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SEMINAR STUDIUM LESNICH EKOSYSTEMU A JEJICH

POSKOZENI

4. ro¢nik — Metody zpracovani dat uZivané p¥i studiu lesd, v lesnictvi

a pribuznych oborech

Seminaf se uskutenil 4. bfezna 1998 v prostorach
Lesnické fakulty Ceské zem&d&lské univerzity v Praze-
-Suchdole, LF byla rovnéZ spolupofadatelem tohoto se-
minéfe. Nésledujici ¢lanky maji jednoho spole&ného
jmenovatele, kterym je jejich prezentace v souvislosti
s timto seminafem.

V pribéhu jednani se opét potvrdilo nékolik skuteé-
nosti — zv14sté politovanihodny fakt, Ze zpracovani dat
je zanedbavanou &asti prace mezi znaénym podilem les-
nickych vyzkumniku, ekologi a biologi i pfes v sou-
¢asnosti probihajici nezanedbatelny pokrok v této ob-
lasti. Zpracovani Casto konéi na tdrovni vypol&tu
prumérd, v lepSim pfipadé u pouZiti analyzy variance.
Zpracovani dat byva také zamé&fiovéano s vizualizaci dat,
a to i v pfipadg, Ze jsou uplatnény takové progresivni
néstroje jako geografické informacni systémy (GIS).
Stéle Castéji se objevuji nastroje spojujici funkce sbéru
dat a jejich bezprostfedni vizualizace. Jako pfiklad je
moZné uvést systém Field-Map firmy IFER Jilové
u Prahy pro méfeni v terénu. Stile vice potfebnd je
nutnost formulovat jasné otazky, na které se v prub&hu
studia budeme snaZit hledat odpovéd. To musi umozZnit
sbér vhodnych dat, kterd budou pouZitelnd pro ucely
matematicko-statistického testovani. Tyto otdzky musi
byt pfimym podkladem pro planovéni experimenti.

Nasledujici ¢lanky ukazuji rozdilnou moZnost pfistu-
pu ke zpracovani dat. V prvnim se autofi (Vacek,
Matéjka) na zdkladé originélni aplikace a pfipadné
dpravy matematicko-statistickych postupt snaZi vytéZit
maximalni objem informace z pomérné obsahlého da-
tového souboru. U dalSich ¢lanki je hlavnim objektem
z4jmu lesni pida a pidni procesy na lokalitach pod vli-
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vem imisi. Jejich zvla§t vyznamnym tématem je dyna-
mika dusiku jako prvku, o jehoZ dileZitosti se v sou-
Casnosti stile ¢ast&ji mluvi v souvislosti s narufovanim
vy#ivy lesnich porosti pod vlivem imisi. Zatimco se
depozice sloudenin siry postupné sniZuji, emise oxidi
dusiku se stle nedaii omezit. Poukazuje se i na funkce
néhradnich travnich porostli na imisnich holinéch, o je-
jichZ vyznamu nejen pro obnovu lesa nelze pochybovat.
Posledni z téchto Elankt (P. Holub: Hodnoceni pFij-
mu dusiku a jeho retranslokace travinami na odlesné-
nych plochdch) bude z technickych diivodi uvefejnén
v nésledujicim &isle Easopisu.

Pozornost si zaslouZi n&kolik prezentovanych pii-
spévki, které viak nebyly zpracovadny pro publikaci
zde. Z nich je moZné zminit zejména nésledujici: V.
Pu§ (Lesnicka fakulta CZU): Indexy pro popis prosto-
rové struktury ekosystémii (byl proveden rozbor pouZi-
vanych indexi, moZnosti jejich pouZiti i s pfiklady
a uvedena problematika interpretace vysledki); T.
Vrika (Sprava Nérodniho parku Podyji): Sledovdni
dynamiky vyvoje pralesovitych rezervaci v CR — meto-
dika a aplikace vysledkit (byly prezentovany vysledky
sledovéni prostorové struktury stromového patra vel-
koplo$nych komplexi pfirozenych lest za vyuZiti GIS);
M. Cerny (Ustav pro vyzkum lesnich ekosystémii):
VyuZiti geostatistickych metod p¥i zpracovdni vysledkii
pozemniho monitoringu zdravotniho stavu lesi (v refe-
ratu zaznéla i fada obecnéjSich postfehii z pouZiti GIS
v lesnickém a lesnicko-ekologickém vyzkumu a v mo-
nitoringu); J. Simon a kolektiv (Fakulta lesnické a
dievafskd MZLU v Brn&): Analyza moZnosti zjistovdni
stavu lesa pomoci pocitatové analyzy obrazu.

Ing. Karel Matéjka, CSc.,
organizdtor semindre
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STUDY OF FOREST ECOSYSTEMS AND THEIR DAMAGE -

A SEMINAR

4th Year — Methods of data processing used to study forests, in forest

management and related disciplines

The seminar was held at the Faculty of Forestry of
Czech University of Agriculture in Prague-Suchdol on
4th March 1998, the faculty was one of the seminar
organizers. The following papers have one point in
common: presentation on the occasion of this seminar.

Some facts were confirmed during sessions — unfor-
tunately, data processing is a neglected field of work
among many forest researchers, ecologists and biolo-
gists even though great advances have been made in
this field. Data processing often terminates in calcula-
tions of means or in analysis of variance if feasible.
Data processing can also be confused with data visuali-
zation, even in case such progressive tools as geo-
graphic information systems (GIS) are applied. Tools
combining data-collection feasibility with immediate
data visualization appear still frequently. An example is
the system Field-Map developed by the firm IFER
Jilové u Prahy destined for field measurements. It is
more and more urgent to ask clear questions and seek
answers to them through relevant studies. Collection of
appropriate data that will be usable for mathematico-
statistical testing will facilitate to cope with this task.
The questions should become a framework for experi-
ment planning.

The following papers document different approaches
to data processing. The authors of the first paper
(Vacek, Maté&jka) try to gain maximum informa-
tion volume from a relatively extensive data set on the
basis of original application and potential adjustment of
mathematico-statistical procedures. Forest soil and soil
processes at localities with air pollution impacts were
the main goals of research in other papers. Their very
important subject was dynamics of nitrogen as an ele-
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ment currently discussed more and more frequently
with respect to disorders of forest stand nutrition that
are caused by air pollution impacts. While sulphur depo-
sitions were decreasing, emissions of nitrogen dioxides
failed to be limited. Functions of substitute grass covers
on clearcut areas due to air pollution are also described;
their importance for forest regeneration cannot be made
doubtful. The last of this paper set (P. Holub: The
evaluation of nitrogen uptake and retranslocation by
grasses of deforested areas) will be published in the
next issue regarding the technical feasibility.

Several papers presented to seminar sessions should
be mentioned even though they are not published in this
journal. Lets mention these papers: V. Pu§ (Faculty
of Forestry of the Czech University of Agriculture):
Indexes for Description of Spatial Ecosystem Structure
(analysis of indexes in use, description of possibilities
of their use and respective examples, outline of result
interpretation); T. Vrika (Administration of Podyji
National Park): Study of Development of Virgin Forest
Preserves in the CR — Methods and Application of Re-
sults (results of studies of the spatial structure of tree
layer in large-area complexes of natural forests are pre-
sented as obtained by help of GIS); M. Cerny (Insti-
tute of Forest Ecosystem Research): Use of Geostatis-
tical Methods to Data Processing from Ground
Monitoring of Forest Health (the report contained some
general evidence of GIS use for forest and forest-envi-
ronmental research and for monitoring); J. Simon et
al. (Faculty of Forestry and Wood Technology of Men-
del University of Agriculture and Forestry at Brno):
Analysis of the Ways of Forest State ldentification by
Computer-based Image Analysis.

Ing. Karel Matéjka, CSc.,
Seminar organizer
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THE STATE OF FOREST STANDS ON PERMANENT
RESEARCH PLOTS IN THE KRKONOSE MTS.
IN YEARS 1976-1997

STAV LESNICH POROSTU NA VYZKUMNYCH PLOCHACH
V KRKONOSICH V LETECH 1976-1997

S. Vacek!, K. Matéjka®

. Forestry and Game Management Research Institute, Opocno Research Station, Na Olivé 550,
517 73 Opocno
2IDS, Plzeriskd 86, 150 00 Praha 5

ABSTRACT: Health state of maturing and mature Norway spruce (Picea abies L.), mixed spruce-beech and beech (Fagus
sylvatica L.) stands was studied on 32 permanent plots (5th-8th altitudinal vegetation belt, pollution-damage zone A-C) in the
KrkonoSe Mts. during 1976-1997. Analysis of air pollution and ecological factors was based on reactions of all single trees
in the plot stand. Damage (indicated by defoliation) of a tree was classified every year according to Tesaf, Temmlova
(1971) scale for spruce and to Vacek, Jurasek (1985) scale for beech respective. Changes in the structure of ground (herb
and moss) vegetation were studied using classification (TWINSPAN) and ordination (DCA) methods. Results were related to
the defoliation process of trees. Three periods of tree damage were distinguished. The first period (1976-1980) was charac-
teristic by slow defoliation. The second one (1981-1988) was the main period of tree damage (increase of defoliation as well
as of share of dead trees in the stand, total destruction of several stands was observed). In the last period since 1989,
stabilisation of the defoliation increase has been observed. Highest resistance was documented in beech stands, lower in mixed
spruce-beech stands, and the lowest in spruce stands. Tree damage was positively correlated with the altitude. Air pollution
stress was strengthened by insect pest occurrence.

air pollution; classification; defoliation; Fagus sylvatica L.; ground vegetation; health state; mixed stands; ordination; Picea
abies (L.) Karst.; statistics; transition matrices

ABSTRAKT: Zdravotni stav a vegeta®ni dynamika dospivajicich a dosp&lych smrkovych, smrkobukovych a bukovych po-
rostil byly studovény na 32 trvalych vyzkumnych plochéch (5.-8. LVS, pasmo ohroZeni A-C) v Krkono§ich v letech 1976~
1997. Analyza imisn& ekologickych vlivii vychézela z dendroekologickych reakci jednotlivych stromi v rimci textury porostu.
PoSkozeni bylo klasifikovdno kaZdoro&n& podle olisténi. Olisténi smrku bylo hodnoceno podle Tesafe, Temmlové
(1971) a buku podle Vacka, Jurédska (1985) se zvla$tnim zietelem na cenotické postaveni. Zmény piizemni vegetace
(bylinné a mechové patro) byly sledovény pii uZiti klasifika¥nich (TWINSPAN) a ordinaénich (DCA) metod. Vysledky byly
hodnoceny v souvislosti s probihajicim procesem defoliace. Podle dynamiky olisténi byla v priib&hu sledovanych let vyliSena
tfi charakteristickd obdobi. V prvnim obdobi (1éta 1976-1980) doslo k mirnému naristu defoliace, ve druhém obdobi (léta
1981-1988) doslo k vyraznému poskozeni stromd a porostd (k nariistu defoliace stejné jako ke zvétSeni podilu mrtvych stromi
v porostu, byla pozorovana dplna destrukce n&kolika porosti). V poslednim obdobi od roku 1989 byla pozorovina stabilizace
zdravotniho stavu. Nejvétsi toleranci jevily bukové porosty, jen mirn& niZ$i smrkobukové porosty a nejmen3i smrkové porosty.
Poskozeni porostd v&tSinou naristalo se stoupajici nadmoiskou vyskou. Imisni stres byl provdzen zvy$enym vyskytem hmyzich
Skudcu.

imise; klasifikace; defoliace; Fagus sylvatica L.; pfizemni vegetace; zdravotni stav; smi¥ené porosty; ordinace; Picea abies
(L.) Karst.; statistika; pfechodové matice

This paper was carried out with support of the projects VaV/620/3/97 Reconstruction of the forest ecosystems in the Krkono¥e National Park,
and 206/98/0727 (of the Grant Agency of Czech Republic) Evaluation and prospect of the ecosystem changes on the base of long-time data series.
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INTRODUCTION

Forests in the KrkonoSe National Park have been
influenced by air-pollution stresses for almost four dec-
ades as it can be supposed from the origin, position and
size of pollutant sources. A pollutant stress in the west-
ern part of these mountains has probably existed since
1972 as a result of the operation of power stations in
the environs of eastern German and south-western Po-
lish frontiers. These power stations emitted ca. 900 kt
per annum SO, in the late eighties (Balcar et al,
1994). An increased air-pollution stress is supposed to
have existed in the eastern KrkonoSe Mits. since 1959
when a power station at Pofi¢i near Trutnov (EPO II)
was launched into operation. Other pollutant sources
have impacts on the KrkonoSe nature as it is evident
from calculations of the share of industrial areas and the
particular operations in sulphur deposition in the
Krkono¥e National Park area (Kurfiirst etal., 1991):
Turow 18.5%, Po&erady 3.6%, LuZice 21.8%, TuSimice
I-1I 6.4%, Belchatow 3.6%, Prunéfov I-II 7.1%,
Walbrzych 1.1%, Komotany 1.5%, Trutnov-Pofici
1.0%, Litvinov CHEZA 1.8%, Opatovice 0.9%,
Leipzig, Halle, Dresden 6.9%, Chvaletice 4.4%, Mélnik
I-1II 4.6%, other sources 16.8%.

The first greater damage to KrkonoSe spruce stands
appeared after climatic shocks in March 1977 and at the
beginning of 1979, and also in connection with a larch
bud moth outbreak in 1977-1981 (Vacek, Valina,
1991). Pollutant effects, accompanied by other negative
factors (pathogenic organisms and extreme climatic epi-
sodes) resulted in extensive forest decline in the next years
(Vacek et al, 1994, 1996). A total of ca. 7000 ha
forest stands were felled in the KrkonoSe Mts. by so
called salvage cuttings (Vacek et al, 1994).

Even though SO, pollution has been decreasing and
is expected to decrease in future, forest decline will
continue in the next 10-15 years although the level of
stand damage has stagnated since 1988-1989 (Vacek,
1995). Soil conditions were substantially altered (soil
acidification) and ecological limits for the existence of
the present forest stands were exceeded (Vacek,
Podréazsky, 1994, 1995; Podrdzsky, 1996).
Therefore research on the dynamics of forest stand
damage was undertaken. The knowledge of structural
processes in forests induced by air-pollution stresses
(cf. Vacek et al, 1987, 1988; Vacek, 1990) is
necessary to define specific guidelines of their manage-
ment (Vacek, 1984a),

The present paper is a follow-up of the preceding one
(Matéjka etal., 1998), in which trends of spruce stand
damage in the territory concerned were described as
determined by terrestrial observations and evaluated on
the base of satellite imagery. Mathematico-statistical
processing of data is also the core of this paper. Assess-
ment of transition matrices describing the probability of
a change in the evaluation of single tree defoliation
from one to another defoliation class was the basic
method. A similar procedure was used in preceding pa-
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pers (Vacek, 1987a,1989a; Vacek, Lep¥, 1987,
1995, 1996).

Damage of the tree layer in forest stands should be
parallelly understood as an element of the change in
forest ecosystem influenced by air-pollution stress.
Therefore the basic knowledge of the structure of pri-
mary producer cenoses which is indicated by vegetation
assessment using plant coenological relevés was ap-
plied to evaluate defoliation.

MATERIAL AND METHODS
EXPERIMENTAL PLOTS

Thirty-two permanent research plots (PRP) estab-
lished in 1976 and 1980 to study the structure and de-
velopment of mountain forests were used to examine
forest stand health. Research plots in maturing and ma-
ture spruce, spruce-beech and beech stands were se-
lected in order to represent the growth conditions of the
particular ecosystems (Vacek, 1986a). Tab. I shows
basic data on research plots. PRPs are mostly 0.25 ha
in size, only the area of PRP 7 is 1.0 ha and PRP 6 is
0.5 ha in size. All PRPs comply with the requirements
for long-term research plots.

VEGETATION CONDITIONS

Plant coenological relevés were obtained by routine
procedures in 1976 and 1980 while eleven-grade
Domin-Hada¢ combined scale for abundance and domi-
nance was used. Relevés were taken regularly in five-
year intervals in the course of plot observation (in 1980,
1985, 1990, 1995, on PRP 11-15 also in 1976); the
respective periods are designated by Nos. 1-4 and 5,
respective). The values of the scale were replaced by
the average values of coverage for the separate degrees.
Relevés were evaluated by these methods:

1. Evaluation of species diversity indexes in the period
of observation: general species diversity (Shannon-
Wiener index of species diversity "H), total number
of species (S) and equitability (e).

2. General developmental trends on groups of plots
(spruce, mixed and beech stands, spruce plots PRP
11-15 were evaluated separately due to their diffe-
rent nature) were evaluated from “average” relevés
in which the presentation of each species was calcu-
lated as average coverage on all plots of the group.

3. Classification of all phytocenological relevés by
TWINSPAN procedure (Hill, 1979a).

4. Hierarchical agglomerative classification of relevés,
average-linkage method; Euclidean distance was
used as the dissimilarity measure.

5. Relevé ordination by DCA method (Hill, 1979b);
relevés from all plots were used. The most different
plots were excluded during the second run of the
procedure to avoid inappropriate deformation of or-
dination space.

J. FOR. SCIL., 45, 1999 (7): 291-315
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1. Summary of the basic properties of permanent research plots (according to working plans, state by 1981)

= g % &
g ~ ) 2 o
= z S
5 g2 '? = 5 3 . sl g &
Plot name g SEL| B 5 ] s | 2 | gZN % g 3 Rock Soil type
3 3 '; § k] 3 £ s~ g | 2 g g| £ 2 g g
o2 ; g 283 - ot !
BS | 3 [Zsb| s | B3| @2 |E5 2|8l 2] & |} s
£ 3 a R £ = 2 S E| 2 |Sel| 3 g 2 |28
s 105 23 25 5 390 - 4
1+ | U tunelu Harrachov | 221 A8 i 108 2 2 P 40 730 iz 26 | 6KS o1 C | biotite granite cambisol
. 415 sm 145 25 30 6 210 mica schist
2 Vilémov Harrachov | g bk 145 2 28 6 140 600 iz 22 5Y1 01 c phyllite ranker
34+ | U Lubosské bystfiny Harrachov | 514 Al sm 216 22 32 9 185 1150 JZ 22 8Z1 02 A granite podzol
4 Pod Voseckou boudou Harrachov | 511 Al7 sm 196 18 30 9 250 1180 Iz 12 8T2 02 B biotite granite organosol, gleysol
5 Pod Lysou horou Harrachov | 508 B17 sm 216 22 32 9 185 1130 S 17 T 02 B biotite granite organosol, gleysol
: 205 28 48 6 260 . . <
6 Bafinky 2 Harrachov | 311 A17 i 208 20 30 3 280 1060 v 22 8K3 72 C | gneiss, phyllite cambisol
1 sm 205 33 58 5 110 6S2 :
7 BaZinky 1 Harrachov | 311 A17 bk 205 2% 38 6 420 940 v 24 (6H, V2) 54 C gneiss cambisol
sm 131 24 36 6 20 T 3 7
8 Nad Benzinou 2 Harrachov | 306 C14 bk 131 20 20 8 240 1190 JZ 24 6A6 02 B biotite granite cambisol
9 | Nad Benzfnou I Harrachov | 306 C17 [ w2 5 o o | 11904 | 12 17 | 6a6 02 | B | biotite granite cambisol
10 Pod Vysokym kolem Vrchlabf 103 E17 sm 185 14 30 9 120 1240 J 16 8K2 (8R1) 02 B | biotite granite podzol, gleysol
11 Strma4 strafi A Vrchlabi 117 B17 sm 188 18 30 9 170 1220 sV 29 874 02 A biotite granite podzol
12 Strmé striii B Vrchlabi 117 B17 sm 188 18 30 9 170 1170 SV 26 824 02 A biotite granite podzol
13 Strma strafi C Vrchlabf 117 C17 sm 186 26 30 9 350 1120 SV 23 8N1 01 B biotite granite podzol
14 Strm4 strdf D Vrchlabi 117 C17 sm 186 26 30 9 350 1050 sV 24 8N1 01 B biotite granite podzol
15 Strma straii E Vrchlabi 117 C17 sm 186 26 30 9 350 990 sV 22 8N1 01 B biotite granite podzol
16 Pod Martinovkou Vrchlabi 105 D16 sm 145 18 27 9 250 1170 v 16 8K2 02 B biotite granite podzol
17++ | U Bilého Labe Vrchlabf 219 A14 sm 122 21 27 9 320 1070 SV 29 7N1 (8N1) 01 A biotite granite podzol
18 U Certovy strouhy Vrchlabi 213 A17 sm 169 19 30 9 260 1200 JZz 23 8N1 01 A granite podzol
19 U Klinové boudy Vrchlabi 310 A16 sm 141 19 20 8 260 1170 w 22 8K4 (823) 02 B mica schist, phyllite | podzol
20 Pod Lis¢i horou Vrchlabi 237 A17 sm 144 17 34 9 150 1260 JZ 19 8Z4 02 A mica schist, phyllite | podzol
21 Modry dal H. Marov | 233 Al13 sm 107 13 28 9 160 1230 J 21 8Z4 02 B mica schist, phyllite | podzol
22 Obii dal H. Marfov | 234 B16 sm 122 15 30 9 170 1160 v 32 874 (9K) 02 B mica schist, phyllite | podzol
23 Viclavik H. Mardov | 101 B17 sm 160 13 29 9 100 1190 SV 4 8R1 02 B orthogneiss organosol
24 Stfednf hora H. Marfov | 330 D17 sm 164 21 28 8 360 1250 v 20 8Z3 02 B mica schist, phyllite | podzol
25 Pod Kouli H. Marov | 331 A17 sm 165 21 28 7 365 1140 SV 28 8K9 01 B mica schist, phyllite | podzol
26++ | Lysetinsky hieben H. Marfov | 303 DI sm 142 14 18 9 248 1170 z 3 8273 02 A | orthogneiss podzol
27 U bukového pralesa A H. Marfov | 525 C16 bk 147 10 21 9 190 1030 JZ 3 7K2 (7K3) 72 B phyllite cambisol
28 U bukového pralesa C H. MarSov | 536 A19 bk 121 21 33 7 280 940 v 15 6K5 52 C phyllite cambisol
142 25 54 5 59 N o
29 | U bukového pralesa B | H. Mariov | 536 A16 iy 142 2 A 3 202 950 w 16 | 682 54 C | phyllite cambisol
30 U hadi cesty D H. MarSov | 542 D16 bk 141 27 30 6 140 790 SV 24 6D4 55 (o) metadiabase cambisol
31 | U hadi cesty F H. Marov | 542 C14 o a2 nd ¢ il a0l sy 23 | 6B1 54 | C | metadiabase cambisol
sm 107 24 25 5 5 " "
32 U hadf cesty E H. Marsov | 542 B13 bk 107 2 37 6 231 760 sV 35 6B9 (6A1) 54 C metadiabase cambisol

Note: + — partial cutting (plot 1 in 1991)

++ — clear-cutting and reforestation with spruce




6. The level of vegetation change during the observati-
on period (beginning in 1980) was calculated as the
sum of variances of the first DCA n-axes (one to
four axes) (results of relevé ordination from all plots
were used) — applying the expression

\j Y var (DCA.,)

i=1

Random changes occurring on every plot during de-
velopment and not corresponding to general trends of
cenotic structure changes were eliminated in this way.

STAND HEALTH

The health of forest stands was evaluated with re-
spect to foliage every year in the period (1976)-1981-
1997. The method of Tesaf, Temmlova (1971)
was used for spruce evaluation while classification de-
veloped by Vacek, Jurdsek (1985) was used for
beech evaluation. Average foliage of stand is expressed
as an arithmetical mean of foliage of all trees on a plot.
Defoliation (complement of foliage to 100%) with spe-
cial regard to the cenotic position and morphological
type of tree-crown was estimated and recorded using
six classes of defoliation that correspond to degrees of
tree damage:

Defoliation Average
Defoliation interval defoliation | Tree attribute
(%) (%)
0 (0-10) 5 health
1 (10-30) 20 moderately damaged
2 (30-50) 40 medium damaged
3 (50-70) 60 greatly damaged
4 (70-100) 85 dying back
&) 100 100 dead

Traits describing tree-crown health were also evalu-
ated (damage caused by snow, frost, wood-decaying
fungi and insects; cf. Vacek, 1992, 1993).

Degrees of damage were transformed to percent val-
ues of defoliation for the purposes of further calcula-
tions (average values for a defoliation class). Plot
evaluation was based on trends of arithmetical means
of defoliation (in per cent) of all living trees present on
a plot at the same time (means for defoliation classes
0-4), standard deviations of defoliation and share of
dead trees (totally defoliated trees). Each tree species
was evaluated separately. General means of foliage of
all trees including trees with total defoliation were cal-
culated to evaluate the stand state in general.

Processes of defoliation changes and decline were
studied on the basis of calculating transition matrices
(cf. Matéjka et al., 1998) for the particular defolia-
tion classes, for two successive years in all cases. The
matrices (6 x 6 in size) were classified by a hierarchical
agglomerative average linkage method while Euclidean
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distance of transition matrices was taken as the level of
dissimilarity. With regard to the construction and basic
characteristics of transition matrices, a maximum theo-
retically possible distance of two transition matrices is
limited by the value

D, = pONTO

where p(o) is theoretical maximum of any element of
transition matrix (it equals 1; 100 when it is expressed
in per cent).

It is to note that there is some probability (2ar) a tree
is classified to the nearest class not to its proper class
(Vacek etal., 1996b). Let us consider the situation of
two successive years when trees were classified to their
“proper classes” in the first year, and with the above
mentioned error in the next year while their health state
did not change. Transition matrix P, instead of the
expected unit matrix I is produced in this case. Their
Euclidean distance, D(P,, I) is the value insignificant
for the difference in two transition matrices evaluated:

D(P,, =022

Classification of transition matrices enabled to deter-
mine their types corresponding to classes of the process
of defoliation changes and tree dieback. It was impor-
tant to ask about the sequence of these processes,
whether it was possible to define some periods with
typical processes (occurring on all plots under observa-
tion or on most of them), and about differences in their
sequences on the separate plots. The first question is
answered by simply describing the separate sequences.
Frequencies of the separate types over the years were
described to answer the second question. The following
statistical analysis of identified sequences was made to
answer the last question:

Let ¢,y be the type of transition matrix on plot p in
year y (comparing years y with y + 1), f{c, y) is fre-
quency of type c in year y (on all plots) and f,(c, p) is
frequency of type ¢ on plot p (in all years). Let’s equate

Fy0) =Y, fyle. y)
and
Fp(p) =, fplc, p)
c

the sum is calculated through all types c. The prob-
ability P(cpy = c) that the type ¢ of transition matrix
will occur on plot p in year y can be expressed by the
equation

fy(C y)
P(c,,,)=1~[1— F,?;) )[l

It is possible to test a null hypothesis that the se-
quence of types of transition matrices on plot p corre-
sponds to the generally occurring sequence within the
whole set of plots under observation, in contrast with
a hypothesis that this sequence is different. The null

_ fp(cpy P)
Fp(p)

J. FOR. SCIL,, 45, 1999 (7): 291-315
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2. DCA ordination of the mean relevés
(see Tab. II) in groups of stands, axis
1 and 2 (A) or axis 2 and 3 (B). Tra-
jectories of the mean relevés are
drawn, respective group of plots is de-
scribed by end of the trajectory
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II. Mean relevés for the plot groups: ss (plots 11 to 15), Pi (the other plots with spruce), x (mixed stands) and Fa (plots with beech). Samplings were done in four or five periods

Abbre- ss ss ss ss s$ Pi Pi Pi Pi X x X b Fa Fa Fa Fa

viation 1 2 3 4 5 1 2 3 4 1 2 3 4 1 2 3 4
Abies alba Abialb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.03
Acer pseudoplatanus Acepse 0.1 0.1 0.1 0.4 0.4 0 0 0 0 027 018 0 0 028 015 037 312
Actea spicata Actspi 0 0 0 0 0 0 0 0 0 0 0 0 0 033 033 005 005
Adenostyles alliariae Adeall 59 2.9 3.7 1.8 1.2 0 0 0 0 0 0 0 0 0 0 0 0
Anthoxanthum odoratum Antodo 0 0 0 0 0 006 003 0 0 0 0 0 0 0 0 0 0
Asperula odorata Aspodo 0 0 0 0 0 0 0 0 0 005 002 0 0 037 037 033 033
Asplenium trichomanes Asptri 0 0 0 0 0 0 0 0 0 0 0 0 0 0.05 0.02 0.02 0
Athyrium distentifolium Athdis 18.9 192 257 29 313 1.35 149 177 179| 0 0 1] 0 0 0 0 0
Athyrium filix-femina Athfil 0 0 0 0 0 0 0 0 0 073 028 007 013 1 107 153 193
Betula pendula Betpen 0 0 0 0 0 0 015 015 014 | 0 0 005 013] 0 0 0 0
Blechnum spicant Blespi 0 0 0 0 0 013 005 O 0 037 028 0.1 003 | 0 0 0 0
Brachypodium sylvaticum Brasyl 0 0 0 0 0 0 0 0 0 0 0 0 0 0.6 1 1.75 325
Calamagrostis arundi Calaru 0 (1] 0 0 0 0 0 0 0 027 007 0 0 0 0 0 0
Calamagrostis villosa Calvil 136 136 148 132 154 | 2861 2926 3024 2931 | 1615 1427 1418 13.1 013 035 122 325
Caluna vulgaris Calvul 0 0 0 0 0 0 0 006 014 O 0 0 0 0 0 0 0
Campanula latifolia Camlat 0 0 0 0 0 004 001 O 0 0 0 0 0 0 0 0 0
Carex limosa Carlim 0 0 0 0 0 005 005 005 005 0 0 0 0 0 0 0 0
Carex pauciflora Carpau 0 0 0 0 0 002 002 013 013| 0 0 0 0 0 0 0 0
Carex pilosa Carpil 0 0 0 0 0 0 0 0 0 0 002 005 005| O 0 0 0
Cicerbita alpina Cicalp 0.2 0.2 0 0 0 0 0 0 0 007 002 O 0 0 0 0 0
Circaea intermedia Cirint 0 0 0 0 0 0 0 0 0 0 002 005 005 033 033 005 O
Dentaria bulbifera Denbul 0 0 0 0 0 0 0 0 0 0 0 0 002 013 007 005 007
Dentaria enneaphyllos Denenn 0 0 0 0 0 0 0 0 0 013 002 002 0 052 052 02 0.17
Deschampsia caespitosa Descae 0.1 0.1 0.8 0.8 0.8 0.66 0.77 1.15 149 | 013 0 0 0 0 0 0 0
Deschampsia flexuosa Desfle 9.8 9.9 83 7.8 56 | 2317 2009 2058 206 6.4 448 542 358 | 23 23 415 415
Digitalis purpurea Digpur 0 0 0 0 0 0 0 0 0 0 0 005 002| 0 0 0 0
Dryopteris dilatata Drydil 114 114 114 8.2 6.9 422 403 227 249 | 947 758 5 4.05 | 4.1 227 18 33
Dryopteris filix-mas Dryfil 0 0 0 0 0 0 0 0 0 .13 073 052 033 | 973 805 508 508
Epilobium montanum Epimon 0 0 0 0 0 0 005 002 001]| O 0 0 0 0 0 0 0
Eriophorum angustifolium Eriang 0 0 0 0 0 043 013 013 013 | O 0 0 0 0 0 0 0
Eriophorum vaginatum Erivag 0 0 0 0 0 0.02 002 002 002| O 0 0 0 0 0 0 0
Fagus sylvatica Fagsyl 0.1 0.1 0.1 0 0 0 0 0 0 677 677 418 942 | 107 115 152 6.08
Fraxinus excelsior Fraexc 0 0 0 0 0 0 0 0 0 0 0 0 0 013 033 033 033
Galeopsis speciosa Galspe 0 0 0 0 0 0 0 0 0 0 0 0 0 002 0 0 0
Galium hercynicum Galher 0.4 0.4 0.6 0.9 0.8 025 022 011 O011| 005 005 005 002 0 0 0 0
Galium saxatile Galsax 0 0 0 0 0 0 0 0 0 005 005 O 0 0 0 0 0




SIE-16T (L) 6661 ‘S# “IOS ¥Od I

Continuation of Tab. II

Abbre- ss ss ss ss ss Pi Pi Pi Pi X X b3 b3 Fa Fa Fa Fa
viation 1 2 3 4 5 1 2 3 4 1 2 3 4 1 2 3 4
Galium sylvaticum Galsyl 0 0 0 0 0 0 0 0 0 0 0 0 0 013 002 O 0
Gentiana asclepiadea Genasc 0 0 0.1 0.8 0.8 279 287 237 341 .13 133 133 208 0 0 0 0
Gymnocarpium dryopteris Gymdry 0.2 0.2 0.2 0 0 001 001 O 0 472 452 173 1.53 1.4 1.6 1.05 1.05
Hieracium laevigatum Hielae 0 0 0 0 0 0 0 0 0 0 0 0 0 002 002 0 0
Hieracium sylvaticum Hiesyl 0 0 0 0 0 0.09 0.01 0 0 007 005 0 0 042 013 005 002
Homogyne alpina Homalp 0.8 0.8 0.7 0.9 0.8 136 137 084 083 1.6 1.6 0.6 0.6 047 038 033 033
Huperzia selago Hupsel 0.1 0.1 0.1 0 0 023 005 0 0 0 0 0 0 0 0 0 0
Chaerophyllum hirsutum Chahir 0.4 0.4 0.1 0 0 0 0 0 0 002 002 0 0 0 0 0 0
Ch. ium angustifoli Chaang 0 0 0 0.1 04 0 051 053 045 | O 0 0 0 0 0 0 0
Juncus effusus Juneff 0 0 0 0 0 0 0 0 0 0 0 005 002 O 0 0 0
Juncus filiformis Junfil 0 0 0 0 0 002 013 013 043 | 0 0 0 0 0 0 0 0
Lamium galeobdolon Lamgal 0 0 0 0 0 0 0 0 0 0 0 0 0 027 007 002 002
Lamium maculatum Lammac 0 0 0 0 0 0 0 0 0 005 005 O 0 0.47 013 005 0
Lamium montanum Lammon 0 0 0 0 0 0 0 0 0 005 0 0 0 0 0 0 0
Larix decidua Lardec 0 0 0 0 0 0 0 0 0 0 0 0 005 | 0 0 0 0
Lilium martagon Lilmar 0 0 0 0 0 0 0 0 0 0 0 0 0 013 013 013 0.05
Lunaria rediviva Lunred 0 0 0 0 0 0 0 0 0 0 0 0 0 005 005 002 O
Luzula nemorosa Luznem 0 0 0 0 0 034 039 043 056 | 05 042 052 067| 027 018 0.1 0.05
Luzula pilosa Luzpil 0.2 0.2 0 0 0 021 007 0 0 0 0 0 0 002 002 0 0
Luzula sylvatica Luzsyl 0 0 0 0 0 0.18 015 021 028 | 0 0 0 0 0 0 0 0
Lycopodium annotinum Lycann 0.2 0.2 0.2 04 04 048 019 017 027 033 033 033 033| 0 0 0 0
Lysimachia nemorum Lysnem 0 0 0 0 0 0 0 0 0 013 013 005 0 035 035 0.05 0.05
Maianthemum bifolium Maibif 0.2 0.2 0.2 0.1 0.1 038 035 017 013 14 14 067 035 | 208 21 218 215
Milium effusum Mileff 0 0 0 0 0 0 0 0 0 0 0 0.02 005 | 1088 1088 697 6.97
Moehringia trinervia Moetri 0 0 0 0 0 0 0 0 0 0 0 0 0 013 005 O 0
Mycelis muralis Mycmur 0 0 0 0 0 0 0 0 0 018 018 038 033 045 02 0.1 0.03
Oxalis acetosella Oxaace 2.1 2.1 0.9 0.5 04 056 056 031 025 | L75 092 112 1.08 1.6 132 092 1.08
Paris quadrifolia Parqua 0 0 0 0 0 0 0 0 0 005 005 005 005| 017 015 013 013
Phegopteris connectilis Phecon 0.8 0.9 0.9 0.9 0.9 005 002 001 0 133 093 038 033] 0 0 0 0
Phyteuma spicatum Physpi 0 0 0 0 0 0 0 0 0 002 002 0 0 005 005 005 O
Picea abies Picabi 0.8 0.8 0.6 0.7 24 0.79 1.23 1.01 167 | 337 323 118 143 | 015 008 0.12 0.17
Picea pungens Picpun 0 0 0 0 0 0 043 013 0 0 0 0 0 0 0 0 0
Poa remota Poarem 0 0 0 0 0 0 0 0 0 0 0 0 0 005 002 0 0
Polygonatum multiflorum Polmul 0 0 0 0 0 0 0 0 0 0 0 0 0 0 002 002 005
Polygonatum verticillatum Polver 0 0 0 0 0 006 002 001 001 08 083 067 053] 207 207 123 215
Prenanthes purpurea Prepur 0.1 0.1 0 0 0 0 0 003 014 | 112 1.03 095 1.1 247 238 107 107




g Continuation of Tab. II

Abbre- ss s§ s§ S5 ss Pi Pi X b3 X x Fa Fa Fa Fa
viation 1 2 3 4 5 1 2 1 2 3 4 1 2 3 4
Pulmonaria officinalis Puloff 0 0 0 0 0 0 0 0 0 0 0 005 005 005 002
Ranunculus platanifolius Ranpla 0 0 0 0 0 0 0 005 002 0 0 0 0 0 0
Rubus fruticosus Rubfru 0 0 0 0 0 0 0 0 0 002 005( 018 033 033 033
Rubus idaeus Rubida 0 0 0 0.1 0.4 007 0.16 062 082 052 043 323 307 292 292
Rumex acetosa Rumace 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Rumex arifolius Rumari 0 0 0 0 0 008 0.03 0 0 0 0 0 0 0 0
Salix caprea Salcap 0 0 0 0 0 0 0.13 0 0 0 0 0 0 0 0
Sambucus racemosa Samrac 0 0 0 0 0 0 0 0.1 002 0 0 038 0.1 0.18 035
Senecio fuchsii Senfuc 0 0 0 0 0 0 0 005 005 O 0 005 002 005 002
Senecio nemorensis Sennem 0.2 0.2 0 0 0 0.07 0.57 078 042 035 018 | 085 043 045 037
Sorbus aucuparia Sorauc 0.3 0.4 0.1 0.1 0.1 062 052 065 023 033 035 1.2 075 027 017
Stachys sylvatica Stasyl 0 0 0 0 0 0 0 0 0 0 0 013 0 0 0
Stellaria nemorum Stenem 0.2 0.2 0.1 0 0 009 005 052 043 04 035 | 04 0.4 037 035
Streptopus amplexifolius Stramp 0.5 0.5 0.4 0.3 0.3 025 016 002 002 0 002 0 0 0 0
Trientalis europaea Trieur 0.7 0.8 1.3 2 2 1.19 101 013 005 O 0 033 033 005 002
Trichophorum caespitosum Tricae 0 0 0 0 0 005 013 0 0 0 0 0 0 0 0
Urtica dioica Urtdio 0 0 0 0 0 0 0.02 0 0 0 0 0.13 0.05 0 0
Vaccinium myrtillus Vacmyr 13.1 13.1 11.9 16.6 17.5 1577 1471 11.35 9.27 10.02 | 21.92 2192 1485 1277
Vaccinium vitis-idaea Vacvit 0.2 0.2 0.1 0 0 024 0.16 0 0 0 0 0 0 0 0
Veratrum lobelianum Verlob 0.2 0.2 0.1 0 0 0.15 0.1 0.1 003 0 0 0 0 0 0
Viola biflora Viobif 0.6 0.6 0.1 0 0 0.05 0.02 0 0 0 0 0 0 0 0
Viola sylvatica Viosyl 0 0 0 0 0 0 0 0 0.05 0 0 0 0 0 0 0
Anastrepta ocradensis Anaocr 0 0 0 0 0 005 © 0 0 0 0 0 0 0 0 0
Barbilophozia attenuata Baratt 015 006 006 O 0 002 0.02 0 0 0 0 0 0 0 0 0
Barbilophozia floerkei Barflo 002 002 002 0 0 005 0.1 0 0 0 0 0 0 0 0 0
; Barbiloph Iycopodioid, Barlyc 0 0 0 0 0 0.05 0.01 0 0 0 0 0 0 0 0 0
;OU Bazania trilobata Baztri 0 0 0 0 0 002 0.02 0. 0 0 0 0 0 0 0 0
P Blepharostoma trichophyllum Bletri 015 006 002 O 0 002 0 0 0 0 0 0 0 0 0 0
_Q Bryum erythrocarpum Bryery 014 006 0 0 0 0.03 0.1 0 0 0 0 0 0 0 0 0
'& Calypogeia integristipula Calint 006 002 0 0 0 002 0 0 0 0 0 0 0 0 0 0
= Calypogeia neesiana Calnee 0 0 0 0 0 002 0.01 0 0 0 0 0 0 0 0 0
8 Calypogeia trichomanis Caltri 042 029 004 002 O 0.18  0.09 0 0 0 0 0 0 0 0 0
3 Cephalozia biscupidata Cepbis 018 014 008 O 0 002 0 0 0 0 0 0 0 0 0 0
;3 Cetraria islandica Cetisl 002 002 002 0 0 001 O 0 0 0 0 0 0 0 0 0
E Dicranella heteromalla Dichet 0 0 0 0 0 0 0 0 033 029 023 02 029 029 026 024
vy Dicranodontium denudatum Dicden 015 015 006 006 002| 041 031 0. 0 0 0 0 014 0 002 0
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Continuation of Tab. II

Abbre- ss ss ss ss ss Pi Pi Pi Pi X b3 b3 X Fa Fa Fa Fa
viation 1 2 3 4 5 1 2 3 4 1 2 3 4 1 2 3 4
Dicranum scoparium Dicsco 256 256 29 29 29 347 282 303 234 | 177 156 057 075| 146 084 056 035
Diplophyllum obtusifolium Dipobt 006 0 0 0 0 001 0 0 0 0 0 0 0 0 0 0 0
Hylocomium splendens Hylspl 017 006 004 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Jungermania sphaerocarpa Junsph 006 002 0 0 0 002 002 0 0 0 0 0 0 0 0 0 0
Lepidozia reptans Leprep 012 008 002 O 0 001 001 0 0 0 0 0 0 0 0 0 0
Lophozia ventricosa Lopven 0 0 0 0 0 0.01 0 0 0 0 0 0 0 0 0 0 0
Mnium hornum Mnihor 015 015 006 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Mylia taylorii Myltay 048 052 052 006 0.1 018 015 011 0.1 0 0 0 0 0 0 0 0
Orthodicranum montanum Ortmon 006 002 0 0 0 002 002 0 0 0 0 0 0 0 0 0 0
Pellia neesiana Pelnee 063 063 027 008 004| 039 029 033 022 0.1 0.1 002 0 0 0 0 0
Philonotis fontana Phifon 015 006 O 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Plagiomnium affine Plaaff 055 055 021 008 015] 025 025 016 014 0 0 0 0 0 0 0 0
Plagiothecium curvifoli Placur 006 006 002 0 0 0 0 0 0 0 0 0 0 012 002 002 0
Plagiothecium denticulatum Pladen 015 006 006 0 0 002 0 0 0 0 0 0 0 0 0 0 0
Plagiothecium laetum Plalae 006 006 0 0 0 017 014 002 002| 0 0 0 0 0 0 0 0
Plagiothecium roeseanum Plaroe 0 0 0 0 0 0 0 0 0 002 0 0 0 0 0 0 0
Plagiothecium undulatum Plaund 166 166 063 048 046 | 08 072 05 046 | 0 0 0 0 0 0 0 0
Pleurozium schreberi Plesch 0 0 0 0 0 006 005 002 002| 0 0 0 0 037 024 003 0
Pohlia nutans Pohnut 045 045 021 008 006 | 011 0.1 006 005 | 015 007 0 0 007 007 003 002
Polytrichastrum formosum Polfor 17.55 17.55 153 8.7 87 | 1248 737 517 457 | 458 458 254 223 | 275 275 2 2
Polytrichum commune Polcom 015 015 002 0 0 029 026 013 02 0 0 0 0 002 002 0 0
Polytrichum gracile Polgra 0 0 0 0 0 0.01 0 0 0 0 0 0 0 0 0 0 0
Polytrichum juniperinum Poljun 0 0 0 0 0 0 0 0 0 005 005 0 0 012 002 0 0
Polytrichum strictum Polstr 0 0 0 0 0 013 013 013 013| O 0 0 0 0 0 0 0
Rhizomnium punctatum Rhipun 055 055 008 008 008 02 017 002 0 007 0 0 0 0 0 0 0
Rhynchostegium confertum Rhycon 0.21 015 008 O 0 007 0.01 0 0 0 0 0 0 0 0 0 0
Rhytidiadelphus loreus Rhylor 0 0 0 0 0 005 0 0 0 0 0 0 0 0 0 0 0
Rhytidiadelphus squarrosus Rhysqu 0 0 0 0 0 004 001 O 0 0 0 0 0 0 0 0 0
Scapania undulata Scaund 036 036 014 0 0 026 012 003 001| O 0 0 0 0 0 0 0
Sphagnum girgensohnii Sphgir 9.8 9.8 746 3.06 3 247 206 26 257 | 0 0 0 0 0 0 0 0
Sphagnum nemoreum Sphnem 006 006 O 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sphagnum quinquefarium Sphqui 021 021 015 015 015 007 004 002 002| 0 0 0 0 0 0 0 0
Sphagnum recurvum Sphrec 0 0 0 0 0 275 275 192 192( 0 0 0 0 0 0 0 0
Sphagnum robustum Sphrob 021 021 012 0O 0 043 043 013 013 | O 0 0 0 0 0 0 0
Sphagnum squarrosum Sphsqu 052 048 008 O 0 091 071 052 054| 0 0 0 0 0 0 0 0
Tetraphis pellucida Tetpel 046 04 015 0 0 025 006 0 0 0 0 0 0 0 0 0 0




A 3. DCA ordination of the relevés with-
S T .t ol out the most different plots (11-14,
15 S e e 30-32), axis 1 and 2 (A), 2 and 3 (B)
respective. Position of the relevé at
single periods 1 to 4, 5 respective is
10 distinguished by breaking points of the
A A trajectory, its end is described by num-
ber of the plot and the last period of
5 sampling
O 2L
-5 1
10 1
1.6 t : i ——t - : ;
-1.0 -5 .0 5 1.0 1.5 2.0 25 3.0
B
XAXIS (2} avp= 1891E6-01 siow 6303E+00 Y-AXIS [3): wvpe-SO41E-03 sid= SO15E+00
15
4
10 1
s ] Z
0 1
-5 1
1.0 | :
1.5 4 . : + + t . +
-1.5 -1.0 -5 .0 5 1.0 15 2.0 25

hypothesis is rejected if the variable x2 has been higher
than the relevant critical value of x"‘-distribulion:

el P(c,)’
)

The probability P(c,,) was calculated on the basis of
frequencies of types within the whole set of plots, and
for a set of plots from which plot p was excluded. The
presented algorithm is a part of new program
DVCLASS for sequence study.

RESULTS AND DISCUSSION

VEGETATION CONDITIONS

Vegetation of the groups of forest stands (spruce,
beech and mixed ones) was described on the basis of

300

“mean* relevés for each of the periods evaluated
(Tab. II). These data were used for classification
(Fig. 1) and ordination (Fig. 2). Variability of the sepa-
rate plots under observation with respect to their devel-
opment is indicated by ordination of the relevés
(Fig. 3). The results document evident differences be-
tween the groups of plots and their different behaviour
during succession.

The smallest changes in the herb layer were ob-
served in spruce stands (except PRP 11-15) while the
changes in mixed stands were greater, and they were
greatest in beech stands (assessed from the classifica-
tion of mean relevés) (compare Vacek et al., 1996c).

Spruce stands

Relatively small changes can be commonly de-
scribed e.g. by a decrease in the coverage of Dryopteris
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dilatata or by complete disappearance of Blechnum spi-
cant, Luzula pilosa and Viola biflora. On the contrary,
the coverage of Vaccinium myrtillus and Deschampsia
caespitosa was increasing, some clear-cut species ap-
peared as the new ones (Chamaenerium angustifolium
or Prenanthes purpurea).

Development on PRP 11-15 was different: e.g. Ade-
nostyles alliariae and Dryopteris dilatata receded while
the representation of Athyrium distentifolium increased
(cf. Vacek, 1984b).

Mixed stands

Changes in the average coverage of many species
were relatively low — they involved e.g. reduction in the

coverage of Blechnum spicant, Dentaria enneaphyllos,
Dryopteris dilatata, Dryopteris filix-mas, Gymnocar-
pium dryopteris and Trientalis europaea, and complete
disappearance of Asperula odorata and Ranunculus
platanifolius. On the other hand, the species occurring
more frequently on clear-cut areas or in open forest
stands increased their coverage or appeared as new spe-
cies: Digitalis purpurea, Juncus effusus, Rubus frutico-
sus agg., Carex pilosa. The coverage of Fagus sylvatica
in the herb layer augmented.

Beech stands

The average coverage of many species decreased
(Dentaria enneaphyllos, Dryopteris filix-mas, Hiera-

III. Develop of the sp diversity ("H) and its components during single periods of sampling according to the groups of plots, herb
layer. avg — average, std — standard deviation
Period 1 2 3 4 5
:m‘ty S e H | S e 'H | s e | H| s e H | s e H
TVP 11-15
avg 16.0 | 0.545 | 1.480 | 16,6 | 0.541 | 1.504 | 16.6 | 0.581 | 1.598 | 14.8 | 0.637 | 1.704 | 14.6 | 0.661 | 1.774
std 45 | 0050|0172 | 3.5 [0.054[0.156]| 4.0 |[0.076|0.122 | 2.0 |0.094 | 0237 | 1.9 |0.075 | 0.257
Picea
avg 15.1 | 0.550 | 1.473 | 15.9 | 0.559 | 1.537 | 14.1 | 0.581 | 1.525 | 12.8 | 0.597 | 1.504
std 45 | 0.099|0.350| 33 |0.078 0268 | 3.1 [0.091)0.291| 33 |0.110| 0.338
Mixed stands
avg 227 [ 0661 | 2.056 | 21.7 | 0.652 | 2.001 | 18.2 | 0.666 | 1.932 | 16.8 | 0.674 | 1.907
std 29 [ 0.063 |0.190| 24 |0.045|0.145| 23 |0.098 [ 0338 | 24 |0.094 | 0.341
Fagus
avg 21.8 [ 0.585 | 1.778 | 21.7 | 0.565 | 1.700 | 19.2 | 0.615 | 1.793 | 18.3 | 0.687 | 1.963
std 8.5 | 0.141 | 0.530 | 9.4 | 0.141 | 0540 | 7.9 | 0.101 | 0496 | 7.2 | 0.070 | 0.390

S — number of species, e — equitability, 'H — Shannon-Wiener index of diversity

IV. Development of the species diversity ("H) and its components during single periods of sampling according to the groups of plots, moss

layer. avg — average, std — standard deviation

Period 1 2 3 4 5
zm:::;ty s e | H | s e | H| s e | H | s e | H | s e | H
TVP 11-15
avg 152 | 0.525 | 1.432 | 140 | 0497 | 1.319 | 11.4 | 0478 [ 1.169 | 6.2 | 0.597 [ 1.044 | 52 | 0.654 | 1.007
std 4.0 | 0.085| 0,364 | 4.0 | 0,096 | 0.398 3.6 | 0.104 | 0408 | 1.9 | 0.063 [ 0.222| 1.9 | 0.105 | 0.228
Picea
avg 10.1 | 0585|1353 | 83 | 0647 | 1.310| 64 | 0610 | 1.075 | 5.1 | 0.629 | 0.954
std 23 | 0.150 | 0.417 29 (0118 (0326 | 25 |0.098 | 0.319 | 2.6 | 0.086 | 0.435
Mixed stands
avg 43 | 0629|0895 | 3.7 | 0598 |0.761 | 3.0 |0.601 | 0.621 | 2.8 | 0.665 | 0.672
std 07 | 0126|0142 | 05 |0.151|0.174| 0.6 | 0.157|0.094| 04 |0.160 | 0.150
Fagus
avg 52 | 0691 | 1.113 | 4.0 | 0637 | 0.868 | 3.5 | 0.548 | 0.686 | 2.8 | 0.577 | 0.591
std 1.2 | 0.034 | 0.156 { 0.8 | 0.088 | 0.156 | 1.3 | 0.169 | 0.307 | 0.7 | 0.195 | 0.214
S - number of species, e — equitability, "H - Shannon-Wiener index of diversity
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V. Results of the classification of relevés by TWINSPAN procedure. Used cut-levels: 0.00, 1.00, 10.00, 31.60, 56.20, 75.00. Indicator species

of the classification groups are presented (number by the species abbreviation rep cover ding to the ber of the cut-level)
0 00 000
Des fle 2 Ath dis 1 Car lim 1
Tri eur 1 Str amp 1 001 0010 00100
Des cae 1 Ade all 1 Cha hir 1
Gal her 1 00101 001010
Ver lob 1 Cicalp 1
001011
0011 00110 001100 0011000
Vac myr 3 Gal her 2 Gen asc 2
0011001
001101 0011010
Des fle 3 0011011
Des cae 1 Des cae 1
00111 001110
Ath dis 1
001111
01 010 0100 01000 010000
Oxa ace 1 Trieur 1 Str amp 1 Sen nem 1 010001
Luz nem Gen asc 2 Des cae 1
Cal vil 4 01001 010010
Ble spi 1 Luz syl 1
Des cae 1 010011 0100110
Gal her 1
Str amp 1
Cal vil §
Des cae 1
0100111
Vac myr 3
Gen asc |
0101 01010 010100 0101000
Vac myr 3 Oxa ace 1 Lyc ann 1
Cha ang 1 Lyc ann 1 Mai bif 1
0101001
010101 0101010
Ath dis 1 0101011
Abi alb 1
01011 010110 0101100
Sen nem 1 0101101
Bet pen 1 Ath dis |
Cha ang 2 010111
Cal vil 4 Mai bif 1
011 0110 01100 011000 0110000
Pre pur 1 Luz pil 1
Fag syl 1 0110001
Pol ver 1 011001
Gym dry 1
01101
Bet pen 1
o111 01110
Gen asc 1 01111 011110 0111100
Pre pur 2 Des fle 1 0111101
Ble spi 1
011111
1 10 100 1000
Gym dry 1 Des fle 1 Ace pse 1
Dry fil 1 Fag syl 3 1001
Ath fil 1 101 1010
1011
Ble spi 1
11 110 1100 11000
Bra syl 1 Asp odo 1
11001
1101
Lam gal 1
111
Act spi |
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cium sylvaticum, Luzula nemorosa, Milium effusum,
Vaccinium myrtillus) or some species fully disappeared
(Circaea intermedia, Lamium maculatum). The cover-
age of some grasses increased (Brachypodium sylva-
ticum and Calamagrostis villosa). The coverage of Acer
pseudoplatanus in the herb layer also augmented.

GENERAL TRENDS

Changes in species diversity and vegetation richness
were great (Tabs. III, IV): the numbers of species in
herb (E;) and moss (E) layers declined in all groups
of plots, overall species diversity of moss layer was also
substantially reduced. Its changes in herb layer were
specific of the groups of plots: it increased on PRP
11-15 (spruce stands with subalpine elements) and
partly in beech stands, but it decreased in mixed stands
or there were basically no changes in the other spruce
stands. Both components of diversity influenced species
equitability which was mostly improved.

The relevés were classified and evaluated by ordina-
tion analysis (Fig. 3). Classification by TWINSPAN
program provided identification of typical groups of
species (Tab. V). Such classification indicated the exi-
stence of a “core* consisting of relevés from spruce
stands. Other relevés were ’chain-linked’ to the core,
among them those from mixed and beech stands. Vege-
tation on PRP 14 was the most different of all.

Ordination (DCA) of all relevés indicated percepti-
bly different vegetation of some beech stands (PRP 30,
31, 32; localities in the 6th altitudinal zone) in a direc-
tion of the first ordination axis. The second ordination
axis pointed to the different character of herbaceous
vegetation at four localities with spruce stand (PRP 11-
14; these were stands with significant participation of
species occurring in sub-alpine tall-herbaceous mead-
ows).

In order to evaluate vegetation changes without in-
fluence of the ordination space distortion caused by
these most differing relevés, second run of ordination
was carried out excluding the seven mentioned locali-
ties. It was possible to draw a conclusion from positions
of various species in the resultant ordination space and
from their requirements that the first axis applied to soil
richness (nutrient contents, mainly of nitrogen) while
the second showed soil moisture.

The question about the existence of any general
trends in species composition on the plots was an-
swered by analysis of variance used to interpret ordina-
tion scores of plots along the first to the fourth axis
when the year of relevé was taken as a parameter of
classification to groups. It is to state that no trends were
determined that would support the hypothesis of the
existence of these trends — either within the whole
group of plots or for the separate groups (with spruce,
beech and mixed stands).

Moss layer composition and its changes during suc-
cession were evaluated separately. The changes in the

J. FOR. SCI., 45, 1999 (7): 291-315

species composition of moss layer did not appear to be
so important as the changes in its whole coverage that
were great in some cases (but it was necessary to com-
pare trends of the species diversity in moss layer). After
the tree layer of spruce stands was disturbed (where E,
coverage was primarily high), E; coverage increased —
mainly grasses vehemently competed with bryophytes,
which can fully disappear as a result of this competition
(cf. PRP 26). The species composition of bryophytes in
spruce stands and in beech stands did not differ signifi-
cantly. Water supply and potential peatification are the
most important factors of moss layer development (see
PRP 23 with E coverage 65-75%). Classification indi-
cated the existence of two large and relatively homoge-
neous groups of relevés, and of several very different
relevés (except the above-mentioned PRP 23, these
were relevés from localities PRP 13, 14, 16, 21 and 25
- with spruce stand and moss layer of great cover; the
greatest changes in Ej occurred at these localities after
tree layer destruction). Ordination of relevés on the ba-
sis of moss layer composition confirmed an important
role of peatification (PRP 23) largely distorting the or-
dination space. This is the reason why changes during
succession should be evaluated when the position in the
projection of second and third ordination axes was avail-
able: the second axis indicated moderate differences be-
tween five spruce stands (PRP 4, 5, 13, 14 and 21).
A greater change in the moss layer structure was estab-
lished from a shift along the third ordination axis in
spruce-beech and beech stands on PRP 2, 8, 9, 30 and 32.

Tab. VI documents the level of changes in herb layer
from the early eighties to 1995 (evaluation by variabil-
ity in ordination space while various numbers - 1 to 4
— of the first ordination axes were used). Not absolute
values of the indexes but their mutual comparison was
important. Differences between the groups of forest
ecosystems were perceptible — the greatest changes
were determined in beech stands while changes in
spruce stands were smaller. With respect to the position
of these groups in ordination space, a change evaluated
only from a shift along the first axis of ordination space
could be considered as conclusive in beech stands but
it was necessary to evaluate at least the first two axes
in spruce stands. Changes in vegetation evaluated by
these indexes reflected global processes, scarce proc-
esses (including fluctuation) may have been neglected.

Similar comparisons were made to evaluate changes
in the moss layer composition (Tab. VII). Comparison
of the two tables showed that the level of successive
changes was comparable in the two layers. Greatest
changes in moss layer occurred mostly in mixed stands,
that means in stands with relatively smaller changes in
herb layer. Moss layer was more stable in the spruce
stands.

Forest stands were divided into four groups with re-
gard to the above-mentioned level of changes in the
respective layers using medians calculated from all val-
ues (Tab. VIII). Plots with tree layer destruction were
marked for illustration; they occur in all these groups.
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TREE LAYER DAMAGE
Spruce stands

Tab. IX shows foliage dynamics of spruce stands,
and it is plotted in Fig. 4 using an example of PRP 11
and 13. The values document that foliage trends on the
separate plots were largely different, in relative terms
corresponding to environmental pollution stress, state,
structure and origin of forest stand, and to cultural and
protective treatments of forest managers. While the av-
erage regional foliage of spruce stands was about 83.9%
in 1976, it was only 39.7% in 1997, it implied an aver-
age annual increase in defoliation of 2.1%. Three typi-
cal periods were identified on the basis of different
trends of foliage dynamics. In the period of first signs
of damage (1976-1980), average foliage ranged from
84.9 to 85.4% at lower mountain altitudes (below
1100 m above sea level) and between 79.2 and 81.8%
at higher altitudes (above 1100 m a.s.l.) (average annual

VL. Change in the herb layer of the single plot groups expressed as
sum of variances of ordination scores of several (one to four) first
DCA axes

increase in defoliation of 0.1% and 0.6%, respectively).
In the period of great damage (1981-1988), average
foliage ranged from 48.2 to 79.3% at lower altitudes
and from 46.7 to 73.8% at higher altitudes (average
annual increase in defoliation of 4.4 and 3.0%). If dam-
age caused by bark beetle was excluded, average annual
defoliation increase would be 2.3% at lower altitudes and
2.8% at higher altitudes. In the period of damage abate-
ment (1989-1997), average foliage ranged from 19.9 to
47.5% at lower altitudes and from 42.8 to 52.6% at higher
altitudes (average annual increase in defoliation was
3.5 and 1.2%), if damage caused by bark beetle was ex-
cluded, 0.2 and 0.4%. The years 1981, 1983, 1984 and 1986
were critical due to the environmental pollution stress,
when defoliation was severe. PRP 3, 17 and 26 were felled
in the period of heavy environmental pollution stress.
PRP 15 was liquidated by bark beetle invasion and PRP
16 and 18 suffered great damage (cf. Vacek, 1996).
Maximum average defoliation of spruce-trees was
30-100% (average value 55.5%) in spruce stands and

VII. Change in the moss layer of the single plot groups expressed as
sum of variances of ordination scores of several (one to four) first
DCA axes

e (m UH2) | (1H2H0] | [1}+.+(4] o w 2] | (1+2143] | [+ 404)
Fagus Fagus

Average 27.07 31.35 42,97 49.95 Average 147 244 40.1 46.2
min 3.84 522 5.70 25.24 min 2.0 11.2 16.7 26.8
max 38.13 42.08 80.14 84.18 max 40.0 59.3 110.5 116.8
Fagus + Picea Fagus + Picea

Average 21.10 25.89 26.76 32.84 Average 25 14.9 48.1 55.7
min 5.59 .47 7.81 16.22 min 12 4.5 14.1 19.7
max 40.92 46.95 49.73 52.47 max 3.8 38.3 120.5 1349
Picea Picea

Average 5.64 24.09 25.28 36.17 Average 9.0 19.8 27.0 387
min 0.43 1.30 1.54 9.60 min 0.8 55 114 18.7
max 21.01 103.17 103.25 103.50 max 24.7 58.9 62.1 76.3

VIIL Division of the stands into groups according to the change in the herb and moss layer, respectively (see Tabs. VI and VII); p is median.
Bold pressed are numbers of stands with total destruction of the tree layer

A. Herb layer (E,); u = 25.81
Change degree Spruce stands Mixed stands Beech stands
<2 18 20 25
W2.p 16 2219 326 10 23 2124 6 9 28
n.2p 4 5 1 78 27 29
>2|n 15 1217 13 14 11 2 31 32 30
B. Moss layer (Eg); p = 35.59
Change degree Spruce stands Mixed stands Beech stands
<w2
w2.p 23 13 5 421 12 19 25 24 1 76 30 29 27 28
H.2p 17 1022 15 20 16 11 I8 14 3 2 9 31
>2p 26 8 32
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35-100% (average value 55.7%) in mixed spruce-beech

stands in the period of observation.

Tab. X shows types of transition matrices for the
separate localities. A typical sequence of transition ma-
trices was (E)-A,F-(B)-(C)-(B)-G-A while the last two
members were very doubtful, bracketed symbols indi-
cated repetition of the type for two or more years
(Fig. 5). Regular deterioration of spruce health was ob-
served since 1981 or 1982, another turning point was
the years 1986 and 1987 with peak of deterioration (the
peak of damage was determined on some plots later), then
the changes were not so abrupt, development was quite
continuous [both in the sense of health improvement (e.g.
PRP 5, 7) or total destruction of stand (PRP 14 or 1)].

Types of transition matrices can be divided into
these groups (Fig. 6):

— decrease in average defoliation accompanied by a lo-

wer level of tree dieback (types M, K, B, D, F) — they

describe the stages of stand health improvement;

— increase in average defoliation accompanied by a lo-
wer level of tree dieback (types A, E), the “first*
stage of stand state deterioration;

— decrease in average defoliation accompanied by
a higher level of tree dieback (types O, G, C) — the
trees that cannot tolerate the given level of stress are
eliminated in these stages; in case the period is not
very long, there is a hope of conserving the stand
without its total destruction if the number of survi-
ving trees is sufficiently high;

0
1976 1978 1980 1982 1984 1986 1988 19

Defoliation class Average foliation
0 W1 @2 @3 m4 .5 -

4. Trend of average foliation and particular defoliation class of
spruce on plots 11 and 13

J. FOR. SCI., 45, 1999 (7): 291-315

— increase in defoliation accompanied by parallel in-
tensive dieback of trees (types I, H, N) — stages of
extreme damage to stand ending in its total destruc-
tion.

The presence of data on defoliation assessment at
localities PRP 11-15 from the mid-seventies can allure
to generalise the results from these localities for the
whole area of the KrkonoSe Mts. It is however neces-
sary to be aware of the fact that these autochthonous
spruce stands in extreme conditions of the Mumlava
anemo-orographic system (cf. Vacek, 1981) differ in
some parameters from the other spruce stands — see
vegetation evaluation.

Beech stands

Tab. XI shows foliage dynamics of beech stands, and
it is plotted in Fig. 7 using an example of PRP 27 and
31. The average regional foliage of beech stands was
94.2% in 1980 and only 62.7% in 1997, i.e. an average
annual increase in defoliation was 1.9%. In the period
of great damage (1981-1988) the average foliage of
beech-trees ranged from 64.5 to 88.6%, i.e. an average
annual increase in defoliation was 3.4%. If damage
caused by beech scale and wood-destroying fungi were
excluded, it would be about 2.0%. 1981, 1984 and 1986
were the years with critical environmental pollution
stress, when an annual decrease in foliage was about
5.2-9.6% (cf. Vacek, 1993). In the period of damage
abatement (in 1989-1997), average beech foliage
ranged between 62.7 and 68.0%, i.e. an average annual
increase in defoliation was 0.7%. If damage caused by
beech scale and lignicolous fungi were excluded, an
annual increase in foliage would be about 0.4%.

Maximum average defoliation of beech was 24-46%
(average 33.5%) in beech stands and 22-38% (average
33.2%) in mixed spruce-beech stands in the period of
observation.

Tab. XII shows the types of transition matrices for
the separate localities. It was not possible to identify
any typical sequence of transition matrices. The initial
period could be described by matrices of types A and
C, types C and D were typical of the intermediate pe-
riod, and heterogeneity increased in the last years (e.g.
types H and F were additional ones). The beginning of

.
ICharacteristic sequention of the

idamage process in Norway spruce
istands

-

5. Graph of the main sequences of the transition matrix types by
Picea abies. Types in grey ficlds have a frequent repetition
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IX. Dynamics of foliage of the spruce stands (average values in per cent; totally defoliated trees are included)

Per Numb Year
plot of trees | 1976 | 1977 | 1978 | 1979 | 1980 | 1981 | 1982 | 1983 | 1984 | 1985 | 1986 | 1987 | 1988 | 1989 | 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997
3 65 72.00 | 68.15
4 69 78.70 | 76.16 | 70.73 | 64.06 | 60.58 | 51.81 | 45.14 | 47.40 | 47.50 | 45.00 | 42.10 | 46.38 | 42.90 | 45.15 | 43.62 | 43.48 | 41.66
5 48 82.19 | 78.44 | 73.75 | 68.44 | 65.00 | 57.92 | 50.00 | 53.44 | 58.60 | 53.12 | 49.27 | 56.04 | 58.44 | 63.02 | 59.48 | 56.87 | 57.29
10 132 71.67 | 69.77 | 66.97 | 61.48 | 57.42 | 51.63 | 47.65 | 42.35 | 48.60 | 47.50 | 46.59 | 46.14 | 50.87 | 48.26 | 47.95 | 50.19 | 50.30
11 74 | 80.67 | 80.67 | B0.67 | 79.59 | 77.50 | 58.58 | 53.85 | 51.42 | 48.38 | 44.93 | 40.07 | 36.82 | 30.88 | 36.15 | 31.22 | 29.86 | 29.26 | 31.55 | 30.41 | 29.46 | 35.47 | 31.28
12 77 | 8292 | 82.92 | 8292 | 82.14 | 80.84 | 68.23 | 64.48 | 64.87 | 60.78 | 57.27 | 47.29 | 44.35 | 38.12 | 41.69 | 36.75 | 34.42 | 33.72 | 34.36 | 30.26 | 31.04 | 27.59 | 25.78
13 84 | 85.06 | 85.54 | 85.71 | 84.88 | 84.64 | 78.69 | 73.39 | 73.39 | 70.65 | 67.62 | 61.49 | 59.76 | 57.76 | 64.52 | 59.40 | 53.45 | 56.01 | 58.33 | 62.08 | 64.58 | 62.76 | 60.77
14 60 | 8542 | 85.92 | 86.17 | 86.08 | 86.08 | 80.50 | 80.67 | 77.75 | 70.50 | 67.67 | 62.25 | 61.83 | 56.33 | 63.92 | 58.25 | 53.17 | 50.92 | 53.92 | 58.92 | 52.17 | 43.92 | 39.08
15 61 | 85.65 | 85.65 | 85.90 | 84.26 | 83.93 | 76.31 | 75.16 | 60.98 | 56.56 | 54.67 | 46.80 | 44.59 | 35.16 | 31.17 | 28.36 | 26.48 | 26.39 | 10.66 | 279 | 2.29 [ 132 | 073
16 187 79.01 | 75.59 | 69.12 | 61.87 | 53.58 | 50.96 | 53.77 | 50.16 | 56.00 | 53.26 | 51.98 | 45.99 | 43.66 | 39.41 | 24.70 | 16.31
17 240 83.46 | 75.29 | 68.88 | 58.29 | 50.21 | 46.08 | 44.33
18 69 75.87 | 69.42 | 62.17 | 52.32 | 47.68 | 44.64 | 42.32 | 38.12 | 44.50 | 39.49 | 34.71 | 35.07 | 32.68 | 31.52 | 31.30 | 4.63 | 3.11
19 155 77.13 | 74.19 | 69.68 | 64.23 | 61.77 | 54.84 | 50.58 | 48.71 | 55.40 | 51.19 | 49.10 | 52.10 | 48.32 | 54.03 | 54.48 | 54.55 | 55.10
20 121 76.98 | 74.26 | 70.17 | 63.43 | 61.94 | 5570 | 52.69 | 47.98 | 49.30 | 47.73 | 46.61 | 51.74 | 45.94 | 50.61 | 49.42 | 47.77 | 40.95
21 140 70.14 | 71.43 | 67.71 | 63.86 | 62.29 | 56.07 | 57.36 | 49.89 | 58.10 | 57.96 | 57.64 | 52.46 | 57.04 | 58.64 | 57.57 | 59.86 | 59.39
22 145 79.31 | 76.90 | 73.34 | 68.45 | 66.66 | 59.72 | 56.38 | 53.41 | 61.10 | 60.03 | 56.59 | 56.69 | 54.72 | 57.97 | 60.27 | 58.86 | 62.58
23 199 71.93 | 68.72 | 64.60 | 58.42 | 54.45 | 46.01 | 43.89 | 37.96 | 42.80 | 42.39 | 42.51 | 42.11 | 40.23 | 47.49 | 46.63 | 48.92
24 132 80.77 | 79.66 | 76.10 | 72.95 | 72.23 | 65.34 | 64.09 | 60.08 | 66.40 | 66.78 | 67.12 | 63.67 | 62.50 | 64.09 | 65.30 | 64.34 | 64.81
25 106 80.66 | 78.35 | 74.43 | 70.57 | 67.92 | 60.99 | 55.57 | 53.58 | 58.40 | 64.15 | 57.92 | 55.52 | 45.55 | 56.42 | 59.67 | 19.57 | 3.20
26 136 66.07 | 55.70 | 41.54
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X. Sequence of the transition matrix types of defoliation for Norway spruce

Pe‘p"l‘a'm’,"‘“ 01 02 | o4 05 06 07 08 09 10 11 12 13 14 15 16 18 19 20 21 22 23 24 25
76: E E E E E
77: E E E E E
78: E E E E E
79; E E E E E
80: A E E E N H H H C E H
81: E E F F E E F F F F F (o F F (o] C € C B (o] B A €
82: F A A A A A A A F F F F F F C C (o] C H F C C F
83: A G C A G A B C F C F F G F (o C (o] { Cc A E C A
84; B A B B I B B c c B C F F A c I B F B (s F F F
85: B G (o C G B F B A B c A A G B B B C B C E A A
86: B B B B B B N B B B B B B B B B B B B C F B B
87: H G B B B B M B D B B B A Cc B D B B B (o] 1 € B
88: C B € B B B M C B B B B B B B M B [ B L B B B
89: G B B B L B N B B B B G B B B B B B B B B B B
90: o B B B B B M B B B B B B C (& B B B B B B A B
91: D B B B G B (o] C B C C B B B B C B B C B B B {0
92: D B C B B B J B B B B B B o B B C B B B B C B
93: D A B B B B B B [ C C B B o A C B B B B B B B
94: B A € B B K B B B B C K B [0} G B A B B B A B B
95: B E B B B A B G B B G B B M G (o] B B B C B H (o]
96: B E C B B E B B B B B B B G (o] B H C: A B B K (o]

Statistical evaluation of the difference between the matrix type sequence in the single plots and common (; q during 1981/1982 to 1996/1997 (f = 15, 12[95%] = 24.996; XX(A) - reference

set of all glots, xz(B) - reference set of all plots without the comparative plot)

TVP: x*A) %’(B) 21: 17.80 3070 25: 1323 1665

o1: 37.74 57.56 16: 20.27 8.35 14: 11.25 15.00

15: 3570 51.59 13: 16.42 22.76 12: 9.51 11.82

08: 3145 4536 19: 14.54 22.66 09: 8.38 10.50

24: 2747 42.86 22; 14.57 22.09 04: 5.50 6.37

23: 25.26 40.38 02: 17.29 21.46 05: 5.04 6.11

06: 23.11 3455 07: 14.98 20.19 20: 4.53 529

18: 2321 3374 10: 12.86 17.08 11: 3.79 4.43
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6. Evaluation of the transition matrix types by spruce according to
a simulation model (ten year period of the change of initial stand
using average transition matrix of the respective type). Initial stand
consists of 100 trees of each defoliation classes 0 to 4

the period of observation was characterised by continu-
ous deterioration of stand health (Fig. 8). There was
a change in this trend in 1986-1987 (see the changes in
average defoliation and frequency of the types of tran-
sition matrices), when deterioration slcwed down or on
the contrary, the health state of beech stands started
improving. The improvement was interrupted in some
years with increasing defoliation or dieback of other
trees.

With respect to the effect of transition matrices of
the separate types on a ten-year development model of
forest stand (with 100 individuals in each class of de-
foliation O to 4 at the beginning of modelled period; see
Fig. 9) types A to I were divided into the following
groups:
improvement or stabilisation of stand state — types
H, D, or C (applying to maintenance of stand state);
deterioration of stand state (increasing defoliation or
tree diebacks) — types F, E, B, A, L

It is possible to distinguish three groups of plots
(PRP designated by bold digits represent stands in
which no statistically significantly different sequence of
the types of transition matrices was determined in com-
parison with the whole set of remaining PRP):
~ Stands with low defoliation, without any continual

several-year period of health state deterioration —

PRP 2, 29 (mixed spruce-beech stands).

Defoliation class

Average follation l
EHO M1 @2 @3 |4 |5 -,

7. Trend of average foliation and particular defoliation class of beech
on plots 27 and 31

— Stands with continuous deterioration of health state
(increasing defoliation and tree diebacks) — PRP 6,
7, 8, 9 (mixed spruce-beech stands); maximum ave-
rage defoliation was about 35% in the whole period
of observation, maximally 30% of trees died.
Stands with great damage and a continual several-
year period of health state deterioration — PRP 1, 31,
32 (mixed stands) and 27, 28, 30 (beech stands);
maximum average defoliation was about 35-45% in
the whole period of observation, lower percentage
was exceptional (PRP 30), 17-23% of trees died wit-
hin 17 years, sometimes diebacks were concentrated
in a single period (36% of trees died on PRP 1 wit-
hin a year).

XI. Dynamics of foliage of the beech stands (average values in per cent; totally defoliated trees are included)

= “ Year

2 =

g | B

g b E § 1980 | 1981 | 1982 | 1983 | 1984 | 1985 | 1986 | 1987 | 1988 | 1989 | 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997

ad Z 8

27 | 275 |89.26|83.45|81.34|78.51|67.48|65.90|58.30 | 52.90| 50.44 | 60.88 | 52.35 | 56.85 | 57.78 | 55.25 | 54.18 | 63.36 | 55.68 | 51.03

28 | 137 |95.11{90.83 (89.01|84.27|72.41|71.57 (66.28 | 63.94 | 64.93 | 69.12|63.58 | 68.61 | 69.05 | 67.55 | 60.66 | 69.05 | 61.81 | 57.63

29 69 |99.45(94.9196.27|90.00| 84.64 | 83.64 | 80.18(79.10|80.18 | 80.91 | 80.55 | 80.09 | 81.48 | 80.27 | 86.72|79.73 | 72.94 | 75.18

30 82 194.39|89.02)|89.70|84.57 [ 75.49 | 73.84| 71.40|70.43 | 67.56 | 69.45 | 71.71 | 69.94 | 68.78 | 67.44| 72.01 | 67.16 | 73.29 | 69.88

31 85 [94.76|88.41|89.94 (84.18|74.47|71.65|66.18 | 61.82 | 64.06 | 61.47 [65.24 | 66.41 | 64.59 | 65.53 | 63.47 | 66.76 | 65.94 | 64.06

32 | 105 |92.14|84.81|85.44|79.03|68.50|68.01|62.38|61.02|63.88 | 66.36 | 69.46 | 67.77 | 63.16 | 64.71 | 65.44 | 65.44 | 63.60 | 58.91
308 J. FOR. SCI., 45, 1999 (7): 291-315




)

ee types of stabilisation or
improving of the health state in

eech stands

8. Graph of the main sequences of the transition matrix types by
Fagus sylvatica. Types in grey fields have a frequent repetition

Mixed stands

Tab. XIII shows foliage dynamics of spruce-beech
stands, and it is plotted in Fig. 10 using an example of
PRP 2. The average regional foliage of spruce-beech
stands was 86.0% in spruce and 95.3% in beech in

XII. Sequence of the transition matrix types of defoliation for beech

350

300 oF
! 250 3
3 200 bl
3 150

®A
100 oD ecC
50
oH
0 o+
0,0 10,0 20,0 300 40,0 50,0 60,0 70,0 80,0
Average defoliation (class 0-4)

9. Evaluation of the transition matrix types by beech according to
a simulation model (ten year period of the change of initial stand
using average transition matrix of the respective type). Initial stand
consists of 100 trees of each defoliation classes 0 to 4

1980, and only 47.3 and 63.4% in 1997, i.e. an average
annual increase in defoliation of 2.3% in spruce and
1.9% in beech. In the period of great damage (1981-
1988), average foliage ranged between 50.5% and
81.4% in spruce and 68.2% and 89.5% in beech, i.e. an
average annual increase in defoliation was 4.1% in

P°";;2't‘°"' 01 02 06 07 08 09 27 28 29 30 31 32
80: A c c c A c B A c B A B
81: B (o c c F c B H e E E c
82: B c c c c (o E B c E A B
83: B c F F c (o E E c E I E
84; E c c c E H B B c o E B
85: c c c c E B D B c o c B
86: c c D D c B D D D D D D
87: D c D D D D D D D D D D
88: F A E F D E D D D D D D
89: c c E ¢ A D D D D E E D
90: F F D E D D D D D c A D
91: D D c D F F D B D c E D
92: D c B E D D D B D H D E
93: c c D D D D D E H H c B
94: c c F F D D D H F H c B
95: D c H c D H D E c F F E
96: d c B c D C D D A A c c

Statistical evaluation of the dlffcrencc between the matnx type sequence in the single plo!s and common (average) sequence during
1981/1982 to 1996/1997 (f = 16, ¥ 2[95%) = 24.296; x (A) reference set of all plots, (B) reference set of all plots without the com-

parative plot)

Permanent plot: ¥ (A) xz(B)
at: 2030 38.04
09: 18.34 31.62
30: 19.83 31.01
08: 17.54 30.22
06: 17.09 27.88
28: 15.78 2474

J. FOR. SCI., 45, 1999 (7): 291-315

Permanent plot: xz(A) xz(B)
01: 1499 2238
02: 893 2095
07: 11.30 18.03
29: 931 15.12
32: 8.57 11.80
27: 683 997
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spruce and 3.1% in beech. If damage caused by bark
beetle were excluded, average annual defoliation would
be 3.0% in spruce, and excluding damage caused by
beech scale and wood-destroying fungi, it would be
2.1% in beech. 1981, 1984, 1986 and 1987 were the
years with critical environmental pollution stress, when
a reduction in foliage was massive in spruce (by 4.7—
7.9%) as well as in beech (by 3.4-8.0%). In the years
of damage abatement (1989-1997) average foliage
ranged from 47.3 to 50.4% in spruce and from 63.4 to
70.7% in beech, i.e. an average annual increase in
spruce defoliation was 0.4% and in beech defoliation
0.9% (it would be 0.2 and 0.4%, respectively, if the
effects of biotic pests were excluded). The effect of
biotic pests was very harmful on PRP 1 (bark beetle
attack to spruce-trees and attacks of beech scale and
wood-destroying fungi to beech-trees) — see Vacek
(1995).

General comments on defoliation trends

Six plots with mixed stands were used to compare
damage of two main species under identical conditions
(cf. Vacek, 1989b). Such a low number of plots is
not obviously sufficient for this purpose. In general, no
substantial differences were observed between the spe-
cies growing in mixed stand or in pure stand. Therefore
the above evaluation by transition matrices was made
with respect to tree species not to the group of plots.

There was a decrease in standard deviation of defo-
liation (STD) in Picea abies on the separate plots. Low
STD values can be insignificant if the number of trees
is small. The zero STD values cannot be taken as actu-
ally zero ones because defoliation variability within
a classification class and variability neglected due to
classification error should be taken into account. Only
a homogeneous group of resistant individuals will sur-
vive stress impacts. First, STD will increase to ca. 20%,
then it will decrease. The stand appears to have
a chance of survival when STD decreases to 5-10% and
the number of living trees is sufficiently high at the
same time. A similar mechanism of decrease in stan-
dard deviation of defoliation was observed on some
plots with beech. It was more difficult to be discerned
because the level of stress to this species was likely
relatively lower (higher tolerance of the species).

Damage to Sorbus aucuparia was evaluated on two
plots (PRP 27 and 29) to obtain additional data. Proc-
esses of damage seem to be similar to those in beech.

With regard to the management practices, damage to
individual trees or a decrease in their foliage were in-
vestigated in relation to tree classes as it can be very
important for evaluation of changes in stand structure
(Vacek, Lep§, 1995). The degree of defoliation
can be considered as a criterion of impacts of external
factors: crucial importance is ascribed to air pollutants
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PRP 2
Fagus sylvatica
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|
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Defoliation class Average foliation
E30 @31 §2 E3 W4 =5 —,
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10. Trend of average foliation and particular defoliation class of
spruce and beech on plot 2

in an air-pollution area while a tree class describes
growth constitution resulting from natural development
of trees in the framework of cenotic relationships in
forest stand (Vacek, 1987b).

In the period of the first signs of damage (1976-
1980), i.e. in forest stands almost free of damage with
declining tree class, average foliage is mostly reduced,
probably as a result of diminishing light intensity. This
relation is most explicit at differentiated age structure,
and it is better perceptible in spruce than in beech. This
state is disturbed as a result of pollutant impacts in the
period of great damage (1981-1988), and foliage in tree
classes assumes the values conditioned by a large com-
plex of external and internal factors. The degree of de-
foliation is related to tree class but the closeness of this
relation is associated with the degree of stand damage.
Not only subdominant and co-dominant trees but also
dominant trees suffer from defoliation with an increas-
ing intensity of pollutant impacts (cf. Vacek, 1986b).

Dominant spruce-trees had lower foliage than
co-dominant ones on PRP 3, 11, 12, 21 and 23 with
great pollution stress as early as in 1984. A similar situ-
ation was observed in spruce-trees of spruce-beech
stands with pollution stress (PRP 6). This relatively
small difference substantially increased as a result of
growing pollution stress over the years of observation.

J. FOR. SCIL, 45, 1999 (7): 291-315
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XIII. Dynamics of foliage of the mixed stands (average values in per cent; total defoliated trees are included)

Permanent plot and Year
species (sm — Norway r:;' :::::

spruce, bk — beech) 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
1 sm 31 84.19 | 77.74 | 79.03 | 77.10 | 73.87 | 69.35 | 63.39 | 50.65 | 50.48 | 36.45 | 17.42 | 17.50 | 1532 | 16.09 | 17.26 | 13.71 | 12.71 | 1096
1 bk 47 91.60 | 84.79 | 8394 | 8277 | 7745 | 76.38 | 7245 | 64.79 | 69.15 | 67.23 | 63.87 | 38.15 | 29.36 | 36.74 | 35.85 | 40.00 | 40.43 | 39.26
2 sm 51 94.11 | 88.63 | 8745 | 84.12 | 7853 | 74.12 | 67.06 | 63.04 | 63.33 | 67.65 | 62.55 | 61.67 | 60.10 | 55.10 | 58.33 | 58.34 | 58.63 | 61.76
2 bk 33 97.73 | 92.73 | 93.64 | 9273 | 92.73 | 90.45 | 87.12 | 83.64 | 84.39 | 82.87 | 83.18 | 79.85 | 71.36 | 72.27 | 76.21 | 73.64 | 78.03 | 83.03
6 sm 51 9343 | 91.08 | 86.47 | 78.82 | 6255 | 57.25 | 43.33 | 38.53 | 40.78 | 3549 | 33.53 | 36.90 | 3520 | 33.50 | 32.70 | 37.50 | 38.70 | 37.40
6 bk 158 95.54 | 90.60 | 89.40 | 86.46 | 77.22 | 73.20 | 68.99 | 58.26 | 60.63 | 57.75 | 58.38 | 61.51 | 61.32 | 57.23 | 54.87 | 59.94 | 59.21 | 50.31
7 sm 30 96.50 | 95.50 | 90.67 | 82.50 | 74.67 | 72.67 | 65.17 | 65.17 | 7033 | 69.83 | 69.17 | 67.00 | 69.67 | 69.67 | 69.17 | 74.17 | 73.18 | 72.83
7 bk 215 9498 | 90.30 | 88.72 | 86.81 | 81.88 | 79.00 | 7451 | 6549 | 75.84 | 76.23 | 73.88 | 72.58 | 74.05 | 67.56 | 71,98 | 76.70 | 76.49 | 73.79
8 sm 9 5833 | 53.89 | 48.89 | 51.11 | 51.11 | 4833 | 46.11 | 31.67 | 31.67 | 36.67 | 29.47 | 3833 | 4556 | 34.44 | 38.89 | 47.78 | 45.56 | 42.77
8 bk 97 96.24 | 91.86 | 92.01 | 8572 | 77.11 | 77.53 | 75.52 | 68.56 | 66.91 | 69.69 | 64.02 | 6521 | 65.67 | 62.89 | 61.65 | 68.25 | 71.50 | 71.75
9 sm 57 89.74 | 81.49 | 76.84 | 73.07 | 66.75 | 67.11 | 65.26 | 53.85 | 56.93 | 56.32 | 52.11 | 55.53 | 57.37 | 54.56 | 53.77 | 60.08 | 56.75 | 57.11
9 bk 57 95.88 | 86.84 | 84.82 | 84.04 | 7895 | 80.79 | 7842 | 68.51 | 65.09 | 70.35 | 64.91 | 65.51 | 62.63 | 59.04 | 59.83 | 64.12 | 70.61 | 62.28




VEGETATION CHANGES AND DAMAGE TO FOREST
STANDS

The level of vegetation changes was expressed by
indexes calculated as a sum of variances of ordination
scores for one to four first axes of DCA (calculated for
herb layer). The level of stand damage at a locality was
expressed as a proportion of trees of a given species
that died in 1985-1997, or as maximum determined
average defoliation of trees of a given species (in case
more than 75% of trees died, maximum defoliation
equalled 100%). Relations between these variables
were tested by indexes of linear correlation (Tab. XIV).

Data show that the degree of damage can be influ-
enced by the level of change in herb layer structure in
the ecosystem; such a result was expected. But the char-
acter of this effect was very surprising — changes in
herb layer were smaller at greater stand damage. There
were relatively small changes in vegetation even in the
case of the plots with totally destroyed tree layers (cf.
Vacek et al., 1996c). This fact should be analysed in
greater detail to avoid its misinterpretation. It is neces-
sary to take into account the following facts and as-
sumptions:

1. Forest stand without cultural treatments that does not
suffer any damage increases its density in the pro-
cess of growth, and this can be a cause of great chan-
ges in herbaceous vegetation.

2. Itis evident that the herbaceous vegetation of spruce
stands that suffered relatively severe damage is simi-
lar to clear-cut vegetation after the tree layer was
destroyed by decline or felling.

3. Mechanisms leading to damage of the woody com-
ponent of an ecosystem rarely act as factors of her-
baceous vegetation succession.

4. It is to assume that mountainous forest ecosystems are
continually disturbed by natural factors; a slightly open
character of tree layer is maintained in this way.

The analyses were also aimed at a relation between
the level of change in vegetation (in this case expressed
as a shift of the plot in DCA four-dimensional space at
the beginning of the period of observation and at its
end) and height above sea level. The relation was sta-
tistically insignificant in general, but a trend of dimin-
ishing level of change in vegetation was observed with
increasing height above sea level. This trend was least
perceptible in beech and mixed stands (r = -0.328)
while in spruce stands (group of plots designated by Pi)
the relation was significant at a 5% level (r = —0.539).

A similar attempt to describe the relation between
vegetation damage and change was made for moss
layer. All results were statistically insignificant, but
there was a trend of increase in the level of change in
moss layer in forest stands with greater damage (with
respect to variability calculated on the basis of the first
four or three ordination axes), especially in spruce
stands. The trend was more perceptible if the proportion
of dead trees was confronted with maximum defoliation
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(maximum calculated value of correlation coefficient
for spruce stands was r = 0.34).

CONCLUSION

Three typical periods were distinguished with respect
to the dynamics of health state of the stands (mainly de-
foliation) during years 1976-1995. Moderate changes
in foliage were determined in the period of the first
signs of damage (1976-1980) (average annual increase
in defoliation in spruce stands was 0.4%). A perceptible
increase in defoliation occurred in the period of great
damage (1981-1989) (3.04.4% per annum in spruce
and 3.1-3.4% per annum in beech). Stabilisation or im-
provement of stand state were observed in the period of
damage abatement (1987-1997) in those stands that
were not attacked by pests, mainly by bark beetle.

Average defoliation was increasing in the period of
the first signs of damage as the tree class was declining.
This relationship was fully disturbed as a result of pol-
lution stress in the period of great damage, and not only
subdominant and co-dominant trees were affected by
defoliation but also dominant ones. When stand damage
is evaluated, it is to be aware of the fact that pollution
stress is regularly accompanied by higher sensitivity to
some biotic and abiotic factors, and this is explicitly
reflected in accelerated (even many times) dynamics of
damage and in subsequent stand destruction. The high-
est tolerance was observed in beech stands, spruce-
beech stands showed lower tolerance, and spruce stands
were the least tolerant of all.

Trends of stand health can be described by transition
matrices. If permanent observation of stand defoliation
is used to define up-to-date transition matrices, it is
possible to estimate further trends of forest ecosystems
quite exactly on the basis of a constructed model. Tran-
sition matrices can also be used to identify developmen-
tal stages of stand damage and regeneration. The
knowledge will be applied to plan forest management
measures in forest stands.

XIV. Linear correlation coefficients for variables of change in the herb
layer (sum of variances of ordination score for the first one to four DCA
axes) and degree of the tree layer damage. All values are not significant
except those designated by * (0t < 5%) and *** (¢ < 0.5%)

Sum of variance Maximal defoliation | Share of dead trees
of the DCA axes (%) (%)
Picea abies

[13 +0.1110 +0.1157
[11+[2) -0.3362 —0.1534
[11+(2]+[3] -0.3084 -0.1287
[11+[2]+[3]+[4] -0.2862 -0.1581
Fagus sylvatica (mixed stands included)

8 -0.7572""* -0.2904
[11+2] -0.7517""" _0.2446
[11+(2)+(3) -0.6612° -0.3521
[11+[2])+[3]+[4] -0.5346 -0.4213
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The evidence of forest ecosystem destruction and
regeneration based on tree component or stand health
evaluation within 21 years was complemented by data
on the dynamics of herb and moss layers. The analyses
provided information acquired by the study of ground
vegetation as an indicator responding to changes in
light conditions in the process of defoliation and natural
development of stand, limiting the potential of regen-
eration. The cyclical character of some species that in-
fluence, and even prevent in many cases, natural or
artificial regeneration (e.g. grass communities with
dominance of Calamagrostis villosa and high ferns
Athyrium distetifolium) was confirmed. Reforestation
should not be undertaken in the peak developmental
stages of these communities. On the other hand, it is
worth waiting for about 3-5 years before dominance
and sociability are reduced, i.e. until more favourable
conditions for reforestation are created. This will
largely decrease a risk of reforestation failure as a re-
sult of weeds and bracken.

It is to state at the very end of the paper that regen-
eration targets and methods should be based not only
on relative tolerance of tree species in the types of
stands but also on their ecological valence, ground layer
state and economic possibilities while respecting the
present functional importance of the site.
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STAV LESNICH POROSTU NA VYZKUMNYCH PLOCHACH V KRKONOSICH

V LETECH 1976-1997

S. Vacek!, K. Matéjka?

lV)‘zl(umn)? listav lesniho hospoddrstvi a myslivosti, Vyzkumnd stanice Opocno, Na Olivé 550, 517 73 Opocno

2IDS, Plzeriskd 86, 150 00 Praha 5

Podle dynamiky zdravotniho stavu, zejména pak de-
foliace, byla v priib&hu sledovanych let 1976-1997 vy-
liSena tfi charakteristicka obdobi. V obdobi prvnich pfi-
znaki pokozeni (léta 1976-1980) doSlo k nepatrné
dynamice olisténi (pramérné roéni zvyseni defoliace ve
smrkovych porostech 0,4 %). V obdobi silného posko-
zeni (léta 1981-1989) byl zaznamenan vyrazny vzrist
defoliace (3,0-4,4 % ro¢né u smrku a 3,1-3,4 % ro&né
u buku). V obdobi ustupu poskozovéni (léta 1989-
1997) naopak doslo ke stabilizaci aZ zlep$eni stavu ve
sledovanych porostech, které nebyly napadeny $kudci,
zejména kurovcem.
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V obdobi prvnich pfiznaki po¥kozeni s ustupujici
stromovou tfidou vzriistala primérna defoliace. Vlivem
imisi v obdobi silného poSkozeni byl tento vztah zcela
poruSen a defoliace postihovala nejen podiroviiové
a uroviiové stromy, ale i jedince nadiroviiové. Pfi po-
suzovani poSkozeni porosti je nutné brit v dvahu to, Ze
imisni stres je zpravidla provdzen zvySenou citlivosti
vudi nékterym biotickym a abiotickym Cinitelim, coZ
se mnohdy vyrazné (aZ nékolikandsobné) projevuje
v urychleni dynamiky poskozeni a nasledné destrukci
porosti. Nejvétsi toleranci projevily bukové, niZsi smr-
kobukové a nejniZsi smrkové porosty.
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Vyvoj zdravotniho stavu porostii lze dobfe popsat
pomoci prechodovych matic. Pfi vyuZiti permanentniho
sledovani defoliace porostu pro definici aktualnich pfe-
chodovych matic 1ze pomoci vytvofeného modelu po-
mérné presné odhadnout dalsi vyvoj sledovanych les-
nich ekosystémi. Pfechodové matice je moZné uZit
i pro rozliSeni vyvojovych etap po¥kozeni a regenerace
porostil. Tyto poznatky jsou pak zikladem pro planova-
ni hospodéisko-ipravnickych opatfeni v porostech.

Poznatky o postupu destrukce i regenerace lesniho
ekosystému podle hodnoceni stromové sloZzky, resp.
zdravotniho stavu porostil v prib&hu 21 let dopliiovaly
idaje o dynamice bylinného a mechového patra.
Z téchto analyz vyplynula i fada poznatki limitujicich
moZnosti obnovy, vyplyvajicich ze sledovani pfizemni
vegetace jako indikdtoru reagujiciho na zménu svétel-
nych poméru v prib&hu defoliace a pfirozeného vyvoje

porostu. Bylo zji§téno, Ze u fady druhd, které ovlivituji
a mnohdy aZ znemoZiiuji pfirozenou & umélou obnovu
(napf. travni spolefenstva s dominanci Calamagrostis
villosa a vysokych kapradin Arhyrium distentifolium),
dochézi k vyrazné cykli¢nosti. Realizovat obnovu neni
vhodné zejména v kulminaéni fazi rozvoje t&chto spo-
leCenstev. Naopak se vyplati potkat asi 3-5 let, neZ
dojde ke sniZeni jejich dominance a sociability, tj.
k vytvofeni podminek pro obnovu mnohem pfizniv&j-
Sich. Zna¢né€ se tim sniZi riziko obnovniho neisp&chu
daného vlivem bufené.

V zavéru lze konstatovat, Ze pfi volb& obnovnich
cili a postupill je nutné vychéazet nejen z relativni tole-
rance dfevin v jednotlivych typech porostd, ale i z je-
jich ekologické valence, stavu pfizemniho patra a hos-
podarskych moZnosti pfi respektovéani souasného
funkéniho vyznamu stanovi¥té.

Contact Address:

RNDr. Stanislav Vacek, CSc., Vyzkumny ustav lesniho hospodafstvi a myslivosti, Vyzkumna stanice Opo¢no, Na Olivé 550,

517 73 Opotno, Ceski republika
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LITTER DECOMPOSITION AND SOIL NITROGEN DYNAMICS
(1995-1996) IN THE KRKONOSE NATIONAL PARK

ROZKLAD OPADU A DYNAMIKA PUDNIHO DUSIKU
V KRKONOSSKEM NARODNIM PARKU (1995-1996)

I. M. Emmer

Department of Physical Geography and Soil Science, The Netherlands Centre for
Geo-Ecological Research (ICG), University of Amsterdam, Nieuwe Prinsengracht 130,
1018 VZ Amsterdam

ABSTRACT: This paper presents the results of experiments in the KrkonoSe National Park to study decay dynamics of organic
matter and nitrogen dynamics in the ectorganic (holorganic) layer of forest soils. Hypotheses are formulated about changes in organic
matter upon decay as well as the importance of factors involved. Results are discussed and compared with the literature. Main
conclusions from the litterbag experiments are that the results conform well with those generally reported in the literature, and that
Ca and Mg leach faster in forests than on clear-cuts, probably due to elevated levels of acidifying substances in canopy throughfall,
while more N is immobilised in forests than on clear-cuts, probably due to higher N contents in canopy throughfall. The study of
N dynamics revealed that relations between the properties of organic layers, N pools and N transformation rates were poor and that
both net nitrogen mineralisation and nitrification rates were highly variable. Possibilities for their spatial interpretation were limited,
so that only an estimation of the general level of net nitrogen mineralisation and nitrification was possible.

organic matter decomposition; dynamics of soil nitrogen; humus layer

ABSTRAKT: Prispévek uvadi vysledky experimentii provddénych na Gzemi Krkono$ského néirodniho parku tykajici se
dynamiky rozkladu organické hmoty a dynamiky dusiku v humusové vrstvé lesnich pid. Byly formulovany hypotézy o zmé-
nach organické hmoty v prib&hu rozkladu a o vyznamu sledovanych faktori. Hlavni vysledky ,litterbag* experimenti byly
v dobré shodé s literarnimi udaji a tykaji se rychlej$iho uvoliiovani Ca a Mg v lesni pudé proti pudé pasek, coZ pravdépodobné
souvisi se vzrustajicim obsahem kyselych sloZek ve sraZkdch pod korunami. Vice dusiku je imobilizovaného v lesich proti
pasekam, coZ je pravdépodobné zpuisobeno vy$§im obsahem dusiku v podkorunovych srazkéch. Studium dynamiky dusiku
ukazuje, Ze vztah mezi vlastnostmi organickych vrstev pudy, zdsobou dusiku a rychlosti transformace dusiku je slaby a Ze
mineralizace dusiku a rychlost nitrifikace byly vysoce proménlivé. MoZnosti interpretace jejich variability v tizemi byly
omezené, protoZe jsou uskute&nitelné pouze odhady obecné hladiny pro &istou mineralizaci dusiku a nitrifikaci.

rozklad organické hmoty; dynamika pidniho dusiku; humusové vrstva

INTRODUCTION

As part of the research programme Restoration of
Forest Ecosystems in the Krkono§e National Park, the
Department of Physical Geography and Soil Science of
the University of Amsterdam started field surveys of
vegetation and soil in 1992. Rehabilitation practice in
the KrkonoSe Mts. deals with the reforestation of exten-
sive clear-cuts, and the propagation of natural succes-
sion and establishment of pioneer species with an ame-
liorative effect. The monitoring of litter decomposition

and soil nitrogen dynamics should provide a basic in-

sight into soil processes in relation to these aspects.
The assessment of N transformations is a prerequisite for

proper evaluation of nutrient availability and acidity in for-
est and clear-cut ecosystems. Working hypotheses were:

1. Rates of net nitrogen mineralisation and nitrification
depend on site conditions (including temperature and
soil moisture, see Emmer, Tietema, 1990;
Tietema etal.,, 1992a; Clarholm et al., 1981).

2. During stand development these rates may change,
mainly due to changes in element stocks (depending

This research was funded by the Dutch foundation Face, the Czech Ministry of Environment (GA/78/93), the Netherlands Ministry of

Agriculture and the University of Amsterdam.
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on litterfall, throughfall, and nitrogen uptake) and

environmental factors, such as micro-climate (Car-

lyle, 1986; Emmett et al., 1993).

Organic matter composition is a key-parameter in
the study of changes in chemical soil properties and
humus forms. The in-situ incubation of fresh litter in
litterbags is an appropriate method to study the first
stages of decomposition (related to the L and F1 hori-
zons), providing information on the potential contribu-
tion of litter types to the nutrient cycling. Litterbag
experiments cannot cover the dynamics of deeper or-
ganic horizons (F2 and H) which may take up to several
decades to develop (Emmer, Sevink, 1994).
Working hypotheses were:

1. Clear-cuts have conditions more conducive to litter
decomposition and will therefore show higher rates
of litter mass loss and element release.

2. Differences between the sites are due to differences
in soil temperature.

3. Litters with higher element concentrations decompo-
se faster and release elements at higher rates than
those with low element concentrations.

In this paper, the results of the measurements will be
presented and discussed.

MATERIALS AND METHODS

SELECTION OF PLOTS (GENERAL)

Plots were selected along the gradient of forest damage
and at various altitudes in the KrkonoSe National Park.
Tab. I gives an overview of selected plots. The plots near
Kamenec (Kam), Vosecka bouda (VoB), Fu¢ikovy boudy
(FuB) and Cern4 hora (CeH) represent a gradient from
severely damaged stands in the north-west to less dam-
aged in the south-east of the National Park. These plots

I. General information on selected plots

were located on Histosols, at Voseck4 bouda and Fudi-
kovy boudy on Histosols alternating with peaty
Podzols.

The altitudinal zonation of the Krkono$e Mts. com-
prises (with increasing altitude) Dystric Cambisols,
Podzols and Histosols. Lithic Leptosols (block fields)
are mainly found at higher altitudes, but are spread
throughout the area at lower altitudes as well (Em -
mer, 1996). These sites have particular importance be-
cause of their shallow soils, poor site conditions and
erosion hazard. Vosecka bouda and Fuéikovy boudy
represent Histosols as well as (peaty) Podzols, while
Cambisols and Leptosols are represented by Svaty Petr
(SP) and Certova struha (CSt), respectively. The latter
plot is a FGMRI Jilovi§té-Strnady, RS Opo&no moni-
toring plot (No. 18). To prevent disturbing this plot, soil
and vegetation inventories were done in an adjacent
plot located nearer towards Dul Bilého Labe (DBL).
Except for the plot Cerna hora, which was located on
Schist, the plots were on Granitic parent material. Be-
cause of the limited rooting depth in combination with
thick peat layers and small slope angles a significant
effect of parent material on nutrient cycling and forest
vitality on these plots was regarded unlikely.

LITTERBAG EXPERIMENTS
General

The method utilises polyethylene bags with a mesh
size of 1 mm, containing several grams of litter mate-
rial. These bags are installed in the field on top of the
organic layer and are retrieved at various time intervals.
An appropriate length for the experiment is about
2-5 years, depending on biotic and abiotic conditions
for decomposition. Details on this method are provided

Location Plot code Forestry map® Forest Clear-cut Health state”
Kamenec Kam (H)1201C17 Picea - -
Vosecké bouda VoB (H)1511C17 Picea - +/-
Fuéikovy boudy FuB (V)2105A10 Picea + +
Cerné hora CeH (M)3105C15 Picea - +-
Svaty Petr SP (V)2240A8 Picea + +
Certova struha CSt/DBL (V)2211B14 Picea +/~
Pevnost Pev (V)2111D9 Fagus - +
Soil type Substrate Aspect Altitude (m) Slope (°)
Kamenec Histosol Granite WNW 1150-1200 7-10
Vosecké bouda Histosol/Podzol Granite WSW 1200 3-12
Fucikovy boudy Histosol/Podzol Granite SSE 1200 5-7
Cerna hora Histosol Schist S 1150-1200 2-7
Svaty Petr Cambisol Schist NNW 850-925 17-34
Certova struha Leptosol Granite SE 1150 18
Pevnost Cambisol Granite SSE 850 20

*) Applies to the forest stand

J. FOR. SCIL, 45, 1999 (7): 316-327

317



eg. by Berg (1986), Gosz et al. (1973), Her-
litzius (1983), Lousier, Parkinson (1978),
Tietema (1993), Wieder, Lang (1982).

Sampling

Only leaf and needle litter from major plant species
was included in the experiments. Major tree species are
Picea abies and Fagus sylvatica (stand forming), and
Sorbus aucuparia and Betula pendula (pioneers, but
potentially stand forming as well). Of the understorey
vegetation, the main grass species (Calamagrostis vil-
losa) and the major shrub species (Vaccinium myrtillus)
were selected. Sorbus aucuparia litter included the
leaves and the main leaf stem.

Sampling intervals were chosen to obtain more de-
tailed information on weight loss and elemental compo-
sition during the early stages of decay, when the highest
rates of change can be expected, i.e. during the first
year. Due to the lack of other litterbag experiments
carried out in the area in the past, it is not certain
whether the best choice of intervals was made. Tripli-
cate sampling and chemical analyses were done
throughout the experiment to reduce the effects of spa-
tial variance within the sub-plots. Because of the high
variation in drainage conditions in the peat-podzol com-
plexes of VoB and FuB, three moisture states (wet, dry
and intermediate) were distinguished in which the rep-
licates were sampled.

VoB was included for litterbag experiments because
of the extensive monitoring of deposition and soil water
chemistry. A stand with dominant Fagus near Pevnost
(Pev) was selected for comparison of beech litter decay.

As the accumulated effort connected to this set-up
would exceed funding, some of the experiments were
simplified by increasing sampling intervals, and reduc-
ing the number of litter types per plot.

Just before the last sampling on 12 October 1996,
the CSt forest plot was clear-felled because of a bark
beetle infestation. The litterbags had to be transported
to an adjacent area (approximately 30 m away) and
reinstalled. The Calamagrostis bags were covered with
saw-dust and could no longer be used.

Sample processing and chemical analyses

Litter samples were collected by shaking trees and
collecting the fallen needles or leaves, by cutting dry
grass or by hand-picking shrub leaves, in October 1995.
Air-dried samples of about 5-11 g were put in polyeth-
ylene bags with a mesh size of 1 mm. Picea needles
were slightly moistened with demineralised water to
prevent any loss during transport to the field. The bags
were attached to the surface of the organic layer in the
selected plots, using wooden pins, on October 30, 1995.

Sample processing and chemical analysis were done
in the Laboratory at FMGRI, RS Opo¢no. After re-
moval from the field the incubated samples were dried
at 70 °C for the determination of the remaining weight.
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Loss-on-ignition was determined after heating at 100,
200, 300 and 400 °C for 1 hour, and 500 °C for 4 hours.
The carbon content of organic matter was estimated as
50% of the ash-free material.

After grinding, sub-samples were digested repeat-
edly with a mixture of concentrated H,SO,4 and 30%
H,0, at 300 °C during 30 minutes, until a colourless
liquid remained. P and base elements were analysed
photometrically. Total N was analysed by means of
a Kjehldahl procedure.

NITROGEN DYNAMICS
General

N mineralisation and nitrification can be assessed
quite satisfactorily using a simple technique with PVC
tubes, as described by Tietema et al. (1990) and
Tietema, Verstraten (1991). On each sample
date, pairs of intact soil cores within a 10 cm distance
of each other were sampled utilising PVC tubes with
a 7 cm internal diameter, length of 25 cm, and one
sharpened end. One core was taken to the laboratory
immediately for analysis (reference sample), while the
other was left in the field for several weeks for incuba-
tion (incubation sample). During incubation the tube
was closed at the top and bottom to prevent loss or gain
of nitrogen solutes. Aeration was through two 14 mm
holes in the top of the tube.

The difference between the nitrate concentrations of
the reference and incubation samples thus obtained was
taken as a measure for the rate of net nitrification. Net
nitrogen mineralisation was calculated as the difference
between the inorganic nitrogen (ammonium + nitrate
+ nitrite) concentration of both samples, related to the
incubation period.

Sampling

Sample locations included forest and clear-cut sub-
plots of FuB, SP and CSt. These plots represent the
3 major soil conditions distinguished: Histosol-peaty
Podzol complex, Cambisol and Leptosol, respectively.
The health state of the Picea stands was relatively good.
Additionally, VoB and 6 plots which represent an age
series of Picea stands from O (a recently replanted
clear-cut) to 91 years old (Tab. II) were selected. The
age sequence was located in a Leptosol/Podzol com-
plex. Triplicate samples were taken in all plots. Because
of the high variation in drainage conditions in the peat-
podzol complexes of VoB and FuB, three moisture
states (wet, dry and intermediate) were distinguished in
which the replicates were sampled. In the young stands
of the age series, samples were taken right under the
canopy, and on the edge of the canopy, and outside the
canopy.

The first incubation period was between 30 October
1995 and 6 June 1996, including a period of snow cover
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II. Nitrogen incubation experiments: plot information

Plot Forestry map | Age (year)l Soil type Differentiation* ] Altitude (m) Aspect Temp. rec.
Picea forest and clear-cut

VoB 1511C17 Histosol/Podzol W/I/D 1200 WSW
FuB 2105A10 Histosol/Podzol W/I/D 1200 SSE
SP 2240A8 Cambisol - 850-925 NNW
CSt 2211B14 Leptosol - 1150 SE
Age series (only forest plot)

211A1 2211A1 0 Leptosol/Podzol - 1070 w
208A2 2208A2 18 Leptosol/Podzol U/E/O 1060 w
202G3 2202G3 26 Leptosol/Podzol U/E/O 1090 SW
209A4 2209A4 36 Leptosol/Podzol U/E/O 1150 WSW
209B7 2209B7 68 Leptosol/Podzol - 1100 w
209B9 2209B9 91 Leptosol/Podzol - 1100 w

* W: Wet; I: Interm.; D: Dry; U: Under canopy; E: Under edge of canopy; O: Outside canopy

(until the beginning of May 1996) and one subsequent
month (totalling 220 days). The next 3 incubation periods
were: 6 June — 8 August (63 days), 8 August — 11 Sep-
tember (34 days) and 11-23 September 1996 (12 days).

Sample processing and chemical analyses

Sample processing and chemical analysis were done
by the Laboratory at FMGRI, RS Opocno. The organic
layer was separated from the mineral part of the soil
core, and subsequently large wood particles were re-
moved. To assure a proper sub-sampling, sample proc-
essing proceeded with material sieved to pass a 5 mm
mesh. Dry weights were deduced from moist sample
weights and gravimetric moisture contents of sub-sam-
ples. Total nitrogen (without nitrate and nitrite) was
determined by means of a Kjeldahl procedure. The or-
ganic samples were extracted over-night with
1% K,SO, (25 : 200 w/v) and analysed for dissolved
organic nitrogen, ammonium, nitrate and nitrite. The
pH was determined in a 1 : 5 w/v 1 M KClI extract.

Dissolved organic nitrogen (DON) was analysed as
ammonium after elimination of nitrate and nitrite, by
means of a modified Kjeldahl procedure involving min-
eralisation in boiling sulphuric acid with HgO and Se
as catalysts, and correction for the original ammonium
concentration. Ammonium in the soil extracts was de-
termined photometrically after adding KOH (and
Na,S,05 for elimination of Hg in the case of DON
analysis) and distillation into a H,SOy solution. Nitrate
was estimated by means of an ion-selective electrode.
Nitrite was estimated photometrically after adding of
sulphanilic acid and N-(1-naphthyl)ethylene-diamine
dihydrochloride as colour reagent.

Measurements of soil temperatures have been dis-
cussed in detail by Emmer (1997).

J. FOR. SCI., 45, 1999 (7): 316-327

RESULTS AND DISCUSSION
LITTER DECOMPOSITION
General

The evaluation of the results focused on two main
variables determining litter decomposition: litter type
and vegetation cover (i.e. forest vs. clear-cut). The re-
sults will be presented in two ways: 1. the remaining
weight during incubation, because it shows the devel-
opment of the decay in comparison with other litter
types and sites, and 2. the element dynamics, because
it, combined with litterfall data, allows for an estima-
tion of element input to the soil by different plant spe-
cies.

On 7 December 1995, when after 38 days of incuba-
tion the first sampling took place, the litterbags had
been covered by snow for more than a month. At the
CSt clear-cut the bags could not be found under the
snow, so that values for the initial stage of decay for
this sub-plot are missing.

Regarding soil temperature, as an important determi-
nant of organic matter decay, 3 main factors controlling
temperature dynamics could be tentatively extracted
from the results (see Emmer, 1997):

1. Soil moisture content: Wet soils show a small diffe-
rence in average soil temperatures between forest
and clear-cut.

2. Bxposition: more exposure to the sun leads to higher
average temperatures and larger amplitudes.

3. Vegetation cover: forests have lower average soil
temperatures and smaller amplitudes. Differences
between averages of forests and clear-cuts depend on
other factors (moisture and exposition) as well, but
the amplitude in forests seems to be consistently ap-
proximately 50% lower.
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1. First-year weight loss dynamics of various litter types. T-bars indicate standard deviations. For explanation of codes, see Tab. I (f: forest;

c: clear-cut)

Litter weight loss

Besides differences between sites and vegetation
covers, there was a clear difference between the decay
rates of litter types. Taking the remaining weight after
one year of decomposition as a measure of the relative
decay rate, the order of increasing decay is:

1. Fagus sylvatica (68-100%), 2. Vaccinium myrtil-
lus (72-89%), 3. Picea abies (68-84%), 4. Calama-
grostis villosa (63-76%), 5. Betula pendula (64-72%),
6. Sorbus aucuparia (64-70%). This order is in agree-
ment with results generally found in literature where
coniferous, deciduous and herbal litters are compared
(e.g. Swift et al., 1979).
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However, the first year of the experiment generally
provides the most important information for the study
of the first phase of decomposition, which is associated
with the highest rates of element dynamics. Moreover,
the method becomes increasingly unreliable over the
years, due to the contamination of the contained organic
matter with non-conforming materials, such as roots,
fine humus and mineral particles.

Regarding the shape of the decomposition curves,
there is a conspicuous difference in results from other
litterbags experiments in Western European temperate
forests. Usually, decomposition approximately follows
a one-phase cxg(oncntial decay curve according to:

mass, = massy €, where t is time. An inherent feature
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of this e?uation is parameter k, which is the decay con-
stant (y'). The equation applies to conditions in which
the weight loss rate is initially high and decelerates as
decay continues. Weight loss in this experiment fol-
lowed a different trend in all cases (Fig. 1). Initially,
there was a rapid decline in the weight of the samples
during the first month. This can be attributed to leach-
ing of elements from the organic tissue (cf. Berg,
Cortina, 1995). During the following 5 months with
snow cover and soil temperatures around freezing point,
weight loss was small. Upon disappearance of the snow,
decay rates increased and led to a rather consistent
weight loss during the vegetation season. It is likely that
decay rates would decrease during the next period of
snow cover and increase again during the subsequent
vegetation season. This would result in a stepwise trend
of decay. Evidently, a one-phase exponential curve
does not apply to the current results and thus a value
for the decay constant k cannot be obtained. However,
as the decay rate will decrease over the years, a long-
term experiment may allow for the use of exponential
curve fitting and calculation of k, despite strong sea-
sonal variations.

Betula, Calamagrostis and Sorbus leaves decom-
posed at a more or less constant pace during the 1996
vegetation season, without much difference between
forests and clear-cuts or between sites. A more or less
similar picture can be seen for Picea needles, although
these showed a less constant loss rate. Vaccinium, with
a small number of data points, was the only example
where clear-cuts consistently showed larger weight
losses than forests. Fagus leaves in general decomposed
very slowly (around 15% after one year), with a some-
what higher rate (at high variability) on the SP clear-
cut.

High temperature and sufficient moisture are precon-
ditions for high decomposition rates. Clear-cuts, with
higher average temperatures, did not consistently show
a larger weight loss. This may be due to low moisture
contents, counteracting the more favourable tempera-
ture conditions. Very dry conditions occurred regularly
on clear-cuts, during prolonged periods of warm and
dry weather.

In long-term litterbag experiments generally an as-
ymptotic limit for mass loss can be observed, reflecting
a final stage of low or absent microbial activity

(Berg, Ekbohm, 1993; Berg et al, 1995). In
their experiments, Betula and Alnus leaves initially de-
composed more rapidly than Pinus needles. However,
after about 50% mass loss was reached, Betula and
Alnus stabilised, while Pinus needles continued losing
weight until about 60-70% of the initial. This proves
that no conclusions can be drawn as to the dynamics
during later stages of decay, based on dynamics over
the first year. Assuming that the conditions in the lit-
terbags mimic those in the organic layer, the contribu-
tion of litter to the formation of the organic layer can
be calculated, by multiplying the remaining mass after
long-term decay with the litter input. However, as
stated by Berg et al. (1995), the lack or strong reduc-
tion of faunal activity in the litterbags may invalidate
this approach. This may be particularly the case when
comparing Picea and Betula. In a study on the relation
between tree species and soil development in reclaimed
lake soils in the Netherlands (Sevink et al.,, 1989),
Betula was found to produce humus forms exhibiting
a much higher degree of faunal activity (Mull to
Moder) than Picea (Mor to Mormoder), partly attrib-
uted to differences in faunal activity.

Element loss from litter

Ash content and initial concentrations of major ele-
ments in the litter types used are given in Tab. IIL
Betula litter was relatively rich in K, Ca and Mg, while
Sorbus was high in Ca, Mg, S and P. Vaccinium leaves
had relatively high N, K and S concentrations.

Element concentrations in Picea needle litter were
within the range described for Scandinavian forests by
Johansson (1995), except for N, which was higher
in the present case. Element concentrations in Betula
leaf litter were also within the range described by Jo -
hansson (1995), except for Mg, which was higher in
the present case. The elemental composition of the
Fagus leaf litter was very similar to that reported by
Staaf (1980) for beech stands in southern Sweden. In
Vaccinium leaves, N, P and Mg concentrations were
comparable to those reported for Swedish forests by
Johansson (1993), while K was lower and Ca
higher.

Element loss rates from the litter have been deduced
from element concentrations and weight loss after

III. A: Ash and element concentrations in litter types used in litterbags experiments. Relatively high concentrations are indicated by grey
shades. B: Species order of increasing loss rate per element. High initial element concentrations are indicated by grey shades
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2. First-year dynamics of element concentrations (averages) in litterbags containing various litter types

348 days of incubation in comparison with initial val-
ues. The species order of increasing loss rate per ele-
ment is shown in Tab. IIL. This does not involve N, as
this element has a different fate than the others. Below,
loss rates as well as percentual losses will be discussed.
It should be noted that high loss rates do not necessarily
coincide with large percentual losses. This is for in-
stance the case if litter with high element concentrations
rapidly releases elements. More details are given by
Emmer (1997).

P, Ca, Mg and S were leached from Sorbus leaves at
relatively high rates. A great part of the initial P (65—
81%), K (74-80%), Mg (67-93%) and S (74-85%) was
released, while this was much less for Ca (29-44%).
Loss rates for Vaccinium leaves were relatively high as
well. They lost most of their K (80-85%) and Mg (69—
94%). For P (45-63%), Ca (25-62%) and S (56-71%)
a smaller percentual loss was recorded. Betula leaves
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released Ca and Mg relatively rapidly. They retained
much of the Ca (4-26% loss) and P (8-53% loss), but
were largely depleted of Mg (62-88%), except for SPc
(29-51%)) and K (61-80%). Calamagrostis leaves lost
much of their K (47-82%), Ca (57-97%) and Mg (50—
93%) but less of P (8-69%) and S (15-47%), at an
intermediate pace. Element losses from Fagus leaves,
both absolute and percentual, were relatively low and
involved negative values. Negative values of release
suggest immobilisation by micro-organisms. Fagus lit-
terbags retrieved from the Pev-forest site (a pure Fagus
stand) contained large amounts of white fungal mycelia.
Net accumulation of Ca as oxalate salts by fungi was
suggested in other research (Berg, Cortina, 1995,
and references therein). K (16-79%), Mg (14-81%)
and S (1-52%) showed positive, but highly variable
values. This variation cannot be attributed to site differ-
ences. Element loss rates from Picea needles rank low-
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est among the litter types selected. Loss rates were quite
consistent, except for Ca. Much (46-92%) of Mg was
lost, while this was less for K (50-71%) and S (23—
57%). Losses of Ca and P were highly variable and
included negative values (-7—+93% and —80—+22%, re-
spectively).

First year dynamics revealed an initial heavy weight
loss due to leaching, after which element concentrations
stabilised (Fig. 2). Mg and K are not structurally bound
to the organic tissue, thus not limiting to decomposers,
and in general there is a linear relation between accu-
mulated mass loss and decrease in concentration
(Berg, Cortina, 1995). After initial heavy leaching,
probably of excess S accumulated due to canopy intercep-
tion, S concentrations stabilised. Berg, Cortina
(1995) indicated an increase in S concentration in the
long term and this may be the case in this study as well,
as concentrations in 348 days showed a slight increase.
P concentrations were stable, except for Sorbus. As
shown by Berg, Cortina (1995), litters high in P
(>0.1%) were initially heavily leached of this element.
The generally increasing trend in their results cannot be
seen in ours, but as for S this may be due to the short
duration of the experiment. Ca concentrations were
rather constant, but Berg, Cortina (1995) showed
that after a certain accumulated weight loss (about 50%
in their study) Ca is released faster than organic matter
decomposes, leading moreover to a narrower range of
concentrations among litter types. In the final stage of
their experiment Ca concentrations seemed to level off
again. The persisting wide range of Ca concentrations
in Fig. 2 is therefore also likely to narrow upon further
decay.

Nitrogen generally shows particular dynamics in
fresh litter and is therefore treated separately here. In
general, 3 phases can be distinguished during litter de-
cay (cf. Berg, Staaf, 1981). At the onset of decay,
easily soluble N compounds leach rapidly from the or-
ganic tissue, resulting in a net loss of nitrogen (lower
concentration as well as lower absolute weight). As N
supply is limited compared to C, micro-organisms en-
tering the litter immobilise N, thereby reducing the C/N
ratio. This results in an increase of the N concentration
and the absolute amount, possibly even exceeding the
initial values. After this immobilisation phase, N is re-
leased at a rate related to the weight loss of the litter.
Fig. 2 shows the dynamics of element concentrations
over the first year of decay. During the leaching phase
the mass loss is high as well, so that N concentrations
remained approximately constant or even increased.
The duration of the experiment was too short to reach
the end of the immobilisation phase. Immobilisation of
N is quite variable, either species and site-wise. The
results provide insufficient information about this
phase, so that conclusions as to the eventual amount of
immobilised N would be dubious.

Differences between forests and clear-cuts involve
the dynamics of N, Ca and Mg. Under forest canopies
N immobilisation is higher, whereas Ca and Mg release
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is higher than on clear-cuts. As decay rates do not differ
much between forests and clear-cuts, it is very likely
that the differences can be attributed to canopy through-
fall. A greater supply of N may result in a greater
amount of N immobilised. Furthermore, a greater por-
tion of acidifying compounds in throughfall may cause
a higher leaching rate of Ca an Mg from organic tissue.

Element dynamics in the selected litter types resem-
bled the general pattern apparent from other studies.
Elements that were present in high concentrations
leached from the organic tissue at relatively high rates
during the initial stages of decay (first year), with Sor-
bus, Vaccinium and Betula as good examples. Similar
results were found by Berg, Cortina (1995) in
Swedish forests involving Pinus sylvestris, Betula pu-
bescens and Alnus incana, and by Staaf (1980) for
Fagus stands. Nevertheless, they also showed that in-
itial and final (i.e. after 5 years of decay) concentrations
of N, P and S were highly correlated. Applying these
findings to our results, it may be tentatively concluded
that Sorbus and Vaccinium produce humus high in these
elements. Berg, Cortina (1995) also found (lin-
ear) relations between accumulated mass loss and con-
centrations, as well as between initial and final concen-
trations of K and Mg (not Ca). Thus, initial element
concentrations appear to have a good predictive value
for element loss rates and final composition of the hu-
mus produced.

N DYNAMICS

General

Nitrogen mineralisation rates and nitrification rates
were assessed on selected plots representing 3 main soil
types (Cambisols, Podzols and Leptosols), and along
the chronosequence of Picea stands (0-91 years old) on
a Podzol/Leptosol complex.

Nitrite concentrations were low and generally below
the detection limit of 0.1 mg.kg_'. Therefore, this paper
will not deal further with this N species. The lack of
information on denitrification in oxygen-limited condi-
tions is a significant shortcoming of this study, as will
be discussed further below.

N transformations in ’terrestrial’ humus forms will
be considered only. Although in some plots Histosols
were present (see Tab. II), these were for the greater
part covered by Mor-type humus forms of varying
thickness.

Total N concentrations were between 2 and 2.5%,
except for the first sampling in the SP forest, which
shows an erroneously high concentration. In the age
sequence, N concentrations were similar, with no clear
differentiation between plots. Values for pH-KCl were
generally higher in the poorly drained Histosol/Podzol
complexes FuB and VoB (around 3-3.5) than on the
well drained plots SP and CSt.

Dry weights of the organic layer were calculated on
an ash-free basis to obtain a better view on accumulated
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IV. Pearson correlations between soil properties, N pools and N transformations rates. The data set consisted of plot averages of triplicates

(n=52)
Total N w';‘gm pH-KCI| LOI |Moisture|N-NH |N-DON|N-NO; in’:;g. N-dyn. | N min. | Nitrificat.
Total N 1
Dry weight -0.26 1
pH-KCI 017 | =030 | 1
LoI 065 | 030 | -005| 1
Moisture 052|001 | 023 081| 1
N-NH} 019 | 023 | 029 003| 009 1
N-DON 014 | 039 | 056| 001| o023| 038| 1
N-NO; 004 | -0.07 | -0.06 | 002 | 009 | 014 | -007]| 1
N-inorganic 016 | 011 | 021| 047| o047 085| 020| 034| 1
N-dynamic 023 | 021| 043| 055| o63| 063| 072| 011 | 00| 1
Net nitrogen mineralisation | -0.17 | -0.17 | -0.14 0.21 043 | -0.01 | -0.18 034 | 017 [ 0.05 1
Nitrification 011 | 009|-024| 000| 002| 005|-039| 025| 011|018 | 044| 1

Italics and bold: p < 0.001
Italics: p < 0.05

organic matter. Dry weights at CSt (Leptosol) were
higher than at other sites. At SP and FuB the clear-cuts
had lower dry weights of the organic layer than the
forests. There appeared to be an age-related trend, in-
volving an increase with age of approximately 40%.

Relations between soil properties (reference sam-
ples), N pools and N transformation rates were gener-
ally poor. N pools and N transformations did not de-
pend on total N concentrations and organic matter
weight (Tab. IV). Significant correlations were found
between dynamic N pool (including all distinguished
extractable N species) and pH, LOI and moisture. The
inorganic N pool (ammonium and nitrate) significantly
correlated with LOI and moisture. Net nitrogen miner-
alisation rate was correlated with moisture and nitrate
content only (in the reference sample), while nitrifica-
tion was correlated with DON and net nitrogen miner-
alisation rate only.

Sites and N transformations

Due to a combination of the facts that a considerable
short-distance variation in N transformation rates may
occur, and that reference and incubation samples are
taken at different locations (although close to each
other), there is a possibility that negative rates may be
obtained. This will occur in cases where NHJ in the
reference samples is much higher than initial NHJ in
the incubation samples while net nitrogen mineralisa-
tion rates are low; the same applies to NO3 and nitrifi-
cation. Low concentrations in reference samples and
high initial ones in incubation samples have an opposite
effect. With this in mind the results in Figs. 3 and 4
should be interpreted.

During the first incubation period, the tubes were
almost permanently covered by a thick layer of snow.
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Probably due to low temperatures and possibly reduced
oxygen levels, N transformation rates were lower than
during the subsequent vegetative season. Both net ni-
trogen mineralisation and nitrification rates were highly
variable. Nitrification rates in the plots SP and CSt, i.e.
the well-drained sites, were higher than in the poorly
drained plots VoB and FuB. The conclusion is that with
these results no clear general trends can be extracted
regarding site conditions to describe N transformation
rates. The noise in the results, whether an artefact or
due to the complexity of N transformation processes,
limits their spatial interpretation. The results therefore
allow for the estimation of a general level of net nitro-
gen mineralisation and nitrification only. Regarding the
latter, no further inferences can be made from the result
obtained at FuB and VoB, where a distinction was
made between wet, dry and intermediate soil moisture
conditions.

In the age series, the plots with open canopies
showed slightly higher net mineralisation rates in the
forest floor than the closed stands. No clear differences
in nitrification could be observed. This is in contrast
with results from Stevens et al. (1992) and Em-
mett et al. (1993), who found increasing net mineral-
isation and nitrification rates with increasing age of
Sitka spruce stands in Wales. This cannot be explained
by the higher levels of N flux in throughfall. It in-
creased with stand age at the Welsh sites (9-25 kg
inorganic N ha'l.year‘l) compared to the KrkonoSe (up
to 20-25 kg inorganic N ha‘l.year'l for the growing
season only, according to Hofek, Kaufman,
1995). A better explanation might be the fact that the
Welsh sites involved new plantations, whereas the
Krkonose sites were reforestations of spruce clear-cuts,
where organic matter quality was dictated by antece-
dent soil formation; N gain via throughfall may have
been a less important factor.
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3. Net N-mineralisa-
tion and nitrification
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tion and nitrification
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26y 1
26y2
20y3
26y4
38y 1

The general levels of net mineralisation and nitrifi-
cation, calculated as averages including all plots and
scaled to 1 year, were 508 and 125 mg.kg".year”l,
respectively. Taking 12.5 kg.m_2 as an average for the
ash-free weizght of the organic layer (Emmer, 1997),
6.35 g N.m™ .year"' net mineralisation and 1.56 g Nm™2
year ' nitrification were recorded during the period of
measurement. This is lower than the approximately
10 to 35 and 0.3 to 20 g N.m'z.year", respectively,
reported by Tietema et al. (1992b), for deciduous
and coniferous forests in the Netherlands, and also
lower than the average 11 g N.m‘z.year‘l, calculated
for Central-European deciduous forests by Melillo
(1981).

It is questionable whether the relation between mois-
ture content apparent from the statistical analyses
agrees with other studies, because moisture content
highly correlated with ash content (Tab. IV). Moisture
contents calculated for samples rich in mineral particles
were generally lower than for pure organic matter (e.g.
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38y 2

36y3
ey4
88y 1
8s8y2
88y
88y 4
91y 1
o1y2
91y3
91y4

in peaty soils), but water availability to micro-organ-
isms operating in the organic matter need not differ to
the same extent. Tietema et al. (1992b) show that at
low gravimetric moisture content (< 50% of moist weight
or < 100% of dry weight) a linear increase in net nitro-
gen mineralisation rate with increasing moisture con-
tent may occur, with increases between 100 and 500%,
depending on the type of organic matter. At higher
moisture contents, rates levelled off. Average gravimet-
ric moisture contents in this study range from 20 to 90%
(of moist weight). Values below 50% only occurred at
SP, related to the high ash content of the organic layer.
Because of the small differences between the plots, it
can be concluded that the high moisture contents re-
corded did not cause any considerable reduction of net
nitrogen mineralisation rates. Under certain circum-
stances organic layers may be excessively drained.
Such cases did not influence the current results, as the
sampling of organic layers during dry periods is a mat-
ter of chance and did not occur during the experiment.
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In reality, however, periods of excessive dryness may
significantly reduce N transformation rates.

Denitrification in conjunction with high water tables
may be an important process found at poorly drained
sites in the KrkonoSe Mts. Denitrification reduces leach-
ing of nitrate from the rooted zone, and therefore the as-
sociated subsequent acidification (Tietema, Ver-
straten, 1991). These authors showed that up to 30%
of nitrate produced by nitrification may be denitrified.

Tietema et al. (1992a) showed that pH differ-
ences of less than 1 unit in the pH range characteristic
of the organic layers in the KrkonoSe may significantly
influence N transformation rates. Such an effect could
not, however, be singled out from the current results.

Temperature as an important control parameter for
net nitrogen mineralisation and nitrification was dem-
onstrated by Emmer, Tietema (1990). Because
of the methodological inaccuracies and the considerable
noise in the results due to other effects, no clear rela-
tions could be established based on the soil temperature
data (Emmer, 1997).

CONCLUSIONS

No quantitative conclusions can be drawn as to the
contribution of species to organic matter build-up, be-
cause first year results provide insufficient information
on long-term dynamics. Vaccinium and Picea produce
Mor or Moder type humus forms, which is more or less
indicated by lower weight losses in the first year. The
same applies to Fagus that produces Moder type humus
forms and deep forest floors. In all these cases the be-
low-ground root litter input has to be taken into account
to understand humus formation and humus quality. Ca-
lamagrostis leaves have a relatively high decomposi-
tion rate and rapid element depletion of organic tissue
(except for N). This is favourable for the species as it
is able to regain the nutrients by densely rooting the
organic layer.

Summarised conclusions are:

— High element concentrations relate to high initial
mass loss rates.

— Initial element concentrations have a good predictive
value for element loss rates and final composition of
the humus produced.

— Except for N and Ca, the ranges of concentrations
narrow considerably upon litter decay during the in-
cubation period.

— There are only small differences between sites and
vegetation covers regarding weight loss dynamics.

— Ca and Mg leach faster in forests than on clear-cuts,
probably due to elevated levels of acidifying subs-
tances in canopy throughfall.

— More N is immobilised in forests than on clear-cuts,
probably due to higher N contents in canopy
throughfall.

— Element contents and dynamics conform with gene-
ral trends found in Nordic forests.
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— No conclusions can be drawn as to the contribution
of species to organic matter build-up, because first
year results provide insufficient information on long-
term dynamics. However, because of the previous
conclusion, the results can be extrapolated using li-
terature-based knowledge to produce projections of
litter decay for the next few years.

— Relations between properties of the organic layers
(temperature, dry weight, total N content, pH and ash
content), N pools and N transformation rates were
poorly demonstrated in this particular study.

— As both net nitrogen mineralisation and nitrification
rates were highly variable and possibilities for their
spatial interpretation were limited, only an estimati-
on of the general level of net nitrogen mineralisation
and nitrification was possible.

— The general levels of net mineralisation and nitrifi-
cation were 508 and 125 mg.kg’l.year", or 6.35 and
1.56 g N.m™2.year |, respectively.
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VLIV APLIKACE HERBICIDU NA PUDNI VLASTNOSTI
IMISNICH HOLIN S POROSTY TRAV V BESKYDECH

EFFECT OF HERBICIDE APPLICATION ON SOIL PROPERTIES
OF AIR-POLLUTION INDUCED CLEARCUTS WITH GRASS COVER
IN THE BESKYDY MTS.

I. Sedlakova, K. Fiala, I. Tama
Botanicky iistav AV CR, Oddéleni ekologie, Po¥ici 3b, 603 00 Brno

ABSTRACT: Herbicide applications to grass stands (Calamagrostis arundinacea, C. villosa) of clearcuts induced by air
pollution resulted in an increase of soil organic matter in the upper soil layers of most studied sites. Soil acidity was usually
lower by 0.1 to 0.3 pH in the soil of grass stands than in the soil without grass cover. The highest differences in the soil layer
of 0-0.1 m represented 0.65 pH-H,O and 0.56 pH-KCI. A decrease in the contents of base cations was recorded in nearly all
soil layers clearcuts. In the 0-0.1 m soil layer, the amounts of Ca®* and Mg2+ were mostly by 20 to 60% lower. Lower contents
of base cations coincided with higher amounts of AI** in soil at sites after herbicide application and with more unfavourable
Ca*/A** ratios. In comparison with grass stands, an increase in contents of ammonium and nitrate ions was recorded in the
soil clearcuts at the end of the second growing season after herbicide application, especially at localities with C. arundinacea.
The application of herbicide and removal of grass cover resulted mostly in worse soil properties. Thus a wide application of
herbicide to air-pollution induced clearcuts appears rather questionable.

soil pH; base cations; Al3*; soil organic matter; soil nitrogen; Calamagrostis arundinacea; C. villosa

ABSTRAKT: Po aplikaci herbicidu na travinné porosty imisnich holin (s pfevaZujici C. arundinacea nebo C. villosa) doSlo
ke zvySeni obsahu pidni organické hmoty na vétsiné ploch. Hodnoty aktivniho i vyménného pH byly vétSinou o 0,1 az 0,3
stupn& pH niZ3i neZ v piidé porostli obou druht trav. Nejvétsi rozdily piedstavovaly niZ8i pH aZ o 0,65 pH-H,0 a 0,56 pH-KCI
ve vrstvé 0-0,1 m. SniZeni obsahu bazickych kationtl, vépniku i hof¥iku bylo zaznamenéno téméf ve viech vrstvach pudy na
holych plochach bez vegetace. MnoZstvi Ca** a Mg2+ ve vrstvé 0-10 cm bylo vétSinou o 20 az 60 % niZsi. NiZsi obsahy
bazickych kationti se odraZely ve v&tSim mnoZstvi hliniku v pid& po aplikaci herbicidu a v nepfiznivéjlich pomérech
Ca*/AI** iontd. Na konci druhé vegetalni sezony po aplikaci herbicidu byl zaznamenan vzrist koncentrace amonnych
a nitratovych ionti na plochich bez vegetace ve srovnéni s porosty obou druhil trav, nejvyraznéji na plochich s porosty
C. arundinacea. Po aplikaci herbicidu a odstranéni aktivniho pusobeni travinného porostu do$lo tak ke zhor3eni sledovanych
pldnich vlastnosti. Siroké pouZiti herbicidii na imisnich holindch mii¥e byt proto velmi problematické.

pH pidy; bazické kationty; hlinik; pidni organickd hmota; pudni dusik; Calamagrostis arundinacea; C. villosa

UVOD Na druhé strané vyznam travinnych porosti pro ob-
novu naruSené krajiny je dan tim, Ze po odlesnéni —
diky jejich rychlé expanzi a vytvoieni vegetacniho kry-
tu — mohou jednak efektivné zvysit odolnost svrchnich

Vyznam travinné vegetace na odlesnénych plochéich
v imisnich oblastech je zna¢ny, byt jeji dloha neni ve

viech smérech jednozna&né& pozitivni. Husté porosty
trav se silnou vrstvou opadu zt&€Zuji uchyceni sazenic stro-
mu pfi novém zalestiovani imisnich holin. Vytvéreji pod-
minky pro rozvoj populaci drobnych hlodavci, které mo-
hou poskozovat vysazené dfeviny. Jednotvarnost potravni
nabidky pro byloZravce muZe vést k okusu dfevin. Pfi tani
snéhu a jarnich deStich, kdy slehl4 stafina sniZuje priisak
vody, dochézi ke zvySenému povrchovému odtoku, coZ
miiZe zpusobovat i vétSi nebezpeci povodni.

vrstev pudy proti vodni erozi, jednak pfispét ke sniZeni
ztrat Zivin z ekosystému po odlesnéni (Fiala et al.,
1998). Procesy acidifikace a zm&néné dostupnosti pid-
nich Zivin pro vegetaci v imisnich oblastech souviseji
zejména s vyplavovanim bazickych kationti (Ca, Mg)
zpudy (Kaupenjohann et al., 1989). Ve srovnéni
s blizkymi smrkovymi porosty byla vSak v travinnych
porostech imisnich holin Beskyd ve svrchnich vrstvach
pudy Casto zaznamenana niZsi acidita, vy$8i obsah ba-

Vyzkumné préce se uskutetnily v rdmci projektd &. 206/94/0385 a &. 526/97/0170 podporovanych Grantovou agenturou Ceské republiky.
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zickych kationti a niZ¥i obsahy toxického hliniku
i mnoZstvi dusiku JeZikova, Tima, 1995; Ze-
lena et al, 1996; Fiala, 1996c). Nadbytek dusiku
v té&chto ekosystémech mohou travinné porosty vizat
v biomase a imobilizovat v pomalu se rozkladajicim
opadu (Tuma, 1996b) a eliminovat tak i Zivinovou
nevyvéZenost, kterd je na stanovistich pod vlivem imisi
(Schulze et al., 1989).

V lesnické praxi se jiZ fadu let pouZivaji selektivni
herbicidy pro ochranu lesnich kultur a k pfipravé pudy
pro zalesnéni. Sledovala se vét§inou doba, po kterou
byla bufefi na holinich potlatena, a stav kultur sazenic
(Svestka, Balek, 1987; Wagner, 1987). SniZe-
ni nadzemni biomasy C. villosa bylo pfi vy$§ich dav-
kach herbicidu vysoce priikazné jesté v Sestém roce po
aplikaci a pfi pouZiti niZ§ich davek se udrZela niZsi
hmota nadzemni biomasy jen dva roky (Wagner,
1987; Moravkova-Lipnick4, 1991). Reakce
rostlin na aplikaci herbicidu se v&t¥inou detailn& ne-
zkoumaji a stejné tak i zmény v pudnich vlastnostech.

Uvedené skutenosti nés vedly k zaloZeni terénniho
experimentu, ktery spogival v odstranéni porostu travy
imisni holiny pomoci herbicidu; cilem bylo studovat,
zda znieni rostlinného krytu je doprovazeno niZ$imi
obsahy vyplavovanych bazickych kationtd a niZsimi
hodnotami pH pudy.

MATERIAL A METODIKA

Studium vlivu aplikace herbicidu na piidni vlastnosti
probihalo na trvalych vyzkumnych plochach v Morav-
skoslezskych Beskydech v ramci $ir§ich grantovych

—

projektd (Fiala, 1996a). Sledovani se uskute&nila na
osmi lokalitich: na &tyfech byl porost s dominantni Ca-
lamagrostis arundinacea (tftina rdkosovitd) a na &ty-
fech pfevaZovala C. villosa (titina chloupkaté). Plochy
se nalézaly v riznych nadmofiskych vy¥kach (od 625 m
do 1 250 m) a byly charakterizovany $irokym rozme-
zim prumérné ro¢ni teploty vzduchu (3,6-7,1 °C)
(tab. I). MnoZstvi sraZek vzristalo od lokalit niZgich
poloh (idoli Cerné Ostravice, roéni tihrn sraZek
869 mm) k lokalitim pobliZ vrcholi hor (Maly Smrk,
Knéhyné — aZz 1 146 mm). Plochy také charakterizoval
gradient vzristajici imisni zatéZe a vlivu kyselych de-
pozic (20,1-33,5 kg-ha™! SO2~ a 5,7-20,6 kg.ha™! du-
siku v mokré depozici za vegetacni obdobi pfi pH sraz-
kové vody 3,8-4,28), dany vét§inou vzristajici
nadmofiskou vyskou (tab. I). Pidy na studovanych lo-
kalitdch v Beskydech se vyvinuly z pivodnich hn&dych
lesnich pud po jejich degradaci a podzolizaci v podmin-
kéch vlhkého klimatu a zv14st€ diky akumulaci surové-
ho kyselého humusu v sekundérnich jehli¢natych les-
nich porostech (Klimo, Vav¥§iéek, 1991). Na
studovanych plochich pudy néleZeji nejéastéji mezi
podzoly typické nebo podzoly kambizemni (tab. I). Sni-
Zeni pudni acidity o 0,5 pH/H,0 a 0,2 pH/KCI (v po-
vrchovych minerélnich vrstvach) bylo zaznamenéno po
leteckém vapnéni n€kolika imisnich ploch v Beskydech
provadénych pied vice neZ deseti lety a soutasné mnoz-
stvi CaO v piid€ je na stejné iirovni jako pied aplikaci
(Vaviigek, Betuova, 1994).

Vétsina studovanych porostil trav byla na odlesné-
nych plochéich, jen nékteré se nalézaly v profidlém lese
s vyvraty smrki (idoli Cerné Ostravice) nebo v plivod-

Zfkladnf charakteristiky studovanych ploch — Basic characteristics of studied sites

Lokalita! Poloha? "‘fy‘;’k':;’z:‘l‘)’ Expozice* | Porost’ (;l‘cé) ([;:;) pﬁeglo;i)z:fﬁﬂ:y; gdﬂ::iiﬁtzfce FAO)°
%3‘)“ Ostravice ‘l‘g"gfg 625 SE cv 71 | 869| 428 | 20,1 | 19,6 | pseudoglej typicky'®
%3;5 g o o 633 | SE CA 71 | 869| 428 | 20,1 | 19,6 :::\‘l‘:;:;l'?‘qové .
g‘,{')x”z po L 890 | SW CA 65 | 948| 4,06 | 246 | 211 | podzol typicky!?
g;'é)xm pei 0 945 | sw cv 65 | 948| 4.06 | 246 | 21,1 | podzol typicky?
(Ss':,‘l‘; ‘:g:?g:g 1 140 NW cA s6 |1111] 393 | 277 | 21,8 | podzol kambizemni!?
?’;4";9) Sk | 1 | e CcA 56 [1107] 3,82 | 335 | 253 | podzol kambizemni"®
5;‘;')""5 ‘l“:;:igig 1240 | sw cv 37 [1102] 402 | 253 | 228 | podzol kambizemni!?
fs“h‘;'; ?g:g;:g 1250 | N av 36 [1146] 38 | 212 | 57 | podzol typicky'?

CA - Calamagrostis arundinacea, CV - Calamagrostis villosa

Poznéimka: Teploty vzduchu (T) a thm de¥fovych sriZek (DS) jsou rodni primé&ry za obdobi 1990-1992 (Hada¥, 1993). MnoZstvi SO}' aN
(v kg.ha") a primé&rné hodnoty pH byly ve srazkach ve vegetatnim obdobi 1995 (Fiala etal., 1996a) — Note: Air temperatures
(T) and precipitation (DS) are annual means for 1990-1992 (Hada$}, 1993). SO%’ and N amounts (kg.ha") and average pH values were
recorded in precipitation in the growing reason 1995 (Fiala et al., 1996a)

llocality, 2longitudc:. latitude, altitude, ‘exposurc. stype of grass stand (CA — Calamagrostis arundinacea, CV - Calamagr:lmix villosa),
temperatures, 7ptecipitation, B et depositions, %soil type (FAO classification), lOdysu-iz:-r' I, *'stagno-gleyic cambisol, 2ferro-humic
podzol, “*spodo-dystric cambisol
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nim rozvolnéném a odumirajicim smrkovém lese (po-
bliZ vrcholu hory Smrk) (tab. I). V Moravskoslezskych
Beskydech prevaZuje C. villosa v nihradnich spoleten-
stvech, které se vytvofila na plochach zni¢enych puivod-
nich smrkovych lesi ve vy$§ich poloh4ach nebo na mis-
tech kyselych podméa&enych smréin v nadmoiské vysce
okolo 600 m. SpoleCenstva s C. arundinacea pokryvaji
rozsahlé plochy mytin na mistech piivodnich horskych
buéin nebo smrko-jedlovych bu&in (Zelena, 1996).
Vétsina téchto lest byla pfemé&néna na sekundarni smr-
kové monokultury. Ve studovanych porostech s pieva-
Zujici C. arundinacea se nejéast&ji vyskytovaly druhy
Vaccinium myrtillus, Maianthemum bifolium, Rubus
idaeus, Dryopteris dilatata, Oxalis acetosella a Senecio
fuchsii. Druhové sloZeni porosta C. villosa bylo charak-
terizovano vyraznou dominanci tohoto druhu, ktery vétsi-
nou pokryval celou plochu a byl doprovazen jen nékolika
druhy (pfedev§im Vaccinium myrtillus, Maianthemum bi-
folium, Rubus idaeus — Zelend, 1996; Fiala et al,,
1996a). Oba druhy trav jsou schopné tolerovat siln€ kyselé
pudy a vysoky obsah iontii hliniku.

V roce 1994 (8. Cervna) byla st porosti trav na
studovanych lokalitdch oSetfena herbicidem (2% Roun-
dup) a mrtvé nadzemni €asti rostlin byly z plochy od-
stranény. Na konci druhé a tfeti vegetacni sezony po
aplikaci herbicidu (17. 10. 1995 a 15. 10. 1996) byly
odebriny pudni vzorky jak z pivodniho porostu trav
(kontrola), tak i z ploch, kde byl rostlinny kryt odstra-
nén (holé plocha). Pidni vzorky pfedstavovaly smésny
vzorek z péti ndhodné odebranych vzorkd pomoci od-
bérového viélce o priméru 50 mm z vrstev 0-0,05,
0,05-0,1 a 0,1-0,2 m (v roce 1995) a 0-0,1 a 0,1-
0,2 m (v roce 1996), tj. z kofenové vrstvy trav. Hodno-
ty aktivniho pH byly stanoveny v pudni suspenzi po
smichéni 10 g na vzduchu usuSené jemnozemé a 25 ml
destilované vody po 24 h na pH-metru Radelkis. Ke
stanoveni vyménného pH bylo pouZito 1 N roztoku

ﬂsu T m19s
1996

E [MscA . l—_
g KN-CV : :
. ' 0

% SM-CA: : :
E BK-CV, . :
s BK-CA + . ; : :
. ' . . .

8 R i) A 1Y
. ' ' . ' .

CO-CA.L : : y : Organicka hmota

-20,00 15,00 -10,00 -500 000 500 10,00 1500 20,00 2500
DIFERENCE (organick4 hmota %)

1. Srovnéni rozdili mezi obsahem organické hmoty v pidni vrstvé
0-0,1 m v porostech trav a na holé ploSe po aplikaci herbicidu
stanovenych v roce 1995 a 1996 na riiznych lokalitich v Moravsko-
slezskych Beskydech. Oznageni lokalit a porosti trav v tab. I - Com-
parison of differences between the contents of soil organic matter in
the soil layer of 0~0.1 m in grass stands and bare plots after herbicide
application as recorded at different localities in the Moravian-Sile-
sian Beskydy Mts. in 1995 and 1996. Description of localities and
stands in Tab. I
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KCI. Obsah organické hmoty v pudé byl uréen gravi-
metricky po spaleni vzorku pfi teploté 550 °C. Obsah
vyménnych kationtd (Ca?*, Mgz*'. AR byl stanoven
komplexometricky (Moravec, 1960). Obsah amon-
nych a dusi¢nanovych ionti byl stanoven v erstvych
pudnich vzorcich odebranych stejnym zpisobem z vrst-
vy 0-0,1 m, které byly uchovéavany pfi teploté¢ 4 °C
a zpracovany do tfi dni. Ze smésného vzorku (50 g
&erstvé hmotnosti) byl ziskan pidni vyluh do 200 ml
1% roztoku K,SO,4 . Amonné ionty byly stanoveny me-
todou spektrofotometrické absorbance po reakci s Nes-
slerovym ¢&inidlem (Javorsky et al,, 1987). Stejné
byl také stanoven obsah dusi¢nant po reakci se salicy-
lanem sodnym (Horédkova et al., 1986).

VYSLEDKY A DISKUSE

Po dvou letech po aplikaci herbicidu do$lo ke zvy-
$eni obsahu piidni organické hmoty na vétSin€ ploch
(tab. II-V, obr. 1). Aviak na stanovistich s vysokou
imisni zat€Zi s porosty C. arundinacea (Smrk) a C. vil-
losa (Smrk) byly zji§té€ny niZ8i obsahy organické hmoty
v pudé€. Rozdily zaznamenané po tiech letech od znice-
ni porostu byly mensi neZ po dvou letech od aplikace
herbicidu. Na plochich bez rostlinného krytu dochézi
k vyrazné zméné v mikroklimatickych podminkich —
pfedeviim ve vodnim a teplotnim reZimu pid (Tima,
1998). Odumfelé oddenky a kofeny trav jsou v pfizni-
vE&jSich teplotnich podminkach pravdépodobné rychleji
rozkladany a v prvnim obdobi po aplikaci herbicidu do-
chazi k vyraznému obohacovéani pidy o organickou
hmotu. V dalgich letech na holych plochéch nedochézi
jiZ k tvorbé a rozkladu nové vytvofené rostlinné hmoty
a k dal§imu vyraznému obohacovani pidy o organic-
kou hmotu a Ziviny. Doba obratu podzemni rostlinné
hmoty v porostech C. villosa byla odhadnuta na tfi roky

LOKALITY - POROSTY

' pHKCI

0,30 0,10 0,10 0,30 0,50
DIFERENCE (pH)

2. Srovnéni rozdild mezi vyménnym pH (pH-KCI) pidni vrstvy
0-0,1 m v porostech trav a na holé ploSe po aplikaci herbicidu
stanovenych v roce 1995 a 1996 v Moravskoslezskych Beskydech.
Oznadeni lokalit a porosti trav v tab. I - Comparison of differences
between pH (pH-KCI) in the soil layer of 0-0.1 m in grass stands
and bare plots after herbicide application as recorded at different
localities in the Moravian-Silesian Beskydy Mts. in 1995 and 1996.
Description of localities and stands in Tab. I
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IL pH pidy, obsah organické hmoty (OH, %), Ca®*, Mg?*, AI** (v mg.100 g™'), N-NH, N-NO; a celkového minerélnfho N (v mg.1 000 g™")

OShs ar

v pidé€ na lokalitich s porosty Cal
Ca”,

contents of organic matter (OH, %),

2

iasisdin ana l}oly‘ch plochéch po aplikaci herbicidu. Stanoveno 17. 10. 1995 ~ pH values,
Mg®, AI"" (mg.100 g7), N-NH:. N-NOj and mineral nitrogen (mg.1000 g") in soil of plots either

\Iw;tghs Calamagrostis ar stands (grass cover) or without cover (herbicide) after the application of herbicide. Recorded on October 17,
r— B Cern4 Ostravice Bily KfiZ Smrk Maly Smrk
triva® herbicid? triva’ herbicid? triva® herbicid* tréva® herbicid?
Vistva pidy® (m)
0,00-0,05 19,4 28,8 27,7 359 60,2 59,8 63,2 71,9
OH 0,05-0,10 8,8 10,0 19,5 20,3 30,9 24,1 22,6 29,6
0,10-0,20 6,7 6,9 8,9 7.6 11,0 11,2 12,0 14,2
0,00-0,05 3,92 3,77 3,60 3,85 4,64 4,36 3,93 4,07
pH-H,0 0,05-0,10 3,86 3,82 4,05 3,87 3,92 3,65 3,69 3,60
0,10-0,20 3,98 3,90 4,11 4,39 3,94 3,70 3,81 3,71
0,00-0,05 3,97 3,63 3,56 2,99 3,86 3,66 3,88 4,33
pH-KCI 0,05-0,10 4,05 3,93 3,10 297 2,90 2,73 3,53 3,53
0,10-0,20 4,22 4,20 3,08 3,22 2,81 2,62 3,78 3,50
0,00-0,05 94,0 52,0 180,0 165,0 540,0 360,0 390,0 634,0
Ca?* 0,05-0,10 36,0 18,0 50,0 55,0 122,0 70,0 60,0 152,0
0,10-0,20 24,0 13,0 28,6 24,0 38,0 18,0 24,0 30,0
0,00-0,05 17,4 8,5 49,9 42,6 145,9 122,8 115,5 170,2
Mg?* 0,05-0,10 10,5 6,7 23,1 18,2 37,1 26,6 23,1 474
0,10-0,20 4,86 3,04 11,92 9,73 12,8 15,2 9,1 9,1
0,00-0,05 87,6 114,6 43,2 95,1 20,2 47,2 60,7 33,7
AP+ 0,05-0,10 87,6 114,6 70,1 86,3 80,9 107,8 114,6 132,1
0,10-0,20 114,6 98,4 80,9 83,6 128,1 80,9 121,3 101,1
0,00-0,05 0,48 0,45 4,16 1,74 26,69 7,63 2,89 18,80
Ca?*/AI** 0,05-0,10 0,41 0,16 0,71 0,64 0,62 0,65 0,24 1,15
0,10-0,20 0,05 0,13 0,35 0,29 0,13 0,22 0,09 0,29
N-NHj} 0,00-0,10 61,05 43,98 80,52 106,41 80,90 83,29 76,79 104,76
N-NO3 0,00-0,10 1,81 8,13 0,87 7,39 2,72 12,18 2,31 12,37
N — min 0,00-0,10 62,86 52,11 81,39 113,80 83,62 95,47 79,10 117,13

!variant, 2locali(y. 3gmss cover, *herbicide, *soil layer

(Fiala, 1995). Na stanovistich plné exponovanych vi-
¢i Skodlivinam ve vy$§ich polohdch Beskyd byly v po-
rostech trav zaznamenany niZsi pfiriistky podzemnich
organt i pomalejsi rozklad rostlinného opadu (Fiala,
1996b; Tama, 1996a), které mohou také souviset
s rozdily stanovenymi po aplikaci herbicidu na téchto
lokalitach.

Po aplikaci herbicidu byl na plochéch bez vegetace
v obou sledovanych letech zaznamenan vzrist acidity
téméf ve viech sledovanych vrstvach pudy (tab. II-V).
Na téchto plochach hodnoty aktivniho i vyménného pH
byly vétSinou o 0,1-0,3 stupné pH niZ8i neZ v pidé& po-
rostli obou druhii trav (obr. 2). Nejvétsi rozdily (niZsi
pH aZ o 0,65 pH-H,0 a 0,56 pH-KCI) byly zji§tény ve
vrstvé 0-0,1 m na lokalit¢ Knéhyng&. Vyjimku piedsta-
vovaly jen nejvyse poloZené lokality nejvice exponova-
né vici Skodlivinam (Maly Smrk a Smrk).

Ackoliv pH pudy dava uZitegnou informaci o mo-
mentalnim stavu pidy, poddva jen malou informaci
o jeji potencidlni acidifikaci (Bredemeier et al,,
1990). MnoZstvi vymé&nnych bazickych kationt je na-
opak vyznamnym indikitorem stupné acidifikace pudy
a tyto kationty maji vyznamnou tlohu v omezeni vlivu
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toxického hliniku. SniZeni obsahu bazickych kationti,
vapniku i hoi&iku, bylo zaznamenéno témér ve vech
vrstvdch pidy na holych plochich bez vegetace
(tab. II-V). Vzhledem k tomu, Ze jednotlivé stanovisté,
nalézajici se v Sirokém rozmezi nadmoiskych vySek
s odli§nymi typy pud, charakterizovaly dosti odli$né
pudni vlastnosti, nemélo smysl cely soubor dat zhodno-
tit statisticky. Vysledky ziskané pfi opakovanych ana-
lyzach pud v roce 1996 byly vSak velmi podobné ida-
jom z pfedchoziho roku. Za ucelem vzidjemného
srovnéani ploch byly proto vypocteny jen procentudlni
rozdily mezi obsahem nékterych prvki v porostech trav
a na holé plose po aplikaci herbicidu. Tato srovnéni
stanovi3t ukazuji lépe na zji§t€né rozdily. MnoZstvi
Ca2* a Mg?* ve vrstvé 0-10 cm bylo vétSinou o 20 aZ
60 % niZi [jedna se o procentudlni rozdil mezi obsa-
hem prvku v pudé porosti trav (= 100 %) a na holych
plochéch po aplikaci herbicidu] (obr. 3). Vyrazn€ niZzsi
byly v roce 1995 obsahy Ca?* ve svrchni vrstvé pidy
(0-0,05 m) na lokalitdch Bily KfiZ a Knéhyné s C. vil-
losa, které predstavovaly jen 74 % a 45 % mnoZstvi
zaznamenaného na kontrolnich plochach (tab. III). Po-
dobné rozdily se tykaly také obsahu Mg?*. Vedle sni-
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1L pH pidy, obsah organické hmoty, Ca**, Mg?*, AI** (v mg.100 g™"),

na lokalitich s porosty Calamagrostis villosa a na holych plochdch po

N—NH:, N-NQ; a celkového minerdlniho N (v mg.1 000 g"') v pidé
aplikaci herbicidu. Stanoveno 17. 10. 1995 - pH values, contents of

organic matter (OH, %), Ca’*, Mg?*, AI** (mg.100 g™'), N-NH], N-NOj and mineral nitrogen (mg.1000 g™) in soil of plots either with
Calamagrostis villosa stands (grass cover) or without cover (herbicide) after the application of herbicide. Recorded on October 17, 1995

A Lokalita: = Cerna Ostravice Bily Kfiz Knéhyné Smrk
porost trava® herbicid* triva’ herbicid* triva® herbicid* triva’ herbicid*
Vistva pidy® (m)
0,00-0,05 54,6 52,8 52,8 54,2 64,5 53,9 71,6 533
OH 0,05-0,10 22,7 15,8 12,7 43,4 22,6 68,9 20,2 6,8
0,10-0,20 10,2 - 6,7 19,3 9,1 13,1 4.8 55
0,00-0,05 3,71 3,75 4,14 4,05 4,09 3,49 3,66 3,79
pH-H,0 0,05-0,10 3,75 3,76 3,93 3,71 3,71 3,61 3,76 430
0,10-0,20 3,96 3,90 3,81 3,69 4,02 3,88 3,79 4,39
0,00-0,05 3,31 3,20 4,54 4,30 4,31 3,49 3,44 3,69
pH-KCl 0,05-0,10 3,52 3,40 3,81 3,81 3,59 3,44 3,41 3,69
0,10-0,20 3,92 4,02 3,90 3,84 3,80 3,47 3,61 3,66
0,00-0,05 80,0 68,0 450,0 117,0 354,0 194,0 84,0 200,0
Ca?t 0,05-0,10 45,0 50,0 60,0 40,4 95,2 172,0 14,6 9,2
0,10-0,20 15,4 60,0 24,0 9,2 41,4 46,0 10,6 9,4
0,00-0,05 9,4 6,1 133,8 31,6 103,6 39,4 36,5 59,6
Mgz* 0,05-0,10 6,1 13,4 25,5 49 255 323 6,4 7,9
0,10-0,20 2,4 2,4 7,3 2,4 14,2 15,3 2,8 2,9
0,00-0,05 74,2 94,4 23,6 1214 67,4 105,2 87,6 76,5
AP+ 0,05-0,10 128,1 78,9 64,0 80,9 101,1 114,6 90,3 59,7
0,10-0,20 121,3 57,3 84,3 80,0 82,3 106,5 42,2 54,9
0,00-0,05 1,08 0,72 19,07 0,96 5,25 1,84 0,96 2,62
Ca*/APP* 0,05-0,10 0,35 0,63 0,94 0,50 0,94 1,50 0,16 0,15
0,10-0,20 0,13 0,10 0,28 0,12 0,50 0,43 0,25 0,17
N—NH: 0,00-0,10 95.41 90,28 121,21 136,87 66,24 69,24 58,75 71,47
N-NO; 0,00-0,10 0,81 1,31 0,97 1,07 2,76 10,63 3,76 2,30
N — min 0,00-0,10 96,22 91,59 122,18 137,94 69,00 79,87 62,51 73,77

For 1-5 see Tab. II, %stand

7eni obsahu Ca’* a Mg2+ ve svrchni vrstvé (0-0,05 m)
byl vSak zaznamenan vy$§i obsah téchto kationti
v hlubsi vrstvé (0,05-0,1 m) na nékolika lokalitdch
(Kn&hyng&, Cerna Ostravice — plochy s C. villosa, Bily
Kfiz — C. arundinacea) (tab. II, 1II). Pomérn& mens3i
rozdily byly zjiStény na plochich s C. arundinacea. Na
imisni holing stanovili Fiala et al. (1998) tfikrat aZ
Ctyfikrat vét§i mnoZstvi vyplavovanych bazickych kati-
ontl z holé pudy neZ z porosti trav. Na nejvyse polo-
Zenych lokalitach, plné exponovanych viaci $kodlivi-
ndm (Maly Smrk, Smrk — C. villosa), byl v§ak v obou
letech po aplikaci herbicidu zji§tén vétsi obsah vymeén-
ného Ca®* (a% 0 74 % a 112 % ve srovnani s porostem
trav) a Mg2+ (aZ 0 36 % a 57 %) ve vrstvé 0-0,1 m.
Byly zde také zaznamenédny vy33i hodnoty pH pudy
(tab. III, V). Tyto rozdily mohou byt dany i variabilitou
studovanych ploch. Zji¥téni v¥ak byla pro néis prekva-
pujici, nebot tyto lokality byly fazeny mezi nejvice ex-
ponované vi¢i $kodlivindm, kde by mélo dochézet
k vyraznému vyplavovéni bazickych kationti. Nicmén&
mnoZstvi SO4 a dusiku v mokré depozici stanovena za
vegetatni obdobi na lokalit® pobliZ vrcholu hory Smrk
(C. villosa) patfila k niZ§im mnoZstvim zaznamenanym

332

v oblasti (Fiala et al., 1996a). Podzoly kambizemni
(Maly Smrk — C. arundinacea) mohou mit hor$i hyd-
raulickou vodivost pidy a ve svaZitych terénech vys-
ich poloh miZe tak prevladat spiSe povrchovy odtok
sraZzek a vyplavovéani Zivin nemusi byt tak intenzivni
jako na jinych lokalitéch.

NiZ3i obsahy bazickych kationtl se odraZely ve vét-
§im mnoZstvi hliniku v pidé& po aplikaci herbicidu
(tab. TI-V). Pom&r Ca®*/ AI** iontd je povaZovén za
velmi dileZitou charakteristiku pfi hodnoceni toxicity
hlinitych iontd (Ulrich, 1987). Na plochich bez po-
rostu trav byly tyto poméry mnohem nepfiznivéjsi. Ve
svrchni vrstvé pady (0-0,05 m) holé plochy doslo k vy-
razn€j¥imu sniZeni téchto poméri v roce 1995 prede-
v8im na lokalitich s C. villosa (Bily KfiZ, Knéhyné)
neZ na lokalitich s C. arundinacea (tab. I, II).

Vzrist vstupii dusiku ve sraZzkach do lesnich ekosys-
tému v poslednich desetiletich zmé&nil poméry v dostup-
nosti dusiku v lesnich ekosystémech stfedni Evropy.
Tato skute&nost pfispéla k vyplavovéni zasoby kationti
z pudy diky acidifikaci, které4 je disledkem nitrifikace
(Nihlgard, 1985). Stanoveni amonnych a nitrato-
vych ionti na konci vegetani sezony 1995 ukazala na
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IV. pH pidy, obsah organické hmoty, Ca*, Mg?*, A** (v mg.100 g™'), N-NH, N-NO; a celkového minerélniho N (v mg.1 000 g™) v pidé

rosiis ar

na lokalitéich s porosty Cal

ea a na holych plochdch po aplikaci herbicidu. Stanoveno 15. 10. 1996 — pH values, contents

of organic matter (OH, %), Ca**, Mg, AI** (mg.100 g™, N-NH;, N-NOj and mineral nitrogen (mg.1000 g™') in soil of plots either with

Calamagrostis arundinacea stands (grass cover) or without cover (herbicide) after the application of herbicide. Recorded on October 15, 1996
— Gokaliid Cerné Ostravice Bily KfiZ Smrk Maly Smrk
triva® herbicid* tréva® herbicid* trava’ herbicid? tréva’ herbicid*
Vrstva pidy® (m)
oH 0,00-0,10 134 14,1 24,8 19,1 39,2 32,6 25,6 27,1
0,10-0,20 6,3 12 8,5 7,2 11,9 10,9 10,3 12,3
pH-H,0 0,00-0,10 4,18 3,96 4,32 3,96 4,28 4,20 3,92 3,92
0,10-0,20 4,33 4,25 3,99 4,07 3,91 3,74 4,00 3,82
pH-KCI 0,00-0,10 3,32 3,17 3,40 3,14 3,40 3,22 3,05 3,00
0,10-0,20 3,58 3,59 3,05 3,32 2,86 2,69 3,21 2,97
Ca?* 0,00-0,10 28,0 22,0 78,0 40,0 256,0 160,0 62,0 108,0
0,10-0,20 10,0 12,0 14,0 12,0 22,0 18,0 16,0 16,0
Mgz‘ 0,00-0,10 73 13,4 21,9 12,2 76,6 31,6 134 18,2
0,10-0,20 4,0 6,1 6,1 4,9 74 6,1 4,1 4.9
AP 0,00-0,10 78,2 102,5 49,9 83,6 40,5 56,6 72,8 107,9
0,10-0,20 94,9 111,9 82,3 82,3 107,9 101,1 94,4 105,2
cavaps | 000010 036 021 1,56 048 632 282 0.85 1,00
0,10-0,20 0,10 0,11 0,17 0,14 0,20 0,18 0,17 0,15
N-NH} 0,00-0,10 48,10 48,20 50,10 49,90 53,20 53,30 53,60 52,80
N-NO; 0,00-0,10 1,58 1,12 0,47 3,87 6,39 8,11 6,01 4,94
N - min 0,00-0,10 49,68 49,32 50,57 53,77 59,59 61,41 59,61 57,74
For 1-5 see Tab. II
sMcv L;:::;
> ; r |msca
3 ; § KN-CV
) : g [omeca
i- ; - | ekev
g E § BK-CA E :
[} ' S |eoev : : :
: &0-CA ; § VAP
40 e o pA 550 Ash 50 30 0 30 P % 120
DIFERENCE (%) DIFERENCE (%)

3. Srovnéni procentudlnich rozdili mezi obsahy ca’* v pudni vrstvé
0-0,1 m v porostech trav (= 100 %) a na holé plo3e po aplikaci
herbicidu stanovenych v roce 1995 a 1996 na ruznych lokalitich
v Moravskoslezskych Beskydech. Oznafeni lokalit a porostl trav
v tab. I - Comparison of percentage differences between Ca®* con-
tents in the soil layer of 0-0.1 m in grass stands (= 100%) and bare
plots after herbicide application as recorded at different localities in
the Moravian-Silesian Beskydy Mts. in 1995 and 1996. Description
of localities and stands in Tab. I

vzrist koncentrace pudniho dusiku na plochéch bez ve-
getace ve srovnani s porosty obou druhu trav, nejvyraz-
n&ji viak na plochach s porosty C. arundinacea
(tab. II-V). Po odstran&ni porosti C. arundinacea byla
koncentrace nitratovych ionti v pidé étyfikrat aZ osm-
krat vy$¥i. Vyjimkou byly jen koncentrace amonného
dusiku v pid& po odstranéni C. villosa i C. arundina-
cea na plochach niZ¥ich poloh (idoli Cerné Ostravice).
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4. Srovnéni procentuélnich rozdili mezi obsahy APP* v pidni vestvE
0-0,1 m v porostech trav (= 100 %) a na holé plo¥e po aplikaci
herbicidu stanovenych v roce 1995 a 1996 na riznych lokalitich
v Moravskoslezskych Beskydech. OznaCeni lokalit a porosti trav
v tab, I — Comparison of percentage differences between AI** con-
tents in the soil layer of 0-0.1 m in grass stands (= 100%) and bare
plots after herbicide application as recorded at different localities in
the Moravian-Silesian Beskydy Mts. in 1995 and 1996. Description
of localities and stands in Tab. T

V podzimnim obdobi dalgiho roku (1996) nebyly jiZ
takové vyrazné rozdily zaznamenény. V&tSi mnoZstvi
vyplavovanych nitrati z piidy lesa ve srovnéni s poros-
ty trav na imisni holin& zaznamenal v Beskydech Z4-
hora (1997). Podobné& i v prisakovych vodach zachy-
cenych z variant bez porostu trav na imisni holin& byly
stanoveny vy33i koncentrace nitratového dusiku (Fia-
la et al., 1998). Porosty trav vytvofené na imisnich
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V. pH piidy, obsah organické hmoty, Ca*, Mg?*, AI** (v mg.100 g™"), N-NH}, N-NG; a celkového minerélniho N (v mg.1 000 g”') v padé
na lokalitdch s porosty Calamagrostis villosa a na holych plochich po aplikaci herbicidu. Stanoveno 15. 10. 1996 — pH values, contents of
organic matter (OH, %), Ca**, Mg?*, AI** (mg.100 g™"), N-NH{, N-NO; and mineral nitrogen (mg.1000 g™") in soil of plots either with
Calamagrostis villosa stands (grass cover) or without cover (herbicide) after the application of herbicide. Recorded on October 15, 1996

it Lokalita? - Cerné Ostravice Bily KiiZ Knghyné Smrk
i porost® trova’ herbicid* |  trava® herbicid* triva’ herbicid* triva’ herbicid*
Vrstva pady® (m)
i 0,00-0,10 18,1 25,1 20,9 29,3 337 54,8 22,5 17,1
0,10-0,20 5,6 6,2 4,6 6,8 11,3 10,6 6,6 7,5
PHH,0 0,00-0,10 3,69 3,59 4,17 4,47 4,27 3,62 3,67 3,90
0,10-0,20 4,13 3,99 4,17 4,18 3,92 3,73 3,72 3,99
PHKCI 0,00-0,10 2,90 2,75 3,26 3,48 3,30 2,74 2,66 2,88
0,10-0,20 3,40 3,27 3,26 3,22 2,99 2,76 2,76 3,02
Ca* 0,00-0,10 30,0 26,0 106,0 152,0 148,0 100,0 18,0 36,0
0,10-0,20 10,0 8,0 9,0 12,0 12,0 14,0 8,0 8,0
M gz % 0,00-0,10 8,5 8,0 27,0 37,7 48,6 243 7.3 10,9
0,10-0,20 3,6 3,6 3,6 6,1 49 6,1 3,6 3,0
APt 0,00-0,10 126,7 125,4 59,3 47,2 43,1 101,1 80,9 51,2
0,10-0,20 98,4 101,1 45,8 91,7 76,8 49,9 553 53,9
T 0,00-0,10 024 021 1,79 3,22 3,43 0,99 022 0,70
0,10-0,20 0,10 0,08 0,19 0,13 0,16 0,28 0,14 0,15
N-NH} 0,00-0,10 51,80 50,80 50,12 50,80 54,30 56,90 52,50 49,13
N-NO; 0,00-0,10 3,11 2,56 6,65 4,35 7,26 3,74 3,36 5,89
N - min 0,00-0,10 54,91 53,36 56,77 55,15 61,56 60,64 55,86 55,02
For 1-6 see Tab. III
holindch a na n& vazana spoleCenstva mikroorganismu Literatura

mohou nadbytek dusiku z vn&jSich i vnitinich zdroju
i dalsi Ziviny vézat ve své biomase a nerozloZeném
opadu rostlin (Fiala, Jakrlovd, 1996; Tima,
1996b) a pravdépodobné tak z&asti eliminovat negativ-
ni procesy acidifikace a vyplavovani Zivin z pudy les-
nich holin.

ZAVERY

Po aplikaci herbicidu doslo k odumieni Zivych nad-
zemnich i podzemnich orgéni rostlin. Odumfelé odden-
ky a kofeny jsou pomérné rychle rozloZzeny (Tuma,
1994; Fiala, 1996a). Dochazi k rozvolnéni detritové
vrstvy. Proto existuje znané nebezpeéi zvySené pudni
eroze pfi velkoplosnych aplikacich herbicidu na svazich
s vét§im sklonem pfi pfivalovych destich. Po aplikaci
herbicidu a odstranéni aktivniho pusobeni travinného
porostu miZe dojit ke zhorSeni pidnich vlastnosti, napf.
ke zvySeni pudni acidity, sniZeni obsahu vyménného
vapniku a hoi¢iku v pidé a ke zvySeni koncentrace to-
xického hliniku a obsahu dusiku ve svrchnich vrstvach
pidy. Siroké pouZiti herbicidti na imisnich holinach je
tak velmi problematické.
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EFFECT OF HERBICIDE APPLICATION ON SOIL PROPERTIES
OF AIR-POLLUTION INDUCED CLEARCUTS WITH GRASS COVER

IN THE BESKYDY MTS.

I. Sedlakov4, K. Fiala, I. Tima

Institute of Botany Academy of Sciences of the Czech Republic, Department of Ecology, Porici 3b, 603 00 Brno

of soil nitrogen in upper soil layers were recorded by
several authors in grass stands developed on deforested

In the Moravian-Silesian Beskydy Mts., higher con-
tents of Ca and Mg and lower soil acidity and contents
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sites in comparison with adjacent spruce forests. Nev-
ertheless, dense grass stands with thick layer of dead
plant litter on the soil surface prevent tree saplings take
roots during reforestation of air-pollution induced clear-
cuts. These facts motivated us to establish a field ex-
periment based on the removal of grass stands by the
application of herbicide, and to examine changes in soil
properties, especially the possibility of enhanced leach-
ing of base cations accompanied by a lower pH in plots
devoid of grass cover.

Eight experimental sites (four dominated by Ca-
lamagrostis arundinacea and four by C. villosa) were
chosen. Studied sites were situated at different altitudes
(625 up to 1250 m a.s.l.) and they were therefore char-
acterised by a broad range of mean annual air tempera-
tures (3.6 to 7.1 °C) and annual precipitation (869 to
1146 mm). They were also located along a gradient of
increasing air pollution and acid deposits (13.8 to
19.2 ugm‘3 of an average annual concentration of SOZI,
20.1 to 33.5 kg.ha™! of SO, and 5.7 to 25.3 kg-ha™
of nitrogen as an input of wet bulk deposits during the
growing season at a rain water pH between 3.8 to 4.28).
Bedrock of studied sites is represented by sandstone.
Soils mostly belong to ferro-humic podzols or spodo-
dystric cambisols which have developed from original
brown forest soils after their degradation and podzoli-
zation.

A part of each grass stand was treated by the herbi-
cide (2% Roundup) in the first half of June 1994 in
order to destroy the plant cover and the dead above-
ground plant parts were removed. At the end of the
second (October 17, 1995) and third (October 15, 1996)
growing seasons, soil samples were taken both in living
grass stands (control plots) and in area devoid of plant
cover (bare plot) from the soil layers 0-0.05, 0.05-0.1,
and 0.1-0.2 m (in 1995) and 0-0.1 and 0.1-0.2 m (in
1996), i.e., in the root zone of grasses. Soil samples
represented a mixed sample from five soil cores, taken
randomly, each 50 mm in diameter. The content of soil
organic matter was assessed by incineration at 550 °C.
A Radelkis pH meter was used for measuring pH-H,O
and pH-KCI. The content of exchangeable cations
(Ca**, Mg?*, AI**) was assessed complexometrically.
Nitrogen forms were determined colorimetrically in the
1% K,S0, soil extract: N-NH] using Nessler’s reagent
and N-NOj after the reaction with sodium salicylate.

The application of herbicide to grass stands of air-
pollution induced clearcuts resulted in an increase of
soil organic matter in the upper soil layers of most
studied sites. Differences recorded three years after

stand removal (in 1996) were lower than those found
one year earlier (in 1995). Soil water and temperature
regimens changed considerably on bare plots. Thus
dead roots and rhizomes were decomposed more rap-
idly, which resulted in a greater content of soil organic
matter. The application of herbicide increased soil acid-
ity in nearly all examined soil layers. Soil pH values
were usually by 0.1 to 0.3 pH higher in the soil layer
of 0-0.1 m of grass stands than in soil without grass cover.
The highest differences represented 0.65 pH-H,O and
0.56 pH-KCI. Similarly, a decrease in the contents of base
cations was recorded in individual soil layers of bare
plots without vegetation. Amounts of Ca>* and Mg?*
in the 0-0.1 m soil layer were mostly by 20 to 60%
lower [expressed as percentage differences between the
contents of the respective cations in the soil of a grass
stand (= 100%) and in a bare plot after herbicide appli-
cation]. However, the decrease in both Ca®* and Mg>*
contents recorded in the upper soil layer (0-0.05 m)
was accompanied by an increase of these cations in the
deeper soil layer (0.05-0.1 m) at several localities.
Lower contents of base cations coincided with greater
amounts of toxic AI3* ions in soil at sites after herbicide
application and in more unfavourable CaZ*/A1>* ratios.
Exceptions concerning changes in soil organic matter,
pH, and exchangeable cations were found only at locali-
ties situated in the uppermost mountain zone. This fact
was surprising, while these localities were expected to
be the most polluted ones, where the leaching of base
cations should be quite evident. On steep slopes at the
higher altitudes, the surface runoff could probably pre-
vail and leaching of nutrients was not so intensive as at
other sites. At the end of the second growing season
since the application of herbicide, an increase in the
contents of ammonium and nitrate ions was recorded in
the soil of plots without vegetation. Concentrations of
nitrates increased in bare plots four to eight times espe-
cially at localities with C. arundinacea.

Above-ground and below-ground plant organs are
damaged after the application of herbicide. The content
of soil organic matter increases due to the fast decom-
position of dead rhizomes and roots. However, open
sites of steep slopes are endangered by soil erosion
during heavy rains. The removal of grass activity re-
sulted mostly in impaired soil properties, i.e. lower soil
pH and base cation contents, and higher contents of
toxic aluminium. An extensive application of herbicide
to air-pollution induced clearcuts thus appears rather
questionable.
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INFORMACE

MEZINARODNI SEMINAR O EVROPSKYCH HORSKYCH

LESICH V TRENTU

Kritce po tfeti ministerské konferenci o ochrang evrop-
skych lesi v Lisabonu byl do alpského Trenta v Italii svoldn
semindf, tykajici se lesnich ekosystémi v hor4ch (2nd Inter-
national Workshop A European Project for Mountain Forest).
Seminéf ve dnech 24.-26. z4fi 1998 organizovala European
Observatory of Mountain Forest se sidlem ve francouzském
Saint Jean d’Arvey. Na realizaci seminéafe (véetné finan&nich
ndkladi) se podilela i mistni samospréva, lesnické a jiné or-
ganizace (Federation Europeenne des Communes Forestieres,
Autonomous Region Trentino South Tyrol, Autonomous Pro-
vince Trento, Municipality of Trento, Federation of Italian
Forestry Communities, Azienda Forestale Trento-Sopramon-
te, Fondazione Cassa di Risparmio di Trento e Rovereto,
Magnifica Communita di Fiemme). Seminaf se konal pod
patronaci italskych ministerstev Zivotniho prostfedi a zemsg-
délské politiky (Ministry of Environment a Ministry of Agri-
cultural Policy). Cilem setkani byla vzijemnd vyména infor-
maci o stavu a péstebni strategii v horskych lesich zastoupe-
nych evropskych zemi a diskuse o aktudlnich problémech.
Seminédfe se zidastnili zastupci 17 zemi (Albanie, Andorra,
Belgie, Ceska republika, Francie, Itdlie, Madarsko, Némecko,
Norsko, Polsko, Portugalsko, Rakousko, Recko, Slovinsko,
Spanélsko, Svycarsko, Velk4 Britdnie). Pfatelsky ohlas mélo
i vystoupeni zastupci jediné zahrani&ni privétni organizace —
SdruZeni vlastnikii obecnich a soukromych lest v Ceské re-
publice.

Po tfech dnech jednéni byla prodiskutovdna a schvilena
zdvérefna deklarace. V ni byly konstatovany nasledujici sku-
teénosti:
~ zvySujici se vyznam polyfunk&ni dlohy lesi v horskych

oblastech,

— zvySujici se vyznam horskych lesti pfi jedndni mezindrod-
nich, evropskych, regionalnich a lokalnich instituci,

— rozdilnost narodnich, regionédlnich a lokdlnich postoji
a zajmu pfi feSeni problematiky horskych lesi,

— potfeba maximalizace kompletnosti a vylouceni duplicit
pfi feSeni problému trvale udrZitelného hospodareni v hor-
skych lesich riznymi institucemi,

— potfeba pfizpusobeni ochrany Zivotniho prostfedi (vyvoje
a udrZeni piirodnich zdroji a socidlné ekonomickych ak-
tivit) na drovni pfijatelné pro rozhodnuti plynouci z mezi-
narodnich ministerskych konferenci konanych v Lisabo-
nu, Helsink4ch a Strasburku.

Ugastnici seminéfe vyslovili podporu realizaci Rezoluce
S4 (Strasburk, 1990) o pfizpiisobeni hospodateni v horskych
lesich novym environmentdlnim podminkdm, a navrhli nésle-
dujici aktivity:

— kaZdé dva roky uspofadat seminaf, ktery by byl nezavis-
lym mezindrodnim férem pro subjekty zainteresované na
trvale udrZitelném hospodafeni v horskych lesich, kde by
byly prodiskutovany aktudlni problémy,

— vytvofit komunikaéni sit pro politiku, techniku, vyzkum a
praxi souvisejici s trvale udrZitelnym hospodafenim
v horskych lesich,

— vytvofit sit vzorovych lokalit v kaZdé zainteresované zemi
slouZici pro demonstraci vysledkil lesopéstebnich aktivit,
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monitoring stavu a vyvoje lesnich ekosystémi a pro me-
zindrodni vyménu poznatkli v daném oboru,

- sestavit mezindrodni databazi daji z oblasti Zivotniho
prostfedi, obsahujici rovnéZ vysledky ze siti vzorovych
lokalit podle kritérii a ukazatelii pfijatych v Lisabonu,

— organizovat pracovni setkdni zastupcd zainteresovanych
zemi pro fe3eni problematiky rezoluci pfijatych v Lisabo-
nu, Helsink4ch a Strasburku.

Ministerstva, do jejichZ resortu spada péle o lesy, jsou
zévéretnou deklaraci Z4ddna o zahrnuti zAv&rd Ministerské
konference konané v Lisabonu do svych pracovnich pland
(zminén bod 5 generélni deklarace).

Evropské komise a ministerstva jsou Zadéna o pfijeti &lanku
30, kap. VIIL. (Proposals of Regulation of Rural Development),
ktery je zamé&fen na trvale udrZitelné hospodafeni v lesich.

Kompetentni subjekty jsou Zadény o zvaZeni ekologic-
kych a ekonomickych funkci lesu ve stitnich rozpodtech
(zminén sklenikovy efekt a konference v Kjétu).

Po tfidennim seminédfi v renesanénim paldci Geremio
(z potéatku 16. stoleti) byli ii¢astnici pozvani na exkurzi do
blizkého tdoli v Dolomitech a mésta Cavalese. Diskutovalo
se o lesich v oblasti Trentina. Jejich vyméra zde &ini 344 tisic
ha, tj. 55 % rozlohy celé oblasti. Smrk je v porostech zastou-
pen 60 %, modfin 17 %, jedle 11 %, borovice lesni 6 %,
borovice limba 1 %, buk 4 % a ostatni listnae 1 %. Horni
hranice vyskytu dfevinné vegetace se pohybuje v rozmezi
2 200-2 800 m n. m. Zasoba dfevni hmoty se odhaduje na
55 mil. m, ro&ni piirist na 1,3 mil. a rotni t&Zba &ini
(pouze) 0,6 mil m°>. Pomémé nizky objem t&Zeb je zpusoben
malym zéjmem o dfevni hmotu, jejiZ cena od padesatych let
poklesla pfibliZzné na pétinu.

VeétSinu lest v Trentinu vlastni obce (70 %) a sdruZeni
obc&anil (27 %), pouze mal4 &4st patfi statu (2 %) a soukrom-
nikim (1 %). Podle tradice zdédéné po rakouské spravé se
kazdy rok v Trentinu konaji vefejné zasedani lesniku, na kte-
rych se pfipravuje program aktivit na dal3i rok a fe¥i se prob-
1émy spojené s lesnim hospodafstvim. Za potenciélni nebez-
peci pro lesy se zde povaZuji kyselé sraZky a zneli¥téni ovzdusi,
klimatické extrémy, dfevokazné houby, hmyz a poZary. Lesni
porosty jsou ve velmi dobrém zdravotnim stavu, plni pfede-
viim dileZité ekologické funkce — hlavné€ ochranu proti lavi-
nam. Zhruba 40 % dzemi ma vétsi sklon neZ 55 %.

Soudasti exkurze byla ndvit€va mistni samospravy Mag-
nifica Comunita di Fiemme. Komunita sdruZuje obyvatele
obci v daném horském 1doli. Z&4sti jim zajidtuje praci (na-
pfiklad vlastni dfevokombinit o zpracovatelské kapacité
35 000 m® dfeva roén&), pomdhd FeSit pravni zdleZitosti
a podporuje socidln& slabsi ob&any.

Na seminafi byl pfednesen pfispévek Trvale udriitelné
obhospodafovdni horskych lesit v Ceské republice, jehoZ
zkracenou &eskou verzi uvadime. (Plné znéni prispévku bude
publikovéno ve sborniku ze seminéfe.)

Od podatku osmdesatych let se s rozvojem ekologickych
poznatki a soufasné se zhor§ovanim stavu lesti zvySuje po-
zornost, kterou v Ceské republice vEnuje nejiri vefejnost
i politikové lesim. Les je chépéin jako ekosystém, kterému je
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I. Charakteristiky lesnich vegetagnich stupii lest v horskych lesich CR — Forest vegetation zones and their percentage in the Czech mountains

; Vyméra*? Zastoupeni® (%) Nadmofskd vyska* | Priim&ms teplota’ Roéni srazky® Vegeta&ni doba’
Lesni vegetalni stupeii
(ha) z 6-9 LVS!2 z 0-9 LVS"? (mn. m.) °C) (mm) (dny**)
9 kleGovy® 5 857 127 0,22 >1 350 <25 >1 500 <60
8 smrkovy’ 44 522 9,69 1,69 1 050-1 350 2,5-4,0 2 300-1 500 60-100
7 bukosmrkovy!? 99 824 21,72 3,79 900-1 050 4,045 1 050-1 200 100-115
6 smrkobukovy!! 309 367 67,32 11,75 700-900 4,5-5,5 900-1 050 115-130

*Celkové vyméra lesti v CR je 2 632 tisic ha, z toho vyméra horskych lesit (6.-9. LVS) je 459 570 ha, tj. 17, 45 % (idaje podle UHUL) - Total forest area in the Czech Republic is 2,632 thousand ha, forest area
in the Czech mountains is 459 570 ha (17.45%)

'forest vegetation zone, area, *percentage, “altitude, *mean temperature, ®precipitation per year, "growing period, *dwarf pine, °spruce, ‘®beech-spruce, 'spruce-beech, ‘from mountain forests, *from all forests, Ydays

11. Pirozen, soudasn4 a cilova (diferencovan4) druhové skladba v horskych lesich CR podle lesnich vegetagnich stupiiti (LVS) — Tree species compositions in the mountain Czech forests — natural, actual, and
recommended — according to forest vegetation zones

R oo sM? Dt BOS KOS$ jegf;:n“y7 DB® BK® BR!® oL R e o)
(ha) (%) | (ha) | (%) | (ha) | (%) | (ha) | (%) | (ha) | (%) | (ha) | (%) (ha) (%) | (ha) | (%) | (ha) [ (%) | (ha) | (%) | (ha) | (%)
Prirozena!® | 114 156 | 36,9 | 88 170 28,5 o| 00 o| 00 ol 00 | o] 00 106113343 619] 02 | 309 01 o[ oo o] 00
6 Soucasna'S | 243977 | 78,5 | 2815| 09 [14726| 48 | 62| 00|9716| 3.1 | 340 | 01 | 18964 | 6.1 |9529| 3,1 5287 17| o 00 | 4a9s1| 16
Cilova!s | 213463 | 69,0 |55377| 179 | 742| 02 o| 00 0l 00| o o0 39413127 309 01 | 62| 00| o] 00 0| 00
Prirozena!® | 72772 | 729 | 9583| 9.6 o| 00 o| 00 ol 00 | of 00 | 11979 [ 120 |549] 55 ol 00| of oo o] 00
7 Soutasna'® | 76765 | 769 | s19| 05 | 1557| 1.6 | 898 09 |soss| 81 | 10| 00 | 3065 | 31 |5410| 54 |1118] 1.1 0| 00 | 2396| 24
Cilova!s 88264 | 884 | 1098| 1.1 o| 00 o| 00 0] 00| o oo | 88| 89 |1577] 16 ol oo | ol oo 0| 00
Prirozend!® | 41272 | 927 o| 00 o| 00 o| 00 ol o0 | o 00 24 | 07 [2787] 63 0| 00 | 169 | 04 o| 00
8 Soutasnd'® | 34349 | 77.2 13] 00| 107 02 | 53| 12]2280| 51 | 4| 00 102 021006 23 | 160| 04 | o 00 | 5966| 134
Ciloval® 44 495 | 99,9 0| 00 0| 00 0| 0,0 0| 0,0 0| 00 27| o1 0| 0,0 0| 00 0| 00 0| 00
Prirozena!® 715 | 122 o| 00 o| 00 [5142] 87.8 ol oo | of 00 o| oo o| 00 o] 00| ol 0o 0| 00
9 Soutasnd'S | 1751 | 299 1| 00 1| o2 |3966| 627 12| 02 | 5| o1 2| 00| 56| 08 ol oo | of 00 53| 09
Cilov!6 | 132 0| 00 0| 00 |5084/ 8638 o] 00| o] 00 o| 00 0| 00 o]l 00| o] 00 0| 00
Prirozend!® | 228 915 | 49,8 | 97753 213 o| 00 [s1a2| 11 0ol 00 | o 00 |118386 |258 [8896| 1.9 | 309| 01 | 169 | 0,0 o| 00
6a29 | Soutasns's | 355841 | 77.4 | 3348 07 |16401| 36 |5461| 12 [00003| 44 | 360 | 01 | 22133 | 48 fi6001| 35 [656s| 1.4 | o | 00 [13365] 29
Cilova' | 346996 | 755 | 56475 123 | 742| 02 |5084| 1.1 0] 00| o 00| 48324105 |1887| 04 | 62 00| o] 00 0| 00

Udaje podle UHUL (J. Mackd)

'forest vegetation zone, Ispecics composition, 3 spruce, *fir, spinc, Sdwarf pine, Tother conifers, *oak, %beech, lc‘biw:h, Yalder, '*rowan, ®other broadleaved species, “natural composition, Bactual composition,
"®recommended composition



III. Charakteristika a rozlohy pisem ohroZeni — Characteristics and
area of threat zones in Czech mountain forests

Zivotnost Plocha®
Pﬁsmo" dospelych procento | procento z
ohroZent smrkovfczzh v tis. ha* | horskych | pssma ohro¥eni

porostu lesi’® v CRS

A do 20 let” 29,0 6,3 100

B 2140 let® | 1290 28,1 98

C 41-60 let 301,6 65,6 7

D 61-80 let 0 0 0

Udaje podle UHUL (V. Henzlik)

'threat zone code, “survival of mature Norway spruce stands, Sarea,
h ds ha, spcn ge from mc in forests, 6perv.:enmge from
all CZ forests, 7up to 20 years, 82140 years

nutné vénovat zvylenou pédi v zdjmu jeho zachovéni pro bu-
doucnost. V Zivoté zemé& a tim i v lesnim hospodafstvi se
postupné uskute&iiuji zasadni zmény, které byly nastartovany
zménou politického systému v roce 1989. V této porevolueni
dob& vlada Ceské republiky vyjadfila sviij vztah k lesim
schvélenim Zdkladnich principu stdtni lesnické politiky
(11. 5. 1994) a nového zikona o lesich &. 289/95 Sb. (3. 11.
1995). Lesy Ceské republiky, s. p., v r. 1996 doplnily tyto
duleZité zakladni dokumenty vypracovanim lesnické politiky
LCR. Niésledné byl pod koordinaci Ministerstva zemé&d&lstvi
CR vypracovan Nérodni lesnicky program. Tyto dokumenty
jsou pIné v souladu s ¢etnymi mezindrodnimi aktivitami —
napf. ministerskymi konferencemi o ochrang lesi v Evropé
(8trasburk 1990, Helsinky 1993, Lisabon 1998 apod.).

Horské lesy jsou vyznamnou krajinnou sloZkou na$eho
statu. Jsou objektem zvlastniho vyznamu z hlediska ochrany
pfirodniho prostiedi, stabilizace pfirodnich procesu i celkové
homeostéze krajiny. Kromé& toho plni fadu produkénich i mi-
moprodukénich funkci. Jde nejen o produkci ekologicky cen-
né dfevni suroviny, zvéfiny, lesnich plodi apod., ale i o ce-
lospole¢ensky velmi duleZité pln&ni funkci vodohospodaf-
skych, piidoochrannych, klimatickoochrannych, rekreaénich
apod. Cilem jejich trvale udrZitelného obhospodafovani je
proto vytvofeni stabilniho, kvalitniho, druhov&, prostorové
a vEkové diferencovaného lesa.

Do horskych lesii v souladu s pojetim UHUL (napt. Pliva,
1991) fadime lesni ekosystémy nileZejici do 6.-9. lesniho
vegeta&niho stupné (LVS), tj. smrkobukového, bukosmrkové-
ho, smrkového a kleCového LVS. Pfehled LVS a jejich za-
stoupeni v horskych lesich CR je uveden v tab. I. Rozdily
rustovych podminek lesii jsou podrobn& zmapoviny systé-
mem lesnich typl (LT). LT se pak sdruZuji do souboru les-
nich typd (SLT). SLT s podobnymi podminkami pro hospo-
dafeni se sluCuji do hospodéiskych soubori, pro n&€ jsou pak
stanoveny optimélni zpiisoby hospodafeni.

Na podklad& zastoupeni LT byla v roce 1995 nové vypra-
covana rekonstruované pfirozena a diferencovana (optimali-
zovana cilovd) druhové skladba lest podle SLT. Druhovi
skladba lesnich porostd je pfizpiisobena lokalnim pfirodnim
podminkém i spoleCenskym poZadavkim, mezi n&Z patfi zvy-
Sovani biodiverzity lesnich ekosystémii, kterd podstatng zvy-
Suje ekologickou stabilitu lest. Pfirozen4, soucasnd a diferen-
covand (cilovd) druhova skladba pro horské lesy CR je uve-
dena v tab. II. Diferencovand druhové skladba je uritym
optimalizovanym kompromisem mezi poZadavky na zvy3ova-
ni ekologické stability lesnich porostli, na nepfetrZité plnéni
viech funkci lesa a na poZadavky na produkci dfeva.

J.FOR. SCL, 45, 1999 (7): 337-340

Za uplynulych 50 let se v naSich lesich podil listnatych
dfevin téméf zdvojnésobil. Také v poslednim desetileti je pa-
trny pokles zastoupeni jehli¢natych dfevin (s vyjimkou mod-
finu) a tomu odpovidajici pomaly, ale trvaly rist podilu list-
natych dfevin. Na téchto trendech se v¥ak z&4sti podili i istup
jedle a velky podil listnatych dffevin pfi obnové smrkovych po-
rostli v oblastech siln€ zatiZenych imisn& ekologickymi vlivy.

V3echny horské lesy v Ceské republice jsou vicemén¥ za-
tizeny znefi3t€nim ovzdusi. Pro porozuméni charakteru pri-
béhu a rozsahu poskozeni lesnich ekosystémi je tfeba moni-
torovat kvalitu i kvantitu a asovou dynamiku imisni z4t&Ze,
které mohou mit zdsadni vliv na volbu dfevinné skladby v ob-
novnich cilech. Pfi stanoveni zédkladnich principi vychovy
a obnovy je respektovdna i pfedpoklddand dynamika po¥ko-
zeni lesnich porostd vlivem imisni zat¢Ze. Komplexnim vy-
jadfenim potencidlnich G&inkd zne&iSténi ovzdudi v lesich
jsou pasma ohroZeni imisemi D aZ A (tab. III).

Zdravotni stav lesa se u nés hodnoti pozemnim Setfenim
jiZ od roku 1986 na monitora¢nich plochéch v rdmci progra-
mu ICP Forests. Doméci vyzkumné aktivity v tomto smé&ru
jsou viak jiZ téméf o 20 let star§i. V soudasné dob& se hod-
noceni ICP Forests provddi na monitora¢nich plochich roz-
misténych v siti 16 x 16 km (pfipadn& 8 x 8 km) po celém
izemi republiky. Jednim z hlavnich kritérii pfi sledovani
zdravotniho stavu je defoliace.

Navzdory dlouholeté tradici a soufasné vysoké trovni
teoretickych poznatki i praktickych zku3enosti je dne¥ni si-
tuace lesniho hospodafstvi v Ceské republice mnohem slo%i-
t&j3i neZ diive. Vice neZ ve vét3in& ostatnich evropskych stati
doléhd na horské lesni ekosystémy komplexni antropogenni
z4téZ — pusobend hlavng znediSt&nim ovzdusi — a s ni spojené
doprovodné stresy (napi.: pfemnoZeni hmyzich $kidct
a drobnych zemnich hlodavci, vétrné vykyvy a teplotni zvra-
ty). Po vytéZeni potkozenych porostd pak nastupuji problémy
s obnovou lesa na rozsihlych kalamitnich holinich. Nejvice
postizené tizemi ve stfedni Evropé — nazyvané ,erny troj-
thelnik* — zahrnuje i Eeska pohofti Kru¥né hory, Jizerské hory
a KrkonosSe. Je zfejmé, Ze velkoplo3né narudeni lesnich hor-
skych ekosystémil mé negativni ekologické disledky i v ce-
loevropském méfitku. Priavé proto poZadavek na uplatiiovéni
trvale udrZitelného hospodafeni v lesich nabyvé v poslednich
letech ve viech lesnicky vyspélych zemich na vyznamu a di-
razu. K tomuto trendu zna&nou mérou pfispiva i lesnicky vy-
zkum, lesnickd osvéta a kaZdodenni kvalifikovana price les-
nikl na viech stupnich fizeni. V Ceské republice se v sou-
Casnosti fe§i mnoZstvi vyzkumnych projekti, které ma pfispét
k posileni stability horskych ekosystémi. Pozornost se pfi-
tom v&nuje jak aplikaci klasickych lesnickych disciplin ve
specifickych horskych podminkach, tak i aktivitim novodo-
bym, které si souasny neuté¥eny stav lesii a vzristajici po-
#adavky na plnéni mimoprodukénich funkci vyZaduji. Jedna
se zejména o Ukoly na useku genetiky a fyziologie lesnich
dfevin, zvy¥ovani vitality a stability lesnich porosti, sledova-
ni pidnich procesi a moZnosti jejich ovliviiovani, moZnosti
predpovidani potencidlnich pozitivnich i negativnich vnéjSich
vlivi na lesy, sledovani zmén v lesnich ekosystémech, mode-
lovéni budouciho vyvoje ekosystému a moZnosti dlouhodobé
adaptace lesnich dfevin i skladby lesi na vn&jsi vlivy, oceiio-
vani lesnich ekosystémi a ekonomiky pfestavby na trvale
udrZitelné hospodafeni.

Zavérem bychom chtéli zduiraznit nezbytnost zintenzivné-
ni mezinarodni spoluprice na poli informovanosti o feSeni
problémi spojenych s horskymi lesnimi ekosystémy. I kdyZ
vysledky vyzkumu byvaji vétS§inou publikovény, jsou &asto
t&%ko dostupné, zvl4§té pokud jsou oti§tény v regionélnich
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neperiodikach cizich zemi. Téméf nedostupné pak byvaji in-
formace o projektech, které se teprve za€inaji feSit. Pfitom
informovanost a pfipadna spoluprice pfi feeni podobnych

problémi by pfinesly vicestranny uZitek. Proto navrhujeme
vytvofeni mezindrodni databdze vSech projektl zabyvajicich
se uvedenou problematikou v minulosti i sou¢asnosti.

RNDr. Stanislav Vacek, CSc., Ing. Vratislav Balcar, CSc.,

VULHM, Vyzkumnd stanice Opocno

INTERNATIONAL WORKSHOP ON MOUNTAIN FORESTS, TRENTO, ITALY

Shortly after Ministerial Conference of Lisbon, 2nd Inter-

national Workshop A European Project for Mountain Forest
took place in Trento, Italy, 24—26 September 1998. The work-
shop was organized by European Observatory of Mountain
Forest (Saint Jean d'Arvey), Federation of European Forest
Community Councils, Autonomous Province Trento, Munici-
pality of Trento, Foundation of the Trento and Rovereto Sa-
vings Bank, Federation of Italian Forestry Communities, and
Forestry Agency Trento-Sopramonte. Goal of the workshop
was to reinforce the implementation of the Resolution S4
declared in Strasbourg 1990 (Adapting of the Management of
Mountain Forest to New Environmental Conditions).

Final Declaration of the 2nd International Workshop held

in Trento was adopted by 200 delegates from 17 countries
and a number of international institutions and organisations
(European Parliament, International Institute for Environment
and Development IIED, Confederation of the European Ag-
ricultural Professional Organisations COPA-COGECA,
WWF-Europe, European Confederation of Paper Industries
CEPI, European Federation of Local Forest Authorities
FECOF). The Ministerial Conference on the Protection of
Forests in Europe, FAO and the International Union of Fo-
restry Research Organisations (IUFRO), attended as obser-
vers. The adopted Final Declaration is based on the recogni-
tion of the following points:

the increasing importance of the multifunctional role of
forests in mountain areas,

the increasing importance of mountain forests within the
positions taken by international, European, national, regio-
nal and local institutions as well as the concrete commit-
ments made by decision-makers (Alpine Convention, Eu-
ropean Charter of Mountain Regions, Resolution S4
Mountain Forest of the Ministerial Conference of Stras-
bourg, Resolution of the European Parliament on the Fo-
rest Strategy in the European Union, Convention on Bio-
diversity, Pan-European Strategy on Biological and Land-
scape Diversity),

the diversity of national, regional and local situations as
well as the common issues linking countries, regions and
local communities,

the diversity of interests between direct and indirect actors
as well as the common goals of enhancement of knowled-
ge, conservation, management, training and information
on those forests,

the need to maximise complementarity and avoid duplica-
tion between the many organisations and institutions con-
cerned with sustainable mountain development,

the need to adapt measures of environmental protection,
of resources development and maintenance of a viable le-
vel of local socio-economic activities following the deci-
sions taken at the Ministerial Conferences of Lisbon, Hel-
sinki and Strasbourg.

At the same time, the Final Declaration identifies the con-

tent of a preliminary action plan for mountain forests. Parti-
cipants decided to jointly mobilise their resources in order:

1.

to strengthen and implement Resolution S4 on mountain
forests of the Ministerial Conference on the Protection of
Forests in Europe, taking into account the Resolutions
adopted by European Ministers in Lisbon, Helsinki and
Strasbourg,

. to develop and implement an action plan for the strengthe-

ning of Resolution S$4, following the principles stated at
point 5 of the General Declaration of Lisbon, following
the outputs of the 2nd International Workshop A European
Project on Mountain Forests, and including five actions:
follow the state-of-the-art to be made by the first White
Book of Mountain Forest in Europe with an up-dating and
Workshop every two years,

establish a network of communication on policies, techni-
ques, research and training concerning sustainable mana-
gement of mountain forests,

establish a network of sample sites in each country for the
implementation and monitoring of criteria and indicators, as
well as for the exchange of experiences between countries,

establish a referential of socio-economic and environmen-
tal data provided by countries and the sites of the network,
and following the criteria and indicators endorsed in Lis-
bon,

organise training meetings between representatives of
countries, based on decisions adopted at Lisbon, Helsinki
and Strasbourg.

The workshop was ended by visiting of Magnifique Com-

munauté de Fiemme in the beautiful Alpine countryside.

Among national reports, a Czech contribution Sustainable

Management and State of the Mountain Forests in the Czech
Republic was reported. It was aimed to inform about actual
silvicultural problems in the Czech mountains. The following
terms were discussed: forest site type classification, forest
vegetation zone, edaphic categories, management groups, na-
tural tree species composition, optimized (prescribed) tree
species composition, actual (present) tree species composi-
tion, management groups, and 4 air pollution threat zones. It
was stated that, in spite of the fact the idea of sustainable
forest management has 200 years old tradition in the Czech
Republic, adapting of our present silviculture to new environ-
mental conditions is a very demanding task. Its achievement
is conditioned by strong human activation and by progress in
science and technology. At the end of the contribution, some
present forest tasks and activities were mentioned and neces-
sity of international co-operation in forest problem solution
was stressed.

RNDr. Stanislav Vacek, CSc., Ing. Vratislav Balcar, CSc.,
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