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

J. KMET!, I. DITMAROVA?

'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 — F, F_, F, F/F_, T , 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 b 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
(HLADIK 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 biofic 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-
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sions and the improvement steps are very expensive
(RACKO et al. 1994). The beech average defoliation ex-
pressed in percentage was 21% (CABOUN 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 (MASAROVICOVA 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 @ and b using the disc method. One sample for the
analysis always contained 10 discs. Analysis of chloro-

Table 1. Basic characteristics of research plots

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
(F, F_ F, F/F_ Area, T — 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/m? per s).

RESULTS AND DISCUSSION

On the basis of the evaluation of the concentration dy-
namics of chlorophylls @ 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

Characteristic

Research plot

EES Kovégova VMP Ziar nad Hronom
Location Kremnické vrchy Mts. Stiavnické vrchy Mis.
Exposition West Northwest
Altitude (m a.s.l.) 450475 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

Cambisol with high content

Soil type 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

374

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



0.90

Fv/Fm

24/06/96

11/07/96

29/07/96 16/09/96
te

Fig. 1. Parameter of the chlorophyll fluorescence F /F — locality Ziar 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
Ziarska 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 &
ratio — are not so clearly high at the Ziar 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

0.90

available in association with Picea abies needles). This
is valid for the Ziar 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 @ 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 (o = 0.001)
were found between the days of sampling within the year
and the variance component values confirm dynamic
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Fig. 2. Parameter of the chlorophyll fluorescence F /F,_ ~ locality Kovacova (adaxial side of leaf — 1996)
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Fig. 3. Parameter of the chlorophyll fluorescence F /F_ —locality Ziar 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 (F /F_, Area) shows
a better physiological state of assimilatory organs and
consequently, of the observed beech trees on the EES
Kovadova locality.

The average values of F /F_ from all sample trees on
all sampling dates are higher at the Kovacova locality.
This ratio even decreases below the threshold of physio-
logical distortion (0.725) in two cases at the Ziar 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

0.90

locality. At the Kovacova plot, i.e. outside the range of
the direct pollution influence, the ratio F /F_ 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 Q, and the intrathylakoid plastoquinone and/or
photosystem [ is potentially higher in leaf samples from
the Ziar 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 @ and & concentrations
found in the leaves from this locality. The potentially

0.85 4

0.80 A

0.75 4

0.70 4

Fv/Fm
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0.60 -
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Fig. 4. Parameter of the chlorophyll fluorescence F /F_~ locality Kovécové (adaxial side of leaf ~ 1997)
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Fig. 5. Parameter of the chlorophyll fluorescence F /F - locality Ziar 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 /F_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 F
and the chlorophyll a, b and a+b concentrations. F /F
ratio is positively correlated with the chlorophyll a con-
centration. There is an evident positive correlation be-
tween the Area parameter and the chlorophyll @, 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.

Fv/Fm

mK2s
K3-s
BK4-s
K5-s

16/09/96

Fig. 6. Parameter of the chlorophyll fluorescence F /F - locality Kovacova (abaxial side of leaf - 1996)
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Fig. 7. Parameter of the chlorophyll fluorescence F,/F, - locality Ziar nad Hronom (abaxial side of leaf — 1997)

Sulphur dioxide (SO,) and the subsequently arising
HSO," 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 @ and b concentra-
tions represent an unspecific biomarker of the physio-
logical state of beech leaves. At the Ziarska dolina valley
locality even higher values were recorded than at the less

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

As it was stated by MASAROVICOVA (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 SO, pollution (KRATOCHVILOVA in MASA-
ROVICOVA 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-

0.90
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Fv/Fm

0.65 4

0.60 4
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Fig. 8. Parameter of the chlorophyll fluorescence F /F, - locality Kova¢ova (abaxial side of leaf — 1997)
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Table 2. Analysis of variance of chlorophyll concentrations

Parameter
Source of variation D.F. bl Vi Chlh Vari L a/bv :
Faatio component Fxtatio comp?:x:fxt o co:lnpzrt::zt
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*** 14.50 336" 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
Table 3. Analysis of variance of chlorophyll fluorescence parameters
Parameter
Source of variation D.F. F/F Area
F-ratio Variance component F-ratio 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

ave

“significant at P < 0,05; “*significant at P < 0.01;

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 (CICAK
1978).

According to HASPELOVA-HORVATOVICOVA and PE-
LIKANOVA (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 b 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

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

significant at P < 0.001

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 Kovagova 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 l:'V/Fm ratio (BOLHAR-NORDENKAMPF,
GOTZL 1992). The photochemical capacity PSII is not
completely identical with the photosynthetic capacity.
However, it is sure that the decreased F /F_ ratio is fol-
lowed by an equivalent decrease in the amount of fixed
CO,. The measurement of the F /F_ 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
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Table 4. Spearman correlation coefficients between chlorophyll
fluorescence and pigment content of European beech (Fagus
sylvatica L.) leaves

Chla Chlb  Chitot Chlak
F; -0.287"" 0257 -0201""  —0.057
F, -0.119 -0.163°  -0.136 -0.034
F, -0.106 -0.160°  -0.124 -0.022
FJF, 0.024  -0.090  -0.005 0.031
T, -0230"  -0.131  -0.207" -0.025
Area 0.106 0.130 0.135 -0.117

*significant at P < 0.05; “‘significant at P < 0.01; *“significant at
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 @) 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 etal. 1986) and the F /F _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 (GOMORY 1998).

According to CICAK 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 stomatal as well as cu-
ticular water discharge of leaves is distorted (reduced
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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 buka (Fagus sylvatica L.) na Slovensku

J. KMET!, . DITMAROVA?

Technickd univerzita, Lesnicka fakulta, Zvolen, Slovenskd republika
Ustav ekoldgie lesa SAV, Zvolen, Slovenskd republika

ABSTRAKT: Zdravotny stav buka (Fagus sylvatica L.) sa na Slovensku za obdobie poslednych desat’ rokov nevyvija priaz-
nivo. Vel'mi nepriaznivy je zdravotny stav mladych bukovych porastov z prirodzeného zmladenia, priom najviac postihnuté
s buciny stredného Slovenska. V priebehu vegetatného obdobia 1996 a 1997 sme merali na vybranych vzornikoch buka na
dvoch lokalitich s rozdielnym imisnym zat'aZenim parametre rychlej kinetiky fluorescencie chlorofylu a — FiF F EJE,
T, Area. Si¢asne boli odoberané asimilatné orgény a spektrofotometricky uréené koncentrécie chlorofylu a, b. Na zéklade
vybranych fyziologicko-bichemickych markérov (predovietkym parametrov fluorescencie chlorofylu) mézeme konstatovat’

zhorSeny fyziologicky stav mladych jedincov buka na lokalite s va&§im imisnym zafazenim uz v §tédiu latentného (skryté-

ho) poskodenia.

KI'ifové slovd: buk lesny; stres; fluorescencia chlorofylu; pigmenty

Buk lesny (Fagus sylvatica L.) je povodna drevina
horskych lesov Slovenska. V minulosti bol —a i v si¢asnosti
je — najrozsirenej$ou drevinou. Z plodnej rozlohy lesov
Slovenska zastipenie buka v roku 1995 predstavovalo
30,2 % (HLADIK 1996). Pri kontrole zdravotného stavu
bukovych porastov na naSom tizemi sa pravidelne od roku
1989 zistuje, Ze chradnutim trpia vietky vekové stupne
buka, dokonca aj nérasty z prirodzeného zmladenia
v optimalnych podmienkach. Pravdepodobnou primarnou
pri¢inou tejto epifytocie je vysoké imisné zataZenie
v sledovanych oblastiach, stale pretrvavajuci vlahovy de-
ficit v pode, Casté poskodzovanie neskorymi mrazmi.
Rozhodujticu tlohu pri §ireni choroby méZe mat’ aj hmyz.
Su to najméd vosky, roztode, ale aj niektoré druhy
listozravého hmyzu. Nevylucuje sa ani moZnost’ prenosu
infekcie semenami (SUROVEC 1990).

Pre poznanie symptémov skrytého poskodenia a fakto-
rov, ktoré ho sposobuji, ale hlavne pre moznost’ pro-
gnozy, aké bude mat’ poskodzovanie nasledky pre rast
i prezitie stromov a funkcii celych porastov, pristipili sme
od roku 1996 k vyskumu tolerancie a dynamiky posko-
denia mladych bukovych porastov na dvoch lokalitach
s rozdielnym imisnym zat’aZenim (lokalita Kova&ova —bez
priameho imisného vplyvu a lokalita Ziar nad Hronom —
pasmo ohrozenia A, kysly imisny typ).

V préci uvadzame dvojroéné vysledky v sledovani vy-
branych fyziologicko-biochemickych parametrov na tych-
to lokalitdch (koncentracia asimilaénych pigmentov,
meranie parametrov rychlej kinetiky fluorescencie chlo-
rofylua-F,F_,F,F/F T , Area—nomenklatirapodla
KOOTENA, SNELA 1990). Z F-testu analyzy variancie fo-
tosyntetickych pigmentov je zrejmé, Ze medzi lokalitami
je Statisticky vel'mi vyznamny rozdiel v koncentracii chlo-
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rofylu a, sumy chlorofylov a+b na hladine vyznamnosti
99,9 %. Percentudlne vyjadrenie komponentov variancie
viak ukazuje, Ze vplyv lokality je na zistené parametre
plastidovych pigmentov vel'mi maly. Pomocou analyz pig-
mentov méZu byt' dokdzané negativne vplyvy prostredia
uz vtedy, ked' eSte nie je moZné makroskopicky stanovit’
Ziadne poSkodenie. Na druhej strane pouZitie pigmen-
tovych analyz na diagnostické uéely je zmysluplné iba
v kombindcii s d’al$imi fyziologicko-biochemickymi po-
stupmi (predovietkym sti¢asne s meranim vymeny plynov,
fluorescencie chlorofylu a, obsahu mineralnych latok
apod.). Vysledky mnohych vyskumnych préc (ako aj tato
préaca) potvrdili, Ze meranie fluorescencie chlorofylu je
jednou z tych metdd, ktoré umozituju rychle zistenie fy-
ziologického stavu stromu. Tieto poznatky su podloZe-
né na jednej strane korelaciou fotochemickej kapacity
s niektorymi parametrami indukénej krivky fluorescencie
chlorofylu, na druhej strane vysokou citlivostou fotosyn-
tetického ret'azca reakcii vo&i mnohym stresorom. Okrem
stanovitne $pecifickej vzorky stresorov sa vZdy musi
skimat’ tieZ fyziologia stromu, aby sme mohli stanovit’
vztah medzi zataZzenim, reakciou, kompenzaciou a zo-
tavenim. V naSich vysledkoch pri parametroch F /F
a Area bol zisteny signifikantny rozdiel medzi lokalitami
na hladine vyznamnosti 99,9 %. Hodnoty komponentov
variancie ukazuju tiez, ze vplyv lokality na namerané iida-
je (okrem Area) je velky.

Z doterajSich vysledkov vyskumu je zrejmé, Ze pre
celkové zhodnotenie pri€in zhor§eného zdravotného
stavu bukovych porastov je v si¢asnosti potrebna Siroka
paleta zist'ovania. Stanovenie fyziologicko-biochemic-
kych parametrov na popisanie stresového zat'aZenia
je odkdzané na poznanie velkého poétu prirodzenych
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a antropogénnych stresorov, bez ktorych v sicasnostinie  je fyziologicky dosledok tazkych portch latkovych
je moZné urobit’ definitivne zévery o pri€inich stresového  a energetickych tokov, ako aj autoregulécie v rozli¢nych
zataZenia. Potvrdzuje sa, Ze odumieranie lesnych drevin  lesnych ekosystémoch.
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Nitrogen transformation in soil and nutrition conditions of young
spruce stands in the Moravian-Silesian Beskids

P. FORMANEK, J. KULHAVY

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

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 NO,~ immobili-
zation processes and nitrification can be expressed by
avalue of <0.01 and in the case of NH,* 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 NO,” immobilization/nitrification and NH,” 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).
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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 (ULEHLOVA 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; GIJSMAN 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-
RAZSKY (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. PODRAZSKY (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 KULHAVY (1992), liming result-
ed in marked decrease of ammonium nitrogen concen-
tration in forest soils. According to NOMNIK (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). LHOTSKY, VINSOVA (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-
RAZSKY 1992; KULHAVY1992; MOHAMED et al. 1993).

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

Table 1. Field experimental plots

er altitudes of the Moravian-Silesian Beskids were stud-
ied by VAVRICEK and BETUSOVA (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 (VAVRICEK 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 HUTTL (1991). On the basis
of these criteria, growth of spruce in the Moravian-Sile-
sian Beskids was limited by nitrogen and magnesium
(KLIMO, KULHAVY 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 Bily Kfiz, the
Moravian-Silesian Beskids and on the FK plot situated
in the area of Bily K¥iZz 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, Ol, 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 KULHAVY et al.
(2000) and FORMANEK (2000).

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

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

Soil type moderate humus podzol
mor — moder
Terms of liming 1983, 1985, 1987

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

Surface humus form

sandy flysch sediments
moderate humus podzol

sandy flysch sediments
moderate humus podzol D37

mor — moder mor — moder

1983, 1985, 1987 =

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 (JANOUS 1990).

To monitor seasonal dynamics in nitrogen forms mixed
soil samples were taken from Ol, 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 at 4°C, subsequently homogenized and
sieved using a coarse screen. Ammonium nitrogen was
determined in soil extracts using 1% K,SO, by a modi-
fied indophenol method (ZBIRAL et al. 1997). Nitrate
nitrogen was determined after extraction of soil samples
with demineralized water using capillary electrophoresis
(KUBAN et al. 1999) and the results were compared with
values determined after the extraction of soil samples
with 1% K, SO, using a manual spectrometric method
with sulphosalicylic acid (Standard CSN 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 LECO CNS 2000
analyser, calibration was carried out for sulphametha-
zin LECO 242-298, C and N drift for the same, used
gases were He, O, and air (ZBIRAL et al. 1997). Actual
soil reaction (pH/H,0) and exchangeable soil reaction
(pH/KCI) 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 1,350°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/H,0 and pH/KCI 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/H,0 value was 0.73-1.07 high-
er and the pH/KCIl 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 (Ol 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
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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
D Of+h 22.5 1.0 225
Ae 6.1 0.3 23.4
Ep 4.0 0.2 23.6
0Ol 39.2 1.4 27.4
FS Oft+h 21.6 1.0 22.5
Ae 7.8 0.4 21.7
Ep 4.4 0.2 23.4
Ol 45.2 1.71 264
FK Of+h 249 1.2 20.8
Ae 6.8 0.4 19.3
Ep 33 0.15 21.7
Table 3. Soil reaction on experimental plots (1999)
Plot Soil horizon pH/H,0 pH/KCI
Ol 428 3.84
FD Of+h 4.88 4.17
Ae 430 3.20
Ep 4.03 3.10
ol 4.41 3.92
FS Of+h 4.71 3.7
Ae 3.85 2.83
Ep 3.81 2.82
ol 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 (N, /N, 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
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Table 4. Mean concentrations of ammonium, nitrate and total
mineral nitrogen (1999) (mg/kg DM)

Plot Soil horizon NH,"-N NO, -N Nt
(o) 9.94 2.54 12.48
FD Of+h 6.47 1.24 7.7
Ae 3.75 2.50 6.25
Ep 1.90 0.79 2.69
0l 9.66 2.78 12.44
FS Of+h 9.58 0.96 10.54
Ae 3.30 2.16 5.46
Ep 0.61 143 2.04
0Ol 12.92 3.21 16.13
FK Ofth 10.56 1.92 12.48
Ae 2.84 2.30 5.14
Ep 1.98 0.68 2.66

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

Plot Soil horizon NH,*-N/Nt NO,—N/Nt N_. /Nt
(%) (%) (%)
0Ol 0.068 0.017 0.085
FD Of+h 0.065 0.012 0.077
Ae 0.144 0.096 0.240
Ep 0.112 0.046 0.158
0l 0.068 0.019 0.087
ES Of+h 0.096 0.010 0.105
Ae 0.092 0.060 0.152
Ep 0.032 0.075 0.107
0Ol 0.076 0.019 0.094
FK Ofth 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 Ofth horizon, plot
FD, was not found (Fig. 1).
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Fig. 1. Seasonal variations in the concentration of ammonium
and nitrate nitrogen in the Of+h horizon on plot FD — 1999
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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 Oft+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. 4. Nitrogen concentration in needles of the 1* 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
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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; ULEHLOVA 1989; TIETEMA ct al. 1992; ZAHORA
1999). Nitrate nitrogen occurred in lower quantities than
those in podzols and Cambisols beneath young Norway
spruce stands in the Kru$né hory Mts. (KULHAVY,
FORMANEK, unpublished). Nitrite forms of nitrogen were
found only sporadically, which corresponded to the re-
sults of EMMER (1999) in forest soils of the Krkonoge
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 (BIELEK 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 ZAHORA (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 PELISEK (1974) in humus horizons of podzols. The
ratio, as compared with the values found by ZAHORA
(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 Krkonose Mts. or losses of nitrogen
during proper nitrification (SIMEK 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 (FORMANEK 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 (SIERA 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; FORMANEK, 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 KULHAVY (1992). The differences in the con-
tent of nitrates between limed plots and control plot were
not significant either as reported by PODRAZSKY (1992).
The main cause in the given ecosystems could consist in
the higher C/N ratio (NOMNIK 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 Krudné hory Mts. (KULHAVY, FORMANEK, unpub-
lished). Our findings confirm the results published by
KLIMO and KULHAVY (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/H,0 value in the forest floor was 0.73~
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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 dusiku v ptidé a stav vyZivy mladych smrkovych porosti

Moravskoslezskych Beskyd

P. FORMANEK, J. KULHAVY

Mendelova zemédélska a lesnicka univerzita, Lesnicka a drevarska fakulta, Brno, Ceska republika

ABSTRAKT: Studie hodnoti vliv hustoty mladého porostu smrku a melioraéniho vépnéni na pfemény dusiku v pidé
a uroven dusikaté vyzivy smrkovych porosti v hiebenové &asti Moravskoslezskych Beskyd. Lokalitu ovliviiuji kyselé pri-
myslové imise, proto byla v letech 1983, 1985 a 1987 meliorovana vapnénim. Koncentrace amonného i nitratového dusiku
v piidé béhem sezony znaéné kolisala. Na zdkladé vysledki z roku 1999 v pidé prevazoval dusik v amonné formé, nitrato-
vého dusiku bylo méné a nitritovy dusik byl detekovédn pouze sporadicky. Koncentrace dusiku v jehli¢i 1. roéniku byla pod
hranici pro dostate¢nou vyZivu. Pfi dané intenzité vychovného zasahu nebyl zjitén vliv hustoty porostu na pfemény dusiku
v piidé. Rovnéz vliv melioraéniho vapnéni s odstupem 12 let od posledni aplikace na pfemény dusiku v pudé nebyl proka-

zan.

Kliova slova: smrk; dusik; vyZiva porosti

Problematika dusiku v lesnich ekosystémech byla
a stale zistava obecné diskutovanym problémem. V této
souvislosti miZeme na jedné strané mluvit o ekosysté-
mech dusikem nadmém¢ saturovanych, na strané¢ druhé
dusikem limitovanych. Lesni pidy horskych oblasti
Ceské republiky maji zv1a3t& pod smrkovymi monokul-
turami silnou vrstvu organické hmoty. Vliv kyselé-
ho opadu smrku s vysokym C/N a primyslové imise
maji Casto negativni vliv na rozklad organické hmoty.
V organické humusové hmoté je poutdno mnozstvi
dusiku a ostatnich Zivin. Z této humusové zasoby by mél
byt dusik dopliiovan do pidniho roztoku v mineralni
formé&, aby mohl byt lesnimi porosty opét asimilovan.
Zhor$ené rozkladné podminky vsak tomu brani.
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Studie hodnoti vliv hustoty mladého smrkového po-
rostu a melioraéniho vapnéni na pfemény dusiku v ptidé
a vyzivu porostii v roce 1999.

Experimenélni prace probihaly na plochach s rozdilnou
hustotou 21letého smrkového porostu (plocha FD 2 600
jedincl na ha a plocha FS 2 100 jedincii na ha), které
jsou souéasti objektu Ustavu ekologie krajiny AV CR na
Bilém Kfizi v Moravskoslezskych Beskydech a byly
v letech 1983, 1985 a 1987 meliorovany vapnénim.
Plocha kontrolni (plocha FK 2 600 jedincti na ha) neni
soucésti tohoto objektu a nebyla v minulosti vapnéna.
Pidnim typem je na vSech plochdch mirny humusovy
podzol s mor-moderovou formou humusu. Smé&sné ptd-
ni vzorky byly béhem sezony odebirany z vrstev OI,
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Ofth, Ae a Ep. Amonny dusik byl stanoven v extraktech
pid 1% K ,SO,upravenou indofenolovou metodou, dusik
nitratovy byl po extrakci pidnich vzorkli demineralizo-
vanou vodou stanoven kapildrni elektroforézou a vysled-
ky byly srovnany s hodnotami stanovenymi po extrakci
piidnich vzorkl 1% K ,SO, manuélni spektrometrickou
metodou s kyselinou sulfosalicylovou. Nitritovy dusik
byl stanoven pouze kapilarni elektroforézou po extrakci
pidnich vzorkii demineralizovanou vodou. Celkovy C
a N byl analyzovan na analyzatoru LECO CNS 2000,
aktualni a vyménna pldni reakce byly stanoveny poten-
ciometricky. Pro stanoveni irovné vyzivy dusikem byly
mési¢né odebirany vzorky jehli¢i 1. ro¢niku z osmi
stromil z osvétlené &asti koruny. Uroveit vyZzivy smr-
kovych porostli byla v roce 1999 stanovena pouze na
vapnénych plochach FD a FS, koncentrace dusiku byla
stanovena na analyzatoru LECO CNS 2000.

V podzolech Moravskoslezskych Beskyd pod studo-
vanymi porosty smrku ve druhé generaci sezonni kon-
centrace amonného a nitratového dusiku v roce 1999

znaéné kolisala. PfestoZe nevime, jakym zplisobem byla
na studovanych lokalitdch ovlivnéna pldni reakce, sor-
péni komplex a mineralizace organické hmoty bezpro-
stfedné po vapnéni ¢&i s odstupem nasledujicich let, po
12 letech od posledni aplikace dolomitického vapence
byla v nadloznim humusu hodnota pH/H,0 vy$si
priblizné o 0,73-1,07 a pH/KCI pfiblizné o 0,54-1,13
v porovnani s kontrolou a nebyl prokazan jeji vliv na
zmény forem mineralniho dusiku v piid€. Pomér C/N byl
v jednotlivych pidnich horizontech na viech plochéch
pomérné vysoky a téméf vzdy pfesahoval hodnotu 20.
Podil koncentrace mineralniho dusiku k dusiku cel-
kovému (N . /N) €inil v nadloZnim humusu kolem 0,1 %
a v minerélni pidé byl zpravidla vys3i. Z celkového mi-
nerdlniho dusiku bylo ve vrstvé nadloZniho humusu
ptiblizn& 80 % ve formé amonné a 20 % ve formé nitra-
tové. Koncentrace dusiku v jehli¢i 1. roéniku byla za
danych podminek pod hranici pro dostate¢nou vyzivu
a nebyla ovlivnéna hustotou porostu.
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Forest maps, their development and present accuracy

F. DouSEk

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

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 RoZmitél ‘Land and Duties Regis-

The present paper conforms to research aims of the Faculty of Forestry and Wood Technology, Mendel University of Agriculture
and Forestry, Bro, No. 434100005 (Ministry of Education, Youth and Sports of the CR).
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ter’, where the names of surveyors who surveyed and
taxed the estates of lords of RoZmberk in 1369-1373 are
given. As stated in archival materials, forests were given
a special attention in the surveying. In the 16" century,
the first management maps originated in the RoZmitél and
MiroSov domains. In 1587, Jan Détfich of Jachymov
drew up a map of the Hluboka 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 18" 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 Vohanéice, Deblin and
Lazéanky Forest Districts as early as 1736. General map-
ping of forests of the Town of Brmo was carried out in
1772 based on the decision of its municipality and the
mapping was accomplished by the statutory engineer
Viclav Stogek.

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.
70 046-36-111 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. Maté&jti, a guarantor for forest
mapping in the Institute of Forest Management, Brandys
nad Labem, determined three methods of forest mapping
with direct or indirect use of cadastral maps.

J. FOR. SCI., 47, 2001 (9): 392-401

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
anew 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. Maté&jti 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, Brandys 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 (GAL 1965).

Forest mapping by photogrammetric methods carried out
by the IFM, Brandys 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
Kiovék) 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. 2 x 2.5 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-
dys nad Labem, by the TOPOTAX software.

Forest maps as part of forest management plans (work-
ing plans) were prepared by the IFM, Brandys 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 CR, 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.
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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
Positional deviation between BPPF points Positional deviation between BPPF points
Point number determined by terrestrial methods and by determined by terrestrial methods and by
GPS (interp. transf. key) op (m) 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
DOUSEK (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 (DOUSEK 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 m?
area given in the working plan 96,200 m?
difference in the areas 388 m?

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

Positional deviation between points

Point number 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
521 0.003
542 0.020
543 0.025
544 0.016
590 0.025
592 0.033

0.028
0.025
0.037
0.025
0.000
0.037
0.041
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boundary surveyed in field
boundary digitized on a map

Fig. 1. Verification of drawing subcompartment 113D, Forest District TiSnov

On forest contour map 1:5,000 Bystfice nad PernStejnem 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-

396

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
Ragov-Serkovice 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 Malda Moravka and Podlesi 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-
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Key:
o / points surveyed in field (landmarks)
o course of the boundary on a map

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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Lesnické mapy, jejich vyvoj a sou¢asna presnost

F. DOUSEK
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ABSTRAKT: Zikon ¢&. 289/1995 Sb. o lesich stanovil geodetickou pfesnost kresby trvalych jednotek prostorového rozdéle-
ni lesa na lesnickych mapéch 0,0004 x M, kde M je méfitkové ¢islo mapy. Pro zékladni lesnickou mapu 1 : 5 000 to znamena
+ 2 m. Zavaznym vychozim mapovym podkladem pro tvorbu lesnickych map je mapa katastralni nebo statni mapa 1 : 5 000
— odvozena, jejichz pfesnost je v mnoha ptipadech niZsi nez 2 m. Pipo¢itame-li k tomu chyby vzniklé pfi lesnickém mapo-
vani, chyby z nedostate¢né stabilizace hranic trvalych jednotek rozdéleni lesa a pfi pouziti fotogrammetrickych metod pie-

kryti hranic korunami stromi, zd4 se splnéni pozadavku zdkona problematické.

Kli¢ova slova: mapovani; lesnicka mapa; presnost

Zakon ¢. 289/1995 Sb. o lesich stanovil vyhotovovani
lesnich hospodafskych plani nebo lesnich hospodai-
skych osnov pro viechny lesy v Ceské republice. Povin-
nou soudasti téchto plani a osnov jsou lesnické mapy.
Zavaznym mapovym podkladem pro tvorbu lesnickych
map je mapa katastralni nebo statni mapa 1 : 5 000 —
odvozena. Lesnické mapy se zpracovavaji a zobrazuji
v geodetickém referenénim systému Jednotné trigonomet-
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rické sité katastralni ( S-JTSK ). Pfi zobrazeni vyssich jed-
notek prostorového rozdéleni lesa, kterymi jsou odd&leni
a dilec, se pracuje s geodetickou pfesnosti 0,0004 x M,
kde M je méfitkové &islo mapy. To znamené pro zékladni
lesnickou mapu 1 : 5 000 pfesnost zobrazeni + 2 m.
Vyhlaska ptesné definuje, co se rozumi pod pojmem
lesnické mapy, v jakém méfitku se vyhotovuji, které
z téchto map jsou povinnou soudasti lesnich hospo-
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daiskych plént a které lesnich hospodéfskych osnov.
Lesnické mapy zobrazuji veSkerou piidu porostni, bezlesi
a jiné pozemky (§ 3, odstavec 1, pismeno b lesniho zako-
na). Piida porostni se zafazuje do jednotek prostorového
rozdéleni lesa, coz je oddéleni, dilec, porost, porostni
skupina a etdZ, pfi¢emZ zdkladni jednotkou tohoto
rozdéleni je porost, ktery musi byt vzdy vyliSen.

Veskeré lesnické mapy aZ do roku 1997 vyhotovovali
pracovnici Ustavu pro hospodéfskou tipravu lesti v Bran-
dyse nad Labem. Jednotky prostorového rozdéleni lesa
byly uréovany pfevazné metodami fotogrammetrie
a dalkového priizkumu Zemé. Pfi dodrZeni technolo-
gickych postupti UHUL pro lesnické mapovéni a pfi sta-
bilizaci hranic méfenych jednotek méla byt po karto-
grafické upravé zaji§téna polohova pfesnost + 0,4 mm,
coz se pro mapu méfitka 1 : 5 000 rovna = 2 m.

Presnost kresby hranic miiZe byt ale negativné ovlivné-
na korunami starych, zvIasté listnatych stromi nachaze-
jicich se nad touto hranici, a v tomto pfipadé polohova
pfesnost kresby, jak uvadgji technologické postupy
UHUL (1981), se pohybuje od + 0,4 mm a% do + 1,4 mm,
tj. od dvou do sedmi metrii. Pfesnost také negativné
ovliviji velké vyskové rozdily terénu, které zvétsuji
radiélni zkresleni ve sméru promitaciho paprsku.

Na zékladé préace s lesnickymi mapami se autor ¢lanku
domnival, Ze jejich pfesnost nesplituje v mnoha pfipa-
dech legislativni poZadavky a pro ovéfeni této domnénky
nahodné& vybral nékolik lokalit, kde proved! presna

ovéfovaci méfeni vstupnich mapovych podkladi

i lesnickych map. Na zékladé téchto méfeni byl dokazan

vliv na pfesnost lesnickych map:

— z chyb vzniklych nedostate¢nou stabilizaci hranic —
oznacenim stromi v blizkosti hranice neni tato dosta-
teéné fixovana,

— z chyb pouzitého mapového podkladu, ktery v mnoha
pripadech prekraCuje pozadovanou legislativni pres-
nost lesnickych map,

— z chyb vzniklych stykem hranic sousednich katastrél-
nich uzemi,

— z chyb z nepfesnosti rdimu mapového listu,

— z chyb vzniklych pfekrytim hranice vy3si jednotky
prostorového rozdéleni lesa korunami stromu.

Od roku 1997 mohou vypracovavat LHP i LHO rtizné
taxa¢ni kancelate, které pro tuto ¢innost vlastni licenci
Ministerstva zemédélstvi CR. Jejich pfistrojové a pogi-
tacové vybaveni nedosahuje v mnoha pfipadech trovné
vybaveni UHUL, a to také negativn& ovlivni piesnost
lesnickych map.

Piesnost lesnickych map je moZné mj. také zvysit
pfevzetim hranic jednotlivych lesnich parcel, ptipadné
dalSich prvki polohopisu, z digitalizovaného katastrél-
niho operitu (DKM - digitalni katastrdlni mapa nebo
KM-D - katastralni mapa — digitalizovana). Data KM-D
bude ale nutné transformovat pomoci vybranych
identickych bodii do soufadnicového 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 Hruby
Jesenik Mts.

J. Sivon, C. KoLAR

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 Hruby Jesenik 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;

Hruby Jesenik 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 areduced 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 NYMBURSKY (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 HENZLIK (1989, 1995). Abroad, it was TURCEK
(1962), DABURON (1963), WAGENKNECHT (1965),
EIBERLE (1966), SZUKIEL (1986), EIBERLE and KLOTZ-
LI (1968), PAGAIDA (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 Hruby Jesenik Mts.), it is possible to
speak usually only about generalized information. BED-
NAR et al. (1963) and BALEK (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, Bno (MSM 434100005).
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Fig. 1. Development of red deer
population in the territory of the

Year

erable increase in hoofed game stock. The facts were con-
firmed by BABICKA et al. (1995), who mentioned the
region of the Jeseniky 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. MLCOUSEK (1995) mentions for exam-
ple an increase in bags by 410% (converted) in the Je-
seniky Mts. in 1968-1990. For similar conditions, an
experimental plot at an altitude of 800-1,491 m in the
region of the Hruby Jesenik 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. NAVRATIL and
Ing. 1. ZATLOUKAL, for their work in this respect.
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present Karlovice Forest District in
1868-1887

MATERIAL AND METHODS

Studies were carried out in 1999 in the selected parts
of the Sucha Rudnéa and Pradéd Forest Districts, Forest
Administration Karlovice on the time series of pure even-
aged Norway spruce stands classified into the forest type
group 6 K (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:

TS

h=A4.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
Bmno 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; DRAPELA 2000;

Ly =-0.0611x + 4.4484
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SMELKO 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.

shooting in the territory of the
present Karlovice Forest District
in 1865-1897

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

. . Forest Spruce Stripping Top  Dead

S:_:ld S;nal type propor- Age Stocking S‘(‘jg’e Aspect Browsing breaks standing C(OG/V; T Note

P O group tion (%) (%) trees (%) \7°

701 C1 6K 100 6-7 10 12 E 0 - - 100 Interspersed birch

702 Bl 6K 100 5 10 7 SW 0 - - 100

714 A1 21 6K 100 10 7 SE 10 - - 100

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

701C2x I 6K 100 29 10 12 E 506 - - o Frobeblyfomnatural
regeneration

701 C3x 4 6K 100 31 10 5 E 100 - 1 0 Neglected tending

718 D4 10 6K 100 40 10 SE 95 20 - 5

702 A4 8 6K 100 45 10 14 SE 95 10 5 10 Neglected tending

702B4 11 6K(6S) 100 S5 10 16 SE 40 0 - 20 ;’;’i‘m“ Wgnicher

705 A6 17 6K 100 58 10 12 S 100 5 3 5

702B4 9 6K 100 64 10 SE 25 15 1 15

702 A6 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 SwW 60 40 - 40

704 A9x 13 6K 100 85 10 12 S(SW) 60 30 S 20

714 C10 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

703B11 12 6K 100 112 10 4 E 1015 {1 - gy mlersperstl birchand
beech
Admixture of beech
up to 5% in

702 A12 6 6K 100 112 10 5 SE 0 below5 - 95 understorey; natural
seeding of birch, rowan
and spruce

715A12 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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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.
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N
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140  Fig. 4. Development of the num-
ber of trees of a time series
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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 ]

unstripped l = 40. e[m

| 1=0919

! 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)

V/ha Price of

Age d h v3 N akiiice Assittsit Assortment - Total price Price difference
0,
(ecm) (m) (m’) (trees/ha) (m?) share (%) (CZK/m? i.b.) (CZK/ha) (CZK/ha)
100 32 26 1.00 730 730 llla 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 11Ib 35 1,605 954,865 250,694
35 285 1.28 883.2 35 1,205,559
110 335 27 1.16 640 7424 \% 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
37 295 143 858 10 1,174,158
120 345 28 1.21 550  665.5 845,922 300,930
375 30 1.52 836 1,146,852
Note: Mean difference
— in the stripped set, calculations are carried out taking into account about 2 m of the stem base, in prices
— price calculations carried out by the Czech Statistical Office, time horizon X. 2000 (CZK/ha)
(costs at the roadside not included) 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. NYMBURSKY 1992; HENZLIK 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

408

used to determine economic losses in utilization of wood
from mature stands in the region of the Hruby Jesenik
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 hodnoceni ztrat loupanim vysokou zv&¥i na zaklad& analyzy na ¢asové
riistové Fadé smrkovych porosti z oblasti Hrubého Jeseniku

J. SIMON, C. KOLAR

Mendelova zemédélskad a lesnickd univerzita, Lesnickd a dFevaFskd fakulta, Brno, Ceskd republika

ABSTRAKT: Na ¢asové riistové fadé smrkovych porosti (loupanych a neloupanych) z oblasti Hrubého Jeseniku byla pro-
vedena analyza zaméfen4 na nésledujici aspekty: (1) rozdily hodnot biometrickych a taxa&nich veli&in loupanych a neloupa-
nych porostd, (2) vy3e pfipadnych ekonomickych ztrat loupanim vysokou zvéfi v mytnim v&ku. Bylo prokézéno, Ze vyrazné
60-100% loupéni stromového inventéfe zpisobuje sniZeni hodnot zékladnich dendrometrickych veli€in porosti, nejvyraz-
néji zasoby porostu o 20-30 % k referenénimu obdobi doby obmyti. Pfi vyuZiti sortimentace ze zobecnénych hodnot
z lizemi a pii vyuZiti cenovych relaci obvyklych z regionu lze konstatovat, Ze ztraty na cen& dfivi na odvoznim misté
u loupanych porosti €ini primérné 266 000 K¢/ha. To jednoznaéné podporuje poZadavek na permanentni minimalizaci $kod
loupédnim, kterd jist¢ zdvisi na stavech zvéfe, ale i na hospodaiské strategii v lesnictvi, v konkrétnim kontextu na stavu
pfirodniho prostfedi, a na technologiich chovu zvéte. Vyuzitd metoda hodnoceni je efektivni v praktické oblasti i v oblasti
vyzkumnych praci.

Klitova slova: loupani vysokou zvéfi; ztraty loupanim; ekonomické hodnoceni; analyza; ¢asova riistové fada; smrkové po-

rosty; Hruby Jesenik

0d zmény spolecensko-ekonomickych podminek v CR
se stala problematika §kod loupanim vysokou zvéfi cas-
to diskutovanou zélezZitosti. Vezmeme-li v iivahu oficiél-
ni zpravy Ministerstva zemédélstvi CR (z roku 1998),
které uvadéji poskozeni lesnich porosti loupanim na
redukované ploSe 6,4 % z celkové vyméry lesii CR za
obdobi 1979-1988, je tento trend zcela logicky.

Velice problematické je zrekonstruovéani vyvoje stavi
jeleni zvéfe na zdjmovém uzemi v del$im ¢asovém hori-
zontu, a to zejména v obdobi pfed prvni svétovou val-
kou, coZ je zplisobeno pfedev§im zménami organi-
zacnich, a tim i eviden¢nich jednotek. Vyvoj stavii
vysoké zvéfe na uzemi soucasné LS Karlovice v letech
1868-1887 udavaji obr. 1-3.

Na ¢asové ristové fadé stejnorodych a stejnovékych
smrkovych porosti (loupanych a neloupanych) zara-

zenych do souboru lesnich typl 6K (HS 53) v oblasti

Hrubého Jeseniku (LS Karlovice, reviry Sucha Rudna

a Pradéd) byla provedena analyza zaméfena na nasledu-

jici aspekty:

- rozdily hodnot biometrickych a taxagnich veli¢in
loupanych a neloupanych porosti,

— vyse pfipadnych ekonomickych ztrat loupanim vyso-
kou zvéii v mytnim véku.

Jednotlivé rozdily v zékladnich biometrickych veli-
¢inéch, podilech sortimenti a jejich celkovych cen jsou
uvedeny v tab. 2.

Tyto udaje jednoznacné podporuji poZadavek na per-
manentni minimalizaci §kod loupanim, ktera zavisi na
stavech zvére, ale i na hospodarské strategii v lesnictvi,
v konkrétnim kontextu na stavu pfirodniho prostiedi
a na technologii chovu zvéfe.
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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 k, 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
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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:

u=f. It gk.)

where: u - roadway wear,

function,

wheel traffic,

- time of roadway use,

— quality of road building materials,

— 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 k, 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, ; Environment : ; ;
number-of siandatd Type z;nd l;l:uckm:ss Ufcirest, dinstocked Co!'n;lauon Time of the roadway use in years (k,)
axles after 24 h i forest land) MAEx: 4 9 3 4 5 6 7 8 9 10 1l 12 13 14 15
| Legroupofloading  PAHto 10cm irelevant 0.98 100 1.19 140 161 1.84 2.08 234 261 289 3.19 350 382 4.16 4.55 495
© t03 OK 8-10 cm irrelevant 0.75 100 1.06 113 1.19 126 133 140 147 154 162 170 178 1.85 193 2.0l
2. L:grovpofloading PAH; OK irrelevant 091 100 111 122 134 145 156 1.66 176 1.86 195 204 213 221 229 239
3-6 (12-15 cm)
s, W.poupolieading  FAILOK irrelevant 0.94 100 114 127 141 155 170 1.84 199 2.13 228 243 258 273 289 3.05
6-10 (15-20 cm)
Low - quality new PAH: OK
4.  roadways (especially (10-12 cm) irrelevant 0.69 1.00 1.02 1.05 1.08 I.1I 1.14 1.18 122 126 131

newly built ones)

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

Intensity of roadway loading,

No. number of standard axles Surface T;ucl;:fwss Coeffictents O regression ey dativn Square deviation  Residual variance  Correlation index
after 24 hours OuEUrase A, A A,
1 I f loading to 3 PAH 10 0.831 0.168 0.0067 0.872 0.028 0.98
' “RPOROL FORCINe D OK 8-12 0.944 0.057 0.0009 1.168 0.026 0.75
. II. group of loading 3-6 PAH OK 15-20 0.863 0.126 0.0017 1.109 0.027 091
3. II1. group of loading 6-10 PAH OK 15-20 0.866 0.134 0.0007 0.013 0.0006 0.94
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
(POLIACIK 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 — $N/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),

6.00 ~
5.00 1
£
§ w0
-8 .00 4
=}
g 3.00 A
=
2.00 A
1.00 v T
1 2 3 4 3 6 7 8 9 10 11 12 13 14 15
Time of roadway use in years
Legend:
———— I group - Loading to3 8N/24 h - PAH surface (to 10 cm) Explanatory notes:
—_— - OK surface (8-10 cm) OK - Covered !muminous stone
PAH - Penetration asphalt macadam
— @ — ILgroup -Loading 3-6 $N/24 h - PAH, OK surfaces (15-20 cm) SN - Number of standard axles

- assumed development of wear

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

(1 8N is the axle loading about 100 kN)
k, = Wear coefficient

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

Fig. 1. The wear coefficients k, 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)

412

J. FOR. SCIL., 47, 2001 (9): 410-418



~ 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 & which is presented in
Fig. 1 is the graphic form (evaluation) of Table 1. The
procedure of k_determination according to Fig. 1 is as
follows: k, 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
(1, 11, I11), 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 $N/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 SN/24 h)

J. FOR. SCL., 47, 2001 (9): 410418

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 $N/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 IT) which has this gen-
eral relation for determination of regression equations for
the individual loading groups:

= 2
ku o An + Alx + Alx
where: k, — wear coefficient,

4,4, Ay 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: 1* group — 2, 250, 2™ group — 1,767, 3
group — 1,312, 4" 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:

Y=Y .k, 1)
where: ¥ — prognosis of the deflection value (1-15 years in
advance)

Y, — spring deflection of the roadway,

k, — wear coefficient for a selected group of loading

and year (Table 1).

~

For a consideration of the calculated ¥ we can quanti-
fy the operating performance of the roacfway. It is quan-
tified by the method Diagnostics of the condition and
overlay of non-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:

Y
k=—d )
R
where: k, — coefficient of the remaining service life of the

roadway,
Y, — permissible deflection (ZELINKA 1989),
Y, — spring deflection.

Note: Concrete value of permissible deflection Y, is pub-
lished in the method Diagnostics of the condition and over-
lay of non-solid roadways on forest roads (ZELINKA 1989c).
This method enables to determine permissible deflection Y,
for the range of wheel traffic 0.3-300 $N/24 h with annual
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increase in traffic from 0 till 10 % for the service life of the
roadway from 1 to 20 (respectively 35) years.

After k, calculation the remaining service life of the
roadway is given by comparison of the coefficient of
remaining service life — k, with the wear coefficient &,
(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. 1: Determination of the remaining ser-

vice life of the roadway
Given parameters:

average wheel traffic — 4 SN/24 h (or approximately
1,500 SN/year), 1 SN is the axle loading about 100 kN,
thickness of bituminous surface — 13 cm OK,

Y (spring deflection) = 1.82 mm,

Y, (permissible deflection) = 2.00 mm (it is determined
by ZELINKA’s method 1989a,b).
Method of the calculation:
a) Determination of £, (coefficient of remaining service

life)

[ S8

.00
= g~ 131 3)

=
I
<3 l.;<

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 SN/24 h (or 1,800 SN/year),

— thickness of bituminous surface is 10 cm PAH + 6 cm
OK,

— spring deflection ¥= 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 &, coefficient

Y, 190

=_d =_"" =
k 7240 0.79 @)

z

b) Determination of the remaining service life of the
roadway
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Table 3. The roadway wear quantified by the number of SN/24 hours respectively SN/year in dependence on time of use (in years)

and change in deflection

Time of roadwa; Deflection in mm Operating performance
mdrebten y (@eflsction > k) ot I;I‘\;rll:ber of standard axle:ﬁer i Note
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 x 2.08 =3.12 0.6 219
7 1.50 x 2.34 =3.51 0.4 146
8 1.50 x 2.61 =3.91 <03 110
9 1.50 x 2.89=4.33 <03 <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 k = 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 (SN) 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 SN/24 h (730 SN/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 &, (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 (POLIACIK
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

J. FOR. SCI., 47, 2001 (9): 410418

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 — SN 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 SN/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 SN/
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 $N/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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Unavové koeficienty pre netuhé vozovky lesnych ciest

L. ZELINKA

Technickd univerzita, Lesnicka fakulta, Zvolen, Slovenskd republika

ABSTRAKT: Unavové koeficienty k, 0 vysledkom dlhodobého sledovania (aZ 15-roéného) tnavy vozoviek lesnych ciest.
Proces inavy bol hodnoteny na zaklade prichybu vozovky a jeho zmeny podas doby pouzivania vozovky a meral sa pako-
vym priehybomerom kazdoroéne v jarnom obdobi. Vysledky ukazali, Ze na proces unavy a jeho vel'kost’ méa rozhodujuci
vplyv: intenzita dopravy, hrubka a kvalita Ziviéného krytu. Na zaklade toho boli sezénne koeficienty zoradené do §tyroch
skupin a s uvedené v &iselnej i grafickej podobe. Koeficienty unavy boli zapracované do metddy Diagnostika stavu
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a zosilovanie netuhych vozoviek lesnych ciest. Vyznam koeficientov spo&iva v tom, Ze ndm umoziiuju vyéislit' postupujicu
unavu (degradéciu) vozovky a tym aj zniZovanie prevadzkovej vykonnosti vozovky. TaktieZ ndm umoZiiuj uréenie zostat-
kovej zivotnosti vozovky a tym napldnovanie z4sadnej opravy (zosilnenia) vozovky az na 15 rokov dopredu.

Kracové slovi: lesné cesty; inava vozovky; koeficienty iinavy; prakticky vyznam

Unava materidlov je zloZity jav, pretoZe je tazké ju
presne a jednozna¢ne definovat’. Niektori autori definuj
tnavu ako stratu pevnosti vyvolani opakovanym
naméhanim materialu, ini autori davaji prednost’ podrob-
nejiej definicii a vdésiu vahu kladi na kvalitativnu
stranku javu, potom je inava materidlu definované ako
proces Strukturélnej degradécie postupujici s ¢asom, kto-
ry pozorujeme na materili namahanom v jednom alebo
niekol’kych bodoch opakovanym zat'aZovanim alebo
opakovanymi nitenymi deforméciami.

Material zabudovany v konstrukcii vozovky je totiz
pod neustalym vplyvom rdznych kombinacii napitia
a pretvorenia. Tie m6zu byt, vzhl'adom k pouzitym ma-
teridlom a moznym klimatickym podmienkam okolia
avodného rezimu podloZia, ovplyviiované mnohymi fak-
tormi.

Z tychto dovodov je takmer nemoZzné v laboratérnych
podmienkach presne navodit’ pomery na vozovke
v teréne, zvIa$t' u lesnych ciest, kde si pomery este
zloZitejsie oproti verejnym cestam. Z tychto dévodov
bola inava vozovky sledovana in situ.

Vo vieobecnosti inava vozovky je funkciou viacerych
premennych a pre tento predpoklad sa méze uviest'
vieobecny vztah:

u=f.(tgk..)
kde: u - unava vozovky,
f - funkcia,
I - intenzita dopravy,
t - tas pouZivania vozovky,
g - kvalita cestnych stavebnych materidlov,
k - klimatické podmienky (teplota, vlhkost', slne¢né
Ziarenie),

.... — dal8ie predpokladané vplyvy, ako si: druh
podloZia, vedenie trasy cesty (les, bezlesie), star-
nutie asfaltu, mechanické G¢inky opotrebenia
vrstvy a d’aldie iné faktory, ktoré by mohli mat’
vplyv na inavu vozovky.

Clanok nadvizuje na uZ publikované prispevky, kde
boli postupne uvadzané dieléie vysledky inavy vozovky
z jednotlivych pokusnych isekov (ZELINKA 1995, 1996,
1998, 1999), ktoré tvorili zdklad pre zostavenie
,uanavovych koeficientov* a tym sa v podstate zavriuje
niekol'’koroéné sledovanie inavového (degradaného)
procesu na netuhych vozovkéch lesnych ciest.

Metodika sledovania inavového procesu bola zaloZena
na vel'kosti priehybu vozovky, ktory sa meral kaZzdoro¢ne
v jarnom obdobi, po roztopeni podloznej zeminy vozov-
ky. Dalej sa sledoval vyskyt vytlkov, prasklin a inych
portch. Priehyb vozovky sa meral pakovym priehy-
bomerom. Aby boli vysledky &o najobjektivnejsie, me-
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todika sledovania inavového procesu a pristrojova tech-
nika sa po celi dobu (15 rokov) nemenili.

Princip merania pdkovym priechybomerom uZ autor
podrobnejsie popisal (ZELINKA 1981). V kratkosti
uvadzam: meral sa vratny priehyb vozovky pod zadnou
nipravou nékladného auta, zataZenou 100 kN. Stcasne
sa merala teplota Ziviénej zmesi. Uvedeny postup je
v podstate zhodny s vyskumnym programom American
Association State Highway Officialis — AASHO (Po-
LIACIK 1971), ktory je zndmy pod nazvom AASHO Road
Test.

Vyhodnoteny stbor predstavuje 22 pokusnych usekov
o priemernej dlzke 0,3 km, v ojedinelych pripadoch i dlh-
Sich (2,2 km). Celkové dizka pokusnych usekov bola
13,7 km.

V sledovanom suibore boli zastipené vozovky lesnych
ciest rozneho zloZenia v krytovych i podkladovych
vrstvach vozovky a jeho kvality, inosnosti podlozia, in-
tenzity dopravy, vedenia trasy, veku vozovky, klimatic-
kych podmienok, povrchovych vlastnosti.

Pri zostaveni koeficientov unavy boli do Gvahy brané
nasledujuce hlavné vplyvy, ktoré mézu pdsobit’ na tna-
vu vozovky: dopravné zat'aZenie, doba pouZivania vo-
zovky, klimatické podmienky (teplotny a vodny reZim,
index mrazu), unosnost’ podlozia (citlivost’ na mraz),
vlastnosti materidlu (podkladové vrstvy, krytové vrstvy
a ich hriibky). Ako dopliiujice kritérium bolo umiestne-
nie trasy cesty (les, bezlesie, expozicia), povrchové vlast-
nosti (rovnost’ a pod.).

Celkovy stbor pre vypocet regresnych koeficientov
predstavoval 6 576 meranych bodov. Po Statistickom
spracovani vys$lo, Ze unavovy proces mé nelinedrnu
zavislost’ (polynom II. stupfia) a na jeho proces ma pre-
dov3etkym vplyv intenzita dopravy a kvalita i hribka
krytovej (Ziviénej) vrstvy. Ostatné faktory nepotvrdili
takua S$tatistickil vyznamnost, ktord by musela byt
zohl'adnena.

Unavové koeficienty st vyjadrené &iselne (tab. 1) ale-
bo graficky (obr. 1) a st rozdelené do Styroch samostat-
nych skupin.

1. skupinu tvoria vozovky s intenzitou dopravy do
3 §N/24 h o hribke Ziviéného krytu 10 cm PAH, resp.
8 cm (2 x 4 cm) OK.

2. skupinu tvoria lesné cesty s intenzitou dopravy
3-6 $N/24 h a hritbkou Ziviéného krytu PAH, OK 12-15 cm.

3. skupinu tvoria lesné cesty s intenzitou dopravy
6-10 $N/24 h o hribke Ziviéného krytu 15-20 cm.

4. skupinu tvoria novovybudované lesné cesty, kde este
dochadza ku konsolid4cii cestného telesa dopravou ako
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désledok nedostatoéného hutnenia. Klasicky proces una-
vy sa za¢ina prejavovat’ po 2 rokoch prevadzky. Kazda
vozovka (pokusny tsek) tejto 4. skupiny vykazovala
vel'mi rozdielny priebeh inavy a bolo vel'mi obtiazne
vyjadrit’ vhodné zavislosti, o ¢om sved¢ia nizke hodnoty
indexu korelécie.

Z uvedenych skupin najvac¢si nérast inavy vozovky
maju vozovky lesnej cesty 1. skupiny o hribke Ziviéného
krytu 10 cm PAH pri relativne nizkej intenzite dopravy.
Tieto vozovky musia byt’ priblizne po 8-12 rokoch zosil-
nené, pretoZe dosiahli medzny stav Gnosnosti. Potom
nasleduje skupina vozoviek zaradenych do 3. skupiny,
kde proces inavy za¢ina ovplyviiovat’ predovietkym
vy$sie dopravné zafaZenie (6-10 SN/24 h) pri pomerne
dost’ vysokej hrubke Ziviéného krytu (2 x 10 cm PAH
alebo 3 x 5 cm OK).

Prakticky vyznam ,,inavovych koeficientov* spo&iva
v tom, Ze umoziiuju vy¢islit' proces tinavy vozovky na
15 rokov dopredu a tym si naplénovat’ optimélnu dobu
opravy (zosilnenia) vozovky, resp. umoziiuji urgit
zostatkovil Zivotnost’ vozovky.

Unavové koeficienty boli zapracované do metddy
Diagnostika stavu a zosiliiovanie netuhych vozoviek
lesnych ciest (ZELINKA 1989c).

Napriek obtiaznosti a zloZitosti problematiky zostave-
nie ,;inavovych koeficientov* predstavuje kvalitativny
krok dopredu v systéme hospodarenia s vozovkami.
Vysledky prezentujii poznatky o spravani sa vozovky
z dlhodobého pohl'adu a tym rozsiruju poznatky z geo-
mechaniky vozovky nielen u lesnych ciest, ale aj
vieobecne.
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Dendrometric evaluation of stand structure and stem forms
on Norway spruce (Picea abies [L.] Karst.) sample plots

Doubrav¢ice 1, 2, 3

M. KREPELA, J. SEQUENS, D. ZAHRADNIK

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

nad Cernymi 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 cach, 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 o0.b. /‘Derbholz’/) was
227.058 m?, 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.

J. FOR. SCI., 47, 2001 (9): 419427

419



Table 1. Doubravéice 1: selected mensurational characteristics

Calendar year ~ Age (yr.) No. oftrees A, ,(m) 4}1)g (m) d , (cm) h,, (m) d,(cm) h,(m) d (cm)
1955 60 22.2

1960 65 245

1965 70 514 26.3 233 21.6 24.1 23.0 244 23.7
Table 2. Doubravéice 2: selected mensurational characteristics

Calendar year Age (yr.) No. of trees /) (m) h " (m) dx (cm) h,,(m) d, (cm) h,(m) d (cm)
1955 60 212

1960 65 23.7

1965 70 425 25.7

1970 75 393 27.3 24.4 24.0 25.0 253 23.6 234
Table 3. Doubravéice 3: selected mensurational characteristics

Calendar year Age (yr) No. of trees A, (m) h » (m) d‘g (cm) h,, (m) d_ (cm) h,(m) d, (cm)
1960 65 25.4

1965 70 473 272

1970 75 28.5

1975 80 346 293 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 m®, 0.89, and 28, and on the third plot
252.992 m?, 0.90, and 28 respectively. Further taxation
values are presented in Tables 1-3. In these tables h,,
represents Weise’s top height, 4, d, is medium stand
height and stand basal area diameter, A , d, is Weise’s
mean stand height and diameter, 4, d, is mean stand
height and mean volume stem diameter.

Eight full stem analyses were performed on plot Dou-
brav¢ice 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 A = n/S. The distance
of the i-th tree to its nearest neighbour is , . 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 w, and w," 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

420

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 7 = 2 r, to expected distance r,
i=l

in the case of so called Poisson forest, i.e. the forest with

randomly distributed trees. This distance equals

1 B
r=—. Then R=1=272
< 2\/2 Te

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

1 &
—;M;wi

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

n
Siof
=1

A= B
Yo+ Yo
i=1 i=1l

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

1:21-1
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Fig. 1. Fitted height growth of sample trees from full stem analyses

where: X and s,? 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 g(r) was applied. The function is defined by the equa-
tion:

P(r):},zg(r)dx,dxz

(PENTINEN et al. 1992) where dx, and dx, stand for the
sizes of two infinitesimally small patches distant » from
each other, P(r) 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

Table 4. Overview of the aggregation indices

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 c¢m) and contin-
ue by tenths of the stem length symmetrically at its left

Index Mean value Aggregation Regularity
Clark-Evans R=1 R<1 R>1
Pielou-Mountford a=1 a>1 a<l
Hopkins-Skellam A=05 A>0.5 A<0S5
David-Moore I=0 1>0 1<0

J. FOR. SCI., 47, 2001 (9): 419-427
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and right part including the stem top. Each landmark is
localised using x (diameter) and y (height) co-ordinates.
Then those co-ordinates form a matrix k X n, where & is
the number of landmarks and » is the number of dimen-
sions. In our case k=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 ji as the eigen-
vector corresponding to the largest eigenvalue of the
complex sum of squares and products matrix.

Original Configuration

remove translation

4

Helmertized/Centred

rectind c;./ \;m rotation

Pre-shape Size-and-shape

remove romﬁMove scale

Shape

Fig. 3. Scheme of shape evaluation (by GOODALL, MARDIA 1992
in DRYDEN, MARDIA 1998), adapted
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= = = Doubravéice 3 1965

Fig. 2. Chart of pair correlation
function

Let us assume that the configurations w,,...,w, have
been centred, so that w;1=0, where w" is transpose
of the complex conjugate of w, 1 is vector of ones.

n n
5= Ew,w,‘ I(wiw,) = Zzizi‘
i=1 i=1

where: 7, = W, /]|w,.| ,i=1, ..., n, are the pre-shapes.
The full Procrustes fits or full Procrustes co-ordinates

of w,,...,w, are

w =

wipw, ((ww,), i=1,..,n

where: each W,-P is the full Procrustes fit of w, onto f.
Calculation of the full Procrustes mean shape can also

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

; .
crustes co-ordinates, i.e. —-z w,." has the same shape as

i=l

the Procrustes mean shape ji.

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-
3el’s tree class on plot Doubravéice 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

J. FOR. SCI., 47, 2001 (9): 419-427
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Fig. 4. Courses of full Procrustes mean shapes for single Kon-
Sel'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 T? tests were ap-
plied to test the differences in Procrustes mean shapes.

The hypothesis H, : ji, = ji, is tested against the hy-
pothesis H, : i, # fi,. The test statistics is:

nn,(ny+n,—M-1) .,
(n, +n,)(n, +n, =2)M

star —

where: n, n, — numbers of individuals in the first and se-
cond sets,

— the dimension of shape space,

— the squared Mahalanobis distance between

M
D

# and s

Table S. Calculated values of aggregation indices

D* = (i, ) S, (i = i)

§, is the Moore-Penrose generalised inversion of S,
(joined variance-covariance matrix),

S, =S, +n,8,)(n +n, —2)>

Sl=%zn:(wf"i‘|)(wip"i‘|)r

i=1

where: §, — a variance-covariance matrix of the first selec-
tion,
S, —that of the second selection.

The null hypothesis is rejected if Forar 2 Fasny+ ny-a-1 ().
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 o = 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
Doubravcice 1, 2, and 3 were tested. Fig. B 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
Doubravéice 1, Doubravéice 2, Doubravéice 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
Doubrav¢ice 1 were used as an example. The sample
variance-covariance matrix was calculated for the tree
set:

Plot Calendar year  Density (ha) .  Clark-Evans Pielou-Mountford Hopkins-Skellam David-Moore
Doubravéice 1 1965 1,013 1.375 0.732 0.314 -0.536
Doubravgice 2 1965 879 1.356 0.788 0.338 -0.485

1970 805 1.361 0.702 0.311 -0.450
Doubravéice 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, Doubravéice 1

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

Class
1 2a 2b 3

Class 1 X

D? 1.55
Class 2a E.. 2.66 X

F 1.46

D? 253 1.09
Class 2b E.. 1.95 1.14 X

F 1.50 1.46

D? 2.77 1.65 0.33
Class 3 ) 2 227 1.84 0.18 X

E 1.50 1.46 1.55

D? 3.55 231 0.94 0.37
Class 4 Eo 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 PlotNo.2 PlotNo.3

Plot No. 1 X

D? 0.18
PlotNo.2 F_ 1.00 X

F 1.42

D? 0.82 0.0001
PlotNo.3 F_ 4.21 0.0005 X

F 1.50 1.42

S=%<w," — YW - )"

The orthogonal eigenvectors of S, denoted by X;are
the principal components of § with corresponding eigen-
values

A2A2..24,20

where: j = min(n — 1, M).

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 j-th PC can be viewed through plots

A

of an icon for mean shape i with displacement vectors
v(e,j) = pi+chA*x,
for the shapes corresponding to ¢ € (—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

424

P
Eigenvalue /11--10_6 /1/-/2/11- 1 (%)
ja
A 1.482 15
A2 0413 21
Az 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 i-th indi-
vidual on the j-th principal component. PC score is given
by X

s =X (wi =)

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-

0.5
—a—Doubravéice 1
0.4 —+—Doubrav¢ice 2 !
—e—Doubravéice 3
0.3 1
0.2 1
0.1 1
)
E
0
0.1 g
0.2 J
-0.3 4
0.4
-0.004 -0.003 -0.002 -0.001 0
Re (2)

Fig. 5. Courses of full Procrustes mean shapes for whole sam-
ple plots Doubravéice 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 ¢ = -3;+3;+3 standard deviations along each PC from the
full Procrustes mean. The shape diameter with ¢ = 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.

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

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.
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Dendrometrické zhodnoceni porostni struktury a tvari kmeni na smrkovych zkusnych

plochach Doubravéice 1, 2, 3

M. KREPELA, J. SEQUENS, D. ZAHRADNIK
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ABSTRAKT: Clanek informuje o moznostech popisu struktury porostii pomoci indexti agregace (Clarkiiv-Evansilv, Pielou-
Mountfordlv, Hopkinstuv-Skellamiiv, Davidiiv-Mooreliv) a na konkrétnich porostnich strukturach zachycuje hodnoty téchto
indexti pro smrkové zkusné plochy pfedmytniho véku. Déle je struktura zkusnych ploch zachycena pribéhem grafi parové
korelagni funkce. Pro zkoumani tvarii kment bylo pouZito metody Procrustovy superimpozice. Souéasti ¢lanku je také roz-
bor tvarové variability pomoci analyzy hlavnich komponent a moznost testovani shody stfednich tvarovych vektort.

Kli¢ova slova: smrk ztepily (Picea abies [L.] Karst.); struktura porostu; indexy agregace; parova korelaéni funkce; tvar

kmene; variabilita tvaru kmene; Procrustova superimpozice

Clanek se zabyva nékterymi v lesnictvi zatim méné
obvyklymi metodami studia struktury porostil a tvari
kment. Popsané metody studia struktury porosti mohou
mit prakticky vyznam pfi inventarizaci lesa (odhady pog-
tu stromt, zasob), ziskavani parametrii pro simulaci
rozmisténi stromt na zkusnych plochach v ristovych
modelech, pro popis pfirodé blizkych bohaté struktu-
rovanych porosti, pro optimalizaci tézebnich technologii
atd.

Zkoumani tvaru kmene ma v dendrometrii dlouhou
tradici a také velky vyznam zejména pro konstrukci ob-
jemovych tabulek, sortimentaénich tabulek, tabulek jed-
notnych vyskovych kfivek i riistovych modelt. V ¢lanku
jsou pouzity tzv. geometrické metody popisu tvari. Je-
jich pfednosti je jednoznaéna definice pojmu tvar
a mozZnost vzdjemného porovnavéni tvarti na zakladé
vicerozmérnych statistickych metod.
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Clanek obsahuje praktickou demonstraci viech teore-
ticky popsanych postupti na datech ziskanych ze zkus-
nych ploch katedry hospodatské upravy lestt LF CZU
Doubrav¢ice 1, 2, 3. Jsou zde vypocteny také tradidni
dendrometrické charakteristiky vech tif ploch.

Porostni struktura je zhodnocena na zékladé indext
agregace (Clarkiv-Evanstv, Pielou-Mountfordiv, Hop-
kinstiv-Skellamtiv, Davidiiv-Mooretiv). Moderni trend ve
studiu struktury porostii pak vyjadiuje parova korela¢ni
funkce.

Vsechny &tyfi indexy shodné ukazuji na regularni
strukturu porostii. Piestoze je denzita jednotlivych po-
rostll odli$nd, rozdily v jejich prostorové struktufe ne-
jsou ziejmé. Vyrazné zmény nejsou patrné ani béhem
vyvoje v Case. Z periodického chovéni parové korelaéni
funkce je navic patrné, Ze porosty byly zaloZeny
v pravidelném sponu.
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Pro uplnost by bylo potiebné udélat jesté statistickou
analyzu uvedenych vysledki. P¥i tradi¢nim pfistupu lze
pro jednotlivé indexy agregace odvodit jejich
pravdépodobnostni rozdéleni a tedy i formulovat testy
jejich vyznamnosti. Tento pfistup vak vyZaduje fadu
zjednodusujicich pfedpokladi, které v praktickych situ-
acich nebyvaji Casto spInény. Existuji i jiné metody sta-
tistické analyzy, jak indexi agregace, tak parovych kore-
lagnich funkci, rozbor této problematiky vSak prekracuje
rozsah ¢lanku.

Tvary kment jsou zkoumény pomoci metody Procrus-
tovy superimpozice. Prace se dile zabyva porovnanim
tvart kment roztfidénych podle Kon3elovych stro-
movych tfid a podle jednotlivych ploch. K testovéani
shody Procrusterovych stfednich tvarti byl pouzit Hot-
telingtiv 7'2 test. V ramci KonSelovy stromové tfidy 1
(pfedriistavé stromy) byl na ploSe Doubravéice 1 pro-
veden rozbor variability za pomoci analyzy hlavnich
komponent a byl uéinén pokus o vysvétleni pfi¢in jed-
notlivych sloZek variability.

Obr. 4 ukazuje, Ze vektory tvarovych priméri jednot-
livych stromovych tfid tvofi uspofadanou skupinu. Ve
sméru od svislé osy kmene je to stromova tfida 4,
nasleduje stromova tfida 3, 2b, 2a, a kone¢né stromova
tfida 1. Z obréazku je také patmé, Ze je mozné podle tvaru
vymezit tfi skupiny KonSelovych stromovych tfid. Prvni
skupinu tvofi stromové tfida 1, druhou skupinu stromova
tfida 2a a koneé&né tfeti skupinu tvofi stromové t¥idy
2b, 3, 4.

Tvar pfedriistavych stromi na ploSe Doubravéice 1 je
mozné zjednodusit do tii slozek — hlavnich komponent.
Prvni hlavni komponenta zahrnuje 75 % variability. Jed-
na se v lesnické terminologii o ,,pInodfevnost a neplno-
dfevnost* kmene. Druhd hlavni komponenta zahrnuje
21 % variability. Jedna se o zbytnéni bazalni ¢asti kmene
oproti zbytku kmene. Treti hlavni komponenta vysvétluje
3 % variability. Jedn4 se o stromy s ndhradnim vrcholem
¢i vrcholem jinak poSkozenym, dal$i moZnou pii¢inou je
chyba v méfeni délek stromu.
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