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Physiological aspects of European beech (Fagus sylvatica L.) health 
condition in Slovakia

J. Kmeť1, E. Ditmarová2

'Technical University, Faculty of Forestry, Zvolen, Slovak Republic
institute of Forestry Ecology of the Slovak Academy of Sciences, Zvolen, Slovak Republic

ABSTRACT: The health status of beech (.Fagus sylvatica L.) in Slovakia has not developed positively in the past ten years. 
The health status has especially deteriorated in young beech stands originating from natural regeneration, whereby the 
beech forests of Central Slovakia are mostly affected. We measured the parameters of the fast kinetics of chlorophyll a 
fluorescence - Fo, Fm, Fv, Fv/Fm, Tm, Area on selected sample trees at two localities with different levels of pollution load 
during the vegetation seasons 1996 and 1997. Simultaneously, assimilatory organs were collected and the concentrations 
of chlorophylls a and 6 were determined spectrophotometrically. On the basis of the selected physiological and biochem­
ical parameters (especially chlorophyll fluorescence parameters) we can observe a deteriorated physiological state of the 
young beech trees at the more polluted locality even at the stage of latent (hidden) damage.

Keywords: European beech; stress; chlorophyll fluorescence; pigments

Beech (Fagus sylvatica L.) is an indigenous tree spe­
cies of the Slovak mountain forests. Traditionally it has 
been our most frequent tree. The representation of beech 
in the forested area of Slovakia was 30.2 % in 1995 
(HLADÍK 1996).

The knowledge of the state of damaged forest stands 
and their future development is the requirement to plan 
the forest management precautions in pollution areas. In 
professional literature beech belongs to the group of 
moderately tolerant tree species to pollution. It is neces­
sary to study its standard behaviour in real ecological 
conditions and at the same time to study symptomatic 
deviations in the growth and development under pollu­
tion influence. The tree damage is not caused only by 
pollution but also by a number of other abiotic factors 
(drought, frost) and biotic factors (insect, parasitic fungi 
mainly the genus Nectria Fries). Since pollution acts in 
combination with the above-mentioned factors of the 
environment, the definition of beech tolerance is compli­
cated (VACEK 1989). During the last 20 years the beech 
stand die-back has occurred very rarely in Slovakia 
(HEINRICH et al. in SUROVEC 1990). Since 1989 at health 
(sanitary) status controls it has regularly been indicated 
that all beech age categories showed a decline, even the

young natural stands under optimal conditions. The most 
likely primary reason of this disease is the high pollution 
stress in the followed areas, permanent deficit of avail­
able soil water, and injuries by late frost or hail. Insects 
can also play a substantial role in spreading the disease: 
mainly galls and mites but also some species of herbivo­
rous insects. There is also a possibility of infection by 
a seed transfer (SUROVEC 1990).

The effects of stress factors on tree species are mani­
fested by visible or hidden physiological damage. Visi­
ble damage is the consequence of a total collapse of 
leaves or long-term chronic injury. The loss and yellow­
ing of assimilatory organs are the basic indicators of the 
visible injury of tree species. In addition to the evalua­
tions of a loss of assimilatory organs, different methods 
are used to avoid errors. There is a certain lack of confi­
dence in visual evaluation. Questions arise as to what 
extent the crown transparency of a tree can be consid­
ered a measure of defoliation and how the defoliation 
evaluation is affected by a tree habitus, which in turn is 
influenced by site conditions and other circumstances. 
The observer has to consider all visible effects from tree 
to tree. It has been confirmed that consideration of only 
visible injury symptoms can be a reason of delayed deci-

The authors wish to express their thanks to the VEGA Grant Agency for subsidizing Project No. 1/7056/20 within which the 
article was written.
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sions and the improvement steps are very expensive 
(RAČKO et al. 1994). The beech average defoliation ex­
pressed in percentage was 21 % (ČABOUN 1996) in 1996.

In the case of latent (hidden) damage, life functions of 
tree species, especially physiological processes (photo­
synthesis, respiration, transpiration) and biochemical 
characteristics (chloroplast and enzyme activities, the 
assimilation pigments and proteins content) are negative­
ly affected. Consequently, the biomass production de­
creases (MASAROVIČOVÁ 1988).

For the identification of the symptoms of hidden dam­
age and the factors which cause this kind of damage (but 
mainly for a possibility to forecast what are the conse­
quences of an injury for tree growth and survival, as well 
as the functioning of whole forest stands) we started to 
investigate the tolerance and damage dynamics of young 
beech stands at two localities under different pollution 
loads.

MATERIAL AND METHODS

Five individual beech trees at the age of about 12 years 
were chosen on both localities (in 1996). The sample trees 
were growing under the canopy shelter. We excluded 
trees growing on the edge of the stand and close to foot­
paths. We sampled assimilatory organs from both locali­
ties always on the same day and separately from 
individual sample trees of beech during the vegetation 
periods 1996 and 1997. A beech tree growing on 
a clearcut area was also chosen to measure the mentioned 
parameters on sun exposed leaves in 1997 (Table 1).

Photosynthetic pigment content determination: We car­
ried out the sampling for quantitative analysis of chloro­
phyll a and b using the disc method. One sample for the 
analysis always contained 10 discs. Analysis of chloro­

phylls was made in 80% (v/v) acetone after leaf-sample 
homogenization. The total chlorophyll and chlorophyll a 
and b of the extracts were determined spectrophotomet- 
rically (SPEKOL -211) according to LICHTENTHALER 
(1987). We also analyzed the dry matter by drying up to 
105°C to a constant weight.

Chlorophyll a fluorescence measurement: We measured 
the chlorophyll fluorescence on two branches of each in­
dividual (after that one branch was used for pigment anal­
ysis and the next fluorescence measurement was carried 
out on the second branch). Measurements were carried out 
on an upper and lower leaf side. To determine the parame­
ters of the fast kinetics of chlorophyll a fluorescence 
(Fo, Fm Fv Fv/Fm Area, Tm - nomenclature according to 
KOOTEN, SNEL 1990), a portable fluorometer was used 
(Plant Efficiency Analyser - PEA, Hansatech Ltd., Kings 
Lynn, UK). A recording interval of 1 second was chosen. 
Leaves were dark adapted in leaf clamp cuvettes for 
30 minutes prior to measurement. During measurements 
there was a 50% level of light energy saturating intensity 
(2,100 pmol/m2per s).

RESULTS AND DISCUSSION

On the basis of the evaluation of the concentration dy­
namics of chlorophylls a and b, we can state that along 
with the development and growth of the assimilatory or­
gans the corresponding concentration increased. The de­
crease occurred in autumn (sampling on September 16 
and October 4, 1996, September 30 and October 16, 
1997).

The years 1996 and 1997 can be considered as years 
with high precipitation totals. There were no long peri­
ods without precipitation which could considerably in­
teract with other stress factors. Water is a very important

Table 1. Basic characteristics of research plots

Characteristic Research plot
EES Kováčové VMP Žiar nad Hronom

Location Kremnické vrchy Mts. Štiavnické vrchy Mts.

Exposition West Northwest
Altitude (m a.s.l.) 450-475 400
Stand age (years) 12 12
Stocking 0.0-0.5 0.6
Area 0.15 0.21

Parent rock
dark pyroxene andesites, volcanic

rhyolitic agglomerates
sandstones, tuffs

Soil type Cambisol with high content
Luvic Pseudogleyic Cambisol

of skeleton
Group of forest types Fagetum pauper Querceto-Fagetum
Average annual temperature (°C) 6.8 7.6
Average annual precipitation (mm/year) 778 750
Distance from emmission source (km) 18 1.5

EES - ecological experimental stationary plot, VMP - research monitoring plot
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0.90

Fig. 1. Parameter of the chlorophyll fluorescence F^F - locality Žiar nad Hronom (adaxial side of leaf- 1996)

factor for beech. However, it must be emphasized that 
the precipitation deficit from preceding years remains 
quite high.

We consider the phenomenon of generally higher con­
centrations of chlorophylls a and b at the locality in the 
Žiarska dolina valley, which is under a strong pollution 
load, to be important. In some samplings these differenc­
es are negligible but sometimes they are larger. This in­
dicates a possibility of stimulation effect of pollution 
compounds on chlorophyll concentrations. However, 
there is also a question of missing interaction between 
the polluted environment, drought and high temperatures 
during the observation period.

The values of the other parameter - chlorophyll a to b 
ratio - are not so clearly high at the Žiar nad Hronom 
locality. There is preliminary information that this ratio 
increases in the case of the deteriorated physiological 
state of assimilatory organs (more data about this ratio is

available in association with Picea abies needles). This 
is valid for the Žiar locality especially in 1996. On the 
other hand, the values of this parameter are more or less 
equal for 1997 measurements.

The analysis of variance of photosynthetic pigments 
(Table 2) proved that there is a significant difference in 
chlorophyll a concentration as well as total chlorophyll 
(a+b) concentration between the localities with a 99% 
probability. However, variance components indicate 
a quite low influence of locality on the investigated plas­
tid pigment parameters, which confirms a low specificity 
of this physiological and biochemical marker.

The year of sampling does not exhibit any significant 
influence on the measured values, which indicates that 
the courses of weather in 1996 and 1997 were very sim­
ilar. On the contrary, significant differences (a = 0.001) 
were found between the days of sampling within the year 
and the variance component values confirm dynamic

Fig. 2. Parameter of the chlorophyll fluorescence FyFm - locality Kováčova (adaxial side of leaf - 1996)
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Fig. 3. Parameter of the chlorophyll fluorescence Fv/F - locality Žiar nad Hronom (adaxial side of leaf - 1997)

changes of particular concentrations during the vegeta­
tion period. A low specificity of the photosynthetic pig­
ment parameters in association with the physiological 
state is indicated by a considerable effect of unknown 
factors on the measured variables as well.

The dynamics of the selected parameters of fast kinet­
ics of chlorophyll fluorescence (Fv/Fm, Area) shows 
a better physiological state of assimilatory organs and 
consequently, of the observed beech trees on the EES 
Kováčova locality.

The average values of Fv/Fm from all sample trees on 
all sampling dates are higher at the Kováčova locality. 
This ratio even decreases below the threshold of physio­
logical distortion (0.725) in two cases at the Žiar locality 
in 1996. This parameter is especially unfavourable in 
October sampling (October 16) as can be seen in the fig­
ures with an indicated critical level in 1997. It is partially 
caused also by temperature extremes in autumn at this

locality. At the Kováčová plot, i.e. outside the range of 
the direct pollution influence, the ratio Fv/Fm drops be­
low the threshold of physiological distortion only once 
during two years of observation. It is interesting that the 
higher values of this parameter were found on the bot­
tom sides of assimilatory organs at both localities.

The course of another parameter of chlorophyll a fluo­
rescence - Area (which is the area above the induction 
curve of fast kinetics) indicates that, especially in 1997, 
the capacity for the electron transport in primary photo­
synthetic processes (between the primary electron accep­
tor QA and the intrathylakoid plastoquinone and/or 
photosystem I) is potentially higher in leaf samples from 
the Žiar locality. This is valid for the values from the 
upper as well as bottom sides of assimilatory organs. This 
bigger quantity of primary electron acceptors is proba­
bly related to higher chlorophyll a and b concentrations 
found in the leaves from this locality. The potentially

Fig. 4. Parameter of the chlorophyll fluorescence Fv/Fm - locality Kováčová (adaxial side of leaf - 1997)
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Fig. 5. Parameter of the chlorophyll fluorescence Fy/Fm - locality Žiar nad Hronom (abaxial side of leaf - 1996)

higher capacity for electron transport is not, however, 
fully utilized in photosynthetic processes due to negative 
environmental conditions. This is confirmed by the two 
preceding chlorophyll fluorescence parameters. The 
‘Area’ values are clearly lower on the bottom sides of 
leaves at both localities, which is associated with the 
beech leaf anatomy.

For the parameters F/Fm and ‘Area’' a significant dif­
ference on a probability level of 99.9% was found be­
tween the localities (Table 3). The values of variance 
components confirm a considerable effect of the locality 
on the recorded values (except Area).

We would like to draw attention to statistically signif­
icant differences between individual trees within the sam­
ple plot, the upper and the bottom side of assimilatory 
organs, years of sampling and the sampling dates within 
one vegetation period. These factors confirm the rele­
vance of measurements of chlorophyll a fast kinetics pa­

rameters in association with the evaluation of the physi­
ological state of young beech trees in different pollution 
and environmental conditions even before they manifest 
any damage symptoms.

For the evaluation of correlations between individual 
parameters we used Spearman’s rank correlation coeffi­
cient (Table 4). There is a clear and logical significant 
negative correlation between the basic fluorescence Fo 
and the chlorophyll a, b and a+b concentrations. Fy/Fm 
ratio is positively correlated with the chlorophyll a con­
centration. There is an evident positive correlation be­
tween the Area parameter and the chlorophyll a, b and 
a+b concentrations.

Due to their important role in plant metabolism, plas­
tid pigments occur in various hypotheses about the forest 
decline. If we suppose that the pollution compounds di­
rectly affect the plastids, various mechanisms of pigment 
damage can be expected depending on the pollutant type.

Date

Fig. 6. Parameter of the chlorophyll fluorescence F/F - locality Kováčová (abaxial side of leaf - 1996)
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Date

Fig. 7. Parameter of the chlorophyll fluorescence Fv/Fm - locality Žiar nad Hronom (abaxial side of leaf - 1997)

Sulphur dioxide (SO2) and the subsequently arising 
HSO3~ anion are suspected to degrade chlorophyll to 
phaeophytin due to their acid effect (ZIEGLER in PFEIF­
HOFER, GRILL 1987). Furthermore, there is an evidence 
on the induction of the reactions of radical chains by SO, 
and ozone leading to lipid peroxidation, cooxidation and 
pigment degradation.

The results of the investigations on the effect of the 
toxic fluorine on pigments indicate a probable distortion 
of chlorophyll synthesis and their degradation. The ob­
served effect could result from changes in the organelle 
and protein structure and the membrane integrity. Chlo­
roplasts, in contrast to other organelles, accumulate con­
siderable amounts of fluorine - even 20% of the total 
content in leaves - which may cause their destruction 
(HOLUB 1977).

Our results show that chlorophyll a and b concentra­
tions represent an unspecific biomarker of the physio­
logical state of beech leaves. At the Žiarska dolina valley 
locality even higher values were recorded than at the less

loaded locality at the EES Kováčova. The chlorophyll a 
to b ratio presents a different picture.

As it was stated by MASAROVIČOVÁ (1988), changes 
in chlorophyll concentrations in oak leaves confirmed 
a different reaction and a different operation mechanism 
of environmental factors on the photosynthetic appara­
tus. A decrease in chlorophyll content in Quercus cerris 
leaves was followed by increasing chlorophyll a to b ra­
tio due to a higher sensitivity of chlorophyll b to envi­
ronmental changes. The changes in chlorophyll con­
centrations in spruce needles depended on the degree of 
damage by SO2 pollution (KRATOCHVÍLOVÁ in MASA- 
ROVIČOVÁ 1988). The author found that spruce needles 
originating from less damaged localities exhibited high­
er chlorophyll concentrations that the control locality. A 
decrease in chlorophyll concentrations was recorded only 
in spruces from highly damaged localities.

It seems probable that the stability and the associated 
mutual relationships of plastid pigments (i.e. the propor­
tions of their contents) will depend on whether the phy-

Fig. 8. Parameter of the chlorophyll fluorescence Fe/Fm - locality Kováčova (abaxial side of leaf - 1997)

378 J. FOR. SCI., 47, 2001 (9): 373-382



Table 2. Analysis of variance of chlorophyll concentrations

Source of variation D. F. Chi

F-ratio

a
Variance 

component

Parameter
Chid

„ . VarianceF-ratio component A-ratio

Chi a/b
Variance 

component

Locality 1 25.08"* 11.51 1.97 0.17 1.73 0.50
Tree within locality 9 1.00 0.00 3.00** 3.30 1.17 0.85
Year 1 3.90 0.00 1.64 0.00 3.85 0.00
Sampling date within year 15 12.71*" 47.35 2.79”* 14.50 3.36** 18.80
Error 148 41.14 82.03 79.84
‘significant at P < 0.05; “significant at P *< 0.01; “‘significant at P < 0.001

’significant at P < 0.05; ’’significant at P < 0.01; ’’’significant at P < 0.001

Table 3. Analysis of variance of chlorophyll fluorescence parameters

Source of variation D. F.
A-ratio

Parameter
Fv/Fm

Variance component A-ratio
Area

Variance component

Locality 1 140.90*** 19.92 59.61"* 6.50
Tree within locality 9 16.73*” 11.15 6.59"* 3.71
Leaf side 1 108.54“* 18.53 458.11*" 58.66
Year 1 5.06* 0.00 21.33*** 3.62
Sampling date within year 15 18.38"* 25.59 8.20"* 8.14
Error 307 24.80 19.38

totoxic compounds affect only the process of pigment 
biosynthesis or if the compounds influence is so strong 
that it causes a direct destruction of pigments (CICÁK 
1978).

According to HASPELOVA-HORVATOVIČOVA and PE­
LIKÁNOVÁ (in HOLUB 1977), the differences are most 
easily seen if the yellowing occurs when the tissues still 
contain a high proportion of water in contrast to a sudden 
withering and a big reduction of water content in tissues. 
Yellow leaves contain only a negligible amount of chlo­
rophyll. Suddenly withered leaves are almost completely 
green at the beginning since the water shortage hinders 
the physiological degeneration of chlorophylls as well as 
their postmortal decay. The necessity of water for the 
postmortal decay is manifested in brown leaves where 
the water content is still high but the chlorophyll concen­
tration decreases very rapidly within a short time inter­
val. The cited authors, like the majority of other authors, 
observed a greater stability of chlorophyll a. This means 
also the decease in chlorophyll a to 6 ratio, but only in 
cases of postmortal decay, especially leaf browning. In 
living tissues this ratio was preserved, even increased. 
The more complicated task is the evaluation of these pa­
rameters at the stage of latent (hidden) damage of assim- 
ilatory organs. Therefore, supplementary analyses of the

content of damaging compounds in leaves (fluorine, sul­
phur) should help in the future. Also, the determination 
of magnesium content, since this element occupies a cen­
tral position in the chlorophyll molecule, is important. 
Attention should also be paid to carotenoid concentra­
tions, which play an important role in the photosynthetic 
process as well.

The dynamics of the course of chlorophyll fluorescence 
parameters during the vegetation seasons 1996 and 1997 
shows that the physiological state of leaves and, subse­
quently, beech trees is better on the EES Kováčova sam­
ple plot. The thylakoid membrane is very sensitive to 
stress: pollution, high temperatures, frost, drought, ex­
cessive radiation. Therefore, a close correlation was 
found between the photosynthesis inhibition and the de­
crease in the Fv/Fm ratio (BOLHAR-NORDENKAMPF, 
GÖTZL 1992). The photochemical capacity PSII is not 
completely identical with the photosynthetic capacity. 
However, it is sure that the decreased Fv/Fm ratio is fol­
lowed by an equivalent decrease in the amount of fixed 
CO2. The measurement of the Fv/Fm ratio is a means for 
the determination of the theoretical photosynthetic ca­
pacity in view of the limits of electron transport capacity 
chain (area). The photochemical capacity determined by 
this relationship decreases steeply especially with the

J. FOR. SCI., 47, 2001 (9): 373-382 379



Table 4. Spearman correlation coefficients between chlorophyll 
fluorescence and pigment content of European beech (Fagus 
sylvatica L.) leaves

Chl a Chl b Chl tot Chl a/6

Fo -0.287*" -0.257"* -0.291*** -0.057

Fm -0.119 -0.163* -0.136 -0.034

Fv -0.106 -0.160* -0.124 -0.022

F./Fm 0.024 -0.090 -0.005 0.031

тш -0.230" -0.131 -0.207** -0.025
Area 0.106 0.130 0.135 -0.117

"significant at P < 0.05; "significant al P < 0.01; ""significant al 
P< 0.001

occurrence of strong frost periods which, however, have 
not occurred in our case.

A close correlation of the fluorescence emission spec­
trum of leaves with the concentration of pigments (espe­
cially chlorophyll a) and assimilatory tissue ultrastructure 
is well known. The fluorescence decreases with the in­
creasing chlorophyll concentration (LICHTENTHALER et 
al. 1986). Along with the increasing chlorophyll a con­
centration in leaves the absorption within the entire visi­
ble-light range increases. This is most clearly seen within 
the red chlorophyll maximum at the wave length of 
680 nm and at blue light with the wave length below 
500 nm, which is absorbed by carotenoids and chloro­
phylls. The composition and concentration of pigments 
in assimilatory organs determines their fluorescence cha­
racteristics. It is also important that the fluorescence emit­
ted from the bottom leaf side is always more intensive 
that the fluorescence emitted from the upper leaf side 
(LICHTENTHALER et al. 1986) and the F/Fm ratio is high­
er on the bottom side that on the upper side which is ev­
ident even in our samples. Attention must also be paid to 
the measurements of chlorophyll fluorescence of sunny 
and shaded leaves of beech. According to LICHTENTHA­
LER et al. (1986), shaded leaves exhibit a higher fluores­
cence intensity than sunny leaves. It is, however, 
necessary to emphasize that the existence of a mathemat­
ical relationship as such is not yet a proof of the exis­
tence of a causal relationship. It allows surely to for­
mulate the hypotheses about the underlying physiologi­
cal mechanisms and to explain the observed relationship, 
but it does not represent a confirmation of these hypo­
theses (GÖMÖRY 1998).

According to CICÁK et al. (1998), the productive claim 
of beech leaves increases along with the increasing pol­
lution load. When comparing beech leaves from a pol­
luted plot with a control one, they found that in polluted 
regions the regulatory system of stomatai as well as cu­
ticular water discharge of leaves is distorted (reduced

efficiency of the opening and closing of stomata and dam­
age to the cutinized surface, respectively). An increased 
water discharge associated with pollution was proved 
also by other authors.
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Fyziologické aspekty zdravotného stavu buká (Fagus sylvatica L.) na Slovensku
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ABSTRAKT: Zdravotný stav buká (Fagus sylvatica L.) sa na Slovensku za obdobie posledných desať rokov nevyvíja priaz- 
nivo. VeTmi nepriaznivý je zdravotný stav mladých bukových porastov z prirodzeného zmladenia, pričom najviac postihnuté 
sú bučiny stredného Slovenska. V priebehu vegetačného obdobia 1996 a 1997 sme merali na vybraných vzorníkoch buká na 
dvoch lokalitách s rozdielnym imisným zaťažením parametre rýchlej kinetiky fluorescencie chlorofylu a - Fo, F , Fv, FfT , 
Tm, Area. Súčasne boli odoberané asimilačné orgány a spektrofotometricky určené koncentrácie chlorofylu a, b. Na základe 
vybraných fyziologicko-bichemických markérov (predovšetkým parametrov fluorescencie chlorofylu) můžeme konštatovať 
zhoršený fyziologický stav mladých jedincov buká na lokalitě s váčšim imisným zaťaženim už v štádiu latentného (skryté­
ho) poškodenia.

Kl’účové šlová: buk lesný; stres; fluorescencia chlorofylu; pigmenty

Buk lesný (Fagus sylvatica L.) je póvodná dřevina 
horských lesov Slovenska. V minulosti bol - a i v súčasnosti 
je - najrozšírenejšou dřevinou. Z plošnej rozlohy lesov 
Slovenska zastúpenie buká vraku 1995 představovalo 
30,2 % (HLADÍK 1996). Pri kontrole zdravotného stavu 
bukových porastov na našom území sa pravidelné od roku 
1989 zisťuje, že chřadnutím trpia všetky věkové stupně 
buká, dokonca aj nárasty z prirodzeného zmladenia 
v optimálnych podmienkach. Pravděpodobnou primárnou 
příčinou tejto epifytócie je vysoké imisně zaťaženie 
v sledovaných oblastiach, stále pretrvávajúci vláhový de­
ficit v pode, časté poškodzovanie neskorými mrazmi. 
Rozhodujúcu úlohu pri šíření choroby može mať aj hmyz. 
Sú to najma vosky, roztoče, ale aj niektoré druhy 
listožravého hmyzu. Nevylučuje sa ani možnosť přenosu 
infekcie semenami (SUROVEC 1990).

Pre poznanie symptómov skrytého poškodenia a fakto- 
rov, ktoré ho spósobujú, ale hlavně pre možnosť pro­
gnózy, aké bude mať poškodzovanie následky pre rast 
i prežitie stromov a funkcií celých porastov, pristúpili sme 
od roku 1996 к výskumu tolerancie a dynamiky poško­
denia mladých bukových porastov na dvoch lokalitách 
s rozdielnym imisným zaťažením (lokalita Kováčova-bez 
priameho imisného vplyvu a lokalita Žiar nad Hronom - 
pásmo ohrozenia A, kyslý imisný typ).

V práci uvádzame dvojročné výsledky v sledovaní vy­
braných fyziologicko-biochemických parametrov na tých- 
to lokalitách (koncentrácia asimilačných pigmentov, 
meranie parametrov rýchlej kinetiky fluorescencie chlo­
rofylu a - F^ Fm, Fv, Fv/Fm, Tm, Area - nomenklatúra podl’a 
KOOTENA, SNELA 1990). Z F-testu analýzy variancie fo- 
tosyntetických pigmentov je zřejmé, že medzi lokalitami 
je štatisticky veťmi významný rozdiel v koncentrácii chlo­

rofylu a, sumy chlorofylov a+b na hladině významnosti 
99,9 %. Percentuálně vyjadrenie komponentov variancie 
však ukazuje, že vplyv lokality je na zistené parametre 
plastidových pigmentov vefmi malý. Pomocou analýz pig­
mentov móžu byť dokázané negativné vplyvy prostredia 
už vtedy, keď ešte nie je možné makroskopicky stanoviť 
žiadne poškodenie. Na druhej straně použitie pigmen­
tových analýz na diagnostické účely je zmysluplné iba 
v kombinácii s ďalšími fyziologicko-biochemickými po- 
stupmi (predovšetkým súčasne s meraním výměny plynov, 
fluorescencie chlorofylu a, obsahu minerálnych látok 
a pod.). Výsledky mnohých výskumných práč (ako aj táto 
práca) potvrdili, že meranie fluorescencie chlorofylu je 
jednou z tých metod, ktoré umožňujú rýchle zistenie fy­
ziologického stavu stromu. Tieto poznatky sú podlože­
né na jednej straně koreláciou fotochemickej kapacity 
s niektorými parametrami indukčnej křivky fluorescencie 
chlorofylu, na druhej straně vysokou citlivosťou fotosyn- 
tetického reťazca reakcií voči mnohým stresorom. Okrem 
stanovištne špecifickej vzorky stresorov sa vždy musí 
skůmať tiež fyziológia stromu, aby sme mohli stanoviť 
vzťah medzi zaťažením, reakciou, kompenzáciou a zo­
tavením. V našich výsledkoch pri parametroch Fv/Fm 
a Area bol zistený signifikantný rozdiel medzi lokalitami 
na hladině významnosti 99,9 %. Hodnoty komponentov 
variancie ukazujů tiež, že vplyv lokality na namerané úda­
je (okrem Area) je veťký.

Z doterajších výsledkov výskumu je zřejmé, že pre 
celkové zhodnotenie příčin zhoršeného zdravotného 
stavu bukových porastov je v súčasnosti potřebná široká 
paleta zisťovania. Stanovenie fyziologicko-biochemic­
kých parametrov na popísanie stresového zaťaženia 
je odkázané na poznanie veťkého počtu prirodzených
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a antropogénnych stresorov, bez kterých v sůčasnosti nie 
je možné urobit* definitivně závěry o příčinách stresového 
zaťaženia. Potvrdzuje sa, že odumieranie lesných dřevin

je fyziologický dósledok ťažkých porůch látkových 
a energetických tokov, ako aj autoregulácie v rozličných 
lesných ekosystémoch.
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Nitrogen transformation in soil and nutrition conditions of young 
spruce stands in the Moravian-Silesian Beskids
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ABSTRACT: The study evaluates the effect of density of a young Norway spruce stand and reclamation liming on nitro­
gen transformations in soil and the level of nitrogen nutrition of spruce stands in the ridge part of the Moravian-Silesian 
Beskids. The area is affected by acid industrial air pollutants and, therefore, it was reclaimed by liming in 1983, 1985 and 
1987. The concentration of ammonium and nitrate nitrogen in soil during the growing season considerably fluctuated. On 
the basis of the results from 1999, nitrogen in ammonium form predominated in soil, the content of nitrate nitrogen was 
lower and nitrite nitrogen was detected only sporadically. Nitrogen concentrations in needles of the first generation were 
below the limit of sufficient nutrition. For the given intensity of tending measures, the effect of stand density on nitrogen 
transformation in soil has not been found. The effect of reclamation liming on nitrogen transformations in soil 12 years 
after the last application has not been proved either.

Keywords: Norway spruce; nitrogen; stand nutrition

Issues of nitrogen in forest ecosystems appear to be 
a generally discussed problem. In forest ecosystems sat­
urated with nitrogen, relations between NO3" immobili­
zation processes and nitrification can be expressed by 
a value of < 0.01 and in the case of NH4* immobilization/ 
mineralization by a value of < 0.50, i.e. increased nitro­
gen outputs from saturated ecosystems, particularly in 
the form of nitrates, will influence the quality of ground­
water. A number of authors (KREUTZER 1981; RASMUS­
SEN 1987) pointed out the fact of leaching nitrates and 
decreasing the quality of groundwater under conditions 
of nitrogen saturation. On the other hand, a great deal of 
forest ecosystems is limited by nitrogen which results in 
the decreased increment of forest biomass. In ecosystems 
limited by nitrogen, it is possible to express relations be­
tween NO3~ immobilization/nitrification and NHJ immo- 
bilization/mineralization by a value close to 1.0. Diffe­
rences between nitrogen saturated and nitrogen limited 
ecosystems are summarized in detail by ABER and FE- 
DERRER (1992).

In stands of boreal forests and temperate zone forests, 
about 90% nitrogen are concentrated in soil (COLE, RAPP 
1981). Forest soils of mountain areas of the Czech Re­
public have a thick layer of organic matter particularly 
below Norway spruce monocultures. The influence of 
acid spruce litter with high C/N ratio and industrial air 
pollution show often negative effects on the decomposi­
tion of organic matter (ULRICH 1981; LOHM 1984).

Large amounts of nitrogen and other nutrients are fixed 
in the organic humus matter. From the humus reserve, 
nitrogen should be replenished into the soil solution in 
a mineral form to be assimilated by forest stands again. 
Impaired decomposition conditions prevent, however, the 
process.

Ammonification is a primary process of the organic 
matter mineralization. In a number of ecosystems such 
as e.g. wetlands or boreal forests, nitrogen is mineralized 
to some extent only (ŮLEHLOVÁ 1989). Ammonia nitro­
gen is the main source of nitrogen available to plants in 
acid forest soils of Europe (NIHGARD 1985) being pref­
erentially taken by conifers (CARLYLE, MALCOM 1986; 
REUSS, JOHNSON 1986; Gusman 1991; Sarjala 1993; 
ARNES et al. 1995). It is a dominant form of nitrogen 
available to plants in soils of mountain forests (ATKIN et 
al. 1993; ATKIN, CUMMINS 1994).

Industrial air pollution and soil acidification can differ­
ently affect ammonification intensity. BROWN (1985) 
proved significantly negative effects of acid precipitation 
on the process of ammonification, LOHM et al. (1984) did 
not find any statistically significant effects of forest soil 
acidification on the process of ammonification. Accord­
ing to PERSSON (1988), due to soil acidification the amount 
of ammonium nitrogen in soil can increase as a result of 
mineralization of dead soil microorganisms.

A number of forest ecosystems was repeatedly limed 
to eliminate the effects of industrial acid air pollutants.
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By means of liming of forest ecosystems the decomposi­
tion of organic matter is usually accelerated. POD- 
RÁZSKÝ (1994) pointed out favourable effects of exper­
imental liming of Norway spruce plantations in air-pol­
luted areas of the Orlické and Jizerské hory Mts. from 
the viewpoint of height increment, lower needle losses 
and lower occurrence of the chlorotic coloration in as- 
similatory tissues. PODRÁZSKÝ (1992) also proved 
marked intensification of mineralization processes after 
liming and stressed the importance of monitoring the 
impact of the chemical treatment on the dynamics of or­
ganic substances and nitrogen in soil.

Nitrogen mineralization increases, however, in soils 
sufficiently rich in nitrogen only. It decreases in soils of 
ecosystems limited in nitrogen because the intensive 
growth of microbial communities results in intensive 
immobilization of nitrogen into soil organic matter (PERS­
SON 1988). According to KULHAVÝ (1992), liming result­
ed in marked decrease of ammonium nitrogen concen­
tration in forest soils. According to NÖMNIK (1979), ni­
trogen mineralization in humus layers after liming is 
higher only if the C/N ratio is < 30. It decreases if the 
ratio is higher when most of nitrogen is consumed by 
soil microorganisms.

With respect to the fact that mineral soil layers are af­
fected by liming only after several years, growth of forest 
stands was subsequently many times retarded after the lim­
ing (PERSSON 1988). LHOTSKÝ, VINŠOVÁ (1981) point­
ed out increased amounts of ammonium and nitrate forms 
of nitrogen on limed plots. According to LETTL (1991), 
the effect of forest soil liming can be modified by ground 
vegetation. Due to liming, intensity of nitrification and 
leaching of nitrates into groundwater increase (POD­
RÁZSKÝ 1992; KULHAVÝ1992; MOHAMED et al. 1993).

Effects of various rates of liming on particular compo­
nents of spruce ecosystems in air-polluted areas at high­

er altitudes of the Moravian-Silesian Beskids were stud­
ied by VAVŘÍČEK and BETUŠOVÁ (1995). In the Mora­
vian-Silesian Beskids, the content of total nitrogen in 
soil decreased already in the fourth year after applica­
tion of the dolomitic limestone (VAVŘÍČEK 1990). A de­
crease in nitrogen was the cause of organic matter 
mineralization in the forest floor and subsequent nitrifi­
cation.

At present, the level of spruce stand nutrition is often 
assessed on the basis of a number of physiologically im­
portant elements in needles of the first generation accord­
ing to criteria published by HÜTTL (1991). On the basis 
of these criteria, growth of spruce in the Moravian-Sile­
sian Beskids was limited by nitrogen and magnesium 
(Klímo, Kulhavý 1996).

MATERIAL AND METHODS

The research was carried out on limed FD and FS plots 
of different stand density which are part of the experi­
mental area of the Institute of Landscape Ecology, Acad­
emy of Sciences of the Czech Republic at Bílý Kříž, the 
Moravian-Silesian Beskids and on the FK plot situated 
in the area of Bílý Kříž which was not reclaimed by lim­
ing in the past.

On all the plots, moderate humus podzol with mor/ 
moder form of humus predominated. Basic differences 
between the experimental plots are given in Table 1.

In the soil profile, 01, Of+h, Ae, Ep, Bh, Bs and Cd 
horizons were differentiated on all the plots. The charac­
teristics of particular horizons, the content of total and 
available nutrients and adsorption complex characteris­
tics are described in detail in papers of KULHAVÝ et al. 
(2000) and FORMÁNEK (2000).

From the viewpoint of climatic characteristics, mean 
annual temperature in the area is 5°C, mean annual total

Table 1. Field experimental plots

Characteristics FD FS FK

Forest area 40 -- Moravian-Silesian Beskids 40 - Moravian-Silesian Beskids 40 - Moravian-Silesian Beskids
Management set of stands 55 55 55
Vegetation zone 5 - fir/beech 5 - fir/beech 5 - fir/beech
Forest type group Abieto-Fagetum Abieto-Fagetum Abieto-Fagetum
Number of trees/ha 2,600 2,100 2,600
Stand age (years) 21 21 21
Species composition 100% Norway spruce 100% Norway spruce 100% Norway spruce
Slope (°) 13.5 13.5 15
Altitude (m) 908 908 890
Parent rock sandy flysch sediments sandy flysch sediments sandy flysch sediments
Soil type moderate humus podzol moderate humus podzol moderate humus podzol D37
Surface humus form mor - moder mor - moder mor - moder
Terms of liming 1983, 1985, 1987 1983, 1985, 1987 -

Dose of dolomitic limestone (kg/ha) 3,000 3,000 -

Note for Tables 1-5: FD - dense stand, FS - open stand, FK - control plot (without liming)
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precipitation amounts to 1,400 mm, mean number of days 
with snow cover is 160 (JANOUŠ 1990).

To monitor seasonal dynamics in nitrogen forms mixed 
soil samples were taken from 01, Of+h, Ae and Ep hori­
zons. Soil sampling started on 31 May 1999 and finished 
on 17 November 1999. The mixed samples were taken 
from each of the horizons separately and always from 
10 places on each of the plots. The samples taken into PE 
bags were stored at4°C, subsequently homogenized and 
sieved using a coarse screen. Ammonium nitrogen was 
determined in soil extracts using 1% K2SO4by a modi­
fied indophenol method (ZBÍRAL et al. 1997). Nitrate 
nitrogen was determined after extraction of soil samples 
with demineralized water using capillary electrophoresis 
(KUBÁŇ et al. 1999) and the results were compared with 
values determined after the extraction of soil samples 
with 1% K2SO4 using a manual spectrometric method 
with sulphosalicylic acid (Standard ČSN ISO 7890-3). 
Nitrite nitrogen was determined by capillary electro­
phoresis only after the extraction of soil samples with 
demineralized water.

Total C and N were analysed using a LEČO CNS 2000 
analyser, calibration was carried out for sulphametha­
zin LECO 242-298, C and N drift for the same, used 
gases were He, O2 and air (ZB1RAL et al. 1997). Actual 
soil reaction (pH/H2O) and exchangeable soil reaction 
(pH/KCl) were determined with a potentiometer. To de­
termine the level of nutrition by nitrogen, needle sam­
ples of the first generation from selected 8 trees were 
taken monthly (the same trees during the whole period) 
from the insolated part of crowns. In 1999, the level of 
nutrition of spruce stands was determined on limed plots 
FD and FS only, sampling started on 28 April and fin­
ished in mid-December. The content of nitrogen was de­
termined using the LECO CNS 2000 automatic analyser 
with calibration and drift for the certified standard LECO 
alfaalfa 502-273 for S and N at a temperature of 1,100°C 
or l,350°C.

RESULTS

Results of the study show that the C/N ratio is relative­
ly high in particular horizons of all plots exceeding near­
ly always the value 20 (Table 2). Soil reaction on the 
plots is acid. Owing to reclamation liming, higher values 
of pH/H2O and pH/KCl occurred in the layer of forest 
floor despite of the 12-year interval from the last appli­
cation as compared with control plot (Table 3). In the 
forest floor layer, the pH/H2O value was 0.73-1.07 high­
er and the pH/KCl value was 0.54-1.13 higher.

From the viewpoint of the concentration of mineral 
forms of nitrogen in particular soil layers it is evident 
that the highest concentrations of ammonium nitrogen 
were found in forest floor (01 and Of+h layers) where its 
concentration ranged from 6.47-9.94 (FD), 9.58-9.66 
(FS) and 10.56-12.92 mg/kg DM (dried matter) (FK). 
With increasing depth ammonium nitrogen concentra­
tions decreased. Mean concentrations of nitrate nitrogen

Table 2. The content of total carbon, nitrogen and the C/N ratio 
(1999)

Plot Soil horizon Ct (%) Nt (%) C/N

01 38.8 1.47 26.4

FD Of+h 22.5 1.0 22.5
Ae 6.1 0.3 23.4
Ep 4.0 0.2 23.6

O1 39.2 1.4 27.4

FS Of+h 21.6 1.0 22.5
Ae 7.8 0.4 21.7
Ep 4.4 0.2 23.4

01 45.2 1.71 26.4

FK Of+h 24.9 1.2 20.8
Ae 6.8 0.4 19.3
Ep 3.3 0.15 21.7

Table 3. Soil reaction on experimental plots (1999)

Plot Soil horizon pH/H2O pH/KCl

O1 4.28 3.84

FD
Of+h 4.88 4.17

Ae 4.30 3.20

Ep 4.03 3.10

01 4.41 3.92

FS
Of+h 4.71 3.71

Ae 3.85 2.83

Ep 3.81 2.82

01 3.34 2.79

FK
Of+h 3.98 3.17

Ae 3.60 2.70

Ep 3.97 3.13

were lower nearly on all plots and in all horizons as com­
pared with ammonium forms of nitrogen the difference 
being particularly evident in the forest floor. Occurrence 
of the nitrite form of nitrogen was found only sporadi­
cally. Main concentrations of the total mineral nitrogen 
(ammonium + nitrate nitrogen) decreased with depth. 
Within all horizons under study, the concentration 
reached the value 2.69-12.48 (FD), 2.04-12.44 (FS) or 
2.66-16.13 mg/kg DM (FK) (Table 4). The ratio of min­
eral nitrogen concentration to total nitrogen was small in 
particular soil layers or horizons (Table 5). The mean ra­
tio of mineral nitrogen to total nitrogen (NminZN1) reached 
the value 0.077-0.24% (FD), 0.087-0.152% (FS) and 
0.094-0.177% (FK) being usually higher in mineral soil 
(Ae, Ep).

Figs. 1-3 show seasonal variations in the concentra­
tion of ammonium and nitrate forms of nitrogen in the 
Of+h horizon in 1999. The horizon was characterized by

J. FOR. SCI., 47, 2001 (9): 383-391 385



Table 4. Mean concentrations of ammonium, nitrate and total 
mineral nitrogen (1999) (mg/kg DM)

Plot Soil horizon NH4+ - N NOf - N Nmi„

01 9.94 2.54 12.48

FD
Of+h 6.47 1.24 7.71

Ae 3.75 2.50 6.25

Ep 1.90 0.79 2.69

01 9.66 2.78 12.44

FS
Of+h 9.58 0.96 10.54

Ae 3.30 2.16 5.46

Ep 0.61 1.43 2.04

O1 12.92 3.21 16.13

FK
Of+h 10.56 1.92 12.48

Ae 2.84 2.30 5.14

Ep 1.98 0.68 2.66

Fig. 1. Seasonal variations in the concentration of ammonium 
and nitrate nitrogen in the Of+h horizon on plot FD - 1999

Table 5. Mean proportion of the concentration of ammonium 
and nitrate form of nitrogen as related to total nitrogen (1999)

Plot Soil horizon NH4+ - N/Nt 
(%)

NOf- N/Nt 
(%)

N . /Nt 
(%)

01 0.068 0.017 0.085

ED Of+h 0.065 0.012 0.077
Ae 0.144 0.096 0.240

Ep 0.112 0.046 0.158

01 0.068 0.019 0.087

FS
Of+h 0.096 0.010 0.105

Ae 0.092 0.060 0.152

Ep 0.032 0.075 0.107

01 0.076 0.019 0.094

FK Of+h 0.088 0.016 0.104
Ae 0.081 0.066 0.147

Ep 0.132 0.045 0.177

a depth of 7-8 cm and contained the largest number of 
roots. On all the plots, seasonal variations in the concen­
tration of ammonium and nitrate forms of nitrogen in the 
Of+h layer were very irregular and ammonium nitrogen 
dominated. Statistically significant differences between 
the plots were not found.

On the FD plot (dense stand), concentrations of the am­
monium form of nitrogen ranged from 0 to 16.63 mg/kg 
DM with a mean value of 6.47 mg/kg DM and coefficient 
of variation 107.1%. In the case of nitrate form the con­
centrations seasonally varied from 0 to 5.83 mg/kg DM 
and coefficient of variation was 140.32%. At the end of 
May, only nitrate forms of nitrogen were found on the plot 
and in mid-July, nitrate nitrogen concentrations were high­
er than those of ammonium nitrogen. From November, the 
occurrence of mineral nitrogen in the Of+h horizon, plot 
FD, was not found (Fig. 1).

Fig. 2. Seasonal variations in the concentration of ammonium 
and nitrate nitrogen in the Of+h horizon on plot FS - 1999

On the FS plot (open stand), in the course of the season 
concentrations of the ammonium form of nitrogen ran­
ged from 0 to 27.52 mg/kg DM with a mean value of 
9.58 mg/kg DM and coefficient of variation 83.8%. In 
the case of nitrate form the concentrations varied from 0 
to 6.91 mg/kg DM with a mean value of 0.96 mg/kg DM 
and coefficient of variation 218.8%. The ammonium 
form of nitrogen always predominated over the nitrate 
form. The nitrate form of nitrogen was found only in three 
out of eleven samplings during the season (Fig. 2). At 
the end of August, the occurrence of mineral nitrogen in 
the Of+h horizon was not found.

On the FK plot (non-limed plot), concentrations of am­
monium forms of nitrogen in the Of+h layer reached 
a value of 0-45.55 mg/kg DM with a mean value of 
10.56 mg/kg DM and coefficient of variation 123.1 % and 
in the case of nitrate form 0-9.36 mg/kg DM with a mean 
value of 1.92 mg/kg DM and coefficient of variation 
142.7%. With the exception of sampling carried out at 
the end of August ammonium nitrogen concentrations 
were always higher than those of nitrate forms (Fig. 3).

The content of nitrogen in needles in the course of the 
year was typical by its dynamics (Fig. 4). After the initial
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Fig. 3. Seasonal variations in the concentration of ammonium 
and nitrate nitrogen in the Of+h horizon on plot FK - 1999

28.4. 13.5. 17.6. 15.7. 17.8. 14.9. 20.10. 15.12.

Date of sampling

Fig. 4. Nitrogen concentration in needles of the Is' generation 
(1999)

increase in nitrogen concentration in the spring season 
and following decrease in biomass its concentration in 
needles of the first generation stabilized below the level 
which is considered to be critical for the growth of spruce 
stands. Nitrogen concentrations in needles of the first 
generation reached a value of 1.14% (plot FD) in the 
October sampling or 1.18% (plot FS) and in the sam­
pling from mid-December a value of 0.96% (plot FD) or 
1.09% (plot FS). No statistically significant differences 
were found between FD and FS plots.

DISCUSSION

Concentrations of total nitrogen in soil are considered 
to be a relatively stable property which is not in correla­
tion with the intensity of net mineralization (BIELEK 
1998). These concentrations in the ecosystems under 
study exceeded 1 % in the layer of the forest floor which 
was near to values found by KLIMO (1982) or GRUNDA 
and VOREL (1996) in acid Cambisols beneath spruce 
monocultures. The actual supply of mineral forms of ni­
trogen is, however, important for plants. Processes of 
organic matter mineralization occur in soil as a result of

the activity of very numerous and various microflora. 
Ammonification is a primary process of the organic mat­
ter mineralization. It is evident that ammonium nitrogen 
was a seasonally predominating form in soils beneath 
young Norway spruce ecosystems of the Moravian-Sile­
sian Beskids, which is typical of these ecosystems 
(Harmsen, kolenbrader 1965; Carlyle, Malcom 
1986; ÚLEHLOVÁ 1989; TlETEMA et al. 1992; ZÁHORA 
1999). Nitrate nitrogen occurred in lower quantities than 
those in podzols and Cambisols beneath young Norway 
spruce stands in the Krušné hory Mts. (KULHAVÝ, 
FORMÁNEK, unpublished). Nitrite forms of nitrogen were 
found only sporadically, which corresponded to the re­
sults of EMMER (1999) in forest soils of the Krkonoše 
Mts. A release of ammonia into the environment occurs 
because in the course of ammonification the microflora 
is able to build in into its body only a certain amount of 
nitrogen per unit amount of carbon and any surplus of 
nitrogen is released into the environment. We suppose, 
therefore, that the C/N ratio in the decomposing organic 
matter is often decisive. The higher the amount of nitro­
gen in decomposing organic matter, the higher the 
amount of ammonium nitrogen released into the envi­
ronment (B1ELEK 1984). In podzols studied by our lab­
oratory, the C/N ratio was rather high (> 20) in all soil 
layers. It is an indicator of reduced decomposition be­
cause it is indirectly proportional to the intensity of min­
eralization. Our study also shows that podzols generally 
rank among the soils with a low level of mineraliza­
tion (BIELEK 1998). The concentration of ammonium ni­
trogen in the forest floor roughly corresponded to the 
values found by ZÁHORA (1993) on sites of the Moravi­
an-Silesian Beskids reforested by Norway spruce plants 
and with the initial formation of ground cover.

The proportion of mineral nitrogen as related to the 
total nitrogen in soil is low (COLE, RAPP 1981) being 
lower particularly in the forest floor layer that was found 
by PELÍŠEK (1974) in humus horizons of podzols. The 
ratio, as compared with the values found by ZÁHORA 
(1992), was much lower than in the case of floodplain 
forest Fluvisols.

A number of factors affects the relatively low amount 
of mineral nitrogen in podzols beneath spruce stands of 
the Moravian-Silesian Beskids. One of the factors could 
be the potential competition of heterotrophic microorgan­
isms and plants for ammonia ions (KILLHAM 1990). Fluc­
tuations in nitrogen uptake during the growing season 
and relation to moisture conditions (STEPHEN, FIRE­
STONE 1991) and temperature (KOWALENKO, CAMERON 
1976; Harmsen, kolenbrader 1965) could play an 
important role. Leaching of nitrates can be a very impor­
tant phenomenon changing the amount of mineral nitro­
gen in the localities or the shift of mineral nitrogen 
particularly of nitrate form into lower soil horizons could 
be one of the consequences of previous liming the effect 
of which could show in lower soil horizons after 12 years 
(LETTL 1991). The low content of mineral nitrogen in 
soils of the ecosystems could also be caused by long-
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term changes accompanying the decomposition of hu­
mus substances (ULRICH 1983). Losses of mineral nitro­
gen could also be caused by denitrification which can be 
of interest for such ecosystems impoverishing them by 
up to 30% nitrate nitrogen as found by EMMER (1999) in 
forest soils of the Krkonoše Mts. or losses of nitrogen 
during proper nitrification (ŠIMEK 1998) which can be 
related to the lower pH value of soils (MARTIKAINEN 
1985). Another factor, from the viewpoint of nitrogen 
transformation, is biological fixation of atmospheric ni­
trogen which, however, based on data published by other 
authors, appears to be negligible under given conditions 
(WEBER, SUNDMAN 1986). Mineral nitrogen also enters 
the soils in atmospheric depositions and its input in 
throughfall in the localities under study in 1999 amount­
ed to 12.34 kg/ha per year on plot FD and 8.76 kg/ha per 
year on plot FS (FORMÁNEK 2000). As a matter of fact, 
the mineral nitrogen level in soil is not always and only 
decisive but the rate, i.e. ammonification and nitrifica­
tion. Moreover, nitrogen mineralization is affected by 
considerable time and spatial variability which could be 
given by the variability of moisture (SlERA 1997), tem­
perature, basic ion content and soil reaction (MARTI­
KAINEN 1985) on the sites. From the viewpoint of area 
and time, nitrate nitrogen variability was very high and 
a lot of other studies pointed out this fact (RAISON et al. 
1987; DAVIDSON et al. 1992; FORMÁNEK, GRUNDA 
2000). Liming and thinning had no significant effects on 
the seasonal dynamics of mineral nitrogen, ammonium 
nitrogen was a prevailing form on all the plots. In our 
experiments, we did not find a marked decrease in the 
concentration of ammonium and total mineral nitrogen 
after liming as reported by PERSSON (1988); LETTL 
(1991) or KULHAVÝ (1992). The differences in the con­
tent of nitrates between limed plots and control plot were 
not significant either as reported by PODRÁZSKÝ (1992). 
The main cause in the given ecosystems could consist in 
the higher C/N ratio (NÖMNIK 1979).

According to our results, nitrogen concentrations in 
needles of the first generation were below the limit for 
sufficient nutrition, being much lower than those found 
in 1999 in the case of 21-50-year-old spruce stands in 
the Krušné hory Mts. (KULHAVÝ, FORMÁNEK, unpub­
lished). Our findings confirm the results published by 
KLIMO and KULHAVÝ (1996) that under certain condi­
tions the growth of trees in the Moravian-Silesian Be­
skids is limited by nitrogen.

CONCLUSIONS

In podzols of the Moravian-Silesian Beskids beneath 
Norway spruce stands of the second generation, season­
al concentrations of ammonium and nitrate nitrogen con­
siderably fluctuated in 1999. Although we do not know 
how the soil reaction, adsorption complex and mineral­
ization of organic matter were affected immediately after 
liming, 12 years after the last application of dolomitic 
limestone the pH/H2O value in the forest floor was 0.73-

1.07 higher and the pH/KCl value was 0.54-1.13 higher 
as compared with control. Its effect on changes in forms 
of mineral nitrogen in soil was not proved. From the total 
mineral nitrogen in the layer of forest floor, about 80% 
were in ammonium and 20% in nitrate forms. Nitrogen 
concentrations in needles of the 1” generation were be­
low the limit for sufficient nutrition not being affected 
by stand density.
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Transformace dusíku v půdě a stav výživy mladých smrkových porostů 
Moravskoslezských Beskyd

P. FORMÁNEK, J. KULHAVÝ

Mendelova zemědělská a lesnická univerzita, Lesnická a dřevařská fakulta, Brno, Česká republika

ABSTRAKT: Studie hodnotí vliv hustoty mladého porostu smrku a melioračního vápnění na přeměny dusíku v půdě 
a úroveň dusíkaté výživy smrkových porostů v hřebenové části Moravskoslezských Beskyd. Lokalitu ovlivňují kyselé prů­
myslové imise, proto byla v letech 1983, 1985 a 1987 meliorována vápněním. Koncentrace amonného i nitrátového dusíku 
v půdě během sezóny značně kolísala. Na základě výsledků z roku 1999 v půdě převažoval dusík v amonné formě, nitráto­
vého dusíku bylo méně a nitritový dusík byl detekován pouze sporadicky. Koncentrace dusíku v jehličí 1. ročníku byla pod 
hranicí pro dostatečnou výživu. Při dané intenzitě výchovného zásahu nebyl zjištěn vliv hustoty porostu na přeměny dusíku 
v půdě. Rovněž vliv melioračního vápněni s odstupem 12 let od poslední aplikace na přeměny dusíku v půdě nebyl proká­
zán.

Klíčová slova: smrk; dusík; výživa porostů

Problematika dusíku v lesních ekosystémech byla 
a stále zůstává obecně diskutovaným problémem. V této 
souvislosti můžeme na jedné straně mluvit o ekosysté­
mech dusíkem nadměrně saturovaných, na straně druhé 
dusíkem limitovaných. Lesní půdy horských oblasti 
České republiky mají zvláště pod smrkovými monokul­
turami silnou vrstvu organické hmoty. Vliv kyselé­
ho opadu smrku s vysokým C/N a průmyslové imise 
mají často negativní vliv na rozklad organické hmoty. 
V organické humusové hmotě je poutáno množství 
dusíku a ostatních živin. Z této humusové zásoby by měl 
být dusík doplňován do půdního roztoku v minerální 
formě, aby mohl být lesními porosty opět asimilován. 
Zhoršené rozkladné podmínky však tomu brání.

Studie hodnotí vliv hustoty mladého smrkového po­
rostu a melioračního vápnění na přeměny dusíku v půdě 
a výživu porostů v roce 1999.

Experimenální práce probíhaly na plochách s rozdílnou 
hustotou 211etého smrkového porostu (plocha FD 2 600 
jedinců na ha a plocha FS 2 100 jedinců na ha), které 
jsou součásti objektu Ústavu ekologie krajiny AV ČR na 
Bílém Kříži v Moravskoslezských Beskydech a byly 
vletech 1983, 1985 a 1987 meliorovány vápněním. 
Plocha kontrolní (plocha FK 2 600 jedinců na ha) není 
součástí tohoto objektu a nebyla v minulosti vápněna. 
Půdním typem je na všech plochách mírný humusový 
podzol s mor-moderovou formou humusu. Směsné půd­
ní vzorky byly během sezóny odebírány z vrstev Ol,
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Of+h, Ae a Ep. Amonný dusík byl stanoven v extraktech 
půd i % К 2SO4 upravenou indofenolovou metodou, dusík 
nitrátový byl po extrakci půdních vzorků demineralizo- 
vanou vodou stanoven kapilární elektroforézou a výsled­
ky byly srovnány s hodnotami stanovenými po extrakci 
půdních vzorků 1% К 2SO4 manuální spektrometrickou 
metodou s kyselinou sulfosalicylovou. Nitritový dusík 
byl stanoven pouze kapilární elektroforézou po extrakci 
půdních vzorků demineralizovanou vodou. Celkový C 
a N byl analyzován na analyzátoru LEČO CNS 2000, 
aktuální a výměnná půdní reakce byly stanoveny poten- 
ciometricky. Pro stanovení úrovně výživy dusíkem byly 
měsíčně odebírány vzorky jehličí 1. ročníku z osmi 
stromů z osvětlené části koruny. Úroveň výživy smr­
kových porostů byla v roce 1999 stanovena pouze na 
vápněných plochách FD a FS, koncentrace dusíku byla 
stanovena na analyzátoru LEČO CNS 2000.

V podzolech Moravskoslezských Beskyd pod studo­
vanými porosty smrku ve druhé generaci sezónní kon­
centrace amonného a nitrátového dusíku v roce 1999

značně kolísala. Přestože nevíme, jakým způsobem byla 
na studovaných lokalitách ovlivněna půdní reakce, sor- 
pční komplex a mineralizace organické hmoty bezpro­
středně po vápnění či s odstupem následujících let, po 
12 letech od poslední aplikace dolomitického vápence 
byla v nadložním humusu hodnota pH/H2O vyšší 
přibližně o 0,73-1,07 a pH/KCI přibližně o 0,54-1,13 
v porovnání s kontrolou a nebyl prokázán její vliv na 
změny forem minerálního dusíku v půdě. Poměr C/N byl 
v jednotlivých půdních horizontech na všech plochách 
poměrně vysoký a téměř vždy přesahoval hodnotu 20. 
Podíl koncentrace minerálního dusíku к dusíku cel­
kovému (Nnin/Nt) činil v nadložním humusu kolem 0,1 % 
a v minerální půdě byl zpravidla vyšší. Z celkového mi­
nerálního dusíku bylo ve vrstvě nadložního humusu 
přibližně 80 % ve formě amonné a 20 % ve formě nitrá­
tové. Koncentrace dusíku v jehličí 1. ročníku byla za 
daných podmínek pod hranici pro dostatečnou výživu 
a nebyla ovlivněna hustotou porostu.
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Forest maps, their development and present accuracy
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ABSTRACT: Forest Act No. 289/1995 sets down the geodetical accuracy of plotting permanent units of the spatial divi­
sion of forests on forest maps 0.0004 x M where M is the scale number of a map. For the basic forest map of 1:5,000, it 
means ± 2m. Cadastral or (derived) state maps at a scale of 1:5,000 are a mandatory map background for the preparation 
and creation of forest maps. In many cases, however, the accuracy of the maps is lower than 2 m. With respect to errors 
occurring in forest mapping, errors resulting from the insufficient stabilization of boundaries of the permanent units of 
forest division as well as overlapping the boundaries by tree crowns in using methods of photogrammetry, the fulfilment of 
the law requirements appears to be rather problematic.

Keywords: mapping; forest map; accuracy

According to Forest Act and related Regulation No. 
84/1996 on forest management planning, working plans 
(WP) or forest management schemes (FMS) are prepared 
for all forests in the Czech Republic. Forest maps are the 
obligatory part of the WP and FMS.

The regulation exactly defines what the forest map is, 
which scale is used for the map, the content of the maps 
and which of the maps are an obligatory part of the WP 
and FMS.

Forest maps represent all timber land, non-stocked for­
est land and other land (Forest Act, § 3 1 b)). Timber 
land is classified into units of the spatial arrangement of 
a forest. These units are as follows: compartment, sub­
compartment, stand, stand part and storey while the ba­
sic unit of the forest division is a stand. Boundaries of 
compartments and subcompartments are designed with 
respect to distinct boundaries in the terrain.

Cadastral or (derived) state maps at a scale of 1:5,000 
are an obligatory map background for the preparation of 
forest maps. According to the above-mentioned regula­
tion, forest maps are prepared and mapped in the geodet­
ical reference system of the Unified Trigonometric 
Cadastral Network (UTCN). In mapping of higher units 
of the spatial division of a forest, i.e. compartments and 
subcompartments (§ 6), geodetical accuracy of 0.0004 x 
M (m) is used where M (m) is the map scale.

The purpose of the paper is to evaluate the present state 
of forest maps, to assess legal requirements for accuracy

and to find what measures will be necessary to comply 
with the law.

The accuracy of existing forest maps is affected by 
original maps and by the accuracy of geodetical and pho­
togrammetric methods used in forest mapping.
(a) In using a cadastral map the following points are de­

cisive for accuracy:
- when the cadastral measurement was carried out;
- what survey methods, instruments and aids were 

used, whether the locality was affected by a land re­
form, accuracy of surveying newly established plots.

(b) In using a (derived) state map at a scale of 1:5,000:
- proximity of the contact of boundaries of neighbour­

ing cadastral regions (the contact of boundaries of 
cadastral regions manifests itself particularly nega­
tively in maps of fathom scales);

- professional level of persons preparing the derived 
state maps 1:5,000.

(c) Present forest mapping uses predominantly methods 
of aerial photogrammetry and here, the accuracy is 
affected by:

- the number and accuracy of reference points;
- visibility of surveyed lines;
- large height differences of the terrain relief;
- instrumentation and computer equipment of the 

workplace.
The first evidence of forest mapping in the territory of 

this country is in the Rožmitál ‘Land and Duties Regis-
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ter’, where the names of surveyors who surveyed and 
taxed the estates of lords of Rožmberk in 1369-1373 are 
given. As stated in archival materials, forests were given 
a special attention in the surveying. In the 16th century, 
the first management maps originated in the Rožmitál and 
Mirošov domains. In 1587, Jan Dětřich of Jáchymov 
drew up a map of the Hluboká domain where forests, 
forest glades, ponds and villages were depicted.

According to Vladislav’s decree of 1500, a surveyor of 
the Czech kingdom (mensor publicus) was appointed at 
the state board administered by the highest chamberlain 
and the Czech chamber had its own emperor assistant in 
the art of geometry.

A marked progress in forest management planning and 
thus also in forest mapping occurred in the second half 
of the 18th century. Forest maps as part of forest manage­
ment plans (working plans) were prepared nearly regu­
larly in larger forest units and also owners of smaller 
forest units had their forests surveyed by private survey­
ors in many cases. For example, forests of the Town of 
Brno had the first instruction of regulated forest manage­
ment and the first maps for the Vohančice, Deblin and 
Lažánky Forest Districts as early as 1736. General map­
ping of forests of the Town of Brno was carried out in 
1772 based on the decision of its municipality and the 
mapping was accomplished by the statutory engineer 
Václav Štoček.

The development of forest mapping progressed simul­
taneously with the development of cadastral measure­
ments. In the former Austria-Hungary, cadastral 
measurements were carried out in 1817-1862 on the ba­
sis of a trigonometric network constructed by means of 
directly measured bases. End-points of the bases were 
determined by rectangular and geographical co-ordi­
nates. Full use of cadastral maps was, however, limited 
bya non-uniform cadastre and also by the purpose for 
which the maps were prepared. The purpose was not 
geodetical but it was to be a basis for determining the 
land tax. Cadastral Act No. 177 of 1927 represented an 
increased importance of cadastral maps for forest map­
ping. The law removed main faults in the field of a ca­
dastre and cadastral maps as well as Cadastral Edict No. 
70 046-36-III 6a of 1936 on unified geodetical opera­
tions which unified cadastral works in the whole terri­
tory of the Czechoslovak Republic. Both legislative 
measures eliminated faults in operating and using ca­
dastral maps and thus also reasons preventing their full 
use in mapping the forest.

A great progress in forest management planning and 
thus also in forest mapping came after World War II. A 
‘forest inventory’ was carried out to determine the real 
state of forests. Within the operations, a ‘basic forest 
map’ of all forests in the Czechoslovak Republic was 
created. As maps of many forest units were destroyed or 
lost by war events, Dr. K. Matějů, a guarantor for forest 
mapping in the Institute of Forest Management, Brandýs 
nad Labem, determined three methods of forest mapping 
with direct or indirect use of cadastral maps.

The methods were as follows:
- new measurements completing copies of cadastral 

maps. Measurements of a ‘forest detail’ were only 
a forestry matter not being subject to a surveyor’s au­
thorization. Therefore, it did not serve as a background 
for completing cadastral maps;

- new measurements completing copies of cadastral 
maps and at the same time constructing a separate for­
est map. In these cases, own measurements by means 
of local triangulation connected to a cadastral trigo­
nometric network were often carried out. Although the 
measurement complied with cadastral directives from 
the aspect of its accuracy, it was not incorporated and 
used by the cadastre and the areas of permanent units 
of forest division often had to be fitted to the errone­
ous condition of the cadastre;

- new measurements of forests by the renewal of the land 
cadastre. In the case of more extensive inaccuracies of 
cadastral maps, ‘authenticity cadastral procedures’ were 
applied in some cases resulting in the preparation of 
a new cadastral map. During the procedure, permanent 
units of spatial division of the forest were surveyed and 
plotted in the map. In these localities, the most accurate 
basic forest maps were drawn up.

The proposal of Dr. Matějů was included in an ‘instruc­
tion’ forming the basis of forest mapping after World 
War II. During the period, a nation-wide map work was 
prepared according to uniform working procedures of the 
Institute of Forest Management, Brandýs nad Labem, rep­
resenting all forests of this republic at a uniform scale of 
1:5,000 with a uniform content. This map, also called ‘ba­
sic forest map’, formed a background for a management 
map and other special-purpose forest maps. It contained 
cadastral and permanent forest planimetry complemented 
continuously in renewals of working plans by records of 
changes carried out in the cadastre as well as by changes 
in a forest detail. The map also contained positions of 
points of point fields taken from geodetical documenta­
tion as well as points from own measurements.

Although forest mapping used nearly always the cadas­
tre, it has to carry out complementing measurements of 
the peculiarities as well as measurements of both the per­
manent and variable forest details (because we express 
technical and biological relations of forest ecosystems in 
forest maps). Due to these reasons, photogrammetric meth­
ods and methods of remote sensing appeared to be useful 
and were also fully used. Modern photogrammetric meth­
ods facilitate quick, economically profitable and sufficient­
ly accurate mapping of forests and completing forest maps 
by all changes in the forest detail. If technological proce­
dures of the Institute of Forest Management (IFM) for for­
est mapping by means of photogrammetric methods are 
followed, the topographic accuracy of ± 0.4 mm should be 
ensured after a cartographic adjustment which corre­
sponds to ± 2 m for maps at a scale of 1:5,000. This value 
corresponds to the present legal requirement.

The accuracy of mapping the boundaries of permanent 
units of spatial division of the forest can be negatively
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affected by the width of tree crowns of old and particu­
larly broadleaved stands occurring above the boundary. 
In these cases, the topographical accuracy of forest maps 
(as given by technological procedures of the IFM from 
1981) can range from ± 0.4 to ± 1.4 mm, i.e. 2-7 m for a 
map scale of 1:5,000.

The accuracy of maps can also be unfavourably affect­
ed by large height differences of topography increasing 
the radial distortion along the projection line in applying 
single-image photogrammetry (GÁL 1965).

Forest mapping by photogrammetric methods carried out 
by the IFM, Brandýs n. L., uses the existing points of the 
positional point field and points determined by the method 
of analytical aero-triangulation in a common block (AATB).

To map points of a point field as well as points of 
a forest detail, the GS mapping system (according to 
Křovák) was used. Points and subsequently boundaries 
of a forest detail were drawn on unshrinkable ‘astralone’ 
sheets into a frame corresponding to the map layout SMO 
1:5,000 i.e. 2x2.5 km.

Into the frame, it was possible to draw all later mea­
surements expressed in the map co-ordinates. Calcula­
tions of the co-ordinates of detailed points of a forest 
detail were carried out by the method of analytical pho­
togrammetry and the obtained co-ordinates were then 
incorporated into map sources (SMO 1:5,000 or minia­
tures of cadastral maps).

According to the quality of map sources, differences oc­
curred between measured data and these sources. The largest 
differences were at the contact of particular models and par­
ticular map sheets. Arisen errors were adjusted on the graph­
ical sources. This fact also negatively affected accuracy.

PRESENT STATE OF FOREST MAPPING

Also at present, aerial photogrammetry appears to be 
the fundamental method of forest mapping. As compared 
with the past, the method makes huge progress particu­
larly in methodology and technology. It is enabled by 
satellite sensing, new photogrammetric instruments and 
powerful computers. Changes in technology are enabled 
by using microprocessor electronics which particularly 
in photogrammetry changes traditional methods of ob­
taining and evaluating image data. Numerical as well as 
graphical data processing is carried out in the IFM, Bran­
dýs nad Labem, by the TOPOTAX software.

Forest maps as part of forest management plans (work­
ing plans) were prepared by the IFM, Brandýs n. L., till 
1997. Since that year, forest management plans (FMP) 
and forest management schemes (FMS) can be prepared 
by forest inventory bureaux authorized for the activity 
by the CR Ministry of Agriculture.

The majority of FMP and FMS is processed in a digital 
form. The largest administrator of forests in this republic 
- Lesy ČR, s.p. (Forests of the CR, state enterprise) fi­
nanced digital processing of FMP from its own sources 
in the last years. At present, it is possible to obtain finan­
cial means for the activity.

In the digital processing of forest maps, interconnection 
with numerical data of FMP should be established, i.e. it is 
necessary to create bases of a geographical information 
system (GIS). The interconnection forms an integrated in­
formation system including forest ecosystems, permanent 
units of the spatial division of a forest and also the small­
est unit of forest division - ‘part of a stand’ (delimited in 
regenerated stands only where part of the original stand is 
delimited from the regenerated one). Both FMP /FMS data 
and data of management records can be referred to the 
area providing the possibility to monitor the fulfilment of 
FMP tasks. Results of the system can be used by adminis­
tration, forest owners and statistics.

The TOPOL program with special supplements for 
some operations is a program for data processing in the 
field of GIS.

According to legal directives, the (derived) state map 
1:5,000 remains the basis for drawing up forest maps. 
Due to imperfections in the directives, discrepancies oc­
cur in many cases between the map groundwork, written 
part and forest management data. However, another com­
plication will occur in the next period consisting in the 
possibility to draw up FMP and FMS by various forest 
inventory bureaux. A problem will occur when several 
cruising bureaux operate in a working-plan area (WPA) 
at the same time and without uniform preparation for the 
whole WPA. In these cases, various input materials will 
be transformed so that different mapping of boundary 
lines will appear. In order to prevent the complications it 
would be suitable and useful to authorize one of the bu­
reaux to draw up the boundary lines. Results of the map­
ping would be obligatory for other bureaux.

INSTRUMENTS AND METHODS VERIFYING 
THE ACCURACY OF FOREST MAP DRAWING

On the basis of existing work with input materials serv­
ing for forest mapping (cadastral maps and derived state 
maps 1:5,000) and knowledge of their faults, check-out 
measurements were carried out of point fields, ground­
work maps and points of a forest detail on several ran­
domly selected localities. Control measurements were 
carried out in the same co-ordinate system as forest maps, 
i.e. S-JTSK.

a) Verification of the accuracy of a point field and 
control points for photogrammetric measurements

For the verification, a modern and progressive method 
of GPS (Global Positioning System) was used carried out 
by the Wild GPS system 200 satellite installation, prod­
uct of Leica Co., Heerbrugg, Switzerland. The instrument 
was lent by the Department of Geodesy, Faculty of Civil 
Engineering, University of Technology, Brno. The instal­
lation made it possible to receive and process satellite 
signals on both frequencies from max. 9 satellites simul­
taneously. Thus, it referred to a 9-channel two-frequency 
GPS allowing to process both code and phase measure­
ments, i.e. an apparatus suitable even for accurate geo­
detical applications.
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Table 1. Positional deviations of points of the basic positional point field (BPPF) used as identical points for co-ordinate transfor­
mation

Point number
Positional deviation between BPPF points 
determined by terrestrial methods and by 

GPS (interp. transf. key) op (m)

Positional deviation between BPPF points 
determined by terrestrial methods and by 

GPS (trad, transf. key) op (m)

55(3316) 0.026 0.001
58(3316) 0.026 0.019
3(3317) 0.045 0.018
10(3317) 0.017 0.021
13(3317) 0.046 0.020

The advantage of the apparatus during measuring in 
the forest consisted in a small weight of the sensor and 
controller, easy operation and also suitable software in­
stalled in a PC computer. The main function of the pro­
gram consisted in the conversion of co-ordinates carried 
out by the GPS apparatus in the WGS 84 co-ordinate 
system into the S-JTSK co-ordinate system.

It referred to the conversion of a spatial (three-dimen­
sional) co-ordinate system into a plane (two-dimension­
al) system of the given cartographic image with a possible 
relation to height. It was because co-ordinates of points 
in national networks are related to another ellipsoid than 
WGS 84. In the CR, there is Bessel’s ellipsoid for S-JTSK 
and Krasovsky’s ellipsoid for S-42. Two different meth­
ods of calculation were used for the transformation of 
particular points (by reason of check-up):
1. by means of a classical transformation key calculated 

using the similarity transformation where the proce­
dure of calculation consists in the transformation of 
two identically orientated Cartesian co-ordinate sys­
tems with the various angular displacement of axes 
and with various scales;

2. by means of an interpolation method based on the 
model of affined transformation using the principle of 
collocation for the determination of a systematic com­
ponent of adjustment.

Comparisons of point determination by traditional ter­
restrial methods (existing co-ordinates of the points) with 
measurements using GPS are given in Tables 1 and 2.

Accuracy analysis was discussed in another paper of 
DOUŠEK (1996).

b) Verification of the accuracy of drawings on for­
est maps

The accuracy of drawings of the permanent units of 
forest division on forest maps was assessed from the dif­
ference of co-ordinates displaced on a forest map and 
co-ordinates obtained by a direct measurement, see § (a) 
and accuracy of obligatory map sources, see § (b).

Accuracy of drawings on forest maps
The accuracy was assessed in the Working-Plan Area at 

Lomnice locality, subcompartment 113 D, from the differ­
ence of co-ordinates displaced on a forest map and co-ordi­
nates obtained by a direct measurement (DOUŠEK 1996).

The measurement was carried out using polygonal 
traverses measured by an electronic theodolite PENTAX 
PCS - Is. It referred to polygonal traverses connected 
and orientated on both sides and calculated by approxi­
mate adjustment.

A difference was assessed between the area calculated 
from the co-ordinates from direct measurements and the 
area in the working plan. The situation is given in Fig. 1: 

area calculated from the co-ordinates 95,812 m2 
area given in the working plan 96,200 m2
difference in the areas 388 m2

The actual difference reaches a value of 0.4% and if we 
do not take into consideration the position of a subcom­
partment to neighbouring units of forest division, it shows 
a very good quality of surveying.

Table 2. Positional deviations in newly determined points calculated by the comparison of a traditional terrestrial measurement 
with adjustment by the method of least squares (LSM) and measurements by the GPS method

Point number
Positional deviation between points 

calculated by LSM and GPS 
(interp. transf. key) op (m)

Positional deviation between points 
calculated by LSM and GPS 

(traditional transf. key) op (m)

520 0.008 0.028

521 0.003 0.025

542 0.020 0.037

543 0.025 0.025

544 0.016 0.000

590 0.025 0.037

592 0.033 0.041
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Fig. 1. Verification of drawing subcompartment 113D, Forest District Tišnov 
On forest contour map 1:5,000 Bystřice nad Pernštejnem 4-5

In order to be able to evaluate also the accuracy of po­
sition a difference was assessed between the drawing of 
subcompartment 113 D on a forest map and the drawing 
obtained from the co-ordinates of polygon measurement.

Differences in transverse displacement reached a val­
ue of max. 24 m, in a forest road forming one of the sub­
compartment boundaries up to 16 m. The values exceed 
the geodetical accuracy of forest maps given by Regula­
tion 84/1996 and it will be necessary to meet the legisla­
tive requirements when renewing the working plan.

The size of a mean absolute deviation between the ac­
tual state in the terrain (field) and situation on a forest 
map is dx = 10.0 m, standard deviation of a compared 
distance is sx = ± 12.2 m.

In mapping subcompartment 113 D, a cadastral bound­
ary going through the eastern part of the subcompartment 
was also mapped.

The deviation did not exceed a given limit of ± 2m 
and, therefore, it is possible to suppose that errors in 
drawing the subcompartment boundaries originated in 
forest mapping. It is possible to assume that incorrect 
determination of boundaries on a forest map does not 
consist only in surveying methods and their accuracy but 
also in the insufficient stabilization of the boundaries.

It is evident that if we want to achieve accuracy given 
by the regulation we have to stabilize and survey bound­
ary points by terrestrial methods in overgrown and shad­
ed localities or to release the points for photogrammetric 
measurements. It is also wrong to think that the bound­

ary stabilization will be ensured by means of marks on 
trees in the proximity of the boundary.

(c ) Verification of the accuracy of obligatory origi­
nal map sources used for drawing up forest maps

In these cases, the accuracy was assessed of the cadas­
tral boundary drawing, the accuracy of the contact of 
particular map sheets and the accuracy of drawing par­
ticular plots.
1. To verify the accuracy of a cadastral boundary, the 

Rašov-Šerkovice cadastral boundary was randomly 
selected. The boundary was drawn on a map at a scale 
of 1:2,880 (in a ‘fathom scale’). The situation is given 
in Fig. 2. Landmarks were found on the cadastral 
boundary in the field and these were accurately sur­
veyed using an electronic theodolite and electroopti- 
cal distance meter. The map drawing was transformed 
by means of similarity transformation into the S-JTSK 
system. In total 28 distance deviations were calculat­
ed between the boundary points. Mean absolute size 
of the deviation reached a value of dx = 2.6 m, stan­
dard deviation sx = ± 4.0 m.

2. The accuracy of drawing the cadastral boundary is 
documented on a map sheet in a fathom scale, and the 
contact of cadastral boundaries between the cadastral 
areas Malá Moravka and Podlesí is depicted on the 
same map sheet. Differences in the boundary drawing 
depicted by a solid and dashed line amount to a value 
of max. ± 5 m (Fig. 3). The inaccuracy of drawing the 
map sheet frame originates from assigning the draw-
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Fig. 2. The sketch of a marked out boundary (scale 1:5,000)

ing of the neighbouring map sheet (depicted by a 
dashed line) and corresponds to a value of ± 5 m. De­
viations are caused by the deformation of previously 
used paper map sheets and lower graphical accuracy 
of drawing in the proximity of the map sheet frame 
resulting from the method of forward intersection 
(plane-table method).

Extraordinarily large differences were found between 
the boundary drawing of particular forest plots on a cadas­

tral map and reality, and there were also differences in 
drawings at the contact of neighbouring map sheets in lay­
ing out forest plots by a geodetical bureau in Opava in 
border regions of northern Moravia (Fig. 4). In an exem­
plary case, differences in the plot drawing and drawing of 
neighbouring map sheets approach the value of ± 10 m.

The results show that the accuracy of drawing of orig­
inal map sources is lower in some cases than accuracy 
required by legislation for forest maps.
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Fig. 3. Discrepancy in the drawing of the cadastral area boundaries on the land cadastre maps
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Fig. 4. Discrepancy between the drawing of the map sheet frame and drawing of the boundaries on the land cadastre maps
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CONCLUSION AND PROPOSALS FOR 
SOLVING THE PROBLEMS

The present paper deals with the development and 
present accuracy of forest map drawing and discusses the 
possibility to achieve an accuracy required by Forest Act 
No. 289/1995. Accuracy of the position of points in point 
fields, input map sources and forest mapping is studied. 
In three localities, drawbacks of input sources are docu­
mented and in one case also the accuracy of methods of 
forest mapping. Possibilities are discussed to improve and 
increase the accuracy of forest mapping by means of dig­
itizing the real estate cadastre and subsequent digitiza­
tion of forest maps. Increasing the density of point ground 
control in forest complexes using GPS methods appears 
to be promising.

Even though we use all available means to increase the 
accuracy, it is very problematic to comply with the 
present legislation concerning the accuracy of drawing 
permanent units of forest division and it will be neces­
sary to undertake an integrated solution together with the 
cadastre of realty.

The reasons why the authors of the regulation require 
high accuracy of forest map drawing were also discussed. 
According to my opinion they tried to maintain the level

of accuracy of forest maps even under situations when 
forest management plans and forest management 
schemes are prepared by various physical and legal enti­
ties which obtained a licence for these activities.
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liky (Act No. 344/1992, on Cadastre of Real Estate).
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Lesnické mapy, jejich vývoj a současná přesnost

F. DOUŠEK

Mendelova zemědělská a lesnická univerzita, Lesnická a dřevařská fakulta, Brno, Česká republika

ABSTRAKT: Zákon č. 289/1995 Sb. o lesích stanovil geodetickou přesnost kresby trvalých jednotek prostorového rozděle­
ní lesa na lesnických mapách 0,0004 x m, kde M je měřítkové číslo mapy. Pro základní lesnickou mapu 1 : 5 000 to znamená 
± 2 m. Závazným výchozím mapovým podkladem pro tvorbu lesnických map je mapa katastrální nebo státní mapa 1 : 5 000 
- odvozená, jejichž přesnost je v mnoha případech nižší než 2 m. Připočítáme-li к tomu chyby vzniklé při lesnickém mapo­
vání, chyby z nedostatečné stabilizace hranic trvalých jednotek rozdělení lesa a při použití fotogrammetrických metod pře­
krytí hranic korunami stromů, zdá se splnění požadavku zákona problematické.

Klíčová slova: mapováni; lesnická mapa; přesnost

Zákon č. 289/1995 Sb. o lesích stanovil vyhotovování 
lesních hospodářských plánů nebo lesních hospodář­
ských osnov pro všechny lesy v České republice. Povin­
nou součástí těchto plánů a osnov jsou lesnické mapy. 
Závazným mapovým podkladem pro tvorbu lesnických 
map je mapa katastrální nebo státní mapa 1 : 5 000 - 
odvozená. Lesnické mapy se zpracovávají a zobrazují 
v geodetickém referenčním systému Jednotné trigonomet­

rické sítě katastrální (S-JTSK). Při zobrazení vyšších jed­
notek prostorového rozdělení lesa, kterými jsou oddělení 
a dílec, se pracuje s geodetickou přesností 0,0004 x M, 
kde M je měřítkové číslo mapy. To znamená pro základní 
lesnickou mapu 1 : 5 000 přesnost zobrazení ± 2 m.

Vyhláška přesně definuje, co se rozumí pod pojmem 
lesnické mapy, v jakém měřítku se vyhotovují, které 
z těchto map jsou povinnou součástí lesních hospo-
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dářských plánů a které lesních hospodářských osnov. 
Lesnické mapy zobrazují veškerou půdu porostní, bezlesí 
a jiné pozemky (§ 3, odstavec 1, písmeno b lesního záko­
na). Půda porostní se zařazuje do jednotek prostorového 
rozdělení lesa, což je oddělení, dílec, porost, porostní 
skupina a etáž, přičemž základní jednotkou tohoto 
rozdělení je porost, který musí být vždy vylišen.

Veškeré lesnické mapy až do roku 1997 vyhotovovali 
pracovnici Ústavu pro hospodářskou úpravu lesů v Bran­
dýse nad Labem. Jednotky prostorového rozdělení lesa 
byly určovány převážně metodami fotogrammetrie 
a dálkového průzkumu Země. Při dodržení technolo­
gických postupů ÚHÚL pro lesnické mapování a při sta­
bilizaci hranic měřených jednotek měla být po karto­
grafické úpravě zajištěna polohová přesnost ± 0,4 mm, 
což se pro mapu měřítka 1 : 5 000 rovná ± 2 m.

Přesnost kresby hranic může být ale negativně ovlivně­
na korunami starých, zvláště listnatých stromů nacháze­
jících se nad touto hranicí, a v tomto případě polohová 
přesnost kresby, jak uvádějí technologické postupy 
ÚHÚL (1981), se pohybuje od ± 0,4 mm až do ± 1,4 mm, 
tj. od dvou do sedmi metrů. Přesnost také negativně 
ovlivňují velké výškové rozdíly terénu, které zvětšují 
radiální zkreslení ve směru promítacího paprsku.

Na základě práce s lesnickými mapami se autor článku 
domníval, že jejich přesnost nesplňuje v mnoha přípa­
dech legislativní požadavky a pro ověření této domněnky 
náhodně vybral několik lokalit, kde provedl přesná

ověřovací měření vstupních mapových podkladů 
i lesnických map. Na základě těchto měření byl dokázán 
vliv na přesnost lesnických map:
- z chyb vzniklých nedostatečnou stabilizací hranic - 

označením stromů v blízkosti hranice není tato dosta­
tečně fixována,

- z chyb použitého mapového podkladu, který v mnoha 
případech překračuje požadovanou legislativní přes­
nost lesnických map,

- z chyb vzniklých stykem hranic sousedních katastrál­
ních území,

- z chyb z nepřesnosti rámu mapového listu,
- z chyb vzniklých překrytím hranice vyšší jednotky 

prostorového rozdělení lesa korunami stromů.
Od roku 1997 mohou vypracovávat LHP i LHO různé 

taxační kanceláře, které pro tuto činnost vlastní licenci 
Ministerstva zemědělství ČR. Jejich přístrojové a počí­
tačové vybavení nedosahuje v mnoha případech úrovně 
vybavení ÚHÚL, a to také negativně ovlivní přesnost 
lesnických map.

Přesnost lesnických map je možné mj. také zvýšit 
převzetím hranic jednotlivých lesních parcel, případně 
dalších prvků polohopisu, z digitalizovaného katastrál­
ního operátu (DKM - digitální katastrální mapa nebo 
KM-D - katastrální mapa - digitalizovaná). Data KM-D 
bude ale nutné transformovat pomocí vybraných 
identických bodů do souřadnicového systému S-JTSK.
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Economic evaluation of bark stripping by red deer on the basis 
of analysis on a time growth series of spruce stands in the Hrubý 
Jeseník Mts.

J. Simon, C. Kolář

Mendel University of Agriculture and Forestry, Faculty of Forestry and Wood Technology, Brno, 
Czech Republic

ABSTRACT: An analysis was carried out on the time growth series of Norway spruce stands (both stripped and non­
stripped) from the region of the Hrubý Jeseník Mts. aimed at the following aspects: (1) differences in the values of biomet­
ric and mensurational variables of stripped and non-stripped stands and (2) the extent of potential economic losses caused 
by red deer stripping in a felling age. It has been proved that the high 60-100% red deer stripping of trees causes a decrease 
in basic mensurational values of stands and particularly in standing volume by 20-30% with reference to the rotation pe­
riod. Using assortment structure from generalized values of the region and price relations usual in the region it is possible 
to state that losses in wood price at the roadside in stands damaged by bark stripping amount to CZK 266,000 per hectare 
on average. The data support a requirement for the permanent minimization of losses due to bark stripping caused by red 
deer depending both on game stock and management strategy in forestry in relation to the natural environment and meth­
ods of game management. The method of evaluation is effective both in forest practice and in the field of research.

Keywords: red deer; bark stripping; stripping losses; economic evaluation; analysis; time growth series; spruce stands; 
Hrubý Jeseník Mts.

Problems of damage due to bark stripping caused by 
red deer are often a very discussed matter particularly 
from the beginning of changes in socio-economic condi­
tions in the Czech Republic. The aspect is quite logical if 
we take into account the fact that according to official 
statements of the CR Ministry of Agriculture (1998), in 
1979-1988 damage caused by bark stripping was found 
on a reduced area of 6.4% of the CR area of forests. Thus 
the effect of such great damage to trees on production, 
stability of stands and generally their prosperity is indis­
putable. For example NYMBURSKÝ (1992) mentions that 
due to bark stripping and browsing, growing stock qual­
ity is reduced by 20-30% and quantity by 10%. The prob­
lem was generally assessed also by other Czech authors, 
e.g. by HENŽLÍK (1989, 1995). Abroad, it was TURČEK 
(1962), Daburon (1963), Wagenknecht (1965), 
EIBERLE (1966), SZUKIEL (1986), EIBERLE andKLOTZ- 
Li (1968), Pagajda (1968), Hannan and Whelan 
(1989), etc. Data on the evaluation of the degree of dam­
age are usually derived from forest management plans. 
Concrete studies comprehensively analysing the prob­

lems in selected regions during a long-term period are, 
however, missing.

THE DEVELOPMENT OF RED DEER STOCK

Reconstruction of the development of game stock in 
a longer period (about 150 years) in the present organi­
zational or administrative limits is a very difficult prob­
lem particularly for the following reasons. On the one 
and, in such a long period organizational units and thus 
also units of records were changed and on the other hand, 
the quality of records was different. In the last 50 years, 
the information basis was not quite objective and unfor­
tunately, this fact often outlasts. With respect to reasons 
for the CR (from the viewpoint of the paper particularly 
the region of the Hrubý Jeseník Mts.), it is possible to 
speak usually only about generalized information. BED­
NÁŘ et al. (1963) and BÁLEK (1995) mentions that in the 
course of World War 1, the red deer population reached 
5-10 animals per 1,000 ha. According to MINX (1995), 
the last 60 years have been characterized by the consid-

The paper was prepared within the research programme of the Faculty of Forestry and Wood Technology, Mendel University of 
Agriculture and Forestry, Brno (MSM 434100005).
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Year 1868-1887

erable increase in hoofed game stock. The facts were con­
firmed by BABIČKA et al. (1995), who mentioned the 
region of the Jeseníky Mts., where in 1978 the red deer 
population was estimated to be 40 animals per 1,000 ha 
and these game populations increased to 50-60 deer per 
1,000 ha in the 80s. The statement can also be supported 
by data on bags. MLČOUŠEK (1995) mentions for exam­
ple an increase in bags by 410% (converted) in the Je­
seníky Mts. in 1968-1990. For similar conditions, an 
experimental plot at an altitude of 800-1,491 m in the 
region of the Hrubý Jeseník Mts., KOUBEK et al. (1995) 
give an increase in kill from 12 to 27 deer per 1,000 ha in 
the last two years. Similarly, in the official report of the 
CR Ministry of Agriculture (1998), increased shooting 
by 140% (converted) is stated in the years 1980-1991 
which is related to the trend of decreasing populations of 
particular species of hoofed game.

The most difficult task is to determine game stocks 
from historically distant periods (within the reference 
interval the end of the last century). For the region of the 
Karlovice Forest District which is undoubtedly in the 
forefront of interest during discussions on the problem 
in the Czech Republic, the data were collected and pro­
cessed by the Institute of Forest Management, Olomouc 
Branch Office (Figs. 1-3). It is necessary to thank the 
workers of the Institute, namely Ing. A. NAVRÁTIL and 
Ing. I. ZATLOUKAL, for their work in this respect.

MATERIAL AND METHODS

Studies were carried out in 1999 in the selected parts 
of the Suchá Rudná and Praděd Forest Districts, Forest 
Administration Karlovice on the time series of pure even­
aged Norway spruce stands classified into the forest type 
group 6 К (management set of stands - HS 53). The cor­
respondence of natural, production and economic condi­
tions was taken into consideration. Plots for analyses (of 
about 1 ha) were in particular stands of the time series 
(with a 10-year step) selected in duplicate. The choice 
was carried out on the basis of assessing the fitted series 
of mean stand height values for both the stripped and 
non-stripped sets, fitting was carried out by Mikhailov’s 
growth function in the form:

h = A. e '

with the following test of statistical significance and devia­
ting values. To determine deviating values, probability zones 
were used. The package of programs of the Department of 
Forest Management, Faculty of Forestry and Wood Tech­
nology Mendel University of Agriculture and Forestry in 
Brno was used. Basic characteristics of stands of the time 
series (stripped and non-stripped) are given in Table 1. De­
tailed measurements of stands were carried out by standard 
mensurational methods (ZACH et al. 1994; DRÁPELA 2000;
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ŠMELKO 2000). The output of the analysis is an assortment 
structure comparing stripped and non-stripped stands (ac­
cording to long-term standards from the region) with the 
calculation of prices of different assortments for evaluating 
the economic effect of bark stripping by deer.

RESULTS

RED DEER STOCK

The development of the red deer stock and red deer 
shooting in 1865-1898, i.e. in the period when stands of

Table 1. Basic characteristics of stands of a time series

Stand S 
part

lerial 
No.

Forest 
type 

group

Spruce 
propor­

tion
Age ÍStocking Slope 

(°)
Aspect

Stripping 
Browsing 

(%)

Top 
breaks 
(%)

Dead 
standing 
trees (%)

Cover 
(%)

Note

701 Cl 3 6K 100 6-7 10 12 E 0 - - 100 Interspersed birch
702 Bl 7 6K 100 5 10 7 SW 0 - - 100
714 Al 21 6K 100 6 10 7 SE 10 - - 100

705 B2 20 6K 100 17 10 14 SE 60-70 - - 0

701 C2x 1 6K 100 29 10 12 E 50-60 - - 0
Probably from natural 
regeneration

701 C3x 4 6K 100 31 10 5 E 100 - 1 0 Neglected tending
718 D4 10 6K 100 40 10 9 SE 95 20 - 5
702 A4 8 6K 100 45 10 14 SE 95 10 5 10 Neglected tending

702 B4 11 6K (6S) 100 55 10 16 SE 40 10 - 20
Transition to a richer 
series

705 A6 17 6K 100 58 10 12 S 100 5 3 5
702 B4 9 6K 100 64 10 4 SE 25 15 1 15
702 A6 5 6K 100 68 9 8 SE 95 10 - 60 Neglected tending
705 A8 16 6K 100 82 10 12 SW 90 - 2 15 Interspersed larch
705 A8 18 6K 100 83 8-9 10.5 SW 60 40 - 40
704 A9x 13 6K 100 85 10 12 S(SW) 60 30 5 20

714C10 15 6K 100 92 10 15 S 20 10 - 20
705 A10 19 6K 100 103 10 14 S(SW) 15 5 2 45-50

703 Bll 12 6K 100 112 10 14 E 10-15 10 - 40
Interspersed birch and 
beech

Admixture of beech 
up to 5% in

702 A12 6 6K 100 112 10 5 SE 0 below i 95 understorey; natural 
seeding of birch, rowan 
and spruce

715 A12 14 6K (6S) 100 120 9 14 SE 0 25 - 65 Transition to a richer 
series

719 A14 2 6K 100 122 9 10 E 0 30 - 95
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Age

у = -945.13Lnx +5,086.2

Fig. 4. Development of the num­
ber of trees of a time series

the non-stripped part of the time series were established, 
is given in Figs. 1-3. The diagrams show that the game 
population reached about 20 deer per 1,000 ha. How­
ever, red deer shooting amounting to about 1 deer per 
1,000 ha is more significant. With reference to literature 
data, it is possible to consider 5-10 deer per 1,000 ha in 
the period of World War 1 and as much as 60 deer per 
1,000 ha in the 80s of the twentieth century. The given 
data unequivocally prove the well known fact of the fluc­
tuating game stock and its marked increase in the 50s to 
the 90s. The fact can also be documented using the val­
ues of shooting.

BIOMETRIC CHARACTERISTICS OF STANDS 
OF THE TIME SERIES

The development of the number of trees of the time 
series and exemplary curves of the development of mean 
heights and diameters with the mathematical formulation 
for the part of series of stripped stands is given in Figs. 
4-6. The development of the number of trees of the 
stripped and non-strip parts is analogous, however, there 
is a marked difference in the values of mean diameter 
and height where is an evident and significant deficit, i.e. 
increment loss. The development is also illustrated in

21.8771
I (1-1.8841 },'«»'-> 

ji = 4u-eL' '

/ = 0.919

Fig. 5. Curves of the develop­
ment of the mean stand height of 
the time series part (stripped and 
unstripped stands)
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Fig. 7. Mean annual ring curve and the curve of annual ring indices (stand 702 A6) - stripped stand
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Fig. 8. Mean annual ring curve and the curve of annual ring indices (stand 715 A12) - unstripped stand

Table 2. Basic biometric characteristics, assortment structure and economic comparisons of sets of stands stripped (above) and 
unstripped by red deer (Forest District Karlovice)

Age d 
(cm)

h 
(m)

V 
(m3)

N 
(trees/ha)

P/ha 
share 
(m3)

Assortment Assortment 
share (%)

Price of _ . .
Total price assortments ,Г71Л .. 

(CZK/m3 i.b.) (CZK7ha)
Price difference 

(CZK/ha)

100 32 26 1.00 730 730 Illa 25 1,940 935,640 260,362
34 28 1.20 876 30 1,196,002

105 33 26.5 1.08 690 745.2 Illb 35 1,605 954,865 250,694
35 28.5 1.28 883.2 35 1,205,559

110 33.5 27 1.16 640 742.4 V 25 779 951,020 254,539
36 29 1.38 883.2 25 1,205,559

115 34 27.5 1.18 600 708 fuelwood 15 268 910,006 264,152
37 29.5 1.43 858 10 1,174,158

120 34.5 28 1.21 550 665.5 845,922 300,930
37.5 30 1.52 836 1,146,852

Note:
- in the stripped set, calculations are carried out taking into account about 2 m of the stem base,
- price calculations carried out by the Czech Statistical Office, time horizon X. 2000

(costs at the roadside not included)

Mean difference 
in prices 

(CZK/ha) 
ca. 266,000
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Figs. 7-8 showing mean annual ring curves and curves 
of annual ring indices for two exemplary stands, viz. 
a stripped and a non-stripped stand. In the marked part of 
curves (period of bark stripping), it is possible to observe 
quite a different course of the annual index values which 
should be similar although stands of different age are in­
volved (climatic factor).

PRODUCTION LOSSES

Basic mensurational characteristics, assortment struc­
ture and economic calculations of the part of stripped and 
non-stripped stands (age 100-120 years) are given in 
Table 2. In all the stands there is an evident deficit, loss 
in all biometric parameters, from the economic point 
of view being most important in growing stock ranging 
from 20 to 30%. After sorting, differences in prices at 
the roadside without the calculation of costs amount to 
CZK 266,000 on average per 1 ha of the stand area in the 
rotation age. The data can be considered as an economic 
loss with respect to the fact that the cost items are analo­
gous and the total disproportion of costs related to log­
ging activities in parts of the series of stripped and 
non-stripped stands is not high.

DISCUSSION

Problems of damage to Norway spruce stands due to 
bark stripping caused by red deer are a topical issue. Even 
though we admit that the damage markedly decreased in 
the course of the last decades we have to take into ac­
count that there is an extensive spectrum of stripped 
stands and the stands will gradually approach the felling 
age when the economic losses are incurred. In other 
words, what we obtain by harvesting of wood and bark 
exhibits a deficit as compared with the condition that 
would exist if the phenomenon of bark stripping did not 
occur. These facts clearly show the necessity to keep 
damage on a minimum level. It is also evident that the 
game stock is not the only fundamental factor of the ori­
gin of damage. Silvicultural practices and strategy of for­
est management in relation to the condition of the natural 
environment and game management belong among oth­
er factors.

As for the degree of damage (determined by the above 
method), it is possible to say that the values do not ex­
hibit any large differences as compared with data deter­
mined by summarization from working plans and 
inventories (e.g. NYMBURSKÝ 1992; HENŽLÍK 1995).

It is of course evident that the obtained data are of lo­
cal validity. However, it is possible to conclude that the 
method is fully utilizable for the purpose and can be 
a very good tool both in forest practice and research.

CONCLUSION

The method of analysis on the time growth series of 
Norway spruce stripped and non-stripped stands was

used to determine economic losses in utilization of wood 
from mature stands in the region of the Hrubý Jeseník 
Mts. The losses amounted to CZK 266,000 per hectare 
on average. The data can serve as a basis for further cal­
culations. The use of the method is recommended for 
comparative studies in various regions.
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Ekonomické hodnocení ztrát loupáním vysokou zvěří na základě analýzy na časové 
růstové řadě smrkových porostů z oblasti Hrubého Jeseníku

J. Simon, C. kolář

Mendelova zemědělská a lesnická univerzita, Lesnická a dřevařská fakulta, Brno, Česká republika

ABSTRAKT: Na časové růstové řadě smrkových porostů (loupaných a neloupaných) z oblasti Hrubého Jeseníku byla pro­
vedena analýza zaměřená na následující aspekty: (1) rozdíly hodnot biometrických a taxačních veličin loupaných a neloupa­
ných porostů, (2) výše případných ekonomických ztrát loupáním vysokou zvěří v mýtním věku. Bylo prokázáno, že výrazné 
60-100% loupání stromového inventáře způsobuje snížení hodnot základních dendrometrických veličin porostů, nejvýraz­
něji zásoby porostu o 20-30 % к referenčnímu období doby obmýtí. Při využití sortimentace ze zobecněných hodnot 
z území a při využití cenových relaci obvyklých z regionu lze konstatovat, že ztráty na ceně dříví na odvozním místě 
u loupaných porostů činí průměrně 266 000 Kč/ha. To jednoznačně podporuje požadavek na permanentní minimalizaci škod 
loupáním, která jistě závisí na stavech zvěře, ale i na hospodářské strategii v lesnictví, v konkrétním kontextu na stavu 
přírodního prostředí, a na technologiích chovu zvěře. Využitá metoda hodnocení je efektivní v praktické oblasti i v oblasti 
výzkumných prací.

Klíčová slova: loupání vysokou zvěří; ztráty loupáním; ekonomické hodnocení; analýza; časová růstová řada; smrkové po­
rosty; Hrubý Jeseník

Od změny společensko-ekonomických podmínek v ČR 
se stala problematika škod loupáním vysokou zvěří čas­
to diskutovanou záležitostí. Vezmeme-li v úvahu oficiál­
ní zprávy Ministerstva zemědělství ČR (z roku 1998), 
které uvádějí poškozeni lesních porostů loupáním na 
redukované ploše 6,4 % z celkové výměry lesů ČR za 
období 1979-1988, je tento trend zcela logický.

Velice problematické je zrekonstruování vývoje stavů 
jelení zvěře na zájmovém území v delším časovém hori­
zontu, a to zejména v období před první světovou vál­
kou, což je způsobeno především změnami organi­
začních, a tím i evidenčních jednotek. Vývoj stavů 
vysoké zvěře na území současné LS Karlovice v letech 
1868-1887 udávají obr. 1-3.

Na časové růstové řadě stejnorodých a stejnověkých 
smrkových porostů (loupaných a neloupaných) zařa­

zených do souboru lesních typů 6K (HS 53) v oblasti 
Hrubého Jeseníku (LS Karlovice, revíry Suchá Rudná 
a Praděd) byla provedena analýza zaměřená na následu­
jící aspekty:
- rozdíly hodnot biometrických a taxačních veličin 

loupaných a neloupaných porostů,
- výše případných ekonomických ztrát loupáním vyso­

kou zvěří v mýtním věku.
Jednotlivé rozdíly v základních biometrických veli­

činách, podílech sortimentů a jejich celkových cen jsou 
uvedeny v tab. 2.

Tyto údaje jednoznačně podporují požadavek na per­
manentní minimalizaci škod loupáním, která závisí na 
stavech zvěře, ale i na hospodářské strategii v lesnictví, 
v konkrétním kontextu na stavu přírodního prostředí 
a na technologii chovu zvěře.
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Wear coefficients for the non-solid roadways of forest roads

L. Zelinka

Technical University, Forestry Faculty, Zvolen, Slovak Republic

ABSTRACT: The wear coefficients ku are the result of long-term monitoring (up to 15 years) of roadway wear on forest 
roads. The wear process was evaluated for a consideration of the roadway deflection and its change during the time of 
roadway use. The roadway deflection was measured by a lever deflectometer every year in the spring season. The results 
indicated that the wheel traffic, thickness and quality of bituminous surface influence the wear process first of all. There­
fore the seasonal coefficients were divided into four groups and they are presented numerically and graphically. The wear 
coefficients were included in the method Diagnostics of the condition and overlay of non-solid roadways on forest roads. 
These coefficients allow to quantify the gradual roadway wear (degradation) and decrease in the operating performance of 
the roadway. They also allow to determine the remaining service life of the roadway and to effectively plan major repair 
(overlay) of the roadway already 15 years in advance.

Keywords: forest roads; roadway wear; wear coefficients; practical importance

ROADWAY WEAR

Generally it can be said that at present a considerable 
attention is paid to road building materials in this coun­
try as well as in foreign countries.

The material wear is a complicated phenomenon and 
therefore it is difficult to define it exactly and uniformly. 
Some authors define the wear as a loss of strength by 
repeated material stress. The other authors prefer a more 
detailed definition and they emphasize the qualitative 
aspect of this phenomenon. They define the material wear 
as a process of structural degradation of material in time 
which is stressed at one or at several points by repeated 
loading or by repeated forced deformations.

The wear of building materials for roadway construc­
tion was studied mainly in bituminous compounds under 
laboratory conditions, which is easier and quicker but it 
is very often discussed whether the results correspond 
with the real conditions on the roadway.

The material, built in the roadway construction, is un­
der steady influence of different stress and deformation 
combinations. Considering the used materials and pos­
sible climatic conditions of the surroundings and water 
relations of subsoil they can be influenced by many fac­
tors, for example by the axle loading of moving vehi­
cles, their speeds, tyre compression, temperature and 
moisture. The wear process can also be influenced by 
varied subsoil properties, temperatures of layers vary­
ing during the day, month and year, the rest time when 
the traffic is limited (at night, seasonal variability of

traffic) or temporarily stopped when the bituminous 
compound is recovered and it is more resistant to the 
wear. The roadway wear is also influenced by after com­
pacting of layers during traffic which increases the com­
pound strength and formation of cracks on the roadway 
surface.

Therefore it is almost impossible in laboratory condi­
tions to simulate exactly conditions on the roadway es­
pecially for forest roads where the conditions are even 
more varied than on public (state) roads.

Generally the roadway wear is a function of several 
variables:

и = f. (I; t; g; к ...)

where: и - roadway wear,
f - function,
/ - wheel traffic, 
t - time of roadway use, 
g - quality of road building materials, 
к - climatic conditions (temperature, moisture, so­

lar radiation),
... - other influences are as follows: subsoil type, line 

of road alignment (forest, unstocked forest land), 
asphalt ageing, mechanical effects and other fac­
tors which are able to influence the roadway 
wear.

This article is a continuation of already published pa­
pers in which are gradually published partial results of 
roadway wear from individual experimental sections 
(ZELINKA 1995, 1996, 1998, 1999) which formed the 
basis for the compilation of “wear coefficients”.
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Table 1. Wear coefficient ku on the non-solid roadway of forest road in dependence on wheel traffic, surface and time of the roadway use in years

No. Group of loading, 
number of standard 
axles after 24 h

ype and thickness 
of surface

Environment 
(forest, unstocked 

forest land)

Correlation 
index

Time of the roadway use in years (kJ

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

I. group of loading PAH to 10 cm irrelevant 0.98 1.00 1.19 1.40 1.61 1.84 2.08 2.34 2.61 2.89 3.19 3.50 3.82 4.16 4.55 4.95
1. to 3 OK 8-10 cm irrelevant 0.75 1.00 1.06 1.13 1.19 1.26 1.33 1.40 1.47 1.54 1.62 1.70 1.78 1.85 1.93 2.01

2. II. group of loading 
3-6

PAH; OK 
(12-15 cm) irrelevant 0.91 1.00 1.11 1.22 1.34 1.45 1.56 1.66 1.76 1.86 1.95 2.04 2.13 2.21 2.29 2.39

3.
III. group of loading 
6-10

PAH; OK 
(15-20 cm) irrelevant 0.94 1.00 1.14 1.27 1.41 1.55 1.70 1.84 1.99 2.13 2.28 2.43 2.58 2.73 2.89 3.05

4.
Low - quality new 
roadways (especially 
newly built ones)

PAH; OK 
(10-12 cm)

irrelevant 0.69 1.00 1.02 1.05 1.08 1.11 1.14 1.18 1.22 1.26 1.31

Table 2. Coefficients of regression equation and basic statistical characteristics for resultant wear coefficients ku

No.
Intensity of roadway loading, 
number of standard axles 
after 24 hours

Surface Thickness 
of surface

Coeffn

A,

cients of regn 

A.

ission equation 

A,
Square deviation Residual variance Correlation index

I. group of loading to 3
PAH 10 0.831 0.168 0.0067 0.872 0.028 0.98

1. OK 8-12 0.944 0.057 0.0009 1.168 0.026 0.75

2. IL group of loading 3-6 PAH OK 15-20 0.863 0.126 0.0017 1.109 0.027 0.91

3. III. group of loading 6-10 PAH OK 15-20 0.866 0.134 0.0007 0.013 0.0006 0.94

4. For insufficiently compacted roadways PAH OK 10-12 0.956 0.018 0.0013 0.274 0.010 0.69



METHOD

The wear process is complicated and so for its long­
time monitoring it was necessary to select the method 
which must not be changed during monitoring of wear 
process. First of all, the measuring apparatus and time 
interval during all periods (years) were not to be changed 
to eliminate subjective errors in most measurements.

The method of wear process monitoring was based on 
the roadway deflection which was measured every year 
in the spring season after the subsoil defreezing. The oc­
currence of pot-holes, cracks and other damage was also 
followed. The roadway deflection was measured by a le­
ver deflectometer.

The principle of measurement by a lever deflectometer 
was already published by the author in greater detail 
(ZELINKA 1981). The reversible roadway deflection was 
measured under the back axle of vehicle which was load­
ed about 100 kN. At the same time the temperature of 
bituminous compound was measured. This method basi­
cally corresponds with the research program of Ameri­
can Association of State Highway Officials - AASHO 
(POLIAČIK 1971) which is known as AASHO Road Test.

As to wheel traffic which is one of the decisive factors 
influencing the course of wear, forest roads (sections) 
which had even-tempered wheel traffic during all year 
were studied. According to wheel traffic there were cre­
ated categories of the roads (sections) with approximate­

ly the same wheel traffic expressed by the number of stan­
dard axles - ŠN/24 h (Tables 1,2), and so reciprocal com­
parison of the individual roadway deflections.

22 experimental sections belong to the evaluated file. 
The average length of sections was 0.3 km but it was 
longer in single cases (2.2 km). The total length of ex­
perimental sections was 13.7 km.

The studied file included the pavements of forest roads 
with different structure and quality of surface and sub­
grade layers, with different bearing capacity of subsoil, 
wheel traffic, line of road alignment, roadway age, cli­
matic conditions, surface properties. The other charac­
teristics of experimental sections were already published 
in the above mentioned articles.

RESULTS

WEAR COEFFICIENTS - COMPILATION

These main effects which can influence the roadway 
wear were taken into consideration for compilation of 
wear coefficients:
- wheel traffic (effects of vehicles),
- time of the roadway use,
- climatic conditions (temperatures and water regime, 

frost index),
- bearing capacity of subsoil (frost sensitivity),

Time of roadway use in years 
Legend:

—— I. group - Loading to 3 ŠN/24 h - PAH surface (to 10 cm)

— — - OK surface (8-10 cm)

— ■> — IL group - Loading 3-6 ŠN/24 h - PAH, OK surfaces (15-20 cm)

— ■ ■ III. group - Loading to 6-10 ŠN/24 h - PAH, OK surfaces (15-20 cm)

Explanatory notes:
OK - Covered bituminous stone 
PAH - Penetration asphalt macadam 
ŠN - Number of standard axles

(1 ŠN is the axle loading about 100 kN) 
к u - Wear coefficient

IV. group - Insufficient compaction of roadway - loading 1-6 ŠN/24 h

- assumed development of wear

Fig. 1. The wear coefficients ku in dependence on wheel traffic expressed by the number of standard (100 kN) axles after 24 hours, 
roadway surface (PAH, OK) and time of the roadway use (in years)
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- material properties (base and surface layers and their 
thickness).

Complementary criteria were:
- location of road alignment (forest, unstocked forest 

land, exposure),
- surface properties (evenness).

After statistical processing of all tested alternatives it 
was found that the wear process (degradation) was influ­
enced mainly by:
- wheel traffic during the time (years) of roadway use, 
- type and thickness of surface layer.

As another factor that is statistically significant is the 
quality of the roadway (underwork), especially on new 
roads, namely their insufficient compaction.

Following this, four basic groups of forest roads with 
their wear coefficients were compiled. The other investi­
gated possible dependences were so little statistically 
important that it was not necessary to create any other 
more detailed groups of the wear coefficients.

The resultant wear coefficients are listed in Table 1 or 
in graphic form in Fig. 1.

Note: The wear coefficient ku which is presented in 
Fig. 1 is the graphic form (evaluation) of Table 1. The 
procedure of к determination according to Fig. 1 is as 
follows: к value is determined for the respective group 
of wheel traffic and time of roadway serviceability, which 
is next used in formula No. 1 (forecast of roadway wear) 
or in formula No. 2 (determination of the remaining ser­
vice life of roadway).

SHORT EVALUATION OF WEAR COEFFICIENTS

We can see from Table 1 that the roadway wear of forest 
roads was divided into four groups. In the first three groups 
(I, II, III), the wear process is dependent mainly on wheel 
traffic and thickness of bituminous surface. The last group 
(IV) is defined for low-quality roadways, mainly for non­
consolidated newly built ones in which it is difficult to 
determine if the wear process is influenced either by wheel 
traffic, low-quality building works (mainly compaction) 
or by thickness and type of bituminous surface.

On the individual groups of wear coefficients

Group 1 of wear coefficients for roadway loading to 
3 standard axles after 24 hours (to 3 ŠN/24 h)

These coefficients are divided into two subgroups - for 
penetration asphalt macadam (PAH) and covered 
bituminous stone (OK). It follows from the wear coefficients 
for PAH surface that these coefficients show the highest in­
crease. It confirms that the roadways of forest roads with 
PAH surface about thickness to 10 cm are relatively quickly 
degraded and after the limit state is attained (ZELINKA 
1998), major repair is necessary (overlay of the roadway). 
The wear coefficients for OK bituminous surface confirm 
(under the same conditions) that the wear process is slower 
on this surface, which confirms the advantage of OK sur­
face (in quality) over PAH surface.

Group II of wear coefficients for roadway loading 
3-6 standard axles after 24 hours (3-6 ŠN/24 h)

In this group it was not necessary to divide the wear 
coefficients into subgroups like in the previous group (I). 
The higher thickness of PAH surface - 15 cm (in two 
layers) decreases the difference between OK and PAH 
(this difference between PAH and OK was not statisti­
cally significant). The wear coefficients in this group are 
lower than on PAH surface in the first group but they are 
higher than on OK surface. It indicates that the wheel 
traffic begins to substantially influence the wear (degra­
dation) process of the roadway.

Group III of wear coefficients for roadway loading 
6-10 standard axles after 24 hours (6-10 ŠN/24 h)

For the compilation of wear coefficients it was not nec­
essary to distinguish the type of bituminous surface (PAH 
and OK) like in the previous groups. The wheel traffic 
was decisive here. Although the thickness of bituminous 
surface is higher, the wear (degradation) process is faster 
in this group, which indicates the importance of wheel 
traffic again.

Group IV of wear coefficients - the roadway loading 
was not exactly specified (1-6 standard axles after 
24 hours)

This group comprises mainly new roads which are of 
insufficiently good quality, first of all as for the compac­
tion of the individual layers in roadway construction. On 
these roads the consolidation of the road bed takes ap­
proximately the first three years of the traffic, but some 
roads have higher bearing capacity. The wear process 
begins in the third year of the traffic during simultaneous 
consolidation of the road bed, which complicates the 
compilation of wear coefficients - the low value of cor­
relation index (0.69).

We found that at the same time the consolidation of the 
road bed is parallel to the wear process here, which was 
reflected in relatively low values of wear coefficients and 
in the low value of correlation index (0.69) - immature 
roadways.

STATISTICAL ANALYSIS OF WEAR 
COEFFICIENTS

It was found in all cases that it is simple non-linear 
correlation (polynomial of degree II) which has this gen­
eral relation for determination of regression equations for 
the individual loading groups:

ku = Ao + Au + A J

where: к - wear coefficient,
A , A1,A1- regression coefficients, 
x - time of the roadway use in years.

Coefficients of the regression equation and the basic 
statistical characteristics for individual wear coefficients 
are presented in Table 2.

Note: The whole file for the calculation of regression 
coefficients presented 6,576 measurements. In individu­
al groups it was: Iм group - 2,250, 2nd group - 1,767, 3rd 
group - 1,312, 4lh group - 1,247.
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SUMMARY OF THE RESULTS AND 
IMPORTANCE OF WEAR COEFFICIENTS

The compilation of wear coefficients is a result of long­
term monitoring of the roadway bearing capacity on for­
est roads.

The importance of wear coefficients can be summa­
rized into the following points:
- they enable to forecast the roadway degradation (de­

crease in the operating performance) up to 15 years in 
advance,

- they enable to calculate the remaining service life of 
the roadway.
The advantage of “OK” surface over “PAH” was con­

firmed, mainly when the thickness of bituminous surface 
was about 10 cm (2 x 5 cm OK). Wheel traffic, and then 
thickness of bituminous surface are decisive for the road­
way wear (degradation process). The other variables were 
not important. The course of roadway wear is nonlinear 
and it gradually moderately increased with the time 
(years) of roadway use.

1. Prognosis of the roadway deflection increase
For prognosis (quantification) of the roadway wear the 

following relation was used:

У = Y. . кц (1)

where: У - prognosis of the deflection value (1-15 years in 
advance)

Y. - spring deflection of the roadway,
f - wear coefficient for a selected group of loading 

and year (Table 1).

For a consideration of the calculated Y we can quanti­
fy the operating performance of the roadway. It is quan­
tified by the method Diagnostics of the condition and 
overlay ofnon-solid roadways on forest roads which was 
already published (ZELINKA 1989c). By this method we 
can follow the course of the roadway wear (degradation) 
namely by quantification of a decrease in the traffic of 
standard (draft) axles for individual years. We can also 
estimate in advance the limit bearing capacity of the road­
way and plan its major repair (overlay).

2. Determination of the remaining service life of the 
roadway

The following relation was used to determine the re­
maining service life of the roadway:

where: k. - coefficient of the remaining service life of the 
roadway,

Yd - permissible deflection (ZELINKA 1989), 
Y - spring deflection.

Note: Concrete value of permissible deflection У, is pub­
lished in the method Diagnostics of the condition and over­
lay ofnon-solid roadways on forest roads (ZELINKA 1989c). 
This method enables to determine permissible deflection У, 
for the range of wheel traffic 0.3-300 ŠN/24 h with annual

increase in traffic from 0 till 10% for the service life of the 
roadway from 1 to 20 (respectively 35) years.

After kz calculation the remaining service life of the 
roadway is given by comparison of the coefficient of 
remaining service life - кг with the wear coefficient кц 
(Table 1). Then we determine for the respective group of 
loading the number of years when the service life of the 
roadway is ended.

THE PRACTICAL INSTRUCTION FOR
THE USE OF WEAR COEFFICIENTS

Example No. I: Determination of the remaining ser­
vice life of the roadway

Given parameters:
- average wheel traffic - 4 ŠN/24 h (or approximately 

1,500 ŠN/year), 1 ŠN is the axle loading about 100 kN, 
- thickness of bituminous surface - 13 cm OK, 
- У (spring deflection) = 1.82 mm,
- Yd (permissible deflection) = 2.00 mm (it is determined 

by ZELINKA’s method 1989a,b).
Method of the calculation:

a) Determination of к (coefficient of remaining service 
life)

k« ~Y 1.82 1-37 (3)

b) Determination of the remaining service life
We determine the remaining service life of the road­

way according to Table 1. For group II of wheel traffic it 
is four years at k = 1.37.

Conclusion
After four years of the traffic, the service life of the 

roadway is ended (the limit state is attained) and major 
repair (overlay) of the roadway is necessary. (Overlay 
process is published by ZELINKA 1989c in The diagnos­
tics of the condition and overlay of non-solid roadways 
on the forest roads.)

Example No. 2: Evaluation of the actual condition and/ 
or determination of the remaining service life of the road­
way

It is given:
- average wheel traffic is 5 ŠN/24 h (or 1,800 ŠN/year), 
- thickness of bituminous surface is 10 cm PAH + 6 cm

OK,
- spring deflection Y. = 2.40 mm,
- permissible deflection Y = 1.90 mm,
- there are linear and square cracks, pot-holes and ruts 

on the roadway.
Method of the calculation:

a) Determination of k. coefficient

*.+^»™ w
b) Determination of the remaining service life of the 

roadway
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Table 3. The roadway wear quantified by the number of ŠN/24 hours respectively ŠN/year in dependence on time of use (in years) 
and change in deflection

Time of roadway 
use in years

Deflection in mm
(deflection xi) Number of standard axles Note

after 24 h after year

1 1.50 x 1.00= 1.50 15.0 5,475
2 1.50 x 1.19= 1.78 7.5 2,737
3 1.50 x 1.40 = 2.10 3.6 1,278
4 1.50 x 1.61 =2.40 1.8 675 overlay
5 1.50 x 1.84 = 2.76 1.1 402
6 1.50 x2.08 = 3.12 0.6 219
7 1.50 x 2.34 = 3.51 0.4 146
8 1.50x2.61=3.91 <0.3 110
9 1.50 x 2.89 = 4.33 <0.3 <110
10 1.50 x 3.19 = 4.78 <0.3 <110 overlay

It was found according to Table 1 for group II of the 
wheel traffic that when ku = 0.79, the roadway is after the 
time of service life.

Conclusion
The roadway already attained the limit state of bearing 

capacity (approximately 2 years ago), the permanent and 
non-reversible deformations are in the roadway construc­
tion and therefore immediate overlay of the roadway is nec­
essary (method is the same as in the previous example).

Example No. 3: Quantification of the roadway wear 
by the number of standard axles (ŠN) after 24 hours (re­
spectively after a year) in dependence on the time of use 
and determination of the optimum time of major repair 
(overlay)

It is given:
- wheel traffic is about 2 ŠN/24 h (730 ŠN/year),
- surface of roadway is made of 10 cm PAH,
- initial spring deflection is 1.50 mm.

Method of the calculation:
a) The deflection change is determined by ke (Table 1 - 

group I of loading).
b) The operating performance is calculated by the deflec­

tion (ZELINKA 1981).
c) Calculation of the wear is in Table 3.

Conclusion: At the relatively high initial value of de­
flection (1.50 mm) the roadway attains the limit state af­
ter 4 years of the traffic and its overlay is necessary.

DISCUSSION AND CONCLUSION

No similar results which are presented in this article with 
regard to wear coefficients of the roadways generally 
(state, special purpose communications) are reported in 
available literature. It is possible to compare our results 
only partly with the results of the AASHO test (POLIAČIK 
1971) which however lasted only 2-3 years while the wear 
coefficients presented in this article evaluate the wear pro­
cess during 15 years of the roadway monitoring.

AASHO test supposed (theoretically) the balanced de­
flection (null roadway wear) from the beginning of the

use time and intense to steep increase in the roadway 
deflection (wear) to the end of service life. The continu­
ous wear increase was observed on forest roads during 
the time of roadway use.

Despite the difficulty and complexity of this problem, 
the compilation of “wear coefficients" is the qualitative 
step forward in the roadway management. The results 
represent the knowledge of roadway behaviour from the 
long-term point of view and they expand the knowledge 
of the roadway geomechanics not only on forest roads 
but also generally.

Our results are also a practical contribution because 
from the knowledge of the wear process (wear coeffi­
cients) we can determine with the precision 1 year when 
the service life of the roadway is ended and when it is 
necessary to plan major repair. By this method various 
forest organizations can plan and compile the schedule 
of pavement repairs and so effectively spend the finan­
cial means.

This problem is still investigated and the results from 
the next 10 years of wear process monitoring will be 
known in 2001.

SUMMARY

The material built in the roadway construction is under 
steady influence of various stress and deformation com­
binations. Considering the used materials, climatic con­
ditions and roadway loading by wheel traffic it is difficult 
and almost impossible to simulate the mentioned condi­
tions in laboratory. Therefore the roadway wear was fol­
lowed directly (in situ) on forest roads.

The results which are presented in this article are a fol­
low-up of the partial results which the author already 
published. He summarized them in the most important 
parts of “wear coefficients” for forest roads.

So as the results were the most objective possible, the 
method of wear process monitoring and instrumental 
equipment were not changed during the whole period 
(15 years). The monitoring of roadway wear was based
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on the value of roadway deflection which was measured 
every year in the spring season with a lever deflectome­
ter. 22 experimental sections were included in the in­
vestigated file. The length of sections was 0.3-2.2 km 
according to the conditions. The whole length of experi­
mental sections was 13.7 km.

At the final compilation of “wear coefficients” the fol­
lowing possible factors were taken into consideration 
which can expressively affect the roadway wear: wheel 
traffic, time of the roadway use, climatic conditions, bear­
ing capacity of subsoil, properties of building materials 
for the roadway construction.

After statistical evaluation it was found that the wear 
process is a nonlinear correlation (polynomial of the sec­
ond degree). The roadway wear is caused by the wheel 
traffic on forest roads first of all and by the different qual­
ity and thickness of bituminous (asphalt) surface.

Following this the wear coefficients were compiled 
which were divided into the groups according to the 
wheel traffic expressed by the number of standard 
(100 kN) axles - ŠN after 24 hours and according to the 
thickness (in cm) and type of bituminous surface.

The wear coefficients are expressed either numerically 
(Table 1) or graphically (Fig. 1) and they are divided into 
four independent groups.

The first group is represented by roadways with the 
wheel traffic to 3 ŠN/24 h, thickness of bituminous sur­
face PAH about 10 cm and OK about 8 cm. The second 
group comprises forest roads with wheel traffic 3-6 ŠN/ 
24 h, thickness of bituminous surface (PAH, OK) about 
12-15 cm; the third group is represented by forest roads 
with wheel traffic 6-10 ŠN/24 h and thickness of bitumi­
nous surface 15-20 cm (PAH; OK); the fourth group is 
new forest roads where consolidation of the road bed by 
the wear process is in progress - immature roadways.

The most intensive wear process was found on the road­
ways of forest roads which belong to the first group of 
loading with less valuable PAH surface and to the third 
group where the wheel traffic is the main factor (Table 1).

The wear coefficients are also of practical importance 
because using these coefficients we can quantify the wear

process of the roadway 15 years in advance and plan the 
optimal time of the roadway repair (overlay), as well as 
to determine the remaining service life of the roadway.

The wear coefficients were included in the method The 
diagnostics of condition and overlay of non-solid road­
ways on forest roads (ZELINKA 1989c). From the theo­
retical aspect, the knowledge of the roadway 
geomechanics has been expanded.
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Únavové koeficienty pre netuhé vozovky lesných ciest

L. ZELINKA

Technická univerzita, Lesnická fakulta, Zvolen, Slovenská republika

ABSTRAKT: Únavové koeficienty ku sů výsledkom dlhodobého sledovania (až 15-ročného) únavy vozoviek lesných ciest. 
Proces únavy bol hodnotený na základe priehybu vozovky a jeho změny počas doby používania vozovky a meral sa páko­
vým priehybomerom každoročně v jarnom období. Výsledky ukázali, že na proces únavy a jeho vel’kost’ má rozhodujúci 
vplyv: intenzita dopravy, hrúbka a kvalita živičného krytu. Na základe toho boli sezónne koeficienty zoradené do štyroch 
skupin a sú uvedené v číselnej i grafickej podobě. Koeficienty únavy boli zapracované do metody Diagnostika stavu
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a zosilovanie netuhých vozoviek lesných ciest. Význam koeficientov spočívá v tom, že nám umožňujú vyčisliť postupujúcu 
únavu (degradáciu) vozovky a tým aj znižovanie prevádzkovej výkonnosti vozovky. Taktiež nám umožňujú určenie zostat- 
kovej životnosti vozovky a tým naplánovanie zásadnej opravy (zosilnenia) vozovky až na 15 rokov dopředu.

Kfúčové šlová: lesné cesty; únava vozovky; koeficienty únavy; praktický význam

Únava materiálov je zložitý jav, pretože je ťažké ju 
presne a jednoznačné definovat. Niektori autoři definujú 
únavu ako stratu pevnosti vyvolaná opakovaným 
namáháním materiálu, iní autoři dávajů přednost podrob- 
nejšej definicii a vačšiu váhu kladů na kvalitatívnu 
stránku javu, potom je únava materiálu definovaná ako 
proces štrukturálnej degradácie postupujúci s časom, kto­
rý pozorujeme na materiál i namáhanom v jednom alebo 
niekotkých bodoch opakovaným zaťažovaním alebo 
opakovanými nůtenými deformáciami.

Materiál zabudovaný v konštrukcii vozovky je totiž 
pod neustálým vplyvom různých kombinácií napätia 
a pretvorenia. Tie můžu byť, vzhl’adom к použitým ma- 
teriálom a možným klimatickým podmienkam okolia 
a vodného režimu podložia, ovplyvňované mnohými fak- 
tormi.

Z týchto dóvodov je takmer nemožné v laboratórnych 
podmienkach presne navodit poměry na vozovke 
v teréne, zvlášť u lesných ciest, kde sů poměry ešte 
zložitejšie oproti veřejným cestám. Z týchto důvodov 
bola únava vozovky sledovaná in silu.

Vo všeobecnosti únava vozovky je funkciou viacerých 
premenných a pre tento předpoklad sa může uviesť 
všeobecný vzťah:

и =f. (I; t; g; к...)
kde: и - únava vozovky,

/ - funkcia,
1 - intenzita dopravy, 
t — čas použivania vozovky, 
g - kvalita čestných stavebných materiálov, 
к - klimatické podmienky (teplota, vlhkosť, slnečné 

žiarenie),
.... - ďalšie předpokládané vplyvy, ako sú: druh 

podložia, vedenie trasy cesty (les, bezlesie), star­
nutie asfaltu, mechanické účinky opotrebenia 
vrstvy a ďalšie iné faktory, ktoré by mohli mať 
vplyv na únavu vozovky.

Článok nadväzuje na už publikované příspěvky, kde 
boli postupné uvádzané dielčie výsledky únavy vozovky 
z jednotlivých pokusných ůsekov (ZELINKA 1995,1996, 
1998, 1999), ktoré tvořili základ pre zostavenie 
„únavových koeficientov“ a tým sa v podstatě završuje 
niekol’koročné sledovanie únavového (degradačného) 
procesu na netuhých vozovkách lesných ciest.

Metodika sledovania únavového procesu bola založená 
na veťkosti priehybu vozovky, ktorý sa meral každoročně 
v jarnom období, po roztopeni podložnej zeminy vozov­
ky. Ďalej sa sledoval výskyt výtlkov, prasklin a iných 
porúch. Priehyb vozovky sa meral pákovým priehy- 
bomerom. Aby boli výsledky čo najobjektivnejšie, me­

todika sledovania únavového procesu a přístrojová tech­
nika sa po celú dobu (15 rokov) neměnili.

Princip merania pákovým priehybomerom už autor 
podrobnejšie popísal (ZELINKA 1981). V krátkosti 
uvádzam: meral sa vratný priehyb vozovky pod žádnou 
nápravou nákladného auta, zaťaženou 100 kN. Súčasne 
sa merala teplota živičnej zmesi. Uvedený postup je 
v podstatě zhodný s výskumným programom American 
Association State Highway Officialis - AASHO (Po- 
LIAČIK 1971), ktorý je známy pod názvom AASHO Road 
Test.

Výhodnotený súbor představuje 22 pokusných ůsekov 
o priemernej dížke 0,3 km, v ojedinělých prípadoch i dlh- 
ších (2,2 km). Celková dlžka pokusných ůsekov bola 
13,7 km.

V sledovanom sůbore boli zastúpené vozovky lesných 
ciest různého zloženia v krytových i podkladových 
vrstvách vozovky a jeho kvality, únosnosti podložia, in­
tenzity dopravy, vedenia trasy, veku vozovky, klimatic­
kých podmienok, povrchových vlastností.

Pri zostaveni koeficientov únavy boli do úvahy brané 
nasledujůce hlavně vplyvy, ktoré můžu působiť na úna­
vu vozovky: dopravné zaťaženie, doba použivania vo­
zovky, klimatické podmienky (teplotný a vodný režim, 
index mrazu), únosnost’ podložia (citlivosť na mráz), 
vlastnosti materiálu (podkladové vrstvy, krytové vrstvy 
a ich hrůbky). Ako doplňujůce kritérium bolo umiestne- 
nie trasy cesty (les, bezlesie, expozícia), povrchové vlast­
nosti (rovnosť a pod.).

Celkový súbor pre výpočet regresných koeficientov 
představoval 6 576 meraných bodov. Po štatistickom 
spracovaní vyšlo, že únavový proces má nelineárnu 
závislosť (polynom II. stupňa) a na jeho proces má pre- 
dovšetkým vplyv intenzita dopravy a kvalita i hrúbka 
krytovej (živičnej) vrstvy. Ostatně faktory nepotvrdili 
takú štatisticků významnosť, ktorá by musela byť 
zohl’adnená.

Únavové koeficienty sů vyjádřené číselne (tab. 1) ale­
bo graficky (obr. 1) a sů rozdělené do štyroch samostat­
ných skupin.

1. skupinu tvoria vozovky s intenzitou dopravy do 
3 ŠN/24 h o hrúbke živičného krytu 10 cm РАН, resp. 
8 cm (2 x 4 cm) OK.

2. skupinu tvoria lesné cesty s intenzitou dopravy 
3-6 ŠN/24 h a hrůbkou živičného krytu РАН, OK 12-15 cm.

3. skupinu tvoria lesné cesty s intenzitou dopravy 
6-10 ŠN/24 h o hrúbke živičného krytu 15-20 cm.

4. skupinu tvoria novovybudované lesné cesty, kde ešte 
dochádza ku konsolidácii čestného telesa dopravou ako
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dósledok nedostatočného hutnenia. Klasický proces úna­
vy sa začína prejavovať po 2 rokoch prevádzky. Každá 
vozovka (pokusný úsek) tejto 4. skupiny vykazovala 
vel’mi rozdielny priebeh únavy a bolo vel’mi obtiažne 
vyjádřit’ vhodné závislosti, o čom svedčia nízké hodnoty 
indexu korelácie.

Z uvedených skupin najvačší nárast únavy vozovky 
májů vozovky lesnej cesty 1. skupiny o hrúbke živičného 
krytu 10 cm РАН pri relativné nízkej intenzitě dopravy. 
Tieto vozovky musia byť přibližné po 8-12 rokoch zosil- 
nené, pretože dosiahli medzný stav únosnosti. Potom 
následuje skupina vozoviek zařáděných do 3. skupiny, 
kde proces únavy začína ovplyvňovať predovšetkým 
vyššie dopravné zaťaženie (6-10 ŠN/24 h) pri poměrně 
dosť vysokej hrúbke živičného krytu (2 x 10 cm РАН 
alebo 3 x 5 cm OK).

Praktický význam „únavových koeficientov“ spočívá 
v tom, že umožňujú vyčísliť proces únavy vozovky na 
15 rokov dopředu a tým si naplánovať optimálnu dobu 
opravy (zosilnenia) vozovky, resp. umožňujú určiť 
zostatkovů životnosť vozovky.

Únavové koeficienty boli zapracované do metódy 
Diagnostika stavu a zosilňovanie netuhých vozoviek 
lesných ciest (ZELINKA 1989c).

Napriek obtiažnosti a zložitosti problematiky zostave- 
nie „únavových koeficientov“ představuje kvalitatívny 
krok dopředu v systéme hospodárenia s vozovkami. 
Výsledky prezentujů poznatky o správaní sa vozovky 
z dlhodobého pohl’adu a tým rozširujú poznatky z geo- 
mechaniky vozovky nielen u lesných ciest, ale aj 
všeobecne.
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Dendrometric evaluation of stand structure and stem forms 
on Norway spruce (Picea abies [L.] Karst.) sample plots 
Doubravčice 1, 2, 3

M. Křepela, J. Sequens, D. Zahradník

Czech University of Agriculture, Faculty of Forestry, Prague, Czech Republic

ABSTRACT: Stand structure can be described by aggregation indices (Clark-Evans, Pielou-Mountford, Hopkins-Skel- 
lam, David-Moore ones), and the values of indices for spruce sample plots are presented for concrete premature stand 
structures. The sample plot structure is described by graphs of a paired correlation function. The stem forms were studied 
by the method of Procrustes superimposition. Shape variability is also analysed by the principal components analysis and 
testing of the equality of mean form vectors is discussed.

Keywords: Norway spruce (.Picea abies [L.] Karst.); stand structure; aggregation indices; paired correlation function; stem 
form; stem form variability; Procrustes superimposition

The importance of spatial stand structure has increased 
at present. This study is of practical importance for for­
est inventory (estimates of tree numbers, standing vo­
lume), for obtaining parameters to simulate the spatial 
distribution of trees within sample plots, for the descrip­
tion of close-to-nature well-structured stands, for opti­
misation of logging technologies, etc. The analysis of 
spatial distribution was dealt with by many researchers 
in different disciplines (DIGGLE 1983).

The examination of stem form has a long tradition in 
dendrometry and is of great importance for the construc­
tion of volume tables, assortment tables, tables of uni­
form height curves as well as growth models.

In the past 20 years so called geometric methods of 
shape description have been developed in connection 
with computer tomography and computer image pro­
cessing (DRYDEN, MARDIA 1998). Their advantage con­
sists in a clear definition of concepts and a possibility to 
compare shapes using multidimensional statistical meth­
ods. This article outlines several possibilities of applying 
these methods to the description of a spruce stem, which 
are related to the method of Procrustes superimposition.

MEASUREMENT METHODS AND
CHARACTERISTICS OF SAMPLE PLOTS

Sample plots Doubravčice 1,2, and 3 were established 
in the area of the School Forest Enterprise at Kostelec

nad Černými lesy in 1965. The original purpose of the 
plots was to study current volume increment in a non­
mixed spruce stand. At present the measured data were 
digitised and used for the study of stand structure and 
shape forms.

The sample plots, sized 0.5 ha each, are adjacent to 
each other. After their establishment in 1965, the co-or­
dinates of single trees were measured on all plots and 
trees were also classified by Konsel’s method. In 1966, 
1971, and 1976 (the last vegetation years 1965, 1970, 
and 1975) the plots were cut sequentially. The length, 
crown length, height increments after 5, 10, 15, and 
20 years were measured in the cut trees. Furthermore, an 
abbreviated stem analysis was performed. The diameters 
were examined in a 2-m section and at d.b.h. Current dia­
meters were measured over bark and under bark and 
other diameters 5,10, and 15 years ago. The lengths were 
measured with a band to the nearest 10 cm and the dia­
meters with a calliper to the nearest 0.5 mm.

The sample sites were located namely within the forest 
type 2K3 - an acid beech-oak type, a smaller part of plot 
No. 3 was located within the forest type 2H8 - a loamy 
beech-oak type. A transition between the forest types 2K3 
and 2H8 was reflected in the values of top heights. In 
1965 the top heights were 26.1 m, 25.7 m and 27.2 m 
on plots 1, 2, 3 respectively. On plot 1, the volume of 
wood (wood to the top of 7 cm o.b. /‘Derbholz’/) was 
227.058 m3, stand density was 1.0 and site index by men-

This study was supported by Grant project No. 526/01/0922 funded by the Grant Agency of the Czech Republic.
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Table 1. Doubravčice 1: selected mensurational characteristics

Calendar year Age (yr.) No. of trees A|00(m) Az(m) dK (cm) Mm> j„(cm) Mm) d,(cm)

1955 60 22.2

1960 65 24.5

1965 70 514 26.3 23.3 21.6 24.1 23.0 24.4 23.7

Table 2. Doubravčice 2: selected mensurational characteristics

Calendar year Age (yr.) No. of trees A|oo<m) A,(m) ^(cm) Mm) ^(cm) A„(m) dv(cm)

1955 60 21.2

I960 65 23.7

1965 70 425 25.7

1970 75 393 27.3 24.4 24.0 25.0 25.3 23.6 23.4

Table 3. Doubravčice 3: selected mensurational characteristics

Calendar year Age (yr.) No. of trees Aioo (m) he^ (cm) Mm) <(cm) Mm) dv(cm)

1960 65 25.4

1965 70 473 27.2

1970 75 28.5

1975 80 346 29.3 26.4 26.7 27.0 28.2 26.4 26.7

surational tables was 26. On the second plot these values 
were 217.015 m3, 0.89, and 28, and on the third plot 
252.992 m3, 0.90, and 28 respectively. Further taxation 
values are presented in Tables 1-3. In these tables hm 
represents Weise’s top height, hg, dg is medium stand 
height and stand basal area diameter, hw, dw is Weise’s 
mean stand height and diameter, hv, de is mean stand 
height and mean volume stem diameter.

Eight full stem analyses were performed on plot Dou­
bravčice 3. Out of them, sample trees No. 317, 313 rep­
resent subdominant trees, sample trees No. 285,171,299, 
and 301 represent co-dominant trees, and sample trees 
No. 44 and 177 are dominant trees. The heights were fit­
ted by Korf growth function and these height curves are 
shown in Fig. 1.

EVALUATION OF STAND STRUCTURE

The stand structure can be described by many meth­
ods. So-called aggregation indices belong to traditional 
methods.

First, the symbols will be introduced. Let us assume 
the examined sample plot to be of size S and to contain n 
trees, then the population density is X = n/S. The distance 
of the i-th tree to its nearest neighbour is r . Also n pure 
random points can be located within the plot (e.g. with 
a random number generator). Let the distance of the i-th 
point to the nearest tree be denoted r'. Further on, we 
use the symbols co and to.' for the second squares of r, 
and r.' respectively. The whole plot can be divided into N 
equally sized parts and we can examine how many trees

are located on these partial plots. Let the number of trees 
on the i-th partial plot be denoted x .

Some of the frequently used indices are presented:

Clark-Evans aggregation index (CLARK, EVANS 
1954). It is defined as a ratio of average distance between

the nearest neighbours ř = ^z; to expected distance rE 
i=l

in the case of so called Poisson forest, i.e. the forest with 
randomly distributed trees. This distance equals

1 řrF =—7= • Then R = — = 2F7X
2VÄ rE

Pielou-Mountford aggregation index (PIELOU 1959 and
MOUNTFORD 1961). It is defined by the equation

а = -лХУ to' 
n

Hopkins-Skellam aggregation index (HOPKINS, SKEL- 
LAM 1954). It is defined by the equation

A= „ H „

i=i i=i

David-Moore aggregation index (DAVID, MOORE 
1954). It is defined by the equation
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35

Age (year)

——— Tree No. 317 - subdominant ^-—— Tree No. 313 - subdominant - - . . - Tree No. 285 - codominant

--••- Tree No. 171-codominant .................Tree No. 299 - codominant .............. Tree No. 301 - codominant
-----------  Tree No. 44 - dominant ------------Tree No. 177 - dominant

Fig. 1. Fitted height growth of sample trees from full stem analyses

where: X and sf represent arithmetic mean and variance of 
tree frequency on single partial plots x? respectively.

Table 4 shows the following characteristics for the in­
dices: mean index value for a purely random tree distri­
bution, ranges of values indicating aggregated and 
regular arrangements respectively.

A modern approach using a paired correlation func­
tion gif) was applied. The function is defined by the equa­
tion:

f’(r)=A2g(r)dx,dx2

(PENTINEN et al. 1992) where dx, and dx2 stand for the 
sizes of two infinitesimally small patches distant r from 
each other, Pf) is the probability that there is one tree 
within each of the patches. The paired correlation func­
tion is equal to 1 in the case of Poisson forest and the 
above-presented definition. In some r the probability of

tree occurrence is smaller or higher than in the idealised 
forest, the relationship will be g(r) < 1 and g(r) > 1, res­
pectively.

All four indexes together show the regular structure of 
the stands. Though the stand density of single stands dif­
fers, the differences in their spatial structure are not evi­
dent. No significant changes are apparent during 
evolution in time. Moreover, the periodical behaviour of 
the paired correlation function shows the stands were es­
tablished at a regular spacing.

EVALUATION OF STEM FORMS

So-called landmarks were identified on the morpho­
logical stem curve. These landmarks originate either at 
the top edge of a stump or at 1/20 of the stem height (the 
stump height ranged between 10 and 35 cm) and contin­
ue by tenths of the stem length symmetrically at its left

Table 4. Overview of the aggregation indices

Index Mean value Aggregation Regularity

Clark-Evans R = 1 R< 1 R> 1
Pielou-Mountford a = 1 a > 1 a < 1

Hopkins-Skellam Л = 0.5 A >0.5 ,4 <0.5
David-Moore /=0 />0 /<0
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r(m)

...........Doubravčice 1 1965 — — Doubravčice 2 1965 - - * Doubravčice 3 1965
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Fig. 2. Chart of pair correlation 
function

and right part including the stem top. Each landmark is 
localised using x (diameter) and у (height) co-ordinates. 
Then those co-ordinates form a matrix к x n, where к is 
the number of landmarks and n is the number of dimen­
sions. In our case к = 21 and n = 2. The matrix is called 
an original configuration matrix and it represents a basis 
for further statistical processing. This procedure is shown 
in Fig. 3. The shape form is defined as geometrical infor­
mation on the configuration matrix after orthogonal shift, 
rotation, and re-scaling (MARDIA, DRYDEN 1998).

Procrustes superimposition was used to estimate the 
mean shape. KENT (1994 in MARDIA, DRYDEN 1998) 
defines the full Procrustes mean shape ft as the eigen­
vector corresponding to the largest eigenvalue of the 
complex sum of squares and products matrix.

Fig. 3. Scheme of shape evaluation (by GOODALL, MARDIA 1992 
in DRYDEN, MARDIA 1998), adapted

Let us assume that the configurations №,,..., w„ have 
been centred, so that w*l = 0, where w" is transpose 
of the complex conjugate of w, 1 is vector of ones.

5 = ^W^i К^>д = ^A 

1=1 1=1

where: I, = Wj /|м,,-|, i = 1, ..., n, are the pre-shapes.

The full Procrustes fits or full Procrustes co-ordinates

of и’1,...,и'„ are

wf = w'pWi Kw"wi), i= *■ •••• ”

where: each wf is the full Procrustes fit of и>. onto /<.
Calculation of the full Procrustes mean shape can also 

be obtained by taking the arithmetic mean of the full Pro-

1 ”crustes co-ordinates, i.e. — V wf has the same shape as 
« и

the Procrustes mean shape ft.
Procrustes co-ordinates were calculated with the soft­

ware „tpsRegr“ v. 1.20 by ROHLF (1998).
Fig. 4 shows full Procrustes mean shapes for each Kon- 

Sel’s tree class on plot Doubravčice 1. Tree class 1 is com­
posed of dominants (108 individuals), tree class 2a of 
co-dominant major trees (228 individuals), tree class 2b 
of co-dominant minor trees (58 individuals), tree class 3 
of intermediate trees (63 individuals), tree class 4 then of 
shadegrown vital trees (27 individuals). Dying and dead 
trees were considered as a separate group; as there was 
not enough material to evaluate them (only 4 indivi­
duals) they were added to class 4. The figure shows the 
averages of single classes form an ordered group. In the 
direction from the vertical stem axis the sequencing starts 
with class 4, then classes 3, 2b, 2a follow, and finally
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Fig. 4. Courses of full Procrustes mean shapes for single Kon- 
šel’s tree classes. Stem butt has the height and diameter of the 
stump

class 1. The figure also suggests possible determination 
of 3 Konsel’s tree groups by the shape. The first group is 
formed by tree class 1, the second by tree class 2a, and 
the third by classes 2b, 3, and 4.

Two independent sample Hottelings T1 tests were ap­
plied to test the differences in Procrustes mean shapes.

The hypothesis Ho: px = fi2 is tested against the hy­

pothesis Hx : flx + ft2- The test statistics is:

n^^n, +nz -M -1) q2 
(n, + n2)(n1 + n2 -2)M

where: np n2 - numbers of individuals in the first and se­
cond sets,

M - the dimension of shape space,
D2 - the squared Mahalanobis distance between

A and p2,

D^^-PiVSJ^-ft^

Su is the Moore-Penrose generalised inversion of Su 
(joined variance-covariance matrix).

S„ = (nxSx + n2S2)/(n, + «2 - 2) ’

-s^-X^-AX^-AX
n /=1

where: 5j - a variance-covariance matrix of the first selec­
tion,

52 - that of the second selection.

The null hypothesis is rejected 1№п»> F«. »,♦,,-«-1 (a). 
Table 6 shows the overviews of squared Mahalanobis dis­
tances, the values of test statistics and the critical val­
ues of Fisher distribution F for a = 0.05.

There are statistically significant differences between 
the Procrustes mean shapes of tree class 1 and all the 
others excluding tree class 4 because of the smallest num­
ber of individuals in tree class 4. The Procrustes mean 
shapes of tree class 2a differ from the average of tree 
class 3. There are no significant differences between the 
averages of tree classes 2b, 3, and 4.

Similarly, the Procrustes mean shapes of whole plots 
Doubravčice 1,2, and 3 were tested. Fig. В illustrates the 
courses of these shape averages at the cutting age of the 
plots (70, 75, and 80 years). The mean shape averages of 
all stems on the sample plots are located in the order 
Doubravčice 1, Doubravčice 2, Doubravčice 3 from the 
vertical stem axis. The reason of such location will be 
discussed in the following chapter dealing with variabil­
ity. Also the mean form vectors were tested; the results 
are presented in Table 7.

Table 7 shows that there is a difference between mean 
shape vectors of plots No. 1 and 3.

VARIABILITY

The principal components analysis was used to anal­
yse the shape variability. The dominant trees on plot 
Doubravčice 1 were used as an example. The sample 
variance-covariance matrix was calculated for the tree 
set:

Table 5. Calculated values of aggregation indices

Plot Calendar year Density (ha) . Clark-Evans Pielou-Mountford Hopkins-Skellam David-Moore

Doubravčice 1 1965 1,013 1.375 0.732 0.314 -0.536
Doubravčice 2 1965 879 1.356 0.788 0.338 -0.485

1970 805 1.361 0.702 0.311 -0.450
Doubravčice 3 1965 937 1.410 0.859 0.338 -0.482

1975 692 1.428 0.885 0.343 -0.586
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Table 6. Mahalanobis distances and test results for single tree 
classes, Doubravčice 1

Class
1 2a 2b 3

Class 1 X
D2 1.55

Class 2a Fz , 2.66 X
F 1.46
D2 2.53 1.09

Class 2b FM 1.95 1.14 X
F 1.50 1.46

2.77 1.65 0.33
Class 3 Fm 2.27 1.84 0.18 X

F 1.50 1.46 1.55

D- 3.55 2.31 0.94 0.37
Class 4 FM 1.46 1.24 0.25 0.11

F 1.53 1.46 1.66 1.64

Table 7. Mahalanobis distances and results of tests between in­
dividual plots

Plot No. 1 Plot No. 2 Plot No. 3

Plot No. 1 X

D2 0.18
Plot No. 2 F$lal 1.00 X

F 1.42

D2 0.82 0.0001
Plot No. 3 F^ 4.21 0.0005 X

F 1.50 1.42

х = -^-^-нУ 
n

The orthogonal eigenvectors of S, denoted by Xjare 
the principal components of 5 with corresponding eigen­
values

Л] — Д2 —... — Xj ^ 0 
where: j = min(n - 1, Л/).

The eigenvalues of the variance-covariance matrix de­
rived from a set of shapes of dominant trees are presen­
ted in Table 8.

As can be seen in Table 8, the first three principal com­
ponents (PC) include 99% of all variability. Out of it the 
first two cover 96% of the variability. This fact indicates 
strong relationships between boundary points in the con­
figuration matrix.

The structure in the у-th PC can be viewed through plots 

of an icon for mean shape j) with displacement vectors

*,]") = H + cX'^Xj

for the shapes corresponding toe e (-3;3).
The first PC is symmetric, it points across the vertical 

stem axis. The second PC is asymmetric. It has an oppo­
site direction at the butt and at the rest of the stem. The 
third PC covers just a little variability. It corresponds with

Table 8. The first three eigenvalues of the variance-covariance 
matrix

Eigenvalue Л,-ICT6 Xjl^XjA № 

j=i
A, 1.482 75

Л2 0.413 21

Аз 0.054 3

the average at the butt and at the half of the stem. It points 
toward the stem centre in the low stem part and from the 
stem centre in the upper stem part.

In the next step, the variability was examined by cal­
culating the principal components score for the z-th indi­
vidual on thej-th principal component. PC score is given 
by

^=Х; (►*’/'"A)

For each PC always 10 individuals were found with 
the highest and the lowest PC score values. This approach 
was chosen in order to identify the source of variability. 
Dendrometric characteristics of such two groups were 
compared. The compared characteristics included: stem 
height, basal diameter, butt diameter, length, width, and 
volume of the crown, stem volume, volume increment in 
the past 5 years.

The trees with the lowest first PC score belong among 
trees with the highest basal diameter and butt diameter, 
they have wide and perfect crowns. On the other hand, 
the trees with the highest PC score have markedly nar­
rower and sometimes one-sided crowns, smaller diame-

Re (z)

Fig. 5. Courses of full Procrustes mean shapes for whole sam­
ple plots Doubravčice 1, 2, and 3. Stem butt at the 1/20 of the 
height
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Figs. 6,7, and 8 show the first three PC with configurations evaluated at c = -3;+3;+3 standard deviations along each PC from the 
full Procrustes mean. The shape diameter with c = 0 is the Procrustes mean shape

ters and lower volume increment. The difference does 
not consist in the tree heights and crown lengths. These 
dendrometric characteristics support the hypothesis of the 
variability explained by the first PC is produced by 
a competition pressure upon individual trees. The com­
petition pressure can roughly be estimated from the so­
cial position of the tree (in this case by Konsel’s 
classification). As the first PC explains 75% of the vari­
ability and this variability does not seem to change con­
siderably within individual tree classes, then the 
different courses of the full Procrustes means in Fig. 4 
are explained by a different competition pressure on the 
individual tree classes. This hypothesis could be justi­
fied only after a long observation of the sample plot, 
calculation of competition indices of individual trees 
and following comparison of tree shapes. Similarly, the 
courses of the full Procrustes means for individual plots 
shown in Fig. 5 can be explained by the first PC by 
a lower competition among the trees on plot 3 than on 
plot 1 that is caused by fewer trees on plot 3. Another 
cause of statistically significant difference between 
plots 1 and 3 could consist in the shape change evoked 
by an age shift.

The trees with the highest second PC score are distin­
guished from the trees with the lowest second PC score 
by a profound difference in the basal diameter and breast­
height diameter, hence the second PC is caused by the 
hypertrophy of the stem base. This hypertrophy might be 
caused by rot or buttress; unfortunately, the rot was not 
closely observed, therefore no explanation can be sub­
mitted.

Trees with the highest and the lowest third PC score 
differ from each other significantly in the crown width 
and volume. The crown lengths are almost the same in 
both groups. The factor able to explain this part of vari­
ability has not been found.

CONCLUSION AND DISCUSSION

For completeness a further analysis of the above-men­
tioned results would be necessary. In a traditional ap­
proach probability distribution can be derived for 
individual indices and so their significance tests can be 
formulated. This approach however requires many sim­
plifying assumptions that cannot often be fulfilled in 
practice. There are also other statistical analysis methods 
of both aggregation indices and paired correlation func­
tions, analysis of this issue is however beyond the scope 
of this article.

Application of full Procrustes co-ordinates is just one 
of the shape description methods. The others include 
methods like Procrustes tangent co-ordinates, Bookstein 
co-ordinates (BOOKSTEIN 1991) and others. The used 
stem diameters are the arithmetic means of two perpen­
dicular measurements. The stems are therefore consid­
ered symmetric along their vertical axis. It would be more 
correct to consider the stems asymmetric with uniform 
orientation to cardinal points. Another problem consist­
ed in not separating a possible shape change caused by 
age and competition pressure in Fig. 5. This issue will be 
treated in our next work. The height co-ordinates in the 
configuration matrix gain on by 1/10 of the tree height, 
which is a classical method used e.g. in true shape se­
quences. Obviously, this selection configuration is not 
the only possible one. The boundary points could be sup­
plied or substituted e.g. by inflection points on the stem 
morphological curve.

References

BOOKSTEIN F.L., 1991. Morphometric tools for landmark 
data. Cambridge, New York, Port Chester, Melbourne, Syd­
ney, Cambridge University Press: 435.

J. FOR. SCI., 47, 2001 (9): 419-427 425



CLARK P.J., EVANS F.C., 1954. Distance to nearest neigh­
bour as a measure of spatial relationship in populations. Ecol­
ogy, 35: 445^453.

DAVID F.N., MOORE P.G., 1954. Notes on contagious distri­
butions in plant populations. Ann. Bot., 18: 47-53.

DIGGLE P.J., 1983. Statistical analysis of spatial point pat­
terns. London, Academic Press: 148.

DRYDEN I.L., MARDIA K.V., 1998. Statistical shape analy­
sis. Chichester, New York, Weinheim, Brisbane, Singapore, 
Toronto, John Wiley & Sons: 345.

HOPKINS B., SKELLAM J.G., 1954. A new method for de­
termining the type of distribution of plant individuals. Ann. 
Bot., 18: 213-227.

MOUNTFORD M.D., 1961. On E. C. Pielou’s index of non­
randomness. J. Ecot, 49: П\-П5.

PENTINEN A., STOYAN D„ HENTTONEN H.M., 1992. 
Marked point processes in forest statistics. For. Sei., 38: 806­
824.

PIELOU E.C., 1959. The use of point-to-plant distances in the 
study of the pattern of plant populations. J. Ecol., 47: 607­
613.

ROHLF J.F., 1998. TpsRegr Version 1.20, Statistic software.

Received 27 March 2001

Dendrometrické zhodnocení porostní struktury a tvarů kmenů na smrkových zkusných 
plochách Doubravčice 1, 2, 3

M. KŘEPELA, J. SEQUENS, D. ZAHRADNÍK

Česká zemědělská univerzita, Lesnická fakulta, Praha, Česká republika

ABSTRAKT: Článek informuje o možnostech popisu struktury porostů pomocí indexů agregace (Clarkův-Evansův, Pielou- 
Mountfordův, Hopkinsův-Skellamův, Davidův-Mooreův) a na konkrétních porostních strukturách zachycuje hodnoty těchto 
indexů pro smrkové zkusné plochy předmýtního věku. Dále je struktura zkusných ploch zachycena průběhem grafů párové 
korelační funkce. Pro zkoumáni tvarů kmenů bylo použito metody Procrustovy superimpozice. Součástí článkuje také roz­
bor tvarové variability pomocí analýzy hlavních komponent a možnost testování shody středních tvarových vektorů.

Klíčová slova: smrk ztepilý (Picea abies [L.] Karst.); struktura porostu; indexy agregace; párová korelační funkce; tvar 
kmene; variabilita tvaru kmene; Procrustova superimpozice

Článek se zabývá některými v lesnictví zatím méně 
obvyklými metodami studia struktury porostů a tvarů 
kmenů. Popsané metody studia struktury porostů mohou 
mít praktický význam při inventarizaci lesa (odhady poč­
tu stromů, zásob), získávání parametrů pro simulaci 
rozmístění stromů na zkusných plochách v růstových 
modelech, pro popis přírodě blízkých bohatě struktu­
rovaných porostů, pro optimalizaci těžebních technologií 
atd.

Zkoumání tvaru kmene má v dendrometrii dlouhou 
tradici a také velký význam zejména pro konstrukci ob­
jemových tabulek, sortimentačnich tabulek, tabulek jed­
notných výškových křivek i růstových modelů. V článku 
jsou použity tzv. geometrické metody popisu tvarů. Je­
jich předností je jednoznačná definice pojmu tvar 
a možnost vzájemného porovnávání tvarů na základě 
vícerozměrných statistických metod.

Článek obsahuje praktickou demonstraci všech teore­
ticky popsaných postupů na datech získaných ze zkus­
ných ploch katedry hospodářské úpravy lesů LF ČZU 
Doubravčice 1, 2, 3. Jsou zde vypočteny také tradiční 
dendrometrické charakteristiky všech tří ploch.

Porostní struktura je zhodnocena na základě indexů 
agregace (Clarkův-Evansův, Pielou-Mountfordův, Hop­
kinsův-Skellamův, Davidův-Mooreův). Moderní trend ve 
studiu struktury porostů pak vyjadřuje párová korelační 
funkce.

Všechny čtyři indexy shodně ukazují na regulární 
strukturu porostů. Přestože je denzita jednotlivých po­
rostů odlišná, rozdíly v jejich prostorové struktuře ne­
jsou zřejmé. Výrazné změny nejsou patrné ani během 
vývoje v čase. Z periodického chování párové korelační 
funkce je navíc patrné, že porosty byly založeny 
v pravidelném sponu.
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Pro úplnost by bylo potřebné udělat ještě statistickou 
analýzu uvedených výsledků. Při tradičním přístupu lze 
pro jednotlivé indexy agregace odvodit jejich 
pravděpodobnostní rozdělení a tedy i formulovat testy 
jejich významnosti. Tento přístup však vyžaduje řadu 
zjednodušujících předpokladů, které v praktických situ­
acích nebývají často splněny. Existují i jiné metody sta­
tistické analýzy, jak indexů agregace, tak párových kore­
lačních funkcí, rozbor této problematiky však překračuje 
rozsah článku.

Tvary kmenů jsou zkoumány pomocí metody Procrus- 
tovy superimpozice. Práce se dále zabývá porovnáním 
tvarů kmenů roztříděných podle Konšelových stro­
mových tříd a podle jednotlivých ploch. К testováni 
shody Procrusterových středních tvarů byl použit Hot- 
telingův T2 test. V rámci Konšelovy stromové třídy 1 
(předrůstavé stromy) byl na ploše Doubravčice 1 pro­
veden rozbor variability za pomoci analýzy hlavních 
komponent a byl učiněn pokus o vysvětlení příčin jed­
notlivých složek variability.

Obr. 4 ukazuje, že vektory tvarových průměrů jednot­
livých stromových tříd tvoří uspořádanou skupinu. Ve 
směru od svislé osy kmene je to stromová třída 4, 
následuje stromová třída 3, 2b, 2a, a konečně stromová 
třída 1. Z obrázku je také patrné, že je možné podle tvaru 
vymezit tři skupiny Konšelových stromových tříd. První 
skupinu tvoří stromová třída 1, druhou skupinu stromová 
třída 2a a konečně třetí skupinu tvoří stromové třídy 
2b, 3,4.

Tvar předrůstavých stromů na ploše Doubravčice 1 je 
možné zjednodušit do tří složek - hlavních komponent. 
První hlavní komponenta zahrnuje 75 % variability. Jed­
ná se v lesnické terminologii o „plnodřevnost a neplno- 
dřevnost“ kmene. Druhá hlavni komponenta zahrnuje 
21 % variability. Jedná se o zbytnění bazální části kmene 
oproti zbytku kmene. Třetí hlavní komponenta vysvětluje 
3 % variability. Jedná se o stromy s náhradním vrcholem 
či vrcholem jinak poškozeným, další možnou příčinou je 
chyba v měření délek stromu.
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posudkům, vědeckému přínosu a celkové kvalitě práce s přihléd­
nutím к významu článku pro lesní hospodářství.

Úprava textu

Rukopis má obsahovat titulní stranu, na které je uveden název 
článku, jméno autora (autorů), název a adresa instituce, kde byla 
práce vypracována, číslo telefonu, faxu a e-mail autora, pověřené­
ho korespondencí.

Každý článek musí obsahovat český (slovenský) a anglický abs­
trakt, který nemá mít více než 90 slov, a klíčová slova. Úvod by 
měl být stručný, s uvedením zaměření a cíle práce ve vztahu 
к dosud provedeným pracím. Neměl by v něm být uváděn rozsáh­
lý přehled literatury. V kapitole Materiál a metody by měl být 
uveden popis použitých experimentálních metod tak, aby byl 
postačující pro zopakování pokusů. Měly by být uvedeny obecné 
i vědecké názvy rostlin. Je-li zapotřebí používat zkratky, je nutné 
při prvním použití zkratky uvést i její plný název. Je nezbytně 
nutné používat jednotky odpovídající soustavě měrových jedno­
tek SI. V části Výsledky by měla být přesně a srozumitelně pre­
zentována získaná data a údaje. V kapitole Diskuse se obvykle 
získané výsledky konfrontují s výsledky dříve publikovanými. Je 
přípustné spojit část Výsledky a Diskuse v jednu kapitolu. Cito­
vání literatury v textu se provádí uvedením jména autora a roku 
vydání publikace. Při větším počtu autorů se v textu uvádí pouze 
první z nich a za jeho jméno se doplní zkratka et al.

V části Literatura se uvádějí pouze publikace citované v textu. 
Měla by sestávat z lektorovaných periodik. Citace se řadi abeced­
ně podle jména prvního autora: příjmení, zkratkajména, rok vydá­
ní, plný název práce, úřední zkratka časopisu, ročník, první 
a poslední strana. U knihy je uvedeno i místo vydání a vydavatel.

Tabulky

Tabulky jsou číslovány průběžně a u každé je uveden i nadpis. 
Každá tabulka je napsána na jednom listu.

Obrázky

Jsou přiloženy jen obrázky nezbytné pro dokumentaci výsled­
ků a umožňující pochopeni textu. Současné uvádění stejných vý­
sledků v tabulkách a na grafech není přijatelné. Všechny obrázky 
musí být vysoce kvalitní, vhodné pro reprodukci. Nekvalitní ob­
rázky nebudou překreslovány, budou autorovi vráceny. Fotografie 
musí být dostatečně kontrastní. Všechny obrázkyje třeba číslovat 
průběžně arabskými číslicemi. Jak grály, tak i fotografie jsou ozna- 
čoványjako obrázky. U každého obrázku je nutné uvést jeho stručný 
výstižný popis.

Rukopis nebude redakcí přijat к evidenci, nebude-li po for­
mální stránce odpovídat pokynům pro autory.
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