stands, which usually
defies the nature of natural forests, but with at least
a small admixture of other tree species — ideally of fir or
spruce, at lower altitudes of oak and generally of other
deciduous tree species, esp. of sycamore maple. In case
the climatic models are fulfilled, there would be a larger
existential space for oak. Currently, however, oak is only
a locally admixed tree species and growing it in pure
stands is substantiated but for few exceptions. The vita-
lity of spruce may be substantially weakened at lower
elevations in the future. The areas below 500600 m, ex-
cept cold depressions and deep valleys, will be beyond
the physiological amplitude of spruce in 2030 according
to the GISS model. A small potential withdrawal may be
expected with silver fir. Its real usefulness will probably
be minimal in view of continuing difficulties of its gro-
wing.
The indispensable material for determining a target tree
species composition is a forest typological map. Although
it is subject to some drawbacks, it constitutes a unique
set of information, which is at its scale (1:10,000) be-
yond comparison. Unlike vegetation (phytosociological)
maps, a great advantage of typological maps is that they
map sites on the level of forest type groups (SLT) and
they interpret natural vegetation based on them. Map-
ping the sites is more objective than directly mapping the
potential vegetation; therefore, typological maps are of
greater value (they are less subject to errors). The phy-
tosociological content of forest types and their groups
must be continually revised and adjusted to the condi-
tions of the particular Natural Forest Region.

The boundaries of typological units must be respected
in daily practice even though whole stands or stand
groups are still included in one prevailing forest type in
the interest of simplification. Greater emphasis to use
typological findings in forestry should be reflected in
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dividing the forest management units, which are ecolog-
ically too wide and are adjusted to the needs of intensive
monocultural forestry focusing on spruce and pine.
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Stanoveni potencidlni p¥irozené skladby lesi pomoci matematického modelu
na prikladu Je§tédského hibetu

ABSTRAKT: Pro vypotet pfirozené druhové skladby lesti podle stanovistni nabidky byl vyvinut jednoduchy matematicky
model. Model je zaloZen na odezvé jednotlivych druhii dfevin na klimatické a piidni charakteristiky prostfedi. Pro kazdou
dfevinu a kazdou ze souboru fidicich proménnych jsou stanoveny hodnoty tzv. diléi vitality. Ty jsou pak navzijem spojeny
na multiplikativnim principu. Ze srovnéni celkovych (relativnich) vitalit pro jednotlivé dfeviny je pak po korekcich odvoze-
no potencialni zastoupeni kazdé dfeviny na daném stanovisti. Model byl aplikovén v ekologicky kontrastni oblasti Je§téd-
ského hibetu v severnich Cechéch. Jeho pouzitelnost byla testovana i na Sirokém souboru lokalit v Ceské republice i v okolnich
zemich. Model byl vyzkou$en i pro predikci budouci pfirozené vegetace pro pfipad klimatickych zmén &i pfi rekonstrukei
vegetace v dfiv&jsich obdobich postglacidlu. V fadé& pfipadii viak vysledky vypodtl neodpovidaly ofekédvanym hodnotim.
Je to zpusobeno jednak nedokonalosti modelu, pfedevsim popisu kompetiénich vztahli mezi dfevinami, jednak model ukazu-
je 1 na sloZitost pfirodnich procesi, které sebelep$i model nemiiZze z principu postihnout. Faktorem ,,ndhodnosti* je vnitro-
druhova ekologicka (a genetickd) variabilita dfevin, dynamicky rozmér sukcese a sekuldrniho vyvoje lesnich ekosystémil
a specifickd povaha nékterych stanovidtnich charakteristik. Rozporuplné vysledky pfi rekonstrukci vegetace ve stfednim
holocénu nastoluji fadu zajimavych otazek.

Kli¥ovi slova: pfirozené sloZeni lesii; matematicky model; Jedtédsky hibet; severni Cechy; potencidlni ptirozena vegetace;

stanovistni potencidl; paleobotanika; klimatické zmény

Otéazka pfirozeného druhového sloZeni lest mé znaény
teoreticky vyznam a je i diileZitym pfedpokladem pro tr-
vale udrZitelné hospodafeni v lesich. Ndzory na pfiro-
zené sloZeni lesti oviem nejsou jednotné. V lesnické
praxi v CR se pfirozené zastoupeni dfevin odvozuje
z typologického systému UHUL. Existuji viak i dal3i
pfistupy, které nemuseji na konkrétnich stanovistich po-
skytovat srovnatelné vysledky: geobiocenologie (tj. roz-
§ifeni typologického systému prof. Zlatnika dosud
pouZivaného na Slovensku), fytocenologie, paleobotani-
ka, historicky prizkum. Kazd4 z téchto disciplin pracuje
s jinymi zdroji dat a na les tak pohliZi pouze z uréitého
thlu své odbornosti. Teprve syntézou jednotlivych pos-
tupil Ize dospét k vérohodnéj§im zavérim.

Zajimavym dopliikem uvedenych metod mizZe byt
i matematicky model pfirozené druhové skladby lesti.
Modeli simulujicich vegeta&ni procesy a zobrazujicich
vegetaéni mozaiku v krajiné byla zejména v zahranici
vyvinuta celd fada. V préci je prezentovén staticky mo-
del, ktery vyjadfuje kvantitativni sloZeni stromového
patra lesa jako funkci pfirodniho prostfedi (stanoviste).
V modelu neni implementovan dynamicky faktor,
tj. jednotliva vyvojova stadia lesniho porostu a dusledky
stanovi$tnich zmén timto vyvojem vyvolané. Vystupem
je y,stanovistni potencial“ dané lokality vyjadfeny kombi-
naci ofekdvanych dfevin s jejich p¥ibliznym procentual-
nim zastoupenim. Filozofie modelu je tedy blizkd
koncepci potencidlni pfirozené vegetace (dnes b&Zn&
pouzivané ve fytocenologickém mapovani), ale i lesni
typologii zaloZené na stanovi$tnim priizkumu. Misto do
zna¢né miry subjektivnich rozhodovacich postupi je
viak vyuzito matematického algoritmu a nefesi se pro-
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blematika bylinného patra. Principem modelu je stano-
veni tzv. dil€¢ich vitalit odpovidajici jednotlivym
dfevindm na konkrétnim stanovisti (kombinaci stanovist-
nich promé&nnych). Dilgi vitality nabyvaji hodnot 0 az 1.
Byly odvozeny srovnanim riistovych podminek pro jed-
notlivé dfeviny podél gradientu stanovi$tnich prom&n-
nych. Ridicimi prom&nnymi, pouZitymi v modelu, jsou
prumémé teplota mésici ledna a ¢ervence, rozdil t&chto
teplot, délka obdobi s priimémou teplotou alespoii 10 °C,
podil ro&nich sréZek a teplot zvétsenych o 10 (tzv. aridi-
ta), klimatické anomalie podminéné vyhranénymi relié-
fovymi formami. Variabilita piidniho prostfedi je
vyjédfena kombinaci trofickych a hydrickych fad podle
ZLATNIKA (1976) ve zjemn&ném provedeni. Hodnoty
dil¢ich vitalit pro jednotlivé promé&nné jsou spojeny na
multiplikativnim principu, po logaritmické transforma-
ci. Vysledek je upraven tzv. kompeti¢nim exponentem,
ktery vyjadfuje rozdilnou kompetiéni zdatnost jednot-
livych dievin. Ziskané hodnoty jsou po dal$ich Gipravach
pievedeny na procenta, kterd vyjadiuji otekdvané uplat-
néni dané dfeviny v porostu. Model je propojen s vek-
torovou mapou stanovistnich proménnych. Vstupnimi
udaji jsou reliéfové kategorie (kombinace nadmotské
vysky, sklonitosti a svazitosti), plidni jednotky (lze je
odvodit z typologické mapy) a klimaticka data pro refe-
renéni body. Vétsina Fdicich promé&nnych je z téchto dat
vypodtena, protoZe jejich pfimé zjisfovani v terénu by
bylo pfili§ néroéné.

Popsany model byl aplikovén v oblasti Je$t&dského
hibetu a jeho upati, zahrnujicich okrajové &asti Podjestédi
a Zitavské panve. Vysledky vypoéti byly zachyceny do
souboru map, v nichZ je zobrazeno jak procentuélni za-
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stoupeni jednotlivych dfevin, tak i lesni formace z hledis-

ka zastoupeni viidgich dfevin. Resily se nasledujici p¥i-

pady:

1. Dnesni potenciélni pfirozena vegetace. Vid&i dfevi-
nou vétSiny Gzemi je buk, ktery do stfednich poloh
zietelné pievaZuje a teprve vySe je vyrazngji
doprovézen jedli (pfimés do 30 %). Jedle mé optimum
na pseudoglejovych piidéch zejména v Liberecké kot-
ling, ale i v Podjestédi. V obou téchto izemich tvoti
jeji ptimés dub a buk, v mensi mife lipa a smrk. Na
piskovcovych podkladech Ralské pahorkatiny je pfed-
pokladéna smés borovice a buku, v mensi mife i jiné
formace. Porosty pfevazné smrkové &i borové jsou
v lizemi celkové vzicné a jsou vzdy edaficky pod-
minény. Ve vrcholovych polohéch Je§tédského hibetu
byly na chudém rankeru aZ litozemi vypoéteny
smi$ené porosty smrku, jedle a jefdbu, na vyvinutych
pudach je buk pfevaZujici dfevinou je§té v nad-
mofskych vyskach nad 900 m.

2. Potencidlni pfirozena vegetace s potladenim buku.
Tato mapa simuluje vliv lesni pastvy v minulych sto-
letich, ktery znevyhoditoval buk pied jedli a smrkem
(MALEK 1983). Vypottené druhové skladby ukazuji
pfevahu obou uvedenych jehli¢natych dfevin v téméf
celém Jestédském hibetu. V Podjestédi a na chudsich
plidach i ve vlastnim hibetu k nim pfistupuje borovi-
ce. Buk si své dominantni postaveni uhdjil pouze na
troficky nejbohatSich, zejména karbonatovych
podlozich stfednich poloh, kde jej doprovazi dub
s jedli.

3. Potencidlni pfirozend vegetace s vyloutenim jedle
a smrku. Mapa simuluje vliv silné imisni zatéZe, ktera

obé& uvedené dfeviny eliminuje. Vysledkem je pte-
vladnuti buku prakticky v celém Jetédském hibetu
a ve vy33i ¢asti Liberecké kotliny. V Podjestédi se
stfid4 boro-budina s bukovou doubravou, také
v teplejsi st Zitavské panve dominuje bukova dou-
brava.

4. Klimaticka zména k roku 2030 podle modelu GISS.
Oproti prvni mapé vyrazné vzristd zastoupeni dubu
aZ do stfednich poloh a vytvafi se téméf uplny sled
vegeta¢nich stupiili, podobné jako na jiZznich svazich
Krusnych hor. Jedle a zejména smrk jsou zatlageny,
naopak vétsi rozsifeni ma borovice.

Uvedené vysledky jsou v pomé&mé dobrém souladu se
zévéry ziskanymi jinymi metodickymi postupy. P¥i
aplikaci modelu na odlehle;j3i izemi (mimo hranice CR)
tento soulad ale vZdy neplati. Rozporuplné vysledky byly
ziskény i pfi simulaci vegetace z doby klimatického op-
tima holocénu. Ukéazalo se, Ze pfirozené druhové sloZeni
lesti zdaleka neni jen vyjadfenim vztahu ekologicky jed-
nozna¢né definovanych dfevin k nabidce prostfedi. Jed-
notlivé druhy dfevin pfedstavuji soubory populaci
ekologicky (a geneticky) diferencovanych v prostoru
i Case, coZ bylo opakované prokdzano provenienénimi
pokusy.

Pfi vyvoji lesnich porostil v minulych obdobich sehra-
ly dileZitou roli i migrace dfevin z glacidlnich refugii
a jejich postupné obsazovani prostoru. Kone¢né i stano-
vi§tni podminky konkrétnich lokalit pfedstavuji velmi
komplexni promé&nné, jejichZ redukce na maly podet
snadno uchopitelnych ,fidicich prom&nnych* je nutné
zjednodusujici.
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Thinning experiment in a Scots pine forest stand after 40-year

investigations

L. CHROUST

Opocno, Czech Republic

ABSTRACT: There has been a permanent lack of experiments investigating the growth and development of pine stands as
well as of convincing results. Therefore an experiment was established in a 27-years old stand of a local pine ecotype in the
East-Bohemian pine region in 1957 in order to determine the effect of crown tending on the stand development and volume
production compared to low tending (thinning from below) of different intensity. The investigated crown tending was founded
on quality selection with determination of quality individuals and concurrent improvement of subdominant trees (plot “D”).
Low thinning of medium intensity (plot “B”) and high intensity (plot “C”) consisted in removing subdominant trees of
adequate tree classes. The experiment was evaluated after 40 years.

Keywords: stand tending; pine; increment; wood production

After World War II, strong trends of transforming and
converting devastated spruce and pine monocultures
were furthered (KONIAS 1951). One of the silvicultural
measures directed to establishment of mixed and all-aged
forests was represented by crown thinning though the
current knowledge had not been favourable for that tend-
ing approach namely in pine stands (WIEDEMANN 1948).
An experiment was established in 1957 in order to get
more knowledge of a proper tending method in middle-
age pine stands (CHROUST 1959), the results of which
are topical for the present tending technology. It is so
because there are efforts in the Czech forestry to tend the
stands so that monocultures could be prepared to conver-
sion to more nature-close stands. The crown thinning
should be the means (ZEZULA 2000).

ISSUE

In the Czech lands similarly like in Germany the tend-
ing of even-aged pine stands was based above all on low
thinnings of light to medium intensity which were pre-
ceded by interventions into the crown level in order to
remove low-grade overtopping trees (PLIVA 1987;
PAREZ, CHROUST 1988; MUSIL 1988, etc.). Existing reg-
ulations and instructions of differentiated tending
stemmed from long-term experiments and experience
(BAADER 1934; WIEDEMANN 1948; ERTFELD 1960;
ASSMANN 1968; MITSCHERLICH 1970-1971; DITTMAR
et al. 1976, and others), which showed that the volume
increment and total volume production were highest af-
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ter low thinnings of low or medium intensity and after
the interventions exceeding the medium level the vol-
ume production decreased by 5—10%. On the other hand,
the stronger the intervention, the more the diameter in-
crement of the main stand trees increases even though
the light increment of pine is much smaller than in other
species. Even such a small increase in the diameter in-
crement is enough for the value production to increase
by 5% in the thinning degree B and by 8% in the degree
C (BAADER 1934; STRATMANN 1983). There is much
less information on pine stand crown tending than on low
tending though already SCHWAPPACH (1908) and his fol-
lower WIEDEMANN (1948) had experimented with it. The
latter came to a conclusion that the crown tending in pine
stands could be applied successfully as a temporary mea-
sure in the small pole stage only in order to improve the
crowns of the best trees. Later the method would fail for
fairly sure and untimely dieback of subdominant trees
and opening up the stand. Based on further results WENK
(1973) concludes that the crown interventions can come
into consideration in young stands only. However
MITSCHERLICH (1970-1971) brings forward the related
danger. As young pine is sensitive to opening and re-
sponds by the crown extending, it may happen after an
untimely release of quality canopy individuals that bot-
tom branches will dry off and the stem form factor will
decline. The more fertile the site, or in ecotypes from
higher elevations the bigger that danger. In such cases
the quality selection counters the aim to grow quality,
which degrades in this way. Apart from this, released
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trees were observed to have a lower height increment than
the non-released ones (MRAZEK 1996). However in old-
er stands, from the second half of the rotation period,
pine is less able to extend its crown and root system and
to exploit fully the space opened by crown intervention.
Therefore the light increment appears slowly and to such
a small extent that it is not able to compensate the vol-
ume of cut trees and therefore increment losses occur
(ASSMANN 1968). Contrary to low tending the volume
increment is lower by 10% (MITSCHERLICH 1970-1971).
The effect of opening manifests itself only after a long
time with a longer rotation period or when some trees or
stand parts are left longer than the rotation period
(WAGENKNECHT 1962; RICHTER 1963; MRAZEK 1999).

A more favourable effect is expected in the variant when
silvicultural operations concentrate on a limited number of
the best individuals only as was presented by MICHAELIS
(1907) or SCHADELIN (1947), or in the updated form on tar-
get trees by ABETZ (1972, 1979, 1980, 1992), MERKEL
(1978), or KLADTKE (1990) etc. These target trees are marked
visibly and permanently already in the small pole or pole stag-
es so that the manager would not have to bother with selec-
tion of favoured trees in the following improvement felling.
These individuals are expected to yield a bigger green vol-
ume and with pruning also a higher quality. Respecting the
fact that the method of target trees has been applied in the last
30 years only, the forestry practice and science have not had
enough convincing proofs of its effectiveness namely in pine
stands. However, the results have shown so far that in order
the method would be successful the opening of target trees
and juvenile thinning have to get started already soon — after
growing to the height of 8-12 m, and in time, during the sec-
ond half of the rotation period, to apply low thinnings of me-
dium or low intensity (ERTELD 1986; ABETZ, PRANGE 1976;
SPELLMANN 1996; KILZ 1996; BURSCHEL, HUSS 1997). In
the main, it represents a modified graded WIEDAMANN’s
(1942) tending based on the principle: in youth strongly, since
the middle age weakly.

Contrary to these principles the Programme for sus-
tainable management in the Czech forests (ZEZULA
1997, 2000) recommends for the pine stands tending: “to
grow young stands considerably thick only with inter-
ventions by a negative selection of dominant and co-dom-
inant trees. Low interventions should not be performed
as they are supposedly harmful and economically unde-
sirable. At older age since approximately 50 years the
tending changes into positive crown and combined inter-
ventions by selecting about 100-300 target trees, the
crowns of which are opened by cutting co-dominant trees
away. So it is a basically contradictory recommendation
to those presented in German or Czech older literature.
The solution to the outlined issues of pine stands tending
should be supported by the following experiment.”

LOCALITY

The Pleistocene sediments are formed by fluvial grav-
el terraces thick 10-20 m over the chalk base in the lo-
cality of the town of Tynisté nad Orlici (50°47° N
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longitude, 16°07" E latitude). The altitude is 260 m, av-
erage annual precipitation 648 mm and average annual
temperature is 8.2°C. The forest type is composed of
pine-oak stands with Vaccinium myrtillus (1M).

OBJECT AND METHOD

A thinning comparative experiment was established in
a pine stand that originated by a natural border regenera-
tion in 1957 at its age of 27 years. The density of the
small pole stand was about 7-8 thousand trees per 1 ha,
stand height was about 10 m and the breast height diam-
eter (d.b.h.) of the mean stem was 67 cm. The objective
of the experiment was to identify how the crown tending
compared with low tending of medium and higher inten-
sity is reflected by the production qualities of the pine
stand. Therefore the small pole stand was split into 3 plots
sized 30 X 60 m; the low tending of medium intensity
was used on the plot “B”, the stronger one on the plot
“C”, and the crown tending with a quality selection was
performed on the plot “D” (SCHADELIN 1947), in which
promising trees were released and subdominant trees
were protected. “Promising trees” were represented by
codominant and intermediate trees with straight stems,
smooth bark, adequately large and conical crown, and
fine branching (by a formerly applied theory: with signs
of stadium juvenility, NESTEROV 1951). Before the first
improvement interventions 2—3 thousand of snags and
drying trees (5™ class, Kraft) were cut away. After their
removal 10 plots sized 10 x 10 m were delineated and
located so that they represented the whole comparative
area and could be processed statistically. Consequently
the trees were numbered and measuring points were
marked at the height of 1.3 m.

After measuring the trees on the plots 850 promising
trees were selected and marked with a white strip. Con-
sequently trees designed for cutting were marked by the
key:

On the plot trees of the Kraft’s tree class

“B* 5,4,(3)

“c” 5,4,3,2)

“D” in all classes by positive selection

Block observations of tree development and growth
consisted in annual measurements of d.b.h., and in a pe-
riodical measurement of heights. Length, distance be-
tween the whorls, diameters at 1-m sections for volume
calculations were measured in cut trees, disks were cut at
breast height for ring analyses, and at the tree foot for
age determination. The data were processed by common
taxation and statistical methods (see below in the text).

RESULTS
STAND DENSITY - TREE NUMBERS

The stand density before the experiment was set up to
range between 61 and 76 trees per 100 m?. The average
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Fig. 1. Trees numbers in the compared plots depending on age
fitted by reciprocal growth function

number 7,132 + 739 trees per 1 ha was approximately
twofold than the value in the Czech yield tables for yield
class 4 where the stand was included (by absolute height
of tree yield classification).

In setting up the experiment at the age of 27, in the first
intervention 1,780 trees/ha were cut on the plot “B”,
1,950 trees on the plot “C” and only 480 trees on the plot
“D”. So at the beginning of the experiment the stand den-
sity dropped on the plot:

B¢ to 4,380 + 389 trees/ha intensity 29%
o to 3,420 + 293 intensity 36%
»D to 5,740 + 829 intensity 8%

The cutting intensity was highest on the plot “C”, where
the bulk of the subdominant trees were cut, the lowest on
the plot “D”, where only those trees from the dominant
level that grew close to promising trees were cut. In the
second thinning repeated after 2 years interventions were
made also into subdominant classes because some trees
had died or manifested drying up. In this second inter-
vention on the plot “D” 2,015 trees were cut, out of it
27% dead standing trees, and the density dropped to
3,725 + 662 trees per 1 ha. On the plots “B” and “C” in
the second intervention 1,537 and 1,247 subdominant
trees were cut out of the relevant tree classes, which were
not removed in the previous intervention. The intensity
of the second intervention was nearly equal on all plots
(35-36%). The density dropped to 2,843 + 664 trees per
1 ha and 2,173 + 392 trees per 1 ha, respectively.

On the plot “D” in the third thinning at the age of
35 years the number of selected trees was reduced to 200

Table 1. Number of stems in the stand after thinning

Age 30 35 45 50 60
Plot

“B” 2,843 1912 1,624 1229 974
“c” 2,175 1,431 1,234 988 842
“D” 3,725 2,603 2245 1,742 1,410

as some originally selected individuals though released
lagged behind in growth or were bent or broken by snow.
The intervention was made at the crown level again in
favour of the selected trees, and labile and dying sub-
dominant trees were removed. On the other hand, trees
possibly helping the vertical canopy were left. On the
plots “B” and “C” also in the third thinning the horizon-
tal canopy was formed. The intensity of the third inter-
vention was lower on all three plots and dropped to
13-15%. So the decline of trees decreased after the ini-
tial steep drop (Fig. 1, Table 1).

After 40 years the number of trees on all plots was re-
duced by 75-78% and even in the seventies it exceeded
the value of the Czech yield tables. This and other facts
prove specific features of the Tyni§t& pine ecotype
(CHROUST 1989).

As the change in the number of trees on the plot in
relation to age generally runs along the mirror growth
curve, the course of the tree number decline in individual
compartments was fitted by reciprocal Korf’s growth
function:

NG = : 1)

Aex,{Lt'-")i
1-n t"

DIAMETER AT BREAST HEIGHT (D.B.H.) AND
DIAMETER INCREMENT (ID.B.H.)

Before the experiment was establishment on the plots
“B”, “C”, “D”, diameters at breast height ranged between
1 cm and 17 cm with the mean stem diameter about 6.6 +
2.7 cm. When the dead trees were removed, the mean
stem diameter increased to 7.2 + 1.8 cm and the follow-
ing thinnings changed the range of both the breast height
diameters and mean stem diameters, depending on the

Table 2. Constants for the calculation of stem number (before
thinning)

Plot “B” 5 & “D”
Constant 4 5.993868 3.247669  13.290816
Constant k 2.244538 56.722950 1.923579
Constant n 1.095865 1.959075 1.081311

Acknowledgement: The constants were calculated by the SAS programme at the Department of Forest Management at the
Faculty of Forestry at the Czech University of Agriculture in Prague. I thank Professor Ing. Jan Kouba, PhD., and Ing. D.

Zahradnik for these calculations.
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type and intensity of thinnings. The range narrowed the
most in the compartment “C” from which the weakest
trees were removed, the least on the plot “D” where, on
the contrary, weak trees were left. Therefore the mean
stem diameter changed the most on the plot “C”, less on
“B”, while it did not change on “D” at all. The differenc-
es in the changes of mean stems increased from 3% to
26% between the compartments “B” and “C” and to
36% between “C” and “D”.

During 40 years the breast height diameters of the mean
stems increased proportionally to the original diameter,
therefore at the age of 70 years the order remained the
same as at the beginning of the experiment but the differ-
ences between the plots dropped from 26% to 12% be-
tween the plots “B” and “D” and from 36% to 19%
between the plots “C” and “D”. During the 40-year peri-
od the breast height diameter of the mean stem increased
the most on the plot “C” by 14.4 cm, on the plot “B” by
13.7 cm and on the plot “D” the least (by 13.0 cm). The
changes in the mean stem breast height diameter result
from the shift in numbers following immediately the in-
tervention in the diameter class concerned and the diam-
eter increment itself. It is better explained by a periodical
diameter increment studied in a constant set of 30 trees
of the second tree class (Table 4). It was on the plot “D”,
i.e. on the plot with crown thinning, higher in all periods
than on the two remaining plots, so that after 40 years the
mean stem breast height increment on that plot was high-
er by 12% than on the plot “C” and by 23% higher than
on the “B”.

The increase in the tree diameter increment on the plot
with crown tending is obvious also from the growth ring
curve constructed as the average from the set of 12 trees,
the diameter of which was at the beginning of the exper-
iment on the plot “C” 11.8 £ 1.9 cm, on “D” 9.5+ 1.2 cm.
These weaker trees with lower increments began to in-
crease their increments after the release in 1957 so that
already in the first decade they reached the increment of
the stronger trees and in the last 8 years they surpassed
them by 8% (Fig. 3).

The average width of growth rings in those years was
1.15+0.23 mm in trees on “D”, 1.06 £ 0.16 mm in trees
on “C”. It is obvious that the interventions into the cano-
py negatively influenced the increment of the mean stem.
The increment on the plot “D” is smaller than on the plots

Table 4. Periodic diameter increment of co-dominant trees
(id.b.h. in cm)

Age 30 31-40 41-50  51-60  61-70
Plot  d.b.h. id.b.h. idbh. idbh.  idb.h.
“B” 102+08 3.6+08 27+09 20£09 1.6+1.2
“C” 104+1.0 38+10 32+09 26+1.1 1.8+08
“D” 10.0+0.9 4.1+09 3.7+10 2.7+09 2413

Statistical fitting of the breast height diameter of the
mean stem in the stand before and after thinnings in rela-
tion to age (f) and tending method was performed by
Korf’s incremental function

ik = Aexp[Lt'-"]k @

l-n ;'

Table 5. Constants for the calculation of mean d.b.h. in stands
in relation to stand age

Constant A k a

Plot after before after before after before
“B” 30.84 52.63 193.60 34.34 239 1.89
“cr 32.59 59.79 221.68 34.77 243 1.88
“D” 28.85 41.06 121.17 31.06 226 1.88

after — after thinning, main stand
before — before thinning

HEIGHT (H) AND HEIGHT INCREMENT (IH)

The highest trees of the experimental stand reached
even 13 m at the age of 30 years while the mean stand
height was by 1-2 m lower (10.9 + 0.7 m). Both top and
mean height corresponds to the 4™ yield class of the
Czech yield tables or yield class II according to SCHWAP-
PACH (1896). The height increment and total height of
the main stand were calculated for the tree set of the 1*
tree class. No differences were observed in the top stand
height.

The mean stand height was derived as a function of the
mean breast height from the height curves calculated by
Nislund’s function

“B” and “C”. After 40 years of tending, i.e. at the age _dbh.

70 years, mean d.b.h. of 100 large trees is nearly equal: “B” H(m)= (a+bdbh )+1‘3 &)
-29.1439cm,“C”~29.8+ 3.8cm, “D”-29.7+2.4 cm.

Table 3. Breast height diameter (d.b.h.) of mean trees before and after thinning (d,cm)

Age 30 40 50 60 70

Plot bef. aft. bef. aft. bef. aft. bef. aft. bef.

“B” 8.4 9.3 12.7 13.8 16.4 17.1 19.1 19.6 223

b 04 9.0 99 13.8 14.8 18.0 183 21.5 21.5 245

Dy 7:5 7.8 11.0 11.6 13.9 14.5 16.4 16.7 19.1

bef. — before thinning

aft. — after thinning
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Table 6. Constants for the calculation of height curves

Age 30 40 50 60 70
Constanta 0.606 0.716 0.826 0936 1.047
Constant b  0.245 0.221 0.204 0.187 0.178
Table 7. Mean stand height (m)

Age 30 40 50 60 70
“B” 11.7 14.7 17.0 19.2 21.0
G >al 11.9 14.9 17.2 19.7 21.8
“D” 109 13.2 15.5 17.9 19.5

It is obvious from Table 7 that the top height increased
by 11 m, mean height by 8.6-9.9 m during the 40-year
period while the stand on the plot “C” was the highest of
all even though it was highest at the beginning, too. The
original average decade increment of 3.4 m dropped to
1.8 m after 40 years.

BASAL AREA AT BREAST HEIGHT (BA in m?)
AND ITS INCREMENT (IBA in m?)

Basal area was calculated from the product of the sta-
tistically fitted number of trees according to formula (1)
and the breast height diameter of the mean stem calculat-
ed from formula (2).

When the experiment was established, the stand basal
area after removing the dead trees was 24.4 + 0.9 m? and
it was by 2.5 m? lower than indicated in the Czech yield
tables. After the first two interventions repeated in the
years 1957-1959 BA on the plots changed like this:

Table 8. Periodic basal area increment (iBA in m¥ha)

“B” by 5.1 m? to 19.3 m? (intensity 21%)
“C” by 7.7 m? to 16.7 m? (intensity 31%)
“D” by 6.6 m? to 17.8 m? (intensity 27%).

In the first 10-year period, at the age of 3040 years
when iBA usually culminates, the plot “D” had the high-
est absolute increment (14.5 m?) but 2.5 m? of it were
trees that died within the period (19% dead trees). A sim-
ilar situation was on the plot “B” (9% dead trees); so the
highest increment in living trees was in the stand “C”,
out of which the less vital trees were removed in time.
Therefore its stand basal area after 10 years amounted to
25.7 m? only, while on the plot “B” it was 29.1 m? and on
“D” 29.2 m? (Table 9).

In the second period, when only one intervention was
performed, the increment on all plots dropped by 25%
per 10 m? on average while in living trees it was highest
on the plot “C”, lower on “D” and lowest on “B”. The
stand basal area at the age of 50 years is lowest on the
plot with low thinning of higher intensity. But the origi-
nal 14-15% difference between the plot “C” and the oth-
er two plots decreased to 8%.

After the thinning at the age of 50 years the ten-year
increment dropped by 4% on “C”, by 12% on “B” and by
23% on the plot “D” although the intervention intensity
was nearly the same on all plots (15-17%). This may be
explained by a different plot structure consisting of
a considerably higher proportion of stronger trees on the
plot with low thinning and higher intensity of previous
interventions.

During the last observed period of 6070 years 3-m
wide extraction lanes were cut through the centre of each
plot. In addition, dead and dying trees were removed.
The periodic increment slightly increased on “C” and
“D”, on “D” it decreased. As a consequence, at the end

Age 3140 41-50 51-60 61-70

w/o w/o w/o w/o w/o w/o w/o w/o
Plot “B” 85 9.8 94 10.0 79 8.9 83 7.6
Plot “C” 9.0 9.0 10.2 10.2 8.1 8.1 8.5 8.8
Plot “D” 8.9 114 8.7 10.1 6.1 7.9 8.1 8.9
w/o — without dead trees
w — with dead trees
Table 9. Basal area (BA m?ha)
Age 30 40 50 60 70
Stand after before after before after before after before
Plot
“B” 19.3 29.1 24.3 343 28.2 37.1 294 38.0
s B 16.7 25.7 21.2 314 26.1 342 30.5 39.3
“D” 17.8 29.2 239 34.0 28.9 36.8 31.5 40.4

after — after thinning, main stand
before — before thinning

J. FOR. SCIL, 47, 2001 (8): 356-365
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of the fourth decade the “D” stand overran the other two
plots in stand basal area by 5-8% (Table 8).

STAND VOLUME (V) AND ITS INCREMENT (IV)

The volume of single stems (v) cut during the experi-
ment was determined by Huber’s method, and then vol-
ume yield tables were constructed according to Korsuii’s
(1962) method:

@

v=K.dm ey

where: K = 0,023, m = 2,036, n = -0.043, p = 1.134,
d=db.h, h=height

The standing volume (m*/ha) and its development were
calculated similarly like the stand basal area by formulas
(1), (2), (3) and (4).

At the beginning of the experiment at the age of
27 years, when the d.b.h. of the mean stem exceeded
6 cm and the volume exceeded 0.02 m?, the stand vol-
ume was 142 m?® and was lower by about 16% than the
calculations of the Czech yield tables. The highest stand-
ing volume after the first thinning was on the plot “B”,
lower on “D” and lowest on “C”, where the intervention
of highest intensity was used (28%) (Table 11). In conse-
quence of the lower standing volume the increment in
the following 10 years on this plot was by 7% lower than
on the other two ones (Table 10).

Table 10. Periodic volume increment (iV in m*ha)

Fig. 3. Growth ring curves of
12 dominant trees from plots “C”
and “D”

However in the next period (41-50 years) the value iV
on the plot “C” with more intensive thinning was higher
by 2 m? than on “B” and by 5 m® than on “D”. Despite the
higher increment the standing volume lags behind by 6%
on “D” and by 2% on “B” also after the second decade.

In the third period when primarily only dead trees were
removed from the stands and the intervention intensity
ranged from 13 to 16%, the volume increment on the
plots “C” and “D” remained at the previous levels. On
the other hand, it grew to 107 m’ on the plot “B”. In spite
of differences in 10-year increments the order of stand-
ing volume values remains the same as at the beginning
of the experiment.

Only in the last observed period (61-70) both the rate
of increment and standing volume changed as a conse-
quence of cutting in the extraction lanes. The cutting in
the extraction lanes affected the “B” stand to the largest
extent where 68 m® were cut, the “D” stand where 47 m®
were felled to a lower extent and to the lowest extent the
“C” stand (29 m®). The intervention intensity was pro-
portionate to the stem number within the lanes and their
volume. As a result of the different intervention intensity
and of the increment the order of standing volumes
changed so that it was highest on “C” stand (379 m?),
lower on “B” and “D” (Table 11).

In view of the quality composition of the stands based
on visual assessment the trees on the plot “B” seem bet-

Age 31-40 41-50 51-60 61-70

w/o w w/o w w/o w w/o w
Plot
“B* 77.3 85.0 90.5 96.3 95.4 107.2 96.7 99.7
“©cr 79.5 79.5 98.4 98.4 98.9 98.4 100.5 103.6
“D” 73.9 91.3 80.1 93.2 81.5 92.6 88.8 - 97.6

w/o — without dead trees
w — with dead trees
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Table 11. Stand volume (V in m*/ha)

Age 30 40 50 60 70
Stand after before after before after before after before
Plot

“B” 111 196 166 262 218 326 258 358
“c 97 176 147 246 205 304 275 379
“D” 99 190 157 250 216 308 261 359

before — before thinning
after — after thinning, main stand

Table 12. Periodic basal area increment (iBA) and volume in-
crement (iV) during 31-70 years

iBA(m?) iV(m3)
w/o w w/o w
Plot
“B” 345 373 359.9 388.2
“«©" 35.8 36.1 3773 379.9
“D” 32.6 383 3243 374.7

w/o — without dead trees
w — with dead trees

ter, namely the stem purity in comparison with the plots
“C” and “D”. But the differences do not seem so impor-
tant with respect to the overall technical quality of the
stand.

SUMMARY AND DISCUSSION

In the stand with crown tending (plot “D”) 850 trees
were selected at the age of 27 which corresponded with
the idea of a promising tree (SCHADELIN 1947) by their
straight stem and shape of the crown. Most were codom-
inant trees but also intermediate trees were present. After
10 years most trees of the 5% and 4" classes died and
were removed (it had already happened on “B” and “C”
within the previous intervention). So the vertical canopy
closure and understorey could not be maintained simi-
larly like in WIEDEMANN (1948) in the past. Because the
intermediate trees though being released did not improve
their vitality and some even died, the release in the third
intervention in the second decade concentrated only on
200 codominant trees and 27 intermediate trees. The re-
leased codominant trees on “D” had a higher diameter
increment than the parallel tree set on “C” and “D” by
8 and 14% already in the first decade. This difference
increased later on (Table 4). In spite of it the d.b.h. of
100 large trees at the age 70 years is equal on all plots.
A similar increase in the diameter increment in even old
released pines was reported by MRAZEK (1999) in the
area Ebel-Havel-Winkel.

Periodical increment at stand basal area and of the vol-
ume was highest on the plot “C” and although it increased
gradually on “D”, it was by 35.6 m*/ha lower after
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40 years than on “D” and by 53.0 m*/ha than on “C” (Ta-
bles 10-12). The magnitude of the “loss” of volume in-
crement in relation to the increment of the stand with
more intensive low thinning corresponds with the result
of WIKSTEN’s Swedish experiment (1960). But in
WIEDEMANN’s experiments the volume increment was
lower both under crown tending and low tending of high-
er intensity than under low tending of lower intensity.
Contrary to our experiment ERTELD’s and HENGST’s ex-
periments also showed the stands tended by weaker low
thinnings had a higher volume increment than under
stronger thinnings. Similarly DITTMAR (1966) reported,
but for a short 17-year period (32—49), that with decreas-
ing basal area the volume increment also decreased. The
danger of increment losses arises namely with crown
tending when codominant trees are affected by interven-
tions in the second half of the rotation period or when the
basal area is reduced from the middle age (ASSMANN
1961). With a timely density reduction in young stands
and a timely transition to moderate interventions the re-
sults can be opposite (ABETZ 1972; STRATMANN 1975;
BURSCHEL, HUSS 1997).

The results of the experiment which anticipated the
currently adopted strategy of target trees by nearly
20 years proved the idea that it was possible to increase
the target tree increment supposed they came from the 1%
and 2™ tree classes and the release thinning would start
at the small pole stage (ABETZ, PRANGE 1976; ERTELD
1986; BURSCHEL, HUSS 1997, and others). They also
approved that the interventions into the canopy in the
second half of rotation period resulted in increment loss-
es. The experimental results and the above mentioned
authors” works showed that crown tending of presented
type in pine stands is not better than low tending and on
the contrary, its application may result in losses of vol-
ume increment.
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Probirkovy experiment v borovém porostu po 40 letech

L. CHROUST

Opoéno, Ceskd republika

ABSTRAKT: Experimentii, které zkoumaji vliv uroviiové vychovy na riist a vyvoj borovych porostl a zejména piesvédei-
vych vysledki, je stile nedostatek. Proto byl ve Vychododeské borové oblasti v roce 1957 zaloZen ve 27letém borovém
porostu mistniho ekotypu pokus s cilem zjistit, jaky vliv ma droviiova vychova na vyvoj porostu a jeho objemovou produkci

364

J. FOR. SCI., 47, 2001 (8): 356-365



ve srovnéni s podiroviiovou vychovou rizného stupné. Podstatou zkoumané Groviiové vychovy byl jakostni vybér
s vyznaCenim kvalitnich a uvoliiovanych stromi se soutasnym Setfenim stromé podiroviiovych (dilec ,,D*). Podtiroviiové
probirky stfedni (dilec ,,B*) a siiné intenzity (dilec ,,C*) spo&ivaly v odstrafiovani poduroviiovych stromi pfislusnych stro-

movych tfid. Po 40 letech byl pokus vyhodnocen.

Klitovi slova: vychova porostii; borovice; pfiriist; produkce dfevin

Po druhé svétové vélce zavladly v Eeském lesnictvi sil-
né tendence po pfeméndch a pfevodech devastovanych
smrkovych a borovych monokultur. Jednim z péstebnich
opatfeni sméfujicich ke smiSenym a riznovékym po-
rostiim méla byt i trovilova vychova, a to piesto, ze do té
doby ziskané poznatky nebyly pro tento zplisob vychovy
(zv145té borovych porostli) nijak pfiznivé a pfesvéd&ivé.
Za ucelem obohaceni poznatki o vhodném zpiisobu vy-
chovy borovych porostii stfedniho véku byl vr. 1957
zaloZen experiment (CHROUST 1959), jehoz vysledky
jsou pro soucasnou péstebni techniku aktuélni — to proto,
Ze v Ceském lesnictvi je opét snaha vychovavat porosty
tak, aby monokultury mohly byt pfipraveny na pfevod
na porosty pfirodé blizsi.

Experiment byl situovan do 27leté borové tytkoviny
z ptirozené obnovy tynist'ského ekotypu (Vychodoceska
borové oblast, soubor LT 1 M). Cilem experimentu bylo
zjistit, jak se na vyvoji a riistu porostu projevuje tiroviiova
vychova ve srovnéani s vychovou poduroviiovou slabé
a siln&jsi intenzity. Za tim G¢elem byla ty¢kovina (husto-
ta 7-8 tis. ks/ha, vy¢etni tloustka 1-16 cm a vyska 5 az
13 m) rozdélena na tfi dilce, pracovné ozna&ené pismeny
»B“, ,,C* a ,D* Na dilci ,,B“ byl porost vychovavan
slabymi poduroviiovymi zasahy, na dilci ,,C“
podaroviiovymi zasahy siln&;§imi a na dilci ,,D“ byl po-
rost vychovavén pozitivnim vybérem tiroviiovymi zisahy
protézujicimi cilové stromy.

V dilci,,D” bylo pfi prvnim zasahu ve 27 letech vyty-
povéno 850 stromil/ha, které rovnym kminkem a tvarem
koruny odpovidaly pfedstavam stromil nad&jnych. Byly
to stromy pfevazné iroviiové, ale i vriistavé. Po prvnich
deseti letech vé&t§ina stromi 5. a 4. stromové tfidy
odumfela a byla vyt&Zena (na dilci ,,B“ a ,,C* se tak stalo

jiZ pfi pfedchazejici probirce). Vertikalni zapoj a spodni
etdZ se proto nepodafilo udrZet, podobné jako jiZ dfive
WIEDEMANNOVI (1948). ProtoZe ani stromy vriistavé,
pfestoze byly uvolnény, nezvysily svou vitalitu a n&které
znich dokonce odumfely, soustfedilo se uvoliiovani pf
tietim zdsahu v druhém desetileti jen na 200 stromd
urovilovych a 27 stromi vristavych za i¢elem poznani je-
jich reakce. Uvoliiované tiroviiové stromy na dilci ,,D* jiz
v prvnim decenniu mély o 8 a 14 % v&tii tloustkovy piirtst
neZ paralelni soubor stromti na dilci,,C* a ,,B“. Tento rozdil
se naddle zvétSoval (tab. 4). Podobné zvétSovani
tloustkového prirlistu i u starych uvolnénych borovic zazna-
menal MRAZEK (1999) v oblasti Ebel-Havel-Winkel.

Periodni pfirist na vyéetni kruhové zdkladné a objemu
byl ale nejvétsi na dilci ,,C“, a pfestoZe se na dilci ,,D“
postupné zvétSoval, byl po 40 letech o 35,6 m® na ha
mensi neZ na dilci ,,B“ a 0 53,0 m® na ha mensi neZ na
dilci ,,C* (tab. 10-12). Velikost ,,ztraty" na objemovém
pfirtstu v relaci k pfiriistu porostu vychovavaného
podiroviiové vétsi intenzitou koresponduje s vysledkem
pokusu WIKSTENA (1960) a DITTMARA (1966). Nebez-
pedi priristovych ztrat vznikd zejména, kdyZ se snizuje
vycetni zdkladna od stfedniho véku (ASSMANN 1961).

Vysledky experimentu potvrdily nézor, Ze je mozné
zvy$it pfirist cilovych stromil za pfedpokladu, Ze
pochazeji z 1.-2. stromové tfidy a Ze se s jejich uvol-
flovanim zacne jiZ ve stadiu ty¢kovin. Potvrzuje se také,
Ze po zasazich do trovné i v druhé polovin€ obmyti do-
chézi k pfiriistovym ztratim.

Vysledky pokusu a prace citovanych autori ukézaly,
Ze Uroviiova vychova uvedeného typu neni v borovych
porostech lepsi neZ vychova poduroviiova a naopak Ze
pii jeji aplikaci miiZe dojit ke ztrdtdm na objemovém
pfiristu.
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Analysis of interspecific differences in tree root system cardinality

B. KonOPKA

Lesnicky vyskumny ustav, Zvolen , Slovenskd republika

ABSTRACT: In the localities Létky, Lopej, KeZmarské ZPaby and Star4 Lesnd, diameter at breast height (d.b.h.) as well
as depth and width of tree root plates uprooted by wind were measured. Correlations between root plate measurements and
d.b.h. for particular tree species in each locality were determined. The shallowest roots were found in Norway spruce,
followed by silver fir and European beech. The deepest roots were found in European larch and Scots pine. Interspecific
differences in the root system width were small. Root systems of spruces were significantly shallower in poorly drained
site than at well-drained sites. The results proved the knowledge that pure spruce stands in poorly drained soils are the

most unstable.

Keywords: root plate; soil conditions; tree stability; uprooting

Storms cause huge damage to forest stands, i.e. they
most commonly break or uproot trees. PELTOLA et al.
(2000) stated that in 1990, 100 million m?* of forest cover
were blown down overnight as a storm swept over Eu-
rope. Bigger damage occurred in the Christmas time of
1999 in Western and Central Europe. At that time, just in
the territory of France, over 140 million m?® of trees were
blown down. In Slovakia, the worst damage by storm to
forest stands in the last decade occurred in July 1996,
when 1.5 million m® of wood was destroyed by wind in
the Horehronie region, and in June 1999 — with over
1 million m® of trees blown down in the PovaZsky Inovec
mountains and their vicinity (KONOPKA B. 2000).

The volume of storm damaged trees considerably differs
in the particular species. These differences result from the
morphological and physical properties of each tree species.
Traditionally, a large part of research on mechanical stabil-
ity (windfirmness) was focused on the assessment of above-
ground parts of trees (e.g. LOHMANDER, HELLES 1987,
SMITH et al. 1987; KONOPKA J. 1992; VALINGER et al.
1993). However, according to my previous findings in Slo-
vakia under unfrozen soil conditions, much more trees have
been uprooted than broken by storms. Hence, further study
should be focused on underground part of trees, i.e. on qual-
itative and quantitative evaluation of the root systems.
COUTTS (1987) claimed that tree root growth and develop-
ment is influenced by a number of internal and environ-
mental factors. The most decisive are the genetic properties
(internal factor) and soil conditions (environmental factor).
KONOPKA B. (1997a) found from long-term forestry
records that under Slovak conditions the tree species mostly

366

damaged by storms is Norway spruce (Picea abies [L.]
Karst.), followed by silver fir (4bies alba Mill.). Medium
storm damage was found on European beech (Fagus syl-
vatica L.) followed by European larch (Larix decidua Mill.)
and Scots pine (Pinus sylvestris L.). Most of the other tree
species growing in Slovakia are relatively resistant to storm.

The aims of this study were to evaluate the root system
depth and width of some tree species, namely Norway
spruce, silver fir, European beech, European larch and Scots
pine, and to compare interspecific differences in root sys-
tem measurements.

METHODS

Measurements of root system depth and width were
done on trees uprooted by storm. Selected forest stands
were in the localities Latky, Lopej, Kezmarské Zl'aby and
Stard Lesn4. Latky and Lopej belong to the Vepor hills
(Central Slovakia) while KeZmarské Zl'aby and Stard
Lesna belong to High Tatras (Northern Slovakia). The
localities are in the fifth (fir-beech) and sixth (spruce-fir-
beech) forest vegetation zones. One site (KeZmarské
ZPaby) was on poorly drained soil (high water table) and
the other sites were on well-drained soils. Loam and clay-
loam soil types of medium depth with skeleton of 30—
50% characterize the sites.

Altogether, 290 uprooted trees including 171 spruces,
49 beeches, 43 firs, 15 larches and 12 pines were mea-
sured. On the stems, diameter at breast height (d.b.h.)
and on root plates (uprooted mass of roots and soil), two
perpendicular diameters and maximum thickness (former
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Table 1. Site characteristics and mean values of d.b.h. and root plate measurements for particular localities (+ standard deviation)

; . - ; Number of Root plate measures
Locality Soil conditions Tree species esaved teeas d.b.h. (cm) depth.(cm) widih (5in)
Litky loam spruce 42 35(x9) 76 ( 21) 181 (£ 55)

well-drained beech 15 33(x6) 83 (+17) 205 (+ 40)
loam spruce 57 47 (x9) 107 (% 22) 319 (£ 54)
Lopej well-drained beech 34 40 (£ 10) 122 (£ 24) 314 (£ 58)
fir 29 46 (£8) 134 (+ 36) 304 (+ 46)
Kezmarské ZPaby gley-loafn spruce 40 33(x9) 52 (x15) 354 (£ 78)
poorly drained fir 14 37(x9) 84 (+ 15) 250 (+42)
. e R
Stara Lesn well:déxinied arc 1 (= 11) 106 (£ 23) (+83)
pine 12 37(@=11) 118 (= 28) 265 (= 74)
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Fig. 1a,b. Interspecific differences in root plate measurements between spruce and beech in the locality Latky
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Fig. 2a,b. Interspecific differences in root plate measurements between spruce, beech and fir in the locality Lopej
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Fig. 4a,b. Interspecific differences in root plate measurements between spruce, larch and pine in the locality Stard Lesnd

Table 2a. Linear models of relationships between d.b.h. and root plate depth for particular tree species at each locality. Fitted values
of root plate depth for d.b.h. equal to 20, 30, 40 and 50 cm are shown

: Value of d.b.h. (cm)
Locality Tree species i 20 30 40 50
P of linear model 5
Fitted value of root plate depth (cm)
Litky spruce y=1.27x+31.16 57 69 82 95
beech  y=1.50x+33.21 63 78 93 108
spruce  y=1.53x+34.57 65 80 96 111
Lopej beech  y=1.56x+60.72 92 108 123 138
fir y=1.20x+79.06 103 115 127 139
KeZmarské ZPaby spruce  y=0.55x+33.57 45 50 56 61
fir y=0.54x +63.11 74 79 85 90
spruce  y=1.54x+9.61 40 56 71 87
Stara Lesnd larch  y=1.94x+42.81 82 101 120 140
pine  y=2.19x+3743 81 103 125 147
368 J. FOR. SCIL., 47, 2001 (8): 366-372




Table 2b. Linear models of relationships between d.b.h. and root plate width for particular tree species at each locality. Fitted values
of root plate width for d.b.h. equal to 20, 30, 40 and 50 cm are shown

. Value of d.b.h. (cm)
2 : Equation

Locali

ocality Tree species oFlindsr ool 20 ; 30 40 50
Fitted value of root plate width (cm)

Litky spruce y=4.86x+9.73 107 156 204 253
beech y=5.72x+13.53 128 185 242 300
spruce y=153x+34.57 200 244 289 333
Lopej beech y = 1.56x + 60.72 210 262 314 366
fir y=120x+79.06 222 253 285 316
Ke#marské ZFaby spruce y=5.88x+161.35 279 338 397 455
fir y=3.92x +105.07 183 223 262 301
spruce y=3.71x+123.22 197 235 272 309
Stara Lesna larch y=>5.81x+16.64 133 191 249 307
pine »=6.09x +39.21 161 222 283 344

depth) were measured. These measurements also charac-
terized the mean root system width and maximum depth
of root penetration in the soil. Average values of d.b.h.,
root plate depths and root plate widths were calculated
for each site. The relationships between root plate mea-
surements and d.b.h. were analyzed by linear correlation.
Fitted values (linear model) of the dependence of root
plate measurements on d.b.h. were used to evaluate in-
terspecific differences. Linear model was used further for
evaluation of water-logging influence on root system
development in Norway spruce.

RESULTS

Mean values for d.b.h. of spruces at the particular sites
ranged from 33 to 47 cm (Table 1). Mean root plate depth
of spruces was from 52 to 107 cm, and mean root plate
width from 181 to 354 cm. Mean values of d.b.h. for
beeches were 33 and 40 cm, mean root plate depths were
83 and 122 c¢m, and mean root plate widths were 205 and
314 cm. Mean values of d.b.h. for firs were 46 and
37 cm, mean root plate depths were 134 and 84 cm, and
mean root plate widths were 304 and 250 cm. Mean d.b.h.
of larches was 39 cm, mean root plate depth was 106 cm,
and mean root plate width was 244 cm. On pines, mean
values were 37 cm for d.b.h., 118 cm for root plate depth,
and 265 cm for root plate width.

Dependence of root plate measurements on d.b.h. for
a particular tree species at each site is shown in Figs. la—
4b. Based on these linear models, measurements of root
plates for the values of d.b.h. equal to 20, 30, 40 and
50 cm were calculated (Tables 2a and 2b). In the Latky
locality, it was found by means of a linear model that root
plates of beeches were deeper by 615 cm and broader by
21-47 cm than those of spruces. In Lopej, beeches simi-
larly had deeper and broader root systems than spruces. In
this locality, firs had root plate depth values close to those
of beeches, but beeches had broader root systems than firs.
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In the KeZmarské ZI'aby locality, firs had root systems
deeper by 29 cm than those of spruces. It was found in this
locality that root plates of spruces were 96—144 cm broad-
er than those of firs. In the Stara Lesn4 locality, the deep-
est root plates were observed in pines (81-147 cm)
followed by larches (82-140 cm), roots of spruces were
shallowest, measuring 40-87 cm. Differences in the root
plate width between spruce, larch and pine were small.

Owing to the fact that the Ke?marské ZI'aby locality was
in the poorly drained site (high water table) and all the other
localities were at well-drained sites, one could infer the in-
fluence of water logging on the root system development in
Norway spruce. From the comparison of these two different
environments, a negative effect of permanent water-logging
on root system depth of Norway spruce could be stated.
Contrariwise, root plate widths of spruces at the poorly
drained site were significantly larger than those at the well-
drained sites. These differences in the root system measure-
ments of spruces between well-drained and poorly drained
sites increased with values of d.b.h.

DISCUSSION

Distinct differences in root plate measurements were
found between the studied tree species. The shallowest
roots were found in spruces. Firs and beeches had signif-
icantly deeper roots than spruces. The deepest root sys-
tems were found in larches and pines. Interspecific
differences in root system width were less pronounced.
DAY (1950) considered the genera Picea and Abies as
typically shallow-rooted and the most prone to uproot-
ing. Most authors (e.g. HOCHTANNER 1967; RODEN-
WALDT 1973) labeled Norway spruce as the most labile
tree species under European conditions. ROTTMANN
(1986) claimed that silver fir is more stable than Norway
spruce, although a mixture of these two species make
stands very prone to uprooting. KONOPKA B. (1997b)
found in a 60-year-old mixed forest stand that silver fir
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had a root system that is deeper by 20 cm than Norway
spruce. Traditionally, European beech was considered to
be resistant to mechanical stress caused by wind. The
main reason for this assumption was that the beech wood
has good physical properties, particularly a high resis-
tance to bending and tension stress. However, large storm
damage to beech forest towards the end of 1990’s showed
that in the case of heavy rains when soil is temporally
saturated with water, followed by strong winds, stands
of this species can be windthrown to a large range (KOD-
RIK J. 2000). On the other hand, beech admixture has
a stabilizing effect in spruce and fir stands (KONOPKA J.
et al. 1980). Undoubtedly, larch and pine are important
stabilizing species in regions with prevailing spruce and
fir stands (SINDELAR 1996). Interesting results were ob-
tained by KODRIK M. (1994), who proved the negative
effect of immissions on the development of Norway
spruce in the northern Slovakia.

Besides quantitative parameters of root systems (total
weight and length of roots, depth and width of root pene-
tration), qualitative parameters determine tree anchorage
(CouTTS 1986). It concerns physical properties of root
tissues, type of root branching and general “architecture”
of the root system. The health status of roots is important
because rotting can deteriorate physical properties of wood
tissues considerably. FRASER (1962) suggested that Fo-
mes annosus root rot reduces a tree’s resistance to uproot-
ing by 30% or more. Physical properties of roots also
depend on concurrent temperature and moisture status of
their tissues (SEREDA 1983). Physical properties of roots
can be influenced by frequent mechanical stress, e.g. by
wind. Trees are able to adapt themselves partly to this re-
current mechanical stress through morphological changes
(e.g. coarsening or enhancement of specific gravity) of the
most loaded parts of their bodies. JAFFE (1973) defined
this kind of partial adaptation to mechanical stress with
the term “thigmomorphogenesis”.

The soil environment influences root development con-
siderably. Soil texture affects the distribution of the roots,
and soil consistency influences their anchoring ability
(MERGEN 1954). Roots can easily penetrate sandy soils,
loamy soils moderately, and clayey soils with difficulty
(FRASER 1962). The most labile forest stands are in clayey
soils, which do not allow root penetration to
a sufficient depth, and are of low cohesion and shear
strength (SMITH et al. 1987). The vertical distribution of
roots hangs on soil aeration, compression, and moisture-
holding capacity of the particular soil horizons. In gener-
al, relatively shallow and little spread root systems are
found at fertile and moist sites where trees have sufficient
water and nutrients in the upper soil layer. Contrariwise, at
the poorer sites, where trees lack water and nutrients, roots
must grow into a large system or penetrate to deeper hori-
zons. Thus in general, forest stands at poor sites are more
resistant to uprooting than those in good ones (VICENA et
al. 1979). Maximum depth of root penetration can be re-
duced by excessive stoniness, shallow bedrock, clay-rich
B horizon, a “plow pan”, iron pan, subsurface horizon of
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high bulk density, high water table, or toxicity in lower
horizons (SCHAETZL et al. 1989). My research also con-
firmed that spruces had considerably shallower roots at
the poorly drained site than at the well-drained sites. An
interesting finding is that root systems of firs were signif-
icantly deeper than the root systems of spruces even at the
poorly drained site. In this site, spruces had considerably
broader root systems than firs (root biomass of spruces in
water-logged soil developed in horizontal direction more
prevalently than vertical growth). ROTTMANN (1986) ex-
plained shallowness of tree root systems in poorly drained
sites as a consequence of insufficient oxidation in deeper
soil horizons. PYATT (1966) found that root systems of
27-year-old Norway spruces were 91-168 cm deep when
growing in well-drained soils and 3048 cm deep at poor-
ly drained sites. His study also suggested that the thinning
of trees on wet soils improves root spreading, but does not
appear to increase resistance to uprooting because vertical
root growth is temporarily inhibited. Similarly, KONOPKA
B. (2001) found out that root systems in mature Norway
spruce stands were twice deeper at well-drained sites than
at the poorly drained ones. The opposite situation was ob-
served for root system width. Root system width was nar-
rower by one-third of units at well-drained sites than in
poorly drained ones. At poorly drained sites, stability of
trees is also decreased due to low cohesion in soil as well
as due to frequent occurrence of root rots (ROTTMANN
1986).

CONCLUSIONS

The parameters of tree root systems are predetermined
by genetic characteristics, which govern the qualitative
and quantitative differences between the particular spe-
cies. Besides internal factors like genetic characteristics,
root system parameters are influenced by the environ-
ment, especially by soil conditions. The results in this
study proved that the root system of Norway spruce was
the shallowest and most labile among the tree species
investigated. Silver fir and European beech had deeper
root systems. The deepest root systems were found in
Scots pine and European larch. Hence, pine and larch are
relatively resistant to uprooting. Interspecific differen-
ces in the root system width were less pronounced.

Permanent water logging (high water table) negatively
influenced the root system depth of Norway spruce. Sur-
prisingly, root systems of firs were significantly deeper
than the root systems of spruces even of those growing
in the poorly drained site. Thus, spruce at poorly drained
sites are the most prone stands to uprooting. Probably,
silvicultural measures (e.g. thinning) in spruce stands
growing in poorly drained soils do not improve root sys-
tem depth and resistance to uprooting.
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Analyza medzidruhovych rozdielov drevin v mohutnosti koreiiovych systémov

B. KONOPKA

Lesnicky vyskumny istav, Zvolen, Slovenskd republika

ABSTRAKT: Na lokalitach Latky, Lopej, KeZmarské Zlaby a Staré Lesna sa merala hribka d, , ako aj 3irka a hibka koreiio-
vych balov drevin vyvratenych vetrom. Sledovala sa zavislost rozmerov korefiovych balov od hribky d, , pre jednotlivé
lokality a dreviny. Najplyt3ie korene mal smrek, po fiom nasledovala jedl'a a buk. Najhlbsie korefiové systémy sa zistili pre
smrekovec a borovicu. Medzidruhové rozdiely v Sirke korefiovych systémov boli malé. Korefiové systémy smreka boli vy-
znamne plytdie na podma&anom stanoviti neZ na stanoviitiach nepodméganych. Vysledky potvrdili skutotnost, Ze najla-
bilnejsie sii smrekové monokultiry na podma¢anych pédach.

KPi&ové slova: korefiovy bal; pddne pomery; stabilita drevin; vyvrat

Vietor poskodzuje lesné porasty najmé tym, Ze ich lame
alebo vyvracia. NajrozsiahlejSie vetrové $kody vznikli
na lesoch zdpadnej a strednej Eurépy na Vianoce 1999,

J. FOR. SCI., 47, 2001 (8): 366-372

kedy bolo len na izemi Franctzska poskodenych okolo
140 miliénov m? dreva. Na Slovensku boli rozsiahle
vetrové kalamity v juli 1996 na Horehroni (postihnutych
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bolo okolo 1,5 milibnov m® dreva) a v juni 1999 v Po-
vazskom Inovci a jeho okoli (1 milién m?® dreva).

Rozdielna odolnost’ proti podkodeniu vetrom (stabili-
ta) medzi jednotlivymi drevinami sivisi s réznymi mor-
fologickymi a fyzikalnymi vlastnostami ich nadzemnych
a podzemnych &asti. V predo§lom obdobi sa v rdmci hod-
notenia stability lesnych porastov a drevin pozornost
stistred’'ovala prevazne na ich nadzemné ¢asti. Zistilo sa
viak, Ze ak je poda nezamrznutd, vietor dreviny CastejSie
vyvracia neZ léme. Z tohto dévodu treba zamerat’ d’alsi
vyskum hlavne na hodnotenie kvalitativnych a kvanti-
tativnych znakov korefiovych systémov drevin.

Na lokalitich Létky, Lopej, KeZmarské Zl'aby a Stara
Lesna sa na vyvratenych drevinach merali rozmery ko-
refiovych balov a hritbka 4, ,. Latky a Lopej sa nachédza-
ja vo Veporskych vrchoch, Kezmarské Zl'aby a Stard
Lesné vo Vysokych Tatrich. Ke#marské Zlaby boli na
podmédanej pode a ostatné lokality na nepodméacanych
stanovistiach. Pody tu boli hlinité az ilovitohlinité,
stredne hlboké, s podielom skeletu 30-50 %. Spolu sa
zmeralo 290 stromov, z toho bolo 171 smrekov, 49 bu-
kov, 43 jedli, 15 smrekovcov a 12 borovic. Pre kazdi
lokalitu a drevinu sa vyratali priemerné hodnoty mera-
nych parametrov. Vyjadrila sa zavislost hibky a $irky
koretiovych balov od hribky d, ; pomocou linedrne;j ko-
relacie. Tieto linedrme modely sa pouZili na odvodenie
medzidruhovych rozdielov v mohutnosti korefiovych
systémov, ako aj na zhodnotenie vplyvu zamokrenia pody
na vyvoj koreilov smreka.

Na lokalite Latky priemernéa hibka koreiiovych balov
bola 76 cm pre smrek a 83 cm pre buk. Priemern4 Sirka
koreiiovych balov bola 181 c¢m pri smreku a 205 cm pri
buku. Na lokalite Lopej priemerné $irky koreilovych
balov boli 107, 122 a 134 cm jednotlivo pre smrek, buk
a jedlu. Priemerné §irka korefiovych balov bola 319 cm
pre smrek, 314 cm pre buk a 304 cm pre jedl'u. Na lokalite
Kezmarské Zlaby boli priemerné hibky koretiovych
balov 52 cm pre smrek a 84 cm pre jedl'u, pri¢om ich
$irky boli 354 cm a 250 cm. Na lokalite Stara Lesna boli
hibky koreiiovych balov pre smrek, smrekovec a boro-

vicu rovné 63, 106 a 118 cm. Priemerné hodnoty $irky
koreiiovych balov boli 254 cm pri smreku, 244 cm pri
smrekovci a 265 cm pri borovici. Linearne modely zavis-
losti rozmerov koretiovych balov od hribky d, , potvrdili,
Ze najplyt3i korefiovy systém ma smrek. HIbsi korefiovy
systém sa pozoroval pri jedli a buku. Najhlbsie do pody
prenikali korene smrekovca a borovice. Medzidruhové
rozdiely v $irke korefiovych balov boli menej vyrazné.
Zaujimavy je rozdiel rozmerov korefiovych balov smre-
ka medzi podma¢anym stanovi§tom na KeZmarskych
Zraboch a nepodmaganymi stanovisfami. Koretiové
systémy smreka boli vyrazne plytsie, ale SirSie na
Ke¥marskych Zlaboch neZ na ostatnych sledovanych
lokalitach. Rozdiely v rozmeroch koreiiovych systémov
smreka medzi podméa¢anymi a nepodmaéanymi podami
réstli s hribkou 4, ;. Jedl'a mala hibsi koreiiovy systém
nez smrek aj na podmadanom stanovi§ti. Smrek v za-
mokrenej pdde vertikalny vyvoj korefiovej biomasy kom-
penzoval zvySenou produkciou horizontalne oriento-
vanych koreiiov. Preto tu bol korefiovy systém smreka
v priemere o vySe jedného metra $ir$i nez korefiovy
systém jedle.

Vysledky poukézali na fakt, Ze smrekové porasty,
hlavne ak rastii na podmadanych stanovistiach, si slabo
ukotvené v pdde, teda aj malo odolné voéi vyvrateniu.
Stabilita smre¢in na podma¢anych stanovistiach je
zhorSena aj niZSou sudrZnost'ou pddy, pripadne zvy-
$enym vyskytom hubovych ochoreni korefiov. Aj napriek
tomu, Ze jedl'a ma hlbie korene neZ smrek, nemoZno ju
povaZovat’ za spevilovaciu drevinu a porasty tvorené
zmesou smreka a jedle si nestabilné.

Buk je speviiovacou drevinou, aj ked’ sa v ostatnom
obdobi objavili na izemi Slovenska pomerne rozsiahle
vetrové kalamity v bu¢indch (spravidla i8lo o kombinaciu
dodasného zamokrenia pddy nadmernymi zrdZzkami
a naslednej vichrice). Smrekovec a borovica st vyznam-
nymi speviiovacimi drevinami v oblastiach s prevahou
smreka. Nemalo by sa teda na ne zabudat’ pri uprave
drevinového zloZenia, a to hlavne na vetrom expono-
vanych lokalitdch.
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uveden popis pouzitych experimentdlnich metod tak, aby byl
postacujici pro zopakovani pokust. Mély by byt uvedeny obecné
i védecké néazvy rostlin. Je-li zapotiebi pouzivat zkratky, je nutné
pfi prvnim pouziti zkratky uvést i jeji plny nazev. Je nezbytné
nutné pouzivat jednotky odpovidajici soustavé mérovych jedno-
tek SI. V &asti Vysledky by méla byt pfesné a srozumitelné pre-
zentovéana ziskana data a udaje. V kapitole Diskuse se obvykle
ziskané vysledky konfrontuji s vysledky dfive publikovanymi. Je
pripustné spojit ¢ast Vysledky a Diskuse v jednu kapitolu. Cito-
véni literatury v textu se provadi uvedenim jména autora a roku
vydéni publikace. Pfi v&tsim po¢tu autori se v textu uvadi pouze
prvni z nich a za jeho jméno se doplni zkratka et al.

V ¢&asti Literatura se uvadéji pouze publikace citované v textu.
Meéla by sestavat z lektorovanych periodik. Citace se fadi abeced-
né podle jména prvniho autora: pfijmeni, zkratka jména, rok vyda-
ni, plny nazev préace, Gfedni zkratka casopisu, ro¢nik, prvni
a posledni strana. U knihy je uvedeno i misto vydéani a vydavatel.

Tabulky

Tabulky jsou &islovany prabézné a u kazdé je uveden i nadpis.
Kazda tabulka je napsana na jednom listu.

Obrazky

JIsou pfilozeny jen obrézky nezbytné pro dokumentaci vysled-
ki a umoziujici pochopeni textu. Sou¢asné uvadéni stejnych vy-
sledku v tabulkach a na grafech nenf pfijatelné. V3echny obrazky
musi byt vysoce kvalitni, vhodné pro reprodukci. Nekvalitni ob-
razky nebudou prekreslovany, budou autorovi vraceny. Fotografie
musi byt dostate¢né kontrastni. Vechny obrazky je tfeba ¢islovat
priibézné arabskymi &islicemi. Jak grafy; tak'i fotografie jsou ozna-
¢ovany jako obrazky. U kazdého obraﬂ\UJe nutné uveleeho struény
vystizny popis. . - T P

Rukopis nebude redakci pFijat k evndencl, nebude-li po for-

milni striance odpovidat pokyniim pro autory. N
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