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IN VITRO PROPAGATION OF EUROPEAN BEECH
(FAGUS SYLVATICA L.)

ROZMNOZOVANI BUKU LESNIHO (FAGUS SYLVATICA L.) IN VITRO

V. Chalupa

Czech University of Agriculture, Faculty of Forestry, 165 21 Praha-Suchdol

ABSTRACT: Methods of micropropagation of European beech are described in the paper. Juvenile nodal segments cultured
on modified WPM supplemented with low concentration of cytokinin (BA or BPA) plus auxin (IBA) produced shoots with
sufficient multiplication rate for continuous shoot propagation. Adventitious buds were induced on leaf segments cultured on
modified WPM containing higher concentration of cytokinin (BPA, TDZ) plus auxin (IAA). Shoots were regenerated from
adventitious buds and were multiplied on WPM. Produced microshoots rooted in high percentage and regenerated plants were
planted in the field.

European beech; micropropagation; shoot multiplication; microshoot rooting; adventitious bud induction; plant regeneration

ABSTRAKT: V prici jsou popsidny metody rozmnoZovéni buku pomoci organovych kultur, kdy jako podate¢ni explantity
byly pouZity noddlni segmenty a listové segmenty odebrané z juvenilniho rostlinného materidlu. Noddlni segmenty péstované
na modifikovaném médiu WPM, obsahujicim nizkou koncentraci cytokininu (BA, BPA) a auxinu (IBA), vytvéiely pryty, které
bylo moZno déile mnoZit. Na listovych segmentech péstovanych na modifikovaném WPM, obsahujicim vy$8§i koncentrace
cytokininu (BPA, TDZ) a auxinu (IAA), byly indukovény adventivni pupeny. Z nich byly regenerovany pryty, které byly déle

mnoZeny na médiu WPM. Po zakofenéni prytl byly regenerované rostliny vysazeny na venkovni plochy.

buk lesni; mikropropagace; mnoZeni prytu; zakofenéni prytl; indukce adventivnich pupeni; regenerace rostlin

INTRODUCTION

The European beech is one of the most important
broadleaved forest tree species in Europe. It is a species
of oceanic and suboceanic climate, and its eastern boun-
dry is dependent on continentality of climate. It is
widely distributed in central and western Europe. The
altitudinal range of beech extends from lowland to
mountains. In southern Europe it is a tree of higher
altitudes and in some regions beech forms upper tree
line. The proportion of beech forests in some European
countries is high (15-30%).

The present distribution of European beech in Czech
forests is low (6%), while the original distribution in
natural forests is estimated to be higher (30-40%). It is
assumed that area of beech forests will be increased
considerably in Czech forests. The perspective needs of
beech seedlings for reforestation operations are substan-
tial. It is expected that every year will be necessary to
reforest many thousands hectares of clear-cut forest
stands and non-productive agriculture land.

At present, European beech is propagated mostly by
seeds, however, good seed harvests are not frequent and
beech nuts are difficult to store for extended periods.
So far, forest nurseries are traditionally oriented to-
wards production of planting stock from seeds and
vegetative methods of propagation are used only rarely.
However, vegetative propagation of beech could pro-
vide an adequate plant supply when there is a shortage
of seeds. Vegetative propagation is important because
of its potential to propagate commercially valuable
genotypes. Forest yield could be enlarged significantly
by large-scale propagation of selected genotypes with
improved growth rates, valuable wood quality and high
disease resistance. Vegetative propagation of European
beech by rooting of stem cuttings has proved to be
difficult and has not yet been successfully applied in
practice. Softwood cuttings taken from 2-3 year-old
plants treated with growth regulators, rooted in high
frequencies, up to 80% (Chalupa, 1982). However,
the mortality of rooted beech cuttings was high in the
first winter and their survival rate was low. Biology

The financial support provided by the Grant Agency of the Czech Republic (grant No. 522/96/K 186) is acknowledged.

LESNICTVI-FORESTRY, 44, 1998 (12): 529-534

529



of beech vegetative propagation is still poorly under-
stood.

In vitro technologies represent new ways to over-
come existing problems. The application of in vitro
methods offers new prospects for rapid propagation of
selected genotypes and provenances. The method could
be used for propagation of provenances which do not
produce seed in sufficient quantity. /n vitro propagation
could be used for the production of more resistant and
productive genotypes and could provide planting stock in
a short time (Chalupa, 1983, 1985, 1990, 1992, 1993).

In past years different techniques for in vitro propa-
gation of beech have been tested, using isolated buds,
nodal segments, zygotic embryos and leaf segments as
initial explants. Plant regeneration and micropropaga-
tion of European beech has been achieved (Chalupa,
1979, 1985, 1987, 1996; Vieitez et al., 1993;
Vieitez, San-José, 1996; Meier, Reuther,
1994). In vitro multiplication depends on the control of
organogenesis which is influenced by internal and ex-
ternal factors. In this study, results obtained in experi-
ments with propagation of European beech by organ
cultures are described.

MATERIALS AND METHODS

PLANT MATERIAL

Tissue cultures of beech have been initiated from
explants taken from juvenile and adult plants. Seeds,
nodal segments and leaf segments were used to estab-
lish cultures. Actively growing shoots taken from seed-
lings aged 2 months to 2 years or from trees 10 to 30
year-old were used for experiments. After all leaves
were removed from shoots, nodal segments were rinsed
in tap water for 30-60 minutes and surface sterilized by
successive immersion in 0.5% sodium hypochlorite for
5 minutes and in mercuric chloride (0.1% HgCl,) for
20-40 minutes, followed by three rinses in sterile water.
Sterile nodal segments, 5-15 mm long, were placed on
culture medium. Seeds were first stratified in moist
sand or agroperlite for 30-60 days and after coat re-
moval, seeds were surface sterilized in mercuric chlo-
ride solution (0.1% HgCl,) for 20-40 minutes, followed
by three rinses in sterile distilled water. The embryos
with a part of cotyledons were excised from seeds and
placed on nutrient medium (WPM). For induction of
adventitious buds on leaf segments, leaves of in vitro
growing juvenile cultures were used. Expanded leaves
with 2-4 mm long petiole were excised from shoots.
The leaves were cut transversally into halves and the
petiolar halves and distal parts were placed with their
abaxial surfaces on nutrient medium.

CULTURE MEDIA AND CONDITIONS

The basal medium used for experiments was modi-
fied WPM (Lloyd, McCown, 1980). The basal
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medium was supplemented with glutamine (200 mg.l_').
casein hydrolysate (200 mg.l_') and 30 g.l_' sucrose.
The medium was solidified with 2.5 g.l'l Gelrite
Sigma) and adjusted to pH 5.8 before sterilization by
autoclaving at 121 °C for 20 min. Growth regulators
and glutamine were filter-sterilized. Various growth
regulators added to culture medium included 6-benzyl-
aminopurine (BA), 6-benzylamino-9-(2-tetrahydropy-
ranyl)-9H-purine (BPA), thidiazuron (TDZ), indole-3-
-butyric acid (IBA), indole-3-acetic acid (IAA),
1-naphthaleneacetic acid (NAA). Cultures were grown
either in dark or in light in growth cabinets at 24 £ 1 °C
with 16 h photoperiod under cool white fluorescent
light with a photon flux density of 30 to 40 umol.m"z.s".

The explants were cultured in 100 ml flasks (one or
two explants per flask) containing 25 ml of nutrient
medium. In most cases explants were cultured for
6 weeks, and were transferred onto fresh medium every
two weeks. Shoot multiplication and initiation of ad-
ventitious buds was stimulated by combinations of va-
rious concentrations of cytokinin and auxin. In rooting
experiments, excised microshoots 10-30 mm long were
used. Rooting medium consisted of basal WPM (no
amino acids, 20 g.1”! sucrose), supplemented with aux-
ins (1.48 uM IBA plus 0.54 uM NAA). For root initia-
tion, excised microshoots were cultured either in the
medium for 3-4 weeks and later transferred in auxin-
free medium, or root initiation was induced by dipping
the basal end of microshoots for 1-2 min in IBA solu-
tion (4.9 mM), and then they were cultured in auxin-
free WPM medium. Rooted shoots were grown in a pot-
ting mixture (peat and perlite 1 1, v/v). All
experiments were repeated at least twice and each treat-
ment involved 20-30 explants.

RESULTS

DEVELOPMENT AND MULTIPLICATION OF SHOOTS
FROM AXILLARY BUDS

Both tested cytokinins (BA, BPA) stimulated growth
and development of axillary shoots from nodal seg-
ments. Explants harvested from juvenile seedlings (2—
4 months old), or taken from shoots developed from
embryonal axis, were more responsive than those taken
from older plants. Nodal segments from juvenile plants
cultured on WPM supplemented with low concentration
of cytokinin (BA or BPA) plus auxin (IBA) produced
new shoots within 5-6 weeks. Length of produced
shoots was influenced by cytokinin concentration. Low
concentration of BA (0.44-2.22 uM) or BPA (0.32-
1.62 uM) stimulated shoot elongation more than higher
concentration BA (4.44-8.87 uM) or BPA (3.23-
6.46 pM). The multiplication rate (number of nodal
segments usable for the next multiplication cycle)
achieved on modified WPM supplemented with BA or
BPA plus IBA was sufficient for continuous shoot
propagation (Tabs. I, II). Nodal segments cultured on
WPM supplemented with 0.49 uM IBA and low con-

LESNICTVI-FORESTRY, 44, 1998 (12): 529-534



I. Shoot multiplication rates of juvenile Fagus sylvatica clones cul-
tured on modified WPM supplemented with 0.49 uM IBA and with
cytokinin BA

III. Mean multiplication rates of four juvenile genotypes of Fagus
sylvatica cultured for 4 years on a modified WPM medium supple-
mented with 0.88 pM BA and 0.49 pM IBA

. Clone
BA concentration
c | F
UM Average multiplication rate
0.44 1.9a 2.1a
0.88 2.1a 2.3a
222 2.0a 2.1a
4.44 1.5b 1.7b

Genotype
6 11 19 27
Year Average annual myltiplication rate
1 2.1a 2.6a 1.7a 2.3a
2 1.9a 1.9b 1.5a 2.6a
3 2.2a 2.4a 1.2b 2.5a
4 1.8a 2.3a 1.6a 2.4a

The data are based on 10 subcultures. Within each column, values
followed by the same letter are not significantly different at the 5%
level

II. Shoot multiplication rates of juvenile Fagus sylvatica clones cul-
tured on modified WPM supplemented with 0.49 pM IBA and with
cytokinin BPA

. Clone
BPA concentration
() F
uM Average multiplication rate
0.32 2.1a 2.3a
0.65 2.3a 2.6a
1.62 2.2a 2.5a
3.23 1.7b 1.8b

The data are based on 10 subcultures. Within each column, values
followed by the same letter are not significantly different at the 5%
level

centration of BA (0.88-2.22 pM) or BPA (0.65-
1.62 uM) exhibitied high multiplication rate. Great dif-
ferences in multiplication rate were observed among
various genotypes. Some genotypes maintained high
multiplication rate for several years. Great variations
were observed among tested genotypes in the ability to
produce multiple shoots. Some genotypes produced two
to four shoots within 6 week-culture period (Fig. 1),
some only one. Some genotypes maintain sufficient

1. Shoot proliferation from axillary buds of a nodal segment
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The data are based on 10 annual subcultures. Within each column,
values followed by the same letter are not significantly different at
the 5% level

multiplication rate for more then 4 years without a de-
crease in regeneration capacity (Tab. IIT).

Shoot multiplication of trees older than 10 years
(10 to 30 year-old) was also achieved, however, the
mean multiplication rate of cultures was usually lower
than the rate of cultures established from juvenile plants.
Only cultures of some genotypes of older trees exhibited
the same proliferation rate as cultures of seedling origin.

DEVELOPMENT AND MULTIPLICATION
OF ADVENTITIOUS SHOOTS FROM LEAF EXPLANTS

The induction of adventitious buds on juvenile ex-
plants is an efficient method for in vitro propagation of
some tree species. In our experiments adventitious buds
were induced on leaf segments, excised near the axil of
in vitro growing shoot cultures. The initiation of adven-
titious bud formation on excised leaf segments was sti-
mulated on modified WPM supplemented with cytoki-
nin (BA, or BPA, or TDZ) plus auxin (IAA). The
petiolar halves of leaves cultured on WPM produced
most adventitious buds near the petiole stub. The com-
bination of BA (4.4-13.3 pM), or BPA (3.2-9.7 uM), or
TDZ (0.2-2.3 pM) with IAA (2.3 puM) stimulated the for-
mation of adventitious buds on petiolar halves of leaves
(Tabs. IV-VI). Within 3-6 weeks, adventitious buds were
induced on 20-60% of leaf segments cultured on WPM,
especially in petiole halves. Initiation od adventitious
buds was also stimulated on distal halves of leaves,
however, the number of induced adventitious buds was
lower. Duration of cultivation of leaf explants on media
supplemented with cytokinin and auxin affected signi-
ficantly capacity of adventitious buds to form adventi-
tious shoots. Leaf explants cultured on media containing
TDZ or BPA longer than 3-4 weeks, exhibitied slow elon-
gation of shoots from induced adventitious buds.

Leaf segments with induced adventitious buds were
transferred on WPM containing low concentration of
cytokinin (0.88 pM BA) plus auxin (0.49 pM IBA).
Within 6-10 weeks shoots developed from adventitious
buds and were multiplied on WPM multiplication me-
dium (Fig. 2).
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IV. Number of induced adventitious buds on petiolar leaf segments
of Fagus sylvatica, cultured on modified WPM supplemented with
2.3 uM IAA and with cytokinin BA

VI. Number of induced adventitious buds on petiolar leaf segments
of Fagus sylvatica, cultured on modified WPM supplemented with
2.3 uM IAA and with cytokinin thidiazuron

Clone 3 Clone
BA concentration TDZ concentration
C F C F
uM Average number of adventitious buds uM Average number of adventitious buds
4.44 1.9a 2.8a 0.23 2.7a 3.1a
8.87 2.5b 3.3b 091 3.3b 3.7b
13.31 1.8a 3.0a 2.27 3.3b 3.6b

The data are based on 20 leaf segments per treatment. Within each
column, values followed by the same letter are not significantly dif-
ferent at the 5% level

V. Number of induced adventitious buds on petiolar leaf segments
of Fagus sylvatica, cultured on modified WPM supplemented with
2.3 uM IAA and with cytokinin BPA

X Clone
BPA concentration
C F
UM Average number of adventitious buds
3.23 2.4a 3.1a
6.46 2.9b 3.8b
9.69 2.2a 33a

The data are based on 20 leaf segments per treatment. Within each
column, values followed by the same letter are not significantly dif-
ferent at the 5% level

ROOT FORMATION AND TRANSFER OF PLANTS
TO SOIL

Microshoots excised from cultures and placed on
WPM supplemented with auxins (1.48 pM IBA plus
0.54 pM NAA) rooted in high percentages (62-76%)
within 3-4 weeks. Microshoots dipped by the basal end
in IBA solution (4.9 mM IBA) for 1-2 min and then
placed in auxin-free WPM, exhibited high rooting rate
(64-82%). Short dark period in the beginning of rooting
process, stimulated initiation and growth of roots. Mi-

2. Growing shoots of adventitious origin
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The data are based on 20 leaf segments per treatment. Within each
column, values followed by the same letter are not significantly dif-
ferent at the 5% level

croshoots rooted in darkness for an initial 7-10 days
and later cultured under normal light conditions, exhib-
ited high rooting rate.

Rooted microshoots (Fig. 3) were transplanted to
a potting mixture (peat and perlite 1 : 1, v/v) and were
grown under long photoperiod and high air humidity to
prevent desiccation and to stimulate shoot growth. Af-
ter 7-9 weeks, the high relative humidity was gradually
reduced to normal values. The formation of new leaves
that were anatomically adapted to a low relative humid-
ity was important for plant survival. Survival rates of
micropropagated beeches were high (92-97%).

DISCUSSION

European beech, one of the most important broad-
leaved forest tree species in Europe, is propagated most-
ly by seeds. Due to large scale afforestation program-
mes, demands for beech plants are increasing.
Considerable progress has been made in the develop-
ment of in vitro technologies for plant propagation. The
importance of tissue culture as a propagation method of
trees continues to grow. A system based on micropro-
pagation of beech by organ cultures has been developed
(Chalupa, 1979, 1985, 1996; Vieitez etal., 1993;

3. Plant regenerated from
a shoot of adventitious origin

LESNICTVI-FORESTRY, 44, 1998 (12): 529-534



Vieitez, San-José, 1996; Meier, Reuther,
1994), and used for production of plants for field tes-
ting.

In our experiments, promising results in beech mic-
ropropagation have been obtained using juvenile plant
material. The efficiency of shoot multiplication depen-
ded on the combination and concentration of exogenous
growth regulators. Low concentration of cytokinin and
auxin in culture medium stimulated axillary bud deve-
lopment and shoot multiplication rate. The initiation of
adventitious bud formation on leaf segments was stimu-
lated by combination of higher concentration of cytoki-
nin and low concentration of auxin. Adenine-type cyto-
kinins ard thidiazuron were effective in induction of
adventitious bud formation on leaf segments. Low con-
centration of cytokinin and auxin stimulated shoot de-
velopment from adventitious buds. Rooting experi-
ments showed that beech microshoots, after auxin
treatment, rooted in high percentages. Short dark period
in the beginning of rooting process, stimulated initiati-
on and growth of roots. Field growth of micropropaga-
ted beech plants of juvenile origin was comparable to
that of control seedlings. It is assumed that after further
improvement, micropropagation techniques will be
used for beech propagation in larger scale.
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ROZMNOZOVANI BUKU LESNIHO (FAGUS SYLVATICA L.) IN VITRO

V. Chalupa

Ceskd zemédélskd univerzita, Lesnickd fakulta, 165 21 Praha-Suchdol

RozmnoZovini buku autovegetativnimi zpisoby, ze-
jména pomoci Fizku, je obtiZné a jsou zkouSeny i dalsi
zpusoby, kterymi by bylo moZné dosidhnout vypéstova-
ni kvalitnich sazenic i pfi nedostatku bukvic. Byly pro-
vadény experimenty s rozmnoZovanim buku pomoci or-
ganovych kultur, péstovanych na Zivnych médiich in
vitro. K zaloZeni kultur byly pouZity jednak explantaty
z juvenilniho rostlinného materialu (embrya, semenac-
Ky), jednak z 10-30letych stromu. Nodalni segmenty
ziskané z odebranych prytu byly po sterilizaci péstova-
ny na modifikovaném médiu WPM (Lloyd, Mc-
Cown, 1980). Vytvafeni pryti z axilarnich pupent

LESNICTVI-FORESTRY, 44, 1998 (12): 529-534

bylo stimulovano cytokininy a auxiny. Nizké koncen-
trace BA (0,44-2,22 pM) nebo BPA (0,32-1,62 pM)
v zivném médiu stimulovaly vytvédfeni pryti z axilar-
nich pupenu (tab. I a II). Bylo dosaZeno uspokojivého
koeficientu mnoZeni prytd na téchto médiich. Né&které
genotypy podrZzovaly dostate¢ny koeficient mnoZeni po
Ctyfi roky (tab. III).

Vytvareni adventivnich pupent bylo indukovano na
listovych segmentech p&stovanych na modifikovahém
WPM, obsahujicim vy38i koncentrace cytokininu (BA
nebo BPA nebo thidiazuron) a auxin IAA (tab. IV-VI).
Béhem tfi aZ Sesti tydni se adventivni pupeny vytvorily
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u 20-60 % péstovanych listovych segmenti. Listové
segmenty s indukovanymi adventivnimi pupeny byly
pfemistény na WPM, obsahujici nizkou koncentraci cy-
tokininu a auxinu. B&hem 3esti aZ deseti tydni se z ad-
ventivnich pupenti vytvofily pryty, které byly dale
mnoZeny na médiu WPM.

Vytvafeni kofend u prytd bylo indukovéano po presa-
zeni pryti na WPM, obsahujici nizké koncentrace au-
xint (1,48 pM IBA a 0,54 pM NAA). Pryty byly po-
nechdny na médiu obsahujicim auxiny tfi aZ Ctyfi tydny,
a poté byly pfesazeny na médium neobsahujici auxin.

Zakorenéni pryti bylo rovnéZz dosaZeno po 1-2minutovém
ponofeni spodni ¢asti pryti do roztoku auxinu (4,9 mM
IBA) s naslednym péstovanim na modifikovaném
WPM neobsahujicim auxin. Procento zakofenénych
prytu se zvysilo, jestliZze byly pryty v po&itednim obdo-
bi (po 7-10 dni) umistény v temnoté a poté byly pés-
tovéiny za obvyklych svételnych podminek. Zakotfenéné
pryty byly piesazeny do smé&si raseliny a agroperlitu
(1 : 1, v/v) a byly péstovany po 7-9 tydnu za vysoké
relativni vzdu$né vlhkosti. Po aklimatizaci byly sazeni-
ce vysazeny na venkovni plochy.

Contact Address:

Prof. Ing. Vladimir Chalupa, DrSc., Ceskd zem&d&lska univerzita, Lesnicka fakulta, 165 21 Praha-Suchdol, Ceska republika

Casida, J. E. — Quistad, G. B.: Golden age of insecticide research: past, present, or future? (Zlaty vék
vyzkumu insekticidd: v minulosti, p¥itomnosti nebo v budoucnosti?)

Annu. Rev. Entomol., 1998, 43, s. 1-16 — 4 obr., 3 tab., lit. 7

Za poslednich 60 let bylo dosaZeno mnoha \isp&chii ve vyzkumu insekticidii. Tento vyzkum piedloZil svétové vefejnosti téméf pied pul
stoletim chlorované uhlovodiky, po nich organofosfity, metylkarbamit a posléze pyretroidy. Tyto pfipravky jsou neuroaktivni. VE&tina
nyn&jSich b&Znych insekticidi ma své kofeny v tehdej$i dob&. Problémem se pozdéji stalo zdravi a prostfedi. Vyzkum hledal selektivni
a degradovatelné slouceniny. V dal§im vyvoji se pozornost soustiedila na problém odolnosti, nové biochemické cile a na nové chemické
pfistupy v boji proti $kidcim. Genetické inZenyrstvi pozdéji sniZilo pouZivini chemickych pfipravki. Konstatuje se, Ze vyzkum insekticidi
prosel nékolika zlatymi véky a Ze v soucasné dob& dochdzi k i integrace chemickych pfipravki a biologickych prostiedki v aé¢inném
boji proti Skidclim. PFi této integraci se pamatuje na ochranu lidského zdravi. Hmyz ziistéva stle konkurentem lidi v boji o omezené zdroje.
-M. Pagac

Hassinen, A. — Lemettinen, M. — Peltola, H. et al.: A prism-based system for monitoring the swaying of trees
under wind loading (Prizmaticky systém pro monitorovéni kyvavych pohybii stromi pii zatézich vétrem)

Agricultural and Forest Meteorology, 1998, 90, s. 187-194 — 5 obr., 2 tab., lit. 30

Vyvraty jsou vyznamnym problémem lesniho hospodaistvi. Dynamické udinky vétru maji podstatny vyznam pfi stanoveni pohybu kmene
a stresu u jehli¢nani. Vedou zfejmé ke zvy3eni ohybu kmeniu a pfedivaji z4t€Z na kofenové systémy. Poryvy vétru v takovém piipadé jsou
spojeny s pfirozenou frekvenci kyvavych pohybi stromi. Popisuje se prizmaticky systém pro piesné méfeni pohybu kmene a frekvenéni
reakce stromi za dynamického zatiZeni vEtrem. Méfeni probihala u borovice lesni na kraji porostu. Byl postaven stoZir vysoky 16 m a byl
vybaven pfistroji na méfeni profilu a sm&ru vétru. Jeden strom blizko stoZiru byl vybaven prizmatem a akcelerometry. Srovnévaly se vysledky
méfeni prizmatického systému a vysledky ziskané na zdklad® pouZiti akcelerometri. Zjistila se shoda pii frekvencich blizko pfirozené
frekvence nebo nad ni, rozdily byly pfi nizkych frekvencich. Akcelerometry preceiiuji reakce nizké frekvence. Novy systém je moZné snadno
upravit tak, Ze se provid&ji méfeni v riznych vySkdch na stejném stromé, pfipadné u dal3ich stromi. - M. Pagac
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PROVENANCE TEST OF BLACK SPRUCE
[PICEA MARIANA (MILL.) B.S.P.] IN JUVENILE STAGE

PROVENIENCNI TEST SMRKU CERNEHO
[PICEA MARIANA (MILL.) B.S.P.] V JUVENILNIM STADIU

J. Kobliha

Czech University of Agriculture, Faculty of Forestry, Tree Breeding Station,
281 63 Kostelec nad Cernymi lesy

ABSTRACT: Great provenance test of black spruce was prepared within cooperation of Germany, Czech Republic and Slovak
Republic because of low experience with growth and development of various black spruce in Central Europe. 42 provenances
of this species were collected in Canada and 5 provenances of Norway spruce in Germany (Tab. I). Investigation of flushing
of provenances (Tab. II, Fig. 1) and measurement of plant heights and diameters (Tab. IV) were realized in the nursery of
Tree Breeding Station in Kostelec nad Cernymi lesy. Black spruce provenances are faster in flushing than Norway spruce
provenances but both are behind blue spruce and omorica spruce (Tab. IIT). Black spruce provenances highly overtake Norway
spruce provenances in height of plants (Fig. 2). Every difference between black spruce and Norway spruce provenances is
significant in height of plants. Provenances of both species are relatively well-balanced in diameter.

black spruce; provenance; flushing; growth

ABSTRAKT: Ve spoluprici Némecka, Ceské republiky a Slovenské republiky byl pfipraven rozsahly provenienéni test smrku
¢erného vzhledem k malym zku$enostem s ristem a vyvojem ruznych provenienci smrku Cerného ve stfedni Evropé. Bylo
shromaZdé&no 42 provenienci tohoto druhu v Kanad& a p&t provenienci smrku ztepilého v Némecku (tab. I). Ve $kolce Slech-
titelské stanice v Kostelci nad Cernymi. lesy bylo uskutegn&no sledovani priib&hu radeni provenienci (tab. I, obr. 1) a m&feni
vySky a tloustky sazenic (tab. IV). Provenience smrku ¢erného rasi dfive nez provenience smrku ztepilého, avSak oba tyto
druhy rasi pozdéji neZ smrk pichlavy a smrk omorika (tab. III). Provenience smrku ¢erného vyrazné pied¢i provenience smrku
ztepilého ve vy3ce sazenic (obr. 2). V3echny rozdily ve vy3ce sazenic mezi proveniencemi smrku &erného a smrku ztepilého

jsou statisticky signifikantni. Provenience obou druhi jsou relativné vyrovnané v tloustce sazenic.

smrk ¢erny; provenience; raSeni; rist

INTRODUCTION

The present range of black spruce extends in the
boreal zone of the North America from Alaska south-
ward to the Lake States, Southern Ontario, New York,
Pennsylvania, and eastward to the Atlantic Coast
(Morgenstern, 1969).

Black spruce is a typical tree of inland lowlands. It
occurs mostly at a height of 150-750 m above sea level.
It mounts in straggled groups and individuals to 1500 in
above sea level in the Rocky Mountains (Pospi§il,
Kobliha, 1988).

Relatively aggressive expansion of this species was

caused by a partial change of climate in Pliocene Epoch,
even its occurrence is verified by fossile discoveries in
recent area in Pleistocene Epoch. In this stage this species
also successfully comes to the central and eastern parts of
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the inland North America. Black spruce became one of
the most spread species of North America. Black spruce
perfectly adapted to conditions of inland climate during
its evolution. It is adapted to various soil conditions,
local climate and growth in societies with other tree
species of boreal forests (Morgenstern, 1969).

Typical ecotopes of black spruce are poor, water-
-logged, often on gravel and cold soils with worse qual-
ity. Black spruce makes almost pure stands in peat-bogs
and it also tolerates very acid reaction. Black spruce is
quite frost-resistant, requiring light but it tolerates side
shadow. Its growth is usual in localities with competi-
tion for precipitation and soil moisture. It tolerates
water-logged soils. It is modest for nutrients. Its growth
is the best on deeper permeable alluvia. It tolerates ex-
treme climatic conditions (Chmelaf, Urad-
nic¢ek, 1995).
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Black spruce is wide-spread because it is a species
which is tolerant to climatic and soil conditions. Re-
gional populations differ in growth abilities in its great
area. For example populations in the northern margin
of black spruce occurrence amount to 80 cm, in more
southern regions already more than 20 m (Mor-
genstern, 1969). Two tendences in height growth of
black spruce exist in North America: direction East —
West in inland provenances and South — North mainly
in provenances from New Foundland and Labrador
(Khalil, Douglas, 1979; Khalil, 1986). Fast
growing provenances in nurseries maintain their fast
growth also later (Khalil, 1984, 1986). )

Khalil (1975) found great genetic control of onset
and end of bud dormancy for black spruce. Limits of
climatic factors for the start of dormancy are tempera-
tures 1-6 °C and photoperiod 11.5-13.25 hours. 48—
56 days with temperatures above 6 °C for the end of
bud dormancy are necessary. Approximate tempera-
tures could range from 2 to 12 °C with a photoperiod
of 15.07 hours.

Black spruce was introduced to Western Europe
probably at the beginning of the 18-th century (Po-
korny, 1963).

MATERIAL AND METHODS

Great project of provenance research on black spruce
in Central Europe was prepared because of absence of
experience with growth and development of various
provenances in this region. This project is realized in
cooperation of Germany, Czech Republic and Slovak
Republic. Saxon Forest Research Institute in Graupa
(Germany) obtained seeds of Canadian provenances of
black spruce. This material was also planted here in
1992. One year old seedlings of 42 provenances were
sent to Czech Republic and Slovak Republic in spring
1993. Seedlings of 5 German provenances of Norway
spruce were sent with them. These seedlings were al-
ready two years old with exception of provenance
No. 43 (Bodenmais). List of provenances with their
geographical data is given in Tab. L.

Part of these seedlings of every provenance were
also sent by means of Forestry and Game Management
Research Institute Jilovi§té-Strnady to the Faculty of
Forestry, Czech University of Agriculture in Praha.
These seedlings were planted in a nursery of Tree
Breeding Station of this faculty in Kostelec nad
Cernymi lesy where were investigated within diploma
work (KaZmierski, 1995). In spring 1994 flushing
of all plants of black spruce, Norway spruce prove-
nances, blue spruce and omorica spruce was investi-
gated on four dates (25.04, 02.05, 09.05, 16.05).

This material was lifted as three years old, four years
old, respectively, in the case of four German prove-
nances of Norway spruce in spring 1995. Provenance
trial plot of this material was established.

Measurement of plants was realized before planting.
100 plants of every provenance were mesured. Height
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of plant was measured to the nearest | mm and diameter
to the nearest 0.1 mm. Differences in height and diame-
ter of plants were tested by analysis of variance.

RESULTS

PHENOLOGY OF FLUSHING

Tab. IT and Fig. 1 give percentage of flushing indi-
viduals by provenances and species to individual con-
trol dates.

Provenance No. 28 (Coal Branch, New Brunswick)
had the most flushing plants (53.4% in the Ist control
date, 25. 04) within collection of black spruce prove-
nances. Other provenances with more than 25% of
flushing individuals were provenances No. 33 (Salmon
River II, New Brunswick — 40.8%), No. 15 (Apsley,
Ontario — 36.9%), No. 39 (Tomogonops, New Bruns-
wick — 35%), No. 41 (West Murzoll, New Brunswick
— 33.3%), No. 35 (States Brook, New Brunswick —
30.4%), No. 16 (Nipissing Game Preserve — 29.5%),
No. 40 (Trouser Lake, New Brunswick — 27.5%),
No. 42 (SS 078 R1, New Brunswick — 25.8%).

On the contrary low percentage of flushing indivi-
duals (less than 10%) was found in provenances No. 21
(Devlin, Ontario — 2.5%), No. 6 (Canton Marston, Que-
bec — 3.6%), No. 24 (Chalk River, Ontario — 7,5%),
No. 25 (Seed Orchard, New Brunswick — 7.5%), No. 3
(Seigneurie Aubin-de-L’isle, Quebec — 7,9%), No. 12
(Southern Sault St. Marie, Ontario — 9.3%) and No. 37
(Tamarack Brook, New Brunswick — 9.9%).

The highest increase in flushing plants in black
spruce provenances was found on the 2nd control date
(02.05) — on the average 44.2%. This average was ra-
pidly overcome by all of the provenances from Quebec
(provenances Nos. 1-6). These six provenances in-
creased average percentage of flushing individuals
by 58%.

Other provenances with increasing percentage of
flushing individuals by more than 50% were prove-
nances No. 19 (Pickle Lake, Ontario — by 67%), No. 7
(Northern Blind River, Ontario — by 63.5%), No. 20
(Perrault Falls, Ontario — by 57.6%), No. 9 (Northern
Espanola, Ontario — by 53.8%), No. 13 (Northern Sud-
bary, Ontario — by 52.9%), No. 11 (Southern North
Bay, Ontario — by 52.1%) and No. 10 (Southern
Espanola, Ontario — by 50.3%).

On the contrary, the least increasing percentage of
flushing plants was found in provenance No. 26 (Ca-
naan 101, New Brunswick — by 13.2%).

On the 3rd control date (09.05) extreme by increas-
ing percentage of flushing individuals was found in
provenance No. 26 (Canaan 101, New Brunswick — by
62.5%). Black spruce provenances increased average
percentage of flushing plants by 25.3%.

On the 4th control date (16.05) a more rapid increase
in flushing individuals was reached by provenances
No. 21 (Devlin, Ontario — by 29.3%) and No. 6 (Canton
Marston, Quebec — by 27.4%). 99.5% of black spruce
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1. List of black spruce and Norway spruce provenances

No. Place of origin Seedlot No. i ::‘;.l) Lo(x:lg‘l)l Note S.
Picea mariana
1 Seigneurie Neuville Quebec N3-2C-X80-31 46/40 | 71/45 92
2 Parc des Laurentides Quebec NI1-9C-Y03-32 47/35 | 71/05 92
3 Seigneurie Aubin-de-L’isle Quebec N1-3E-X01-34 46/08 | 70/38 92
4 Seigneurie Batiscan Quebec N1-3G-X38-41 46/50 | 72/37 92
5 Canton Jersey Quebec N1-3E-120-34 45/54 | 70/32 92
6 Canton Marston Quebec P1-4A-K92-51 45/35 | 70/56 92
7 Northern Blind River Ontario 42-41-0-00 48/30 | 83/00 | District Collections (pooled) 92
8 Southern Blind River Ontario 52-41-0-00 48/15 | 83/00 | District Collections (pooled) 92
9 Northern Espanola Ontario 42-42-0-00 48/30 | 81/45 | District Collections (pooled) 92
10 Southern Espanola Ontario 52-42-0-00 48/15 | 81/45 | District Collections (pooled) 92
11 Southern North Bay Ontario 53-43-0-07 48/15 | 79/30 | District Collections (pooled) 92
12 Southern Sault St. Marie Ontario 52-44-0-00 48/15 | 84/15 | District Collections (pooled) 92
13 Northern Sudbury Ontario 42-45-0-00 48/30 | 81/00 | District Collections (pooled) 92
14 Chalk River Ontario 2811.00 45/58 | 77/25 | Individual Stand Collection 92
15 Apsley Ontario 6902.00 44/50 | 78/05 | Individual Stand Collection 92
16 Nipissing Game Preserve Ontario 6905.00 46/55 | 79/42 | Individual Stand Collection 92
17 North Bay Ontario 6904.00 45/25| 79/26 | Individual Stand Collection 92
18 Upsala Ontario 6917.00 49/00 | 90/27 | Individual Stand Collection 92
19 Pickle Lake Ontario 6921.00 51/28 | 90/11 | Individual Stand Collection 92
20 Perrault Falls Ontario 6923.00 50/24 | 93/20 | Individual Stand Collection 92
21 Devlin Ontario 6929.00 48/44 | 93/40 | Individual Stand Collection 92
22 Kenora Ontario 6926.00 50/03 | 94/52 | Individual Stand Collection 92
23 Rainy Lake Ontario 6930.00 48/48 | 93/40 | Individual Stand Collection 92
24 Chalk River Ontario 20651.00 46/00 | 77/26 | Individual Stand Collection 92
25 Seed Orchard New Brunswick 255B 45/55 | 67/05 92
26 Canaan 101 New Brunswick 630B 46/10 | 65/09 92
27 Canaan 102 New Brunswick 13C 46/11 | 65/13 92
28 Coal Branch New Brunswick 117C 46/19 | 66/04 92
29 Crown Point Brook New Brunswick 372 46/45 | 66/00 92
30 Glenco New Brunswick . 749B 46/20 | 66/45 92
31 Moose Lake New Brunswick 66A 45/25 | 66/28 92
32 Portage Brook New Brunswick 411 47/13 | 65/49 92
33 Salmon River II New Brunswick 421B 46/22 | 65/46 92
34 Six Mile Brook New Brunswick 301B 46/30 | 66/13 92
35 States Brook New Brunswick 11 48/00 | 67/50 92
36 Sussex Brook New Brunswick 91A 45/55 | 65/30 92
37 Tamarack Brook New Brunswick 409B 46/25 | 66/59 92
38 Taylor Brook New Brunswick 224 47/20 | 65/55 92
39 Tomogonops New Brunswick 351 47/14 | 65/50 92
40 Trouser Lake New Brunswick 347B 47/00 | 66/58 92
41 West Murzroll New Brunswick 23A 46/30 | 66/59 92
42 SS078 R1 New Brunswick 272C 46/55 | 67/10 92
Piceu abies
43 Bodenmais Bayern 091 840 16 001 49/08 | 13/03 | Standard 92
44 Carlsfeld Sachsen 27324 50/25 | 12/36 91
45 Briickenberg Sachsen 70al 91
46 Morgenrithe Sachsen 140al 91
47 Rehefeld Sachsen 280b2 91
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II. Flushing of plants by provenances

I11. Flushing of plants by species

Provenance S“;?::é Percentage of flushing plants

25.04 02.05 09.05 16.05
1 162 18.6 78.3 85.8 98.1
2 178 26.1 715 90.4 99.4
3 178 79 69.1 84.8 100
4 179 16.7 1737 90.5 100
5 199 125 723 84.4 100
6 197 36 62.4 71.0 98.4
7 178 11.7 75.2 91.0 100
8 215 24.1 73.0 92.0 99.0
9 197 203 74.1 97.9 100
10 185 19.4 69.7 924 98.3
1 194 17.0 69.1 93.8 100
12 194 9.3 55.6 88.6 99.4
13 204 18.1 71.0 94.6 100
14 219 14.1 55.2 89.0 99.1
15 206 36.9 81.0 97.1 100
16 179 29.5 66.4 93.8 100
17 203 13.3 448 80.2 99.5
18 185 10.2 535 87.0 100
19 200 12.0 79.0 95.5 100
20 151 14.5 72.1 92.7 100
21 198 2.5 37.8 69.1 98.4
22 194 10.8 48.9 91.2 100
23 182 12.1 53.2 85.1 99.4
24 172 15 56.3 93.6 100
25 200 75 49.5 86.0 99.0
26 144 19.4 326 95.1 100
27 146 219 71.2 9L.1 100
28 174 534 81.6 95.4 98.8
29 188 25.5 65.9 94.1 100
30 194 232 55.6 83.5 100
31 161 20.5 50.9 88.2 100
32 230 23.1 66.5 87.8 100
33 174 40.8 79.3 97.1 100
34 222 382 68.4 91.4 100
35 174 304 58.6 89.6 100
36 190 14.2 52.1 80.5 100
37 192 9.9 36.9 74.4 95.8
38 209 220 62.2 89.4 97.6
39 157 35.0 72.6 96.2 100
40 189 215 719 95.7 100
41 183 333 78.1 97.8 100
42 196 215 72.9 94.9 100
43 197 49.7 822 95.9 100
44 183 38 316 62.8 100
45 188 133 372 89.3 100
46 176 6.2 27.8 62.5 89.2
47 175 9.7 342 65.1 92.0
48 232 44.8 91.3 94.8 100
49 139 71.7 97.1 100

A Percentage of flushing plants

’ 25.04 02.05 09.05 16.05
Picea mariana 20.0 64.2 89.5 99.5
Picea abies 16.5 42.6 75.1 96.2
Picea pungens 448 91.3 94.8 100.0
Picea omorica 77.7 97.1 100.0

48 ... Picea pungens, 49 ... Picea omorica
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plants was flushing on average during the period of
observation. The highest number of non-flushing plants
was found in provenance No. 37 (Tamarack Brook,
New Brunswick — 4.2%).

Black spruce plants differed in the course of flushing
in comparison with other species (Tab. III). Blue spruce
and omorica spruce have a much faster onset of flush-
ing than black spruce and Norway spruce. Omorica
spruce exceeded black spruce in flushing not only on
the average but also all of individual provenances of
this species for the whole period. On the Ist and 2nd
control dates the same is true also for blue spruce (with
the exception of provenance No. 28 Coal Branch, New
Brunswick on the 1st date).

Norway spruce is overcome in development of flushing
by black spruce. Provenance No. 43 (Bodenmais, Bayern)
is an exception because it overcame with 49.7% of flush-
ing individuals all of black spruce provenances with the
exception of provenance No. 28 (Coal Branch, New
Brunswick — 53.4%) on the Ist control date. On the 2nd
control date this Norway spruce provenance already ex-
ceeded with 82.2% of flushing plants all of black spruce
provenances. Other four Norway spruce provenances are
overcome in flushing by black spruce or they are similar
to the most slowly flushing black spruce provenances.

BIOMETRY

Tab. IV shows results of height (Fig. 2) and diameter
measurements in black spruce and Norway spruce
provenances by individual provenances.

Black spruce provenances reached average height
37.3 cm and diameter 6 mm. Norway spruce prove-
nances reached average height 28.5 cm and average
diameter 6 mm. There are no differences in average
diameter between these species but a difference of
8.8 cm of height is relatively important because black
spruce provenances are one year younger than Norway
spruce provenances (with the exception of provenance
No. 43 — Bodenmais, Bayern).

Relatively large differences in average heights are
between individual provenances. Average heights of
black spruce provenances range from 30.4 cm (prove-
nance No. 19 — Pickle Lake, Ontario) to 45.8 cm
(provenance No. 26 — Canaan 101, New Brunswick)
while the average of Norway spruce provenances
ranges from 25.2 cm (provenance No. 44 — Carlsfeld,
Sachsen) to 32.3 cm (provenance No. 43 — Bodenmais,
Bayern).
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1. Percentage of flushing
plants by spruce provenan-
ces
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Average diameters of black spruce provenances
range from 4.8 mm (provenance No. 6 — Canton Mar-
ston, Quebec) to 7.5 mm (provenance No. 41 — West
Murzoll, New Brunswick), average diameters of Nor-
way spruce provenances range from 5.5 mm (prove-
nance No. 46 — Morgenrothe, Sachsen) to 7.2 mm
(provenance No. 43 — Bodenmais, Bayern).

Comparison of average heights of plants with Nor-
way spruce is important for valuatin of black spruce
provenances. Four Norway spruce provenances (Nos.
44-47) are exceeded in average height of plants by all
of 42 black spruce provenances. Provenance No. 43
(Bodenmais, Bayern) is exceeded in average height by
37 black spruce provenances. It exceeds five black
spruce provenances (No. 2 — Parc des Laurentides, Que-
bec, No. 3 — Seigneurie Aubin-de-L’isle, Quebec,
No. 17 — North Bay, Ontario, No. |8 — Upsala, Ontario,
No. 19 - Pickle Lake, Ontario).

The provenance has a statistically highly significant
influence on height and diameter of plants (by analysis of
variance). Values of F-test found for height (F = 2.77)

LESNICTVI-FORESTRY, 44, 1998 (12): 535-541

12345678 91011121314151617181920212223242526272829303132333435363738304041424344454847

and for diameter (F = 2.07) are higher than critical
values (Fj os= 1.35, Fy ;= 1.52).

Only one statistically non-significant difference in
height of plants was found on the basis of testing the
differences between black spruce provenances (Nos.
1-42) and Norway spruce provenances (Nos. 43—47) by
Student’s test. This non-significant difference is be-
tween provenances Nos. 11 (Southern North Bay, On-
tario) and No. 43 (Bodenmais, Bayern).

DISCUSSION

PHENOLOGY OF FLUSHING

Black spruce exceeded Norway spruce in flushing dy-
namics but it has a tendency to be more slowly flushing in
comparison with blue spruce and omorica spruce. This fact
seems to be a disposition to resistance to late frosts on
spring. It is related to frost resistance of this species which
is mentioned in literature and which is one of the basic
characteristics of black spruce (Morgenstern, 1969).
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IV. Height and diameter of black spruce and Norway spruce plants
by provenances

Provenance Height (cm) Diameter (mm)
| 36.7 £ 10.1 63+15
2 31.3+'7.9 53 1:1
3 320+ 7.6 57+14
4 36.5+ 8.2 6.1%14
5 38.0+9.2 59+13
6 352+ 8.0 48t 1.1
7 326+ 8.1 49+13
8 333+94 5414
9 36.4+79 56%1.1
10 354+7.0 53+1.1
11 324+6.9 5210
12 36.7+7.0 5311
13 347+74 50£12
14 40.7 £ 8.4 62+14
15 39.9+838 STE 12
16 . 36.9+87 " S0k 1.3
17 31.9+£73 6.1 %14
18 320+ 7.6 55%13
19 304 +£7.7 59+12
20 38.1+83 60+12
21 39.1£7.6 62+57
22 37.8+£9.0 52+13
23 41.6 8.6 6.0+ 1.2
24 36.1£7.6 57+14
25 399+76 6.7+ 1.0
26 458 £9.0 70£15
27 43.8 £10.7 68%1.6
28" 4.5+ 8.8 69+ 1.6
29 378+17.7 60£13
30 378+75 62+ 1.5
31 343194 58+16
32 325+6.8 ST+ 13
33 41.7 £ 8.0 6.1 %15
34 403+79 6213
35 38.0 £ 6.6 62+13
36 35.1%£79 55+ 16
37 357+ 84 59+%15
38 352+78 59+13
39 457+ 8.5 7LELS
40 39.7+84 7.1+ 16
4] 422+83 7519
42 42.0+838 6.8+ 1.6

43 323%+73 7216

44 252+6.2 5716

45 285+73 57+1.7

46 26.6%7.1 55+16

47 29.6 6.8 57+16
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Temperatures should range from 2 °C to 12 °C for the
end of bud dormancy of black spruce (Khalil, 1975).
In the period of investigation average daily temperatures
ranged from 11.3 °C to 16.1 °C. It represents 83%—119%
of long-time average for this period (13.6 °C). Differences
+ 20% against the long-time temperature average have no
influence on black spruce and other tree species.

Differences in flushing dynamics are expressive
within the collection of provenances. Some prove-
nances have a rapid onset of flushing to the st control
date (25.04), for example provenances No. 28 (Coal
Branch, New Brunswick), No. 33 (Salmon River II, New
Brunswick), No. 34 (Six Mile Brook, New Brunswick)
etc. Provenances from New Brunswick exceed others in
the onset of flushing on the 1st control date. Their average
percentage of flushing individuals was 26.3%.

Provenances Nos. 1-6 from Quebec increased their
average percentage by 58% in comparison with prove-
nances from Ontario (47.4%) and provenances from
New Brunswick (36.3%) on the 2nd control date.

The group of provenances from Ontario was the only
group without any greater differences in flushing from
the average of all black spruce provenances. This group
flushing dynamics differs only in a low level (15.7% —
63.1% — 90.3% — 99.7%) from the average values (20%
- 64.2% - 89.5% - 99.5%).

BIOMETRY

Khalil (1984, 1986) found that fast growing prove-
nances in nurseries in juvenile stage also maintain their
fast growth in forest stands in older age. 88% of black
spruce provenances are very promising from this viewpo-
int because these provenances exceed every Norway spru-
ce provenance including the most rapidly growing Nor-
way spruce provenance No. 43 (Bodenmais, Bayern) in
heigt growth. All the other (4) Norway spruce provenan-
ces are exceeded by every black spruce provenance.
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PROVENIENCNI TEST SMRKU CERNEHO [PICEA MARIANA (MILL.) B.S.P.]

V JUVENILNIM STADIU

J. Kobliha

Ceskd zemédélskd univerzita, Lesnickd fakulta, Slechtitelskd stanice, 281 63 Kostelec nad Cernymi lesy

Bylo uskutecnéno Setieni a méfeni na juvenilnim
materidlu 42 kanadskych provenienci smrku &erného
a péti némeckych provenienci smrku ztepilého (tab. I)
zaskolkovaném na Slechtitelské stanici Lesnické fakul-
ty CZU Praha v Kostelci nad Cernymi lesy. V roce
1994 byla sledovana fenologie raseni vSech sazenic uve-
denych provenienci ve ¢tyfech terminech (25. 4., 2. 5.,
9. 5. a16. 5.). Tato pozorovani byla uskuteénéna sou-
¢asné na sazenicich smrku pichlavého a smrku omori-
ky, které byly péstovany spolu se smrkem cernym
a smrkem ztepilym. Sledovany materidl byl vyzvednut
na jafe 1995 v pfipadé smrku cerného ve véku tfi let
a smrku ztepilého ve véku Ctyf let za ucelem zaloZeni
srovnédvacich vysadeb. Pied vlastni vysadbou bylo zmé-
feno 100 sazenic od kaZdé provenience.

Tab. II a obr. | uvadi procentudlni podil naraSenych
sazenic podle provenienci k jednotlivym kontrolnim
terminim. V rdmci souboru provenienci smrku ¢erného
nejvice naraenych jedincu v I. kontrolnim terminu
(25. 4.) vykazovala provenience ¢. 28 (Coal Branch,
New Brunswick — 53,4 %). Nad 25 % naraSenych je-
dincii vykazovalo je$té 10 dalSich provenienci. Nejmé-
né naraSenych jedinci k tomuto terminu méla prove-
nience &. 21 (Devlin, Ontario — 2,5 %). Sest dalSich
provenienci mélo méné nez 10 % naraSenych jedincu.
Ve 2. kontrolnim terminu (2. 5.) byl zji$tén u prove-
nienci smrku &erného nejvétsi narust poctu rasicich sa-
zenic. V praméru se jednalo o zvySeni podilu naraSe-
nych jedinci smrku cerného o 44,2 % (ze 20 % na
64,2 %). Ve 3. kontrolnim terminu (9. 5.) do$lo k na-
ristu poc¢tu naraSenych sazenic smrku ¢&erného
0 25,3 % (ze 64,2 % na 89,5 %). Za sledované obdobi
&tyf tydnu doslo k vyraseni 99,5 % vSech sazenic smr-
ku Eerného. Sazenice smrku ¢erného se prib&hem rase-
ni v praméru dosti li§ily od srovnavanych druhu
(tab. III). Podstatné rychlejsi nastup raSeni neZ smrk Eerny
maji smrk pichlavy a smrk omorika. Smrk omorika po
celou dobu pfedstihuje v raseni smrk cerny nejen v pri-
méru, ale i v§echny jednotlivé provenience tohoto dru-

hu. V 1. a 2. kontrolnim terminu to plati i o smrku pich-
lavém (s vyjimkou provenience ¢. 28 — Coal Branch,
New Brunswick v I. terminu). Naopak smrk ztepily za-
ostava v prub&hu raseni za smrkem Cernym. Z této ten-
dence se vymyka provenience ¢&. 43 (Bodenmais,
Bayern), ktera v 1. kontrolnim terminu se 49,7 % nara-
Senych sazenic predstihuje v8echny provenience smrku
&erného s vyjimkou nejrychleji rasici provenience &. 28
(Coal Branch, New Brunswick — 53,4 %). Ve 2. kon-
trolnim terminu predstihuje s 82,2 % naraSenych saze-
nic jiZz v8echny provenience smrku &erného. Ostatni &ty-
fi provenience smrku ztepilého celkové zaostavaji
v raSeni za smrkem Cernym, resp. jsou srovnatelné
s nejpomaleji ra§icimi proveniencemi smrku ¢erného.

Tab. IV udava vysledky méfeni vySky (obr. 2)
a tloustky sazenic smrku Cerného a ztepilého podle jed-
notlivych provenienci. Provenience smrku erného
v priméru dosihly vy$ky 37,3 cm a tlous$tky 6 mm.
Provenience smrku ztepilého byly v priméru 28,5 cm
vysoké a rovnéZ 6 mm tlusté. V praméru krcku kofeno-
vého neni tedy celkové rozdil mezi témito druhy, ale
vyrazny rozdil je ve vySce 8,8 cm ve prosp&ch smrku
Cerného, prestoZe je o rok mladsi neZ smrk ztepily. Dosti
velké rozdily v primérnych vySkéch jsou mezi jednot-
livymi proveniencemi. Primérné vy$ky provenienci
smrku ¢erného se pohybuji od 30,4 cm (provenience ¢. 19
— Pickle Lake, Ontario) do 45,8 cm (provenience ¢. 26 —
Canaan 101, New Brunswick), zatimco pramérné vysky
provenienci smrku ztepilého od 25,2 cm (provenience
&, 44 — Carlsfeld, Sachsen) do 32,3 cm (provenience
&. 43 — Bodenmais, Bayern). Ctyfi provenience smrku
ztepilého (C. 44-47) jsou predstiZeny v primérné vySce
sazenic v§emi 42 proveniencemi smrku ¢erného. Prove-
nience €. 43 (Bodenmais, Bayern) je pfedstihovdna
v prumérné vySce 37 proveniencemi smrku ¢erného. Pri
posuzovani rozdili mezi proveniencemi ve vy$ce
i tloustce sazenic analyzou variance lze konstatovat, Ze
prislu$nost sazenic k provenienci ma statisticky vysoce
vyznamny vliv na jejich vysku a tloustku.

Contact Address:

Doc. Ing. Jaroslav Kobliha, CSc., Ceskd zemé&d&lské univerzita, Lesnicka fakulta, Slechtitelska stanice, 281 63 Kostelec

nad Cernymi lesy, Ceska republika
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SOCIO-ECONOMIC IMPORTANCE OF MAIN NON-WOOD
FOREST PRODUCTS IN THE CZECH REPUBLIC

SOCIALNE-EKONOMICKY VYZNAM HLAVNICH NEDREVINNYCH
PRODUKTU LESA V CESKE REPUBLICE

L. Sisak

Czech University of Agriculture, Faculty of Forestry, 165 21 Praha-Suchdol

ABSTRACT: Non-wood forest products (products out of forest trees) — mainly edible mushrooms, forest berries and medicinal
plants — are of great importance as externalities of both recreational and market nature in the Czech Republic (CZR). Non-wood
forest products (NWFPs) can be collected freely, and free of charge, by forest visitors for their own use in all accessible
forests irrespective of forest ownership. Recent investigations based on sociological surveys show that 2/3 of the inhabitants
and 4/5 of households collect NWFPs (1994-1995). On average, more than 12 kg of main NWFPs were picked by every
household in the years 1994—-1996, which amounts to 46.6 mil. kg, and 2700 mil. Czech Crowns (CZK), in the total CZR.
The value corresponds to 1/4-1/3 of the timber harvest value in an average year. NWFPs are collected also in forests affected
by immissions. The importance of NWFPs should be further observed and investigated. The data obtained could help to
improve the quality of forestry policy, and of decision making by different parts of the forestry sector. Significant data should
be incorporated into periodical statistical surveys and reports.

non-wood forest products; forest berries; socio-economic importance; forest frequentation; Czech Republic

ABSTRAKT: Nedfevinné produkty lesa (produkty lesa nespjaté t&sné s lesnimi stromy) — zejména houby, lesni bobuloviny
a 16&ivé rostliny — maji v podminkéch Ceské republiky (CR) velky vyznam jako externality lesa a lesniho hospodafstvi, a to
jak mimotrZniho rekrea¢niho, tak trzniho charakteru. Uvedené produkty lesa mohou byt sbirdny pro vlastni potiebu bezplatné
a bez omezeni ve viech vefejnosti pfistupnych lesich bez ohledu na vlastnictvi lesa. Vyzkumy vychdzejici ze sociologickych
Setfeni ukazuji, Ze 2/3 obyvatel a 4/5 domécnosti sbiraji lesni plodiny (roky 1994-1995). V priméru pfipadalo v obdobi
1994-1996 ro¢né vice neZ 12 kg sbéru hlavnich lesnich plodin na domdcnost, coZ v pfepoctu ¢inilo 46,6 mil. kg a 2 700 mil.
K& v celé CR. Uvedend hodnota odpovidd 1/4-1/3 objemu rofni t&2by dieva v daném obdobi. Lesni plodiny jsou rovnéz
sbirdny v lesich postiZzenych imisemi. Vyznam nedievinnych produkti lesa by se mél dile sledovat a zkoumat. Ziskané udaje
mohou napomoci zkvalitnit lesnickou politiku a rozhodovéni riiznych subjektd lesnického sektoru. DileZitd data by méla byt
zafazena do periodickych statistickych pfehledd a zprav.

nedievinna produkce lesa; lesni plodiny; socidlng-ekonomicky vyznam; navit&vnost lesi; Ceskd republika

INTRODUCTION

Non-wood forest products (NWFP) are collected in-
tensively but mostly not marketed in the Czech Repub-
lic (CZR). They are products not closely related to
wood. Particularly edible mushrooms, forest berries and
medicinal (drug) plants, have been well known products
of Czech forests from times immemorial. Forest prod-
ucts have been picked by people, mostly without any
payment from medieval times. Also access and entrance
to forests in all kinds of ownership has been generally
unrestricted and free of charge (with only some excep-
tions as to individual localities, forest owners, and
time).

542

According to Article 19 of the latest Forest Act
No. 289 from 1995, individuals are entitled to enter the
forest at their own risk, and to collect for their own
needs any forest berries and dry wastewood lying on
the ground. While doing so, they shall be obliged not
to damage the forest, not to interfere with the forest
environment and to follow the instructions of the owner
or tenant of the forest and their staff. This statement
means that all forest stands are accessible to people, and
people can pick non-wood forest products freely, and
free of charge, basically irrespective of the kind of for-
est ownership.

Unfortunately, the Forest Act does not mention
mushrooms and medicinal plants explicitly, which can
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cause certain confusions and misunderstandings. But
these products are widely collected and treated in the
same way as forest berries. Another problem can result
from the unclear expression ,for their own needs“,
which could be interpreted that NWFPs collected free
of charge by forest visitors can not be sold. But in
practice, NWFPs are sold freely (with exception of li-
censed sales of mushrooms).

If picked freely and without charge by forest visitors,
the NWFPs and their collection can be ranked among
the externalities of the Czech forests and forestry. The
collection of NWFPs, as a forest and forestry external-
ity, is of a double socio-economic nature (market and
non-market). On one hand, NWFPs are part of physical
production (tangible goods), but on the other hand, they
can be ranked among intangible outputs as a part of the
recreational function of forests (Gregory, 1972).

Many non-timber forest products collected by forest
visitors are a substitute for similar agricultural products.
Only a comparatively small part of NWFEPs picked free
of charge is marketed in the CZR. The greater part is
collected by forest visitors and consumed in their own
households, which influences the market because
NWEPs are consumed instead of other similar products
of an agricultural origin bought at market prices. The
importance of NWEFPs picking as an externality should
be expressed simultaneously both in the frame of the
non-market (recreational) function and in the frame of
the market or ,,shadow market* (production) function.

NWEPs can be also produced commercially and then
marketed by forest owners, tenants and businessmen.
But this is extremely rare under present socio-economic
conditions in the CZR. Nevertheless, the NWFPs can
be taken also as a potential important internality.
A great part of the NWFPs (forest fruits, mushrooms,
medicinal plants) can be considered as alternative pro-
duction to agricultural production, and produced to
a great extent without any chemical means. Forest man-
agement not only for timber production but also for the
production of non-timber products could be taken as
a kind of ,,symbiosis* between forest management for
classical forest goals (timber, environment) and simul-
taneously for forest production of an agricultural type.
Essentially, it can be a parallel with what we know
from tropical and subtropical zones as ,agroforestry*
even under conditions of temperate zone developed for-
estry.

This more comprehensive conception of forest man-
agement could increase the attraction, flexibility, stabil-
ity and sustainability of forestry and -forest manage-
ment, especially in some regions of the CZR. But the
present Forest Act does not treat the possibility of
planned production and harvest of the NWFPs by forest
owners and tenants. The Forest Act does not protect
such forest producers against pickers of commercially
produced NWFPs. According to Article 19, the relevant
state forest administration body can decide (at the re-
quest of the owner) to enforce temporary restrictions on
entry to the forest only for forest protection reasons, or
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in the interests of health and safety of the public. But
random public collection of commercially intended
NWEPs is nowhere restricted.

In spite of the fact that collection of NWFPs is
a very popular public activity, there was no objective
information about the importance of NWFPs for Czech
people before a large investigation on the socio-eco-
nomic importance of main NWFPs collection started in
1994. The research project was backed by the Grant
Agency of the CZR (research project No. 504/94/0291)
in 1994-1996 and by the Ministry of Agriculture — For-
estry Branch.

The quantity and quality of data collected and proc-
essed depended to a great extent on the finance released
for the purpose. In 1997, the research had to be consid-
erably reduced due to lack of finance, and finance for
1998 is unfortunately still uncertain. But pilot figures
demonstrating the NWFPs importance in the CZR are
now available.

METHODS

Some different methods were used for ascertaining
respective data (Sisak et al., 1996, 1997):

a) analysis of relevant materials and publications rela-
ted to the problems solved, including occurrence of
main berries in accordance with different forest site
and stand types;

b) sociological surveys representative samples of inha-
bitants of the CZR (personal interviews), in 1994—
1997,

c¢) sociological survey among foresters of all forest dis-
tricts of the State Enterprise ,,Forests of the Czech
Republic* managing and administering almost 3/4 of
all forests (mail contacts), in 1994;

d) field monitoring of occurrence and of biological
yield of bilberry (Vaccinium myrtillus L.) on field
sample plots (90 forest stands), in 1994 and 1995;

e) analysis of data dealing especially with area of bil-
berry (Vaccinium myrtillus L.) and cranberry (Vac-
cinium vitis-idaea L.), using mainly forest manage-
ment plans. '

The most important basic data about forest visiting
and NWFPs collection were obtained from sociological
surveys representative samples of inhabitants of the
CZR structured in accordance with main demographic
features of the total population (sex, age distribution,
level of education, profession, size of residence and
number of inhabitants in individual districts and re-
gions). The surveys were performed in close collabora-
tion with the Institute for Public Opinion Research in
Prague, and by its network of qualified questioners.

Four surveys have been already performed (in 1994—
1997) but the investigation from 1997 is still being
analysed. The surveys were based on interviews with
respondents aged above 15, and on filling in" question-
naires. In 1994, 856 households out of 1200 planned
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took part in the survey; while in 1995, 991; and in 1996,
1451 out of 1500 households participated.

The following main questions were asked: number
of forest visits per year; main purpose of forest visits;
visiting costs (mainly transport); amount of collection
of main NWFPs in kg with regard to the following
commodities: mushrooms (without species specifica-
tion), bilberry — Vaccinium myrtillus L., raspberry —
Rubus idaeus L., blackberry — Rubus fruticosus L., el-
derberry — Sambucus nigra L., and cranberry - Vac-
cinium vitis-idaea L.); costs of NWFPs collection; mar-
ket prices of NWFPs; willingness-to-pay for a forest
visit (equivalent measure).

RESULTS

The collection of NWFPs took 2nd place among the
main reasons for visiting forests, with almost 29% share
(short term relaxation took 1st place, with 42.5%). But
NWEFPs are picked also during short term relaxation
and forest visits for other main purposes. According to
data from 1994-1995, 2/3 of inhabitants and 4/5 of
households collected NWFPs. Mushrooms were picked
by more than 70% of households, bilberries by almost
50%, raspberries by almost 30%, blackberries by more
than 20%, elderberries by 15% and cranberries by 8%
of households in the CZR. The years 1994 and 1995
can be taken as extraordinary favourable for the NWFPs
harvest.

On average, almost 12.2 kg of the above mentioned
commodities were picked per year by an average house-
hold in the CZR, of which one half was mushrooms by
fresh weight — Tab. I. About 4.6 kg of the commodities

1. Amount of collected non-wood forest products (kg/household)

per inhabitant, and 18.8 kg per ha of forest land acces-
sible to people, were picked on average yearly in the
period 1994-1996 (Si¥dak, 1997; Sisak et al,
1997).

But relatively great differences occur between indi-
vidual regions of the CZR. According to-data from
1994-1996, 7.8 kg/household were collected yearly in
the South Moravian Region (13.5 thousand km?,
0.41 mil. ha of forest land, 2 mil. inhabitants) but
17.6 kg/household in the South Bohemian Region
(11 thousand km2, 0.37 mil. ha of forest land, 0.7 mil.
inhabitants) — Fig. 1, Tab. II.

An extremely high quantity — on average 35.7 kg.ha’l
of forest land — was collected per year in forests of the
Central Bohemian Region (11 thousand km?, 0.26 mil.
ha of forest land, 2.4 mil. inhabitants including the capi-
tal of Praha) in 1994-1996, while only 12.8 kg.ha™' in
the South Bohemian Region (11 thousand km?,
0.37 mil. ha of forest land, 0.7 mil. inhabitants) —
Tab. IIL

1. Regions of the Czech Republic

Year Commodities
mushrooms bilberries raspberries blackberries cranberries elderberries totally
1994 6.15 2.95 .11 0.70 0.17 1.03 12.11
1995 7.76 3.90 1.52 0.74 0.34 1.00 15.27
1996 4.79 247 0.82 0.46 0.19 0.39 9.12
Average 6.24 3.11 1.15 0.63 0.23 0.8l 12,17

II. Average amount of collected non-wood forest products (kg/household) by inhabitants of individual regions of CZR in 1994-1996

Rsijiti Commodities

mushrooms bilberries raspberries blackberries cranberries elderberries totally
Capital of Prague 5.18 2.07 0.89 0.38 0.07 0.69 9.28
Central Bohemian 7.48 4.39 0.76 0.69 0.11 1.21 14.64
South Bohemian 7.40 6.56 1.56 0.23 0.67 1.23 17.65
West Bohemian 9.62 4.36 0.81 0.47 0.99 0.92 17.17
North Bohemian 8.75 373 1.06 0.64 0.26 1.00 15.44
East Bohemian 7.82 2.64 1.05 0.48 0.24 0.53 12.76
South Moravian 4.15 1.47 1.29 0.51 0.01 0.41 7.84
North Moravian 4.01 2.89 1.50 1.18 0.14 0.89 10.61
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I11. Average volume of gathered NWFPs in kg per 1 ha of forest land by individual regions of CZR (1994-1996)

Region Commodities

mushrooms bilberries raspberries blackberries cranberries elderberries totally
CZR 9.65 4.81 1.78 0.98 0.36 1.25 18.83
Central Bohemian® 18.87 9.69 245 1.62 0.25 2.84 35.72
South Bohemian 5.42 4.71 115 0.18 0.47 0.90 12.83
West Bohemian 797 3.59 0.69 0.40 0.79 0.77 14.21
North Bohemian 14.93 6.36 1.83 1.11 043 1.73 26.39
East Bohemian 10.11 3.42 1.36 0.63 0.30 S 071 16.53
South Moravian 7.46 2.63 233 0.92 0.01 0.75 14.10
North Moravian 7.36 5.30 277 2.18 0.26 1.65 19.52

* Central Bohemian including Prague’s forest land
IV. Total amount of collected NWFPs (mil. kg) V. Amount of collected NWFPs (mil. CZK)
Products L Products Yoary
1994 1995 1996 Average 1994 1995 1996 Average

Mushrooms 236 29.7 18.4 239 Mushrooms 1314 1658 1082 1351
Bilberries 11.3 15.0 94 11.9 Bilberries 881 1164 456 834
Raspberries 42 58 3.1 44 Raspberries 180 248 173 200
Blackberries 27 28 1.8 24 Blackberries 161 169 129 153
Cranberries 0.7 1.3 0.7 0.9 Cranberries 22 43 42 36
Elderberries 39 3.9 1.5 3.1 Elderberries 140 137 113 130
Totally 46.4 58.5 349 46.6 Totally 2698 3419 1995 2704

Total amounts of NWFPs (mil. kg) collected by in-
habitants of the CZR in all forests accessible to public
in individual years 1994-1996 are shown in Tab. IV.
Variability of collected amounts of NWFPs was consid-
erably influenced by weather changes in individual
years.

The importance of the NWFPs collection was also
expressed in economic terms based on market prices;
on costs spent for NWFPs collection; on shadow labour
costs of NWFPs picking; and by damage caused by
visitors to forests. The total average yearly value of the
collected NWFPs reached about 2700 mil. CZK (1 USD =
32 CZK) in 1994-1996 (see Tab. V). This is a surpris-
ingly high value equivalent to 1/4-1/3 of a year’s tim-
ber sold in the CZR markets last years (it varied yearly
from 9000 mil. CZK to 12,000 mil. CZK from almost
2.6 mil. ha of forests — 1/3 of the CZR area).

The value of products picked from 1 ha of forest land
reached on average 1100 CZK yearly. The value of
bilberries picked from 1 ha of a bilberry cover reached
more than 4000 CZK, which is a similar level to the
value of timber extracted from 1 average ha in an average
year (from 4 to 5 thousand CZK). Bilberries cover a bit
more than 8% of total forest land in the CZR.

According to data from 1995, pickers spent almost
100 mil. hours on NWFPs collection, more than 650 mil.
CZK (travel costs) and caused almost 615 mil. CZK
damage in forests. The last figure seems to be extraor-
dinarily high. It is true that a lot of forest visitors re-
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spect nature and only a small proportion of them cause
much damage but the number of forest visits is rela-
tively high (about 100 visitors per ha, but in forests with
bilberry cover, an additional 170 seasonal visitors).

The shadow net income for the population (based on
the difference between market value and expenses)
reached almost 2500 mil. CZK per year. Then the forest
land value varies around 33 thousand CZK.ha™! (at
3% interest rate), which is a bit higher than the mean
official price of forest land for timber production.
Shadow profits (net of the cost of ,,working® time in
picking and forest damage caused) amounted to
211 CZK.ha™'. By comparison, the pretax profits from
timber production were 290 CZK.ha™! in 1995.

Figures mentioned above do not overestimate the
comprehensive importance of forests and forestry as
producers of NWFPs in any case. Apart from the prod-
ucts discussed, the population collects and uses free of
charge other commodities at a large scale. For example,
according to respondents’ answers in 1994, 2.8 mil. kg
of medicinal plants in dry state were collected — an
important part of them in forests.

INFLUENCE OF AIR POLLUTION
Part of the Czech forests are loaded to a great extent

with immissions, mostly sulphur dioxide. For the pur-
poses of investigation of NWFPs collected in forests
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2. Administrative districts with forests considerably affected by im-
missions in the Czech Republic

afflicted with air pollution, 20 of the total 75 adminis-
trative districts of the CZR were identified as districts
with forests considerably affected by immissions
(0.627 mil. ha of 2.475 mil. ha accessible to public).
Surprisingly, it was ascertained (according to data from
1995-1996) that 27.5% of NWFPs were collected in
those 20 administrative districts (considerably affected
by immissions) from 25% of total forest area in the
CZR (Sisak et al., 1997) — Fig. 2, Tabs. VI and VIIL.

Surprisingly, forests affected by air pollution can
have better conditions for growing and collecting
NWEPs as they are not so dense as forests not affected
by immissions. NWFPs — mainly bilberries and cran-
berries did not measurably suffer from acid rains and
from more acid soils. The species of edible mushrooms
differed in such areas but the total amounts produced
did not decrease. The results show that people collect
NWEFPs irrespective of forests and forest soils being
polluted by acid rains.

The results of investigations into heavy metals con-
tained in NWFPs by Cibulka et al. (1996) show that
the quantity of heavy metals in NWEFPs is influenced
rather by natural background and natural composition
of chemical compounds and elements in forest soils
than by the level of pollution from immissions. The

influence of immissions on heavy metal contents in
NWEFPs is statistically insignificant.

CONCLUSIONS

NWEPs can be ranked high among the externalities
in relation to forests and forestry under conditions in
the CZR. The collection of NWFPs as a forest and for-
estry externality has a double nature and importance.
As an intangible, recreational activity, it can be valued
in the framework of non-market social goods. But as a
market production, it can be valued at the same time
relative to market and common economic values.

NWEFPs are not commercially produced, harvested
and marketed by forest owners and tenants, apart from
some negligible exceptions, in the CZR. Nevertheless,
the prospects for planned cultivation of some NWFPs
are promising, mainly as regards the cultivation of some
berries and, especially, medicinal plants. But it requires
the clarification of forest legislation, and especially the
Forest Act; and amendments or inclusions of articles
dealing with the problems.

Many data about the importance of NWFPs for in-
habitants of the CZR, resulting from the recent re-
search, are quite new in the frame of the CZR. The data
prove the surprisingly high economic importance of
NWEPs collection for the public; for public attitudes to
forests, forestry, forest enterprises, forest owners and
users. The value of the main NWFPs collected varies
between 1/4 and 1/3 of value of an average year’s tim-
ber harvest.

Further information and knowledge could help to
improve the quality of forestry policy making; decision
making by state administration at different levels; and
decision making by forest owners, tenants and foresters
in relation to forest values; land fund delimitation be-
tween forestry and agriculture; the effectiveness and
level of economic tools; and purposes and methods for
multiple and sustainable forest management. Signifi-

VI. Average amount of non-timber forest products collected by inhabitants of the areas concerned in mil. kg in 1995-1996

Arais Commodities

mushrooms bilberries raspberries blackberries cranberries elderberries totally
Czech Republic 24,047 12.199 4.477 2.304 1.019 2.664 46.709
With pollution 6.945 3.103 1.112 0.872 0.246 0.444 12.720
Without pollution 17.102 9.096 3.365 1.432 0.773 2.220 33.989

VII. Average amount of non-timber forest products collected by inhabitants of the areas concerned in mil. CZK in 1995-1996

Commodities
Areas
mushrooms bilberries raspberries blackberries cranberries elderberries totally
Czech Republic 1370 810 211 149 42 125 2707
With pollution 396 207 54 57 10 23 746
Without pollution 974 603 157 92 32 102 1961
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cant data should be incorporated into periodical statis-
tical surveys and reports about the importance, state and
development of forests and forestry. The information
should contribute to a more comprehensive concept of
forests and forestry than was the previous one.

Depending on financial means, the investigations of
NWEPs importance should continue mainly as to quan-
tities of produced and collected NWFPs, including me-
dicinal (drug) plants; as to ways of their consumption;
proportions sold on market; levels of forest damage by
visitors; legislation and the solution of discrepancies
between public and forestry interests, including finan-
cial compensation.
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SOCIALNE-EKONOMICKY VYZNAM HLAVNICH NEDREVINNYCH PRODUKTU

LESA V CESKE REPUBLICE

L. Sisak

Ceskd zemédélskd univerzita, Lesnickd fakulta, 165 21 Praha-Suchdol

Nedrevinné produkty lesa, za néZ se povaZuji takové
produkty lesa, které nejsou t€sné spjaty s lesnimi stro-
my (zejména houby, lesni bobuloviny a 1éCivé rostliny),
jsou sbirdny a vyuZivany obyvateli izemi Ceské repub-
liky (CR) ve velké miie jiZ od davnych dob. Po dlouhou
dobu je sbér uvedenych lesnich produkti bezplatny a je
realizovan prakticky bez omezeni ve vSech lesich béZné
pfistupnych vefejnosti. Zakon ¢. 289/1996 Sb. (lesni
zdkon) je vSak v tomto ohledu znacné€ nejasny jak po-
kud jde o bliZe nedefinované ,lesni plody“, tak
o0 ,,vlastni potfebu*. V kazdém pfipadé maji nedfevinné
lesni produkty a navstévy lesa spojené s jejich sbérem
v podminkédch CR velky vyznam jako externality lesa
a lesniho hospodafstvi, a to jak mimotrZniho — tj. rekreac-
niho, tak trZniho charakteru. Uvedené produkty lesa,
sbirané de facto bezplatné a bez omezeni, jsou vyuZiva-
ny ve vlastnich domécnostech sbéraci misto jiné produk-
ce, na trhu kupované, ale rovnéz tak jsou i obchodovény.
Lesni zakon u nds nepoCitd s moZnosti, Ze by nedievinné
produkty lesa mohli v lesich majitelé ¢i nijemci lesa z4-
mémé péstovat a trzné realizovat. V tom oviem neni CR
ve srovnani s mnoha jinymi staty vyjimkou.

I kdyZ byl relativné velky vyznam sbéru uvedenych
lesnich produkti u nis obecné znam, nebyly u nas

LESNICTVI-FORESTRY, 44, 1998 (12): 542-548

k dispozici potiebné konkrétni idaje o sbiranych mnoz-
stvich produkce pred r. 1994, v némZ bylo zahijeno
vyzkumné Setfeni s vyznamnou podporou Odvétvi les-
niho hospodéfstvi MZe CR, Grantové agentury CR (vy-
zkumny projekt ¢. 504/94/0291) a statniho podniku Le-
sy Ceské republiky. Sociologickd dotaznikova Setieni,
realizovana v reprezentativnich vzorcich obyvatelstva
CR (kvotni vybér) ve spolupraci s Institutem pro vy-
zkum verejného minéni v Praze ukézala v letech 1994
a 1995, Ze 2/3 obyvatel a 4/5 domécnosti sbiraly hlavni
lesni produkty.

Mezi sledované hlavni lesni produkty patfily houby
bez druhového rozli$eni a lesni bobuloviny — brusnice
boriivka (Vaccinium myrtillus L.), ostruZinik malinik
(Rubus idaeus L.), ostruzinik kiovity (Rubus fruticosus
L.), bez ¢erny (Sambucus nigra L.) a brusnice brusinka
(Vaccinium vitis-idaea L.). V pruméru pfipadalo v ob-
dobi 1994-1996 roc¢né vice neZz 12 kg sbéru hlavnich
lesnich plodin na domdcnost, coz v piepoctu Cinilo
46,6 mil. kg a 2 700 mil. K& v celé CR. Uvedena hod-
nota odpovida 1/4-1/3 objemu roéni té€zby dfeva v da-
ném obdobi. Objem sbéru hlavnich lesnich plodin me-
ziro¢né vyraznéji kolisd predev§im v zavislosti na
vyvoji pocasi ovliviiujiciho podstatné jak idroven pro-
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dukce, tak podminky navstévnosti lesa a sbéru. NiZsi
droveil sbéru v roce 1996 byla zpisobena piedev§im
vyrazné hor$imi klimatickymi podminkami pro tdrodu
a sbér lesnich plodin ve srovnani s rokem 1994 a ze-
jména 1995.

Podle vysledku etieni z let 1995 a 1996 byly uve-
dené lesni produkty sbirdny s ponékud vysSi intenzitou
na jednotku plochy v lesich okrest postiZzenych vyrazné
nadprimérné imisemi neZ v lesich okresu ostatnich.
Vyrazngj§i rozdily jsou mezi jednotlivymi oblastmi
(kraji) CR. Nejintenzivné&ji sbirali lesni plodiny obyva-
telé jiznich a z4padnich Cech, nejméné obyvatelé jizni
Moravy. Vyrazné nadpramérné mnoZstvi za obdobi
1994-1996 bylo sbirdno na izemi Stiedoceského kraje
— téméf 36 kg (coZ odpovida hodnoté pres 2 000 K&)
na 1 ha lesni pudy pfistupné vefejnosti (vliv obyvatel

Prahy). Sbér lesnich plodin a piedevsim boruvek ovliv-
fiuje do znacné miry i kvantitu a strukturu navstévnosti
lesa.

AZ dosud byla realizovina $etfeni v letech 1994—
1997, pricemz vysledky z roku 1997 se zpracovavaji.
Vyzkum trpi nedostatkem a zejména nejistotou financ-
nich prostfedki, coZ se projevuje v nedostateCné Sifi
vyzkumu a riznych moZznostech zpracovani v jednotli-
vych letech. Vyznam nedievinnych produkti lesa by
mél byt déle sledovin a zkouman. Ziskané udaje mohou
napomoci zkvalitnit lesnickou politiku a rozhodovéni
riznych subjekti lesnického sektoru. Soudasné jsou
udaje velmi zZadany v zahraniCi v souvislosti s mezina-
rodnim $etfenim o lesnich zdrojich v borealnim a mir-
ném pasmu. DuleZitd data by méla byt zafazovana do
periodickych statistickych pfehledi a zprav.

Contact Address:

Doc. Ing. Ludék Sisdk, CSc., Ceskd zem&d&lské univerzita, Lesnickd fakulta, 165 21 Praha-Suchdol, Ceska republika

Szepési, A.: Forest health status in Hungary (Zdravotni stav lesti v Mad'arsku)
Environmental Pollution, 98, 1997, ¢&. 3, s. 393-395 — 5 obr., lit. 8

Celkovi rozloha lesi Madarska je 93 000 km? a lesnatost je kolem 18 %. V krajin& roste kolem 150 druhd stromt a poddruht od téméF
bezlesé stepi aZ po horské buciny. V poslednich 40 letech byly vyvinuty rizné systémy pro zjiSténi a prognézu $kod na lesich. Tradiéni
metodou bylo a je hlaSeni $kod majiteli lesi do Vyzk ¢ho lesnického ustavu, ktery providi hodnoceni. V disledku restituci a privatizace
se hlaseni $kod dosud omezuje na stitni lesy. V izké soucinnosti s mezindrodnim programem spoluprice byl v roce 1986 nastartovin program
monitoringu a vyzkumu. Prvni droveii programu — monitoring ve velkém méfitku — pfijala jako kli¢ové parametry defoliaci a zmény barvy.
Byl v3ak pfijat detailni pfehled o stavu kaZdého vzorniku. Na zdkladé piehledu asi 22 000 stromd a po analyze jejich stavu bylo zjisténo
podstatné zvySeni odlisténi. I kdyZ v roce 1988 nebylo 79 % stromi postizeno defoliaci, v roce 1995 bylo plné olisténo jen 44 % stromii.
Pomér poskozenych stromi (odlisténi vice neZ 25 %) se zfejmé v Madarsku ustdlil na asi 20 % za posledni &tyfi roky, zatimeo v celoevrop-
ském rozméru to je od 7 do 59 %. ZvIast€ poskozeny byly duby, trnovnik akit, borovice lesni, naproti tomu buk a habr byly zasaZeny jen
mirng. PoruSeni rovnovéhy lesnich ekosystému je tésn€ spojeno s nedostatkem vody. I kdyZ byly emise SO, sniZeny na 50 % proti roku 1980
a emise NO, o 30 % proti roku 1987 a piimé po¥kozeni imisemi nebylo pozorovino ve velkém rozsahu, bude znegi§téni ovzdusi faktorem
predpokladu lesnich $kod. Vyzkum ma objasnit vyznam klimatickych faktori na lesni ekosystémy a dusledky zne&i§téni ovzdusi na lesni
ekosystémy. - M. Pagad
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THE DEVELOPMENT OF AIR POLLUTANT DEPOSITIONS
AND SOIL CHEMISTRY ON THE RESEARCH PLOTS
IN THE EASTERN PART OF THE ORE MTS.

VYVOJ SPADU IMISNICH LATEK A CHEMISMU PUDY NA
VYZKUMNYCH PLOCHACH VE VYCHODNI CASTI KRUSNYCH HOR

V. Lochman, V. Sebkova

Research Institute of Forest and Game Management, 156 04 Jilovisté-Strnady

ABSTRACT: The deposition of immission substances with precipitational water, chemistry of soil water and soil on research
plots in the eastern part of the Ore Mts. were observed. Since 1978 the research has been conducted on weedy and reforested
cuttings as well as on the plot Moldava where the damaged mature spruce stand was cut in 1981 and where the mountain ash
advance growth has been gradually developing. Young stands of spruce, birch and mountain ash were investigated on the
plots Nova Ves v Horéch in the period of 1984 to 1992. The research results show that the forest ecosystems were maximally
loaded by acid deposition during the first half of the 80s. Proton fallout (H ions) decreased after the year 1985. The evident
reduction of immissions, H*, SO%' and decrease of deposition of N (NOj + NH}) as well as F~ have been seen first in the
90s. Content reduction of heterogeneous substances in precipitation responds also to their concentrations in soil water. Very
low pH of surface soil horizons in spruce stands on Moldava moderately increased after their felling on cuts but the cation
supply in sorption complex does not increase and is still lowering especially in Mg. In the 80s the soil became. acidic under
the young stands, especially in the spruce stand on the plots Nova Ves v Hordch; the cation supply decreased as well. The
pH of surface horizons was higher four years after liming with dolomitic limestone. Also the growth of sorptively bound Mg
and Ca is evident in humus horizons only and on the surface of mineral soil. However, in sorption complex Al absolutely
prevails over K, Mg, and Ca in the mineral soil profile. Supply of available cations is very low, especially in Mg.

pollutant deposition; soil chemistry; forest ecosystems; Ore Mts.

ABSTRAKT: Na vyzkumnych plochdch ve vychodni ¢asti Kru$nych hor byl sledovan spad imisnich latek se sraiZkovou vodou,
chemismus pudni vody a pidy. Na plochiach Moldava probihaji vyzkumné prace od roku 1978 na zabufenélé a zalesnéné seci
a na ploSe, kde byl po¥kozeny dospély smrkovy porost smycen roku 1981 a kde se postupné vyviji nirost jefdbu. Na plochich
Nova Ves v Horich probihalo méfeni od roku 1984 do roku 1992 v mladych porostech smrku, bfizy a jefabu. Vysledky
vyzkumu ukazuji maximdlni zatiZeni lesnich ekosystémi kyselou depozici v prvni poloving€ osmdesatych let. Po roce 1985 se
projevil pokles spadu protonti (H ionti) a siranii. Zfetelné sniZeni imise, H, SO%' a pokles depozice N (NO3 + NH}) iF.je
viak patrny aZ v devadesatych letech. SniZeni obsahu cizorodych litek ve sraZkdch se projevuje i v jejich koncentracich
v pudni vodé. Velmi nizké pH povrchovych horizonti pidy ve smrkovych porostech na Moldavé se po jejich smyceni na
seCich mirné zvysilo, ale zdsoba kationtd v sorpénim komplexu se nezvySuje a zejména u Mg nadéle klesd. V mladych
porostech na plochdch u Nové Vsi v Horéch probihalo v osmdesatych letech okyselovani pidy pfedeviim pod porostem smrku
a snizovala se i zdsoba kationtii. Ctyfi roky po vapnéni piidy dolomitickym védpencem se projevuje zvyseni pH povrchovych
horizont. V humusovych horizontech a na povrchu minerélni piidy je patrny i narlst sorpéné vdzaného Mg a Ca. V minerél-
nim pidnim profilu v8ak v sorpénim komplexu naprosto pfevazuje Al nad K, Mg a Ca. Zasoba pfistupnych kationti je velmi
nizkd, zejména u Mg.

imisni latky; chemismus pudy; lesni ekosystémy; Kru$né hory
PROBLEM spruce in the Czech part of the Ore Mts. The synergistic
occurrence of high SO, concentrations in the air and

At the end of the 40s the evident impact of air pol- low temperatures in the winter period were already con-
lutants on forest ecosystems started by damaging the sidered as a cause of damage at that time (Némec,
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1952). At that time Némec evaluated the forest soils in
the Ore Mts. as acid with a low supply of basic cations
in sorption complex. Since the late 50s the problem of
forest stand damage of this area including the acidifica-
tion and impoverishment of their soils has been studied
by Materna (1963) and later also by Jirgle
(1986). Jonas§ (1978) and Jond¥, Jond§ jr
(1982) evaluated chemical properties of forest soils at
the basin for drinking water Prise¢nice, and the influ-
ence of provided ameliorative measures (liming) on
soils and water chemistry in surface resources.
Lochman (1985, 1986) describes the influence of
substance deposition with precipitation on the develop-
ment of chemistry of soil water running off into the
resources and soil chemistry on the research plots.

The most extensive research of chemical properties
of forest soils in the eastern part of the Ore Mts. was
elaborated by the Institute for Forest Management in
Brandys n. Labem (Pokorny, 1979) in the late 70s.
This work was followed by other areal soil investiga-
tions in the 80s and in the early 90s (Kubelka et al.,
1993). That evaluation included also ameliorative lim-
ing provided till 1990. The air pollution with SO, has
decreased together with proton deposition in the Ore
Mts. since the late 80s. The deposition of protons, sul-
phates as well as nitrogen compounds and fluorides was
still decreasing in the 90s. The influence of described
changes in deposition of air pollutants on the research
plots Moldava and Nova Ves v Hor4ch on development
of chemistry of their soils is evaluated in this contribu-
tion.

MATERIAL AND METHODS

The development of forest soil chemistry depending
on deposition of pollutants has been studied in the Ore
Mits. since the late seventies.

In 1977 the sample plots near Moldava (820 m above
sea level) were established. The chemistry of precipita-
tion and soil water was studied within heavily damaged
mature stand (93 years old) of Norway spruce (the plot
wstand”) and at a new clear-cut (the plot ,clear-cut®)
after felling of remaining spruce stand. The clear-cut
where water samples were taken was totally covered by
grass (Avenella flexuosa, Calamagrostis villosa) during
the investigation period, up to date no impact of newly
planted stand of Picea pungens of open spacing can be
observed. Spruce trees on the plot ,stand* were felled
down in spring 1981 and since the mideighties self-
seedling of mountain ash has developed.

The composition of precipitation and soil water in
young stands of Norway spruce, birch and mountain ash
(22, 30 and 28 years old in 1984) in Nova Ves v Horach
(720-750 m above sea level) was studied from 1984 to
1992.:Soil in the spruce stand was not covered by vege-
tation, discontinuous herbal layer was in the stands of
mountain ash, the soil in birch stand was mostly cov-
ered by grass.
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Coarsely ground dolomitic limestone was applied by
plane in the amount of 2.1 tha™' on the plots Nova Ves
v Horach in the late August 1988.

The soils of the type cambic podzols developed on
the porphyric rocks on the plots Moldava. Overlying
organic layer of mor type overreached with its thickness
of 10 cm. Parent material of soils on plots with spruce
and birch is created by muscovite and biotitic gneiss
with conversion into metagranite and by porphyric
muscovite and biotitic metagranite in the mountain ash
stand. Typical dystric cambisol developed on the plots
with spruce and mountain ash, gleyic cambisol devel-
oped on the plot with birch. Humus form is created by
mor moder with the thickness of 6 to 8 cm.

Precipitation water was collected in plastic (No-
vodur) containers, soil water was collected by lysime-
ters of the same material.

Analysis of depositions in precipitation water and
soil analysis by the laboratory of FGMRI Jilovité-
-Strnady were realised. By 1988 the 1% solution of the
citric acid to assess the supply of elements available
was used, since then the solution of 1 N NH,Cl was
used. For determination of available phosphates the ex-
tract of 1% citric acid was used by 1988. In the next
years the extract of solution 0.05 N HCI + 0.025 N
H,80y is used.

Change of the extracting agent is reflected mainly in
quantity of Al, Fe and Mn extracted from the soil.
When using the citric acid also the oxides of the metals
analyzed are dissolved as chelate compounds. In oppo-
site the NH4CI only displaces metals from the sorption
complex.

RESULTS
THE DEVELOPMENT OF POLLUTANT DEPOSITION

The development of pollutant deposition during the
periods evaluated is shown in the Tab. I and Figs. 1-4.
On the plot of Moldava ,clear-cut” the annual average
deposition of H-ions in bulk precipitation reached
0.72 kmol.ha™" in the end of the 70s and even
1.56 kmol.ha™! on the open plot during the period of
1981 to 1983. In following years the proton deposition
decreased recently (values about 0.1 kmol.ha'l) in the
years 1995-1997. Also the annual sulphur deposition
(SISO%') had a decreasing trend, in the years 1995-
1996 it was about 20 kg.ha™".

In the mature spruce stand (the plot ,stand*) the
average annual fall-out of H-ions was more than
5 kmol.ha™!, after the stand was felled down the values
were approximately the same as on the plot ,clear-cut*
(1.58 kmol.ha™"). Since 1984 the fall-out has been de-
creasing gradually, in spite of the growing influence of
developing crowns of mountain ash, today it is less than
0.1 kmol.ha™'. Also the maximum values of wet sul-
phur deposition (131.5 kg.ha_l) were measured under
the spruce canopy. The values measured under the

LESNICTVI-FORESTRY, 44, 1998 (12): 549-560



. Annual deposition of pollutants with precipitation as measured on the areas at Moldava and Novd Ves v Horich

Period H* NOj, F, CI, SO}~ [Na*. K*, Mg?*, Ca?*| NHj |N (NOj+NH})| S(S0})
kmol+(-).ha!.year! kg.ha !.year!
Moldava area
Clear cutting
1978-1980 0.72 273 3.00 0.78 17.5 28.0
§ oy 1981-1983 1.56 3.79 3.23 0.71 16.0 40.1
Precipitation water
1984-1989 0.47 3.08 2,55 0.76 19.6 27.0
1990-1993 0.21 297 221 0.75 16.8 23.4
Spruce stand
Throughfall water 1978-1980 5.04 9.62 5.67 1.56 38.1 131.5°
Clear cutting
Precipitation water 1981-1983 | 158 | 3.54 376 [ o6 [ 159 36.1
Mountain ash stand
1988-1989 0.63 3.84 224 1.03 232 40.4
Throughfall water
1990-1993 0.19 3.01 227 0.77 17.8 25.7
Nové Ves v Horich area
Clear cutting
B surgr, 1988-1989 0.23 392 2.55 1.56 29 414
Precipitation water
1990 0.22 2.49 1.55 0.62 11.2 28.8
Spruce stand
1984-1989 1.42 9.14 4.53 221 44 116.2
Throughfall water
1990 0.31 7.46 4.09 2.37 39.7 95
Birch stand
19841989 0.37 5.09 3.45 LIS 25.8 58.7
Throughfall water
1990 0.09 3.12 3 1.18 16.3 30.5
1985-1989 0.1 0.23 0.13 0.06 1.32 13
Stemflow
1990 0.02 0.29 0.17 0.09 1.84 3.32
Mountain ash stand
1984-1989 0.66 7.04 4.61 1.24 27.2 86.1
Throughfall water
1990 0.09 245 2.05 0.52 9 29.5
1985-1989 0.12 0.65 0.41 0.09 1.96 22
Stemflow
1990 0.05 0.9 0.56 0.25 4.51 11.6

mountain ash canopy during the last two years were
about 30 kg.ha".

On the plot Nova Ves — spruce the acid depositions
were higher than on the plot with birch and ash (Tab. I).
Deposition of protons (H*) and sulphur in 1984—1989
was lower than under the mature spruce canopy at
Moldava in 1978-1980. Measurements in different pe-
riods were affected by changes in character and inten-
sity of air pollution, by the stand age and elevation.
These factors influence the retention of dry deposition
in the tree crowns. During the period of 1984 to 1989
the lowest deposition of H', NO3, F, SO%' in through-
fall precipitation in the birch stand was observed.

THE DEVELOPMENT OF SOIL CHEMISTRY
Soil and humus samples were taken at the plot of

Moldava in 1977, when the research plot was estab-
lished.
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The results of soil analysis on the plot ,clear-cut*
show that the upper horizons were very acid (Tab. II),
pH of the water extract (pH/H,0) lower than 4.2 and
pH of the extract 1 M KCI (pH/KCI) lower than 3. The
supply of available cations was low. The highest con-
centrations of iron compounds, soluble in citric acid,
were in the layer 8-15 cm, soluble Al was of maximum
values in deeper horizons (15-40 cm). Up to 1981 the
pH at the clear-cut was slightly increased. In 1981 to
1988 an increase of pH of the surface humus horizon
and upper soil layers (up to 40 cm) was found out, in
lower horizons the changes were not significant. Also
the supply of extractable K, Mg, Ca was lower. The
volume of cations K, Mg and Ca in the sorption com-
plex was higher when for extraction 1 M NH,4CI] was
used, to compare with the values obtained with 1%
citric acid. The amount of Al shows that the base cat-
ions in the soil sorption complex were prevailing within
the whole profile. Since 1988 to the last sample taking
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Fig. 1 1.-4. Development of the deposi-

tion during the periods on the plots
Moldava

Annual deposition of total N (NO ;™ + NH ;* ) with precipitations  Fig. 3

— — — clear cutting |
—stand |

+
-

Annual depasition of fiuor ions (F°) with precipitations

— — — Clear cutting |

1981 4+

in 1994, the pH of the surface horizons was increasing,
nevertheless, the amount of cations remained the same.
The samples were taken in the mature spruce stand
on the plot Moldava ,stand* in 1977. The results of
their analyses show that the chemistry of the soil was
similar to that of the clear-cut (Tabs. II and III). Soil
pH in water solution lower than 4.2 was found also at
the depth of 35 cm. Also the values of pH exangeable
(pH/KCI) were lower than 3.0 up to 20 cm. The supply
of available cations was low and it was decreasing
downward the deep of soil profile.
* Maximum concentration of iron (Fe oxides) soluble
in 1% citric acid was at the depth of 8 to 15 cm, maxi-
mum aluminium at 35-70 cm. The defoliation of the
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stand was increasing from 1978 to spring 1981, when
the stand was felled down, however the values studied
(pH and cations supply) were not changing signifi-
cantly. During the period of 1981 to 1988 natural re-
generation of mountain ash has developed at the clear-
-cut. After its culmination in the first half of the eight-
ies, the deposition of protons (H ions) with precipitation
was decreasing. However, pH increase could be ob-
served only in the surface humus layer and in deeper
horizons from 30 cm downwards. However, in 1988,
a lower supply of Mg available was found in 1% citric
acid extract, and in deeper horizons also a lower supply
of K and Ca. In the extract of 1 M NH,CI the supply
of K, Mg, and Ca was higher, to compare with the
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II. Develop of soil ch y on the research plot Moldava — cutting (1977) in the Ore Mts., supply of elements is determined in the
extract of 1% citric acid (C) and in the extract of 1 M NH,CI (A)
Horizon Sampling ) ppm
and depth pH(H,0) | pH(KCIl) | Cox | C:N
(cm) year Na K Mg Ca P Al Fe Mn
C 1980 38 31 36.2 21.6 23 240 113 801 83 810 710 45
Oh (H) C 1988 3.6 2.8 24 23 88 34 339 46 1120 736 3
A 1988 3.6 238 24 138 63 480 986 98 2.8
A 1994 39 2.8 22.1 226 6 129 103 765 36 1043 85 25
0-8 C 1977 33 24 26 19 125 42 825 | 3231 10
C 1980 32 2.6 9.8 11 13 50 17 150 22 1075 | 3200 10
0-10 C 1988 3.4 2.7 14 19 7 110 26 979 | 2104 <l
A 1988 34 27 33 18 164 1113 141 1.5
A 1994 3.8 3.2 5.3 16.6 4 47 22 212 94 873 125 11
8-15 C 1977 3.5 2.7 46 30 138 26 1350 145 10
8-25 C 1980 34, 34 3 234 9 25 10 70 18 2500 | 2850 25
10-20 C 1988 39 3.4 28 11 11 6 6l 22 1610 | 1602 12
10-20 A 1988 39 3.4 238 17 9 84 892 35 16
10-20 A 1994 42 3.9 2 17 4 12 7 57 240 478 25 3
15-40 C 1977 4.0 3.7 2 19.4 27 18 75 58 2400 | 1437 30
25-40 C 1980 4.1 4.0 1.9 20.6 13 20 8 65 42 3950 950 38
20-40 C 1988 44 4.2 ! 9 8 2 12 22 2732 295 6
20-40 A 1988 4.4 4.2 1 12 3 26 296 2 3
20-40 A 1994 4.5 4.2 062 | 17.1 3 9 3 21 362 142 < 0.5 1.5
40-65 C 1977 43 4.1 0.63 | 107 74 9 55 42 2552 388 30
40-70 C 1988 4.6 43 0.25 10 9.4 2 11 30 1542 206 26
40-70 A 1988 4.6 43 0.25 8 3 23 235 0.8 3
40-70 A 1994 4.4 4.1 0.41 16 3.5 8 3 21 106 152 0.7 5
65-100 C 1977 43 4.1 0.08 5.8 7.5 8 50 34 1300 194 20
70-100 C 1988 4.6 44 0.14 6 11 1.4 9 22 1514 193 44
70-100 A 1988 4.6 44 0.14 10 255 14 192 9 9
70-100 A 1994 44 4.1 046 | 17 1.1 9 2.8 21 93 168 <0.2 3.1

values for the 1% citric acid extract. Al was prevailing
in the soil sorption complex. The percentage of Fe was
more significant only in the samples taken in upper
horizons. Increased pH in upper horizons of mineral
soil together with a lower Ca supply were recorded in
samples taken in 1994.

On the plots near Nova Ves v Horach the soil sam-
ples for laboratory analyses were taken at the end of
1983. The samples of upper horizons were taken before
application of dolomitic limestone also in August 1988
and samples of the whole profile were taken when the
study of  precipitation and soil water chemistry were
finished in 1992.

The results presented in Tab. IV show that the pH
values (pH/H,O and pH/KCI) were decreasing in the
spruce stand in upper horizons in 1983-1988. In 1992,
four years after liming was applied, an increase of the
values was observed in humus and mineral soil surface
(0-5 cm), the pH values exceeding those of 1983. How-
ever, in spite of liming, the pH/H,O values decreased
in deeper part of the soil profile during 1983-1992 pe-
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riod. Cation supply in the soil samples taken in 1992
was higher mainly with Mg in humus and mineral soil
surface layers, comparing to the values of 1983. How-
ever, the supply of available Ca in the soil profile de-
creased during that period. Supply of Al significantly
prevails over K, Mg, and Ca cations in the sorption
complex.

In the birch stand the pH/H,O values were lower
than 4.2 up to 20 cm at the beginning of investigation
in 1983 (Tab. V). In 1983-1988 no significant changes
of pH were observed. In 1992 an increase of pH values
(pH/H,0 and pH/KCI) was observed in the humus ho-
rizon O only. Also an increased supply of Mg and Ca
in the sorption complex was observed in the humus hori-
zon O and upper layer of mineral soil (0-10 cm). In
deeper layers the Mg supply was not increasing, Ca was
slightly decreasing. Ca, Mg, and K are exceeding Al con-
tent in the sorption complex of humus horizon (Oh). How-
ever, Al is dominating in the whole mineral soil profile.

The soil was very acid up to 20 cm (pH/H,O lower
than 4.2) in the stand of mountain ash in 1983, see
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II1. Develop of soil chemistry on the research plot Moldava — stand in the Ore Mts., supply of elements is determined in the extract of
1% citric acid (C) and in the extract of 1 M NH,CI (A) ’
Horizon Sampling . ppm
and depth pH(H,0) | pH(KCI) [ Cox | C:N
(cm) year Na K Mg Ca P Al Fe Mn
C 1977 32 2.5 344 25.7 121 70 561 79 600 | 1132 10
C 1981 33 25 38.8 247 26 105 62 450 46 980 560 10
Oh(H) c1988 | 38 3.1 243 | 221 | 24 | 112 28 42 |15 | 7 1
A 1988 3.8 3.1 243 22.1 135 48 1004 42 398 20
A 1994 38 3.0 10 18.6 21 304 11 988 46 768 131 30
C 1977 32 23 6.4 13.9 34 22 126 70 700 1990 10
C 1981 33 24 5:5 30 9 34 14 119 77 450 | 1512 6
0=10 Cc1988 | 34 2.6 45 | 233 | 8 26 6 | 298 | 93 | 564 |1597 I
A 1988 34 2.6 45 233 45 14 491 93 580 85 0.7
A 1994 3.5 2.8 6 15.9 5 99 16 138 27 624 84 34
8-15 C 1977 33 2:5 38 21 51 23 113 40 1075 | 6330 20
9-15 C 1981 3.6 29 38 249 15 43 28 115 34 1212 | 3812 21
10-20 C 1988 3.4 2.7 3.9 238| 12 22 8 123 80 1833 | 3416 !
10-20 A 1988 34 27 39 238 42 16 188 80 917 189 1.3
10-20 A 1994 3.8 3.2 2.7 18.5 7 59 8 53 36 736 48 2.6
15-35 C 1977 3.9 3.5 22 28 21 13 62 107 2000 | 4331 20
15-30 C 1981 4.0 3.6 23 222 11 25 13 130 57 2275 | 2100 15
20-30 C 1988 4.0 3.5 1.8 18.1 15 20 8 66 81 2531 | 1075 1
20-30 A 1988 4.0 35 1.8 18.1 42 13 75 81 842 34 3.1
20-30 A 1994 4.0 35 22 20 6 37 9 41 62 794 85 3
35-70 C 1977 4.2 4.1 1.4 18 22 9 45 110 3500 483 10
30-60 C 1981 43 4.0 0.4 14.6 6 17 5 50 22 3175 305 31
30-60 C 1988 4.5 4.2 1 14.6 12 12 2 27 59 2584 419 15
30-60 A 1988 4.5 42 1 14.6 19 5 26 59 269 6.3 34
30-60 A 1994 44 4.0 1.2 17.8 12 34 7 45 108 491 1.2 4.5
70-100 C 1977 4.3 4.2 0.1 10 21 10 58 51 1450 307 10
60-100 C 1981 43 4.0 0.21 13 9 22 7 55 23 1800 350 27
60-100 C 1988 4.6 43 0.09 5 6 14 2 18 45 2111 283 38
60-100 A 1988 4.6 43 0.09 21 3 20 45 163 22 54
60-100 A 1994 4.4 4.1 041 | 174 2 21 3 19 325 154 <0.1 5

Tab V. Before liming (1988) the decreasing of the soil
pH was not so significant as that in spruce stand. In-
creased pH in 1992 was obvious in mineral soil up to
40 cm. Increased Mg and Ca available and their total
supply could be seen in the surface humus layer, where
they prevail in the sorption complex.

CONCLUSIONS AND DISCUSSION

In the period of the highest acute damage of spruce
by air pollution in the late seventies and early eighties,
the average annual concentrations of SO, in the air
reached the values of 60-80 p.g.m'3 on the plots
Moldava (Jirgle et al., 1986) and more than 80 ug.m_3
on the plots Nova Ves (Kubelka et al., 1993). The
high sulphur dioxide concentrations were connected
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also with a high wet deposition of sulphur compounds
(SO%_) and other pollutants (F), including H" ions.

In spite of decreasing of the protons deposition with
precipitation in the nineties, the effect on soil pH was
small and in the surface horizons only. The pH values
of the soil water extract (active pH) are still lower than
4.2 to the depth of 20 to 40 cm, it means that the
buffering of protons (H*) is connected also with releas-
ing of Al from alumosilicates (clay minerals); which
can be destructed. The supply of Mg, Ca and also of
K in the soil sorption complex increased only in the
humus horizon and A-horizons. The amount of Mg de-
creased in deeper horizons and on the plots it is lower
than 10 mg.kg'l (in Moldava from 10 cm downwards,
in Nova Ves from 20 c¢m). The supply of Ca is lower
than 100 mg.kg™', the K values do not exceed
50 mg.kg". Higher Mg and Ca in the sorption complex
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IV. Develop of soil chemistry on the research plot Novi Ves v Hordch — spruce stand, supply of elements in humus is determined after
mineralization in the extract of concentrated HCI (T), in the extract of 1% citric acid (C) and in the extract of 1 M NH,CI (A); Z - loss on
ignition
Horizon Sampling ppm
and depth PH(H,0) | pH(KC]) | Z% | N%
(cm) year Na | K [ Mg | Ca | Zn | Mn Fe Al P
T 1983 89.5 1.66 | 100 610 | 380 | 4200 | 40 430 2900 | 1460 | 1113
ol T 1988 90.7 1.82 | 33 534 190 | 1420 | IS 2400 | 1404 [ 1300
T 1992 85.2 1.41 75 482 | 2068 | 5176 | 26.5 | 109 4546 | 1784 | 1400
of T 1983 64.5 1.87 | 100 1730 | 690 | 1660 | 50 140 1060 | 6500 | 1153
T 1988 78.7 1.96 | 60 516 | 330 | 940 | 22 6790 | 2484 | 1200
Oh T 1983 53.5 1.13 | 130 960 660 880 | 50 80 12,600 | 8400 | 1113
A T 1983 100 1000 410 | 1900 | 60 150 | 11,400 | 6400 633
Cox |C:N
C 1983 37 32 28.2 15 19 307 76 701 | 154 25 650 700 80
Of C 1988 3.5 2.9 234 | 217 | 19 110 | 27 | 416 | 10.1 1263 | 728 88
A 1992 39 34 18 154 240 788 57 18.2 193 603 54
C 1983 3.5 3.0 234 20.8 13 36 48 300 9.7 8 710 750 83
Oh C 1988 33 2.8 15.5 22.1 23 102 45 | 207 8 8.1 | 2196 744 102
A 1992 3.6 33 16.7 19 19 172 87 | 305 3.8 22 281 | 1142 32
C 1983 3.6 3.1 7.82 | 20.6 12 34 24 95 6.5 13 3050 | 1300 30
0-5 C 1988 3.2 2.8 39 | 163 | 10 34| 45| 102| 3 3 | 2730 | 831 30
A 1992 38 34 5.88 | 16.3 8.9 73 146 246 1.8 1.8 89 990 82
5-10 C 1983 4.1 3.8 277 | 183 13 20 18 88 6.5 44 1600 | 3550 40
5-20 C 1988 3.6 33 195 | 135 | 29 30 18 90 | 63 | 2I 1559 | 1607 40
5-10 A 1992 37 3.4 3.89 10 48 57 84 1.6 22 98 | 1162 66
10-20 C 1983 4.4 4.1 25 17.5 11 27 9 115 74 40 650 | 5200 57
A 1992 4.2 3.8 2.83 8 28 23 37 1.3 4.7 3.7| 585 79
20-30 C 1983 4.4 4.1 1.97 | 18.8 6 28 6 125 53 38 500 | 5000 66
A 1992 4.2 4.1 234 8 25 18 41 1.5 34 1.4 335 220
3040 C 1983 44 42 1.54 | 17.7 12 31 6 125 8.8 25 480 | 4900 98
A 1992 43 4.2 1.64 7 29 14 30 I 1.6 <l 270 | 212
40-50 C 1983 45 4.2 1.1 16.4 9 27 6 160 6 25 305 | 4400 127
A 1992 44 43 1.21 | 17.6 7 32 15 24 1.6 2:2 <l 236 254
50-60 C 1983 45 4.2 1.25 | 174 10 33 6 130 6.6 23 35 3_900 77
A 1992 4.4 43 0.96 T 28 13 24 1.5 4.4 9 210 | 266
60-80 A 1992 43 4.2 1.03 8 28 14 22 2 29 0.4 267 264

of the humus layer and surface mineral soil horizons are
a result of liming by dolomitic limestone. Increased to-
tal Mg and Ca in the humus horizon is even more sig-
nificant. Al is prevailing significantly the cations of K,
Mg, and Ca in the soil sorption complex.

The composition of soil water reflected the sub-
stance exchange and transport in the soil (Lochman,
1996 a,b), lower H-ions deposition caused also the de-
crease of their concentration in soil water (Figs. 5 and
6). However, processes in the humus horizon affect the
run-off precipitational water acidification, mainly on
the new clear-cuts. Water run-off from humus horizon
has significantly lower pH than the precipitational
water. The process of water acidification occurs in the
surface humus layer of the stands with broadleaves
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(mountain ash, birch) as well. Ion exchange processes
and roots influence the soil water chemistry in mineral
layers. Some positive trends can be observed — soil
water pH is increasing at the clear cuts and transitory
stands and concentration of Al in soil water is decreas-
ing (Lochman, 1996a). The average concentration of
Al in soil gravitational water was 18 mg.I”! (maximum
value of one monthly sample was 27 mg.]") on the plot
Moldava — spruce stand in 1978-1980 (Lochman,
1985). The annual concentration averages of Al did not
release values under 5 mg.l"l in 1990-1993, values in
the soil of clear-cut covered by grass were lower than
in the mountain ash stand. The concentrations of Al in
water taken by tensometers from the depth of 100 cm
were lower than 10 mg on the plot Nové Ves during the
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5. pH development on the Moldava area 5.-6. Mean annual pH in precipita-
in the Ore Mts.- clear cutting tional and soil water on the plots

Moldava

21 - - — - gravitational water under Ao horizon
------ gravitational water in 20 cm depth

14 - — — gravitational water in 50 cm depth
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6. pH development on the Moldava area
‘ in the Ore Mts. - stand

——— precipitation and throughfall water
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14 - — — gravitational water in 50 cm depth
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V. Development of soil chemistry on the research plot Nova Ves v

Horich - birch stand, supply of elements is determined in humus after

mineralization in the extract of concentrated HCI (T), in the extract of 1% citric acid (C) and in the extract of 1 M NH,CI (A); Z - loss on

ignition
?n%"‘?:;m Sampling | 0y | pHKC) | 2% | N —
(cm) year Na [ K [Mg | Ca | Zn | Mn Fe Al P
ol T 1983 856 | 1.01 | 70 |[5320 | 680 | 2400 |110 740 | 2500 | 1700| 980
T 1988 728 | 1.6 97 | 1026 | 840 | 4360 | 181 670 | 9890 | 6585( 800
of T 1983 505 | 1.23 | 130 [ 1160 | 780 | 1750 | 90 200 [13,800 | 9400| 940
Oh T 1983 439 | 1.02 | 160 | 1850 | 900 | 1000 | 60 130 |15,400 (11,200 980
Cox [C:N
of C 1983 39 33 23 187 | 13 | 322 | 88 [ 800 | 174 | 50 640 750 65
C 1988 3.8 33 19.1 25 174 | 104 | 1160 | 48.2 | 136 | 1145 | 1566| 86
Oh C 1983 185 | 18.1 11 239 | 52 | 380 [ 91| 15 800 850| 60
C 1985 33 29 13.4 86 | 30 | 122 42
C 1988 35 3.1 178 | 18 20 142 | 69 | 569 | 19.1 | 72 1307 | 1581 77
A 1992 4.2 38 173 [ 173 | 18 | 225 | 333 | 1795 | 59.7 | 163 112 326 50
0-8 C 1983 3.7 3.1 6 205 | 16 85| 25 | 125 46| 15 3050 | 1250 39
0-10 C 1985 38 3.2 5.5 42| 24 87 38
0-8 C 1988 3.7 3.2 76 | 242 | 10 49 | 21 99 39 | 123 | 2550 | 1192 36
0-10 A 1992 3.6 3.2 8 189 | 10 141 | 49 | 270 86 | 156 127 861| 45
8-20 C 1983 4.1 3.6 235 | 16.8 9 56 | 13 95 44 | 60 2050 | 1750 22
10-20 C 1985 4.0 3.6 238 | 18.4 37| 13 71 35
8-20 C 1988 38 33 16 |13 20 46 | 22 | 122 46 | 49 2174 | 1760 35
10-20 A 1992 3.9 3.5 3.6 9 66 | 23 | 111 35| 132 56 760| 38
C 1983 45 4.1 118 | 128 | 18 0( 6 75 74 | 25 600 | 2700 29
20-40 C 1985 4.4 4.0 1.05 | 13.7 20| 9 70 20
A 1992 42 3.9 2.77 9 29 | 10 56 15| 59 4 518 106
C 1983 45 4.1 1.04 | 12 19 13| 8 88 56 | 60 910 | 2400 16
40-60 C 1985 44 4.1 0.92 | 16.1 12| 8 73 16
A 1992 43 4.1 2.19 8 2017 46 1.6 | 4.6 56| 351 179
60-80 C 1985 43 3.9 028 | 167 15 9 68 9
60-70 A 1992 43 4.0 1 8 21| 4 20 2 3.9 69| 303| 204
80-100 C 1985 44 3.9 022 | 92 18 | 10 65 11

period of 1990-1992. The highest values were mea-
sured in the spruce stand.

Decrease of cations Mg, Ca, and K, but also Al in
spite of minimal pH changes (pH/H,O and pH/KCI)
could explain the destruction of the sorption complex.
However, this process can be observed mainly in deeper
soil horizons, where pH/H,O values are 4.3 and higher,
and where the destruction of clays (aluminosilicates)
able to absorb the cations cannot exist. Blocking of the
crystal lattice of clayey minerals transported by Al
compounds which prevent the cations exchange can
limit actual sorption capacity (Ulrich, 1981; Ul-
rich et al., 1981).

Free and reversible Al compounds with SO%‘ and F~
can affect the soil chemistry in case of reducing the air
pollution load and at the same time they can affect the
chemistry of water seeping to sources as well (Ale-
well, Matzner, 1993; Herrnstadt, 1995;
Manderscheid et al., 1995).
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Reduction of cation supply in sorption complex con-
cerns mainly Mg. It is minimal (<10 mg.kg_') in the
lower part of soil profiles. Figs. 7, 8, 9 show the relation
of mol K : mol Mg found in soils of research plots on
Moldava in 1988 and 1994 and on research plots at
Nova Ves v Hordch in 1992. This relation was higher
than 1 in the whole profile on the plot Moldava - stand
and increased in comparison with the year 1988. Rela-
tion decreased on the plot Moldava — clear-cut but it
was higher than 1 except the humus horizon (Oh). The
relation of mol K : mol Mg is lower than 1 in surface
layers of mineral soil in spruce stands on the plots Nova
Ves v Horach. The relation fell below 0.5 in the depth
of 0-5 cm. This relation is lower than 1 in the stands
with birch and mountain ash in the humus horizon Oh
only. When compared with the year 1988 (Tabs. [V-VI)
the decrease of relation of mentioned elements in 1992
was caused mainly by the rise of Mg supply after ap-
plication of dolomitic limestone, which also caused the
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VI. Development of soil chemistry on the research plot Nové Ves v Hordch ~ mountain ash stand, supply of elements is determined in humus
after mineralization in solution of concentrated HCI (T), in the extract of 1% citric acid (C) and in the extract of 1 M NH,CI (A); Z ~ loss

on ignition

Horizon Sampling ppm
and depth pH(H,0) | pH(KCD) | Z% | N%
(cm) year Na K Mg Ca Zn Mn Fe Al P
T 1986 84 144 | 142 | 4978 | 1087 (10,420 109 | 705 | 5440 | 3865 | 1100
ol T 1988 83 1.7 106 | 1096 | 750 | 6110| 102 | 463 |[7360 | 5327 | 1250
T 1992 81 149 [ 70 822 | 1088 (12,920 211 816 [9833 | 2673 | 1400
Cox |C:N
C 1983 4.0 33 299 120 10 322 76 851 143 | 38 405 | 1000 45
Oh C 1986 3.6 3.0 272 |18.1 22 254 127 1383 | 22 73 783 | 1783 110
C 1988 3.7 33 23.1 15.7 23 264 122 1550 28.1 82 710 | 1695 110
A 1992 3.9 34 256 |16.2 21 253 280 | 2032 32.1| 73 156 517
0-6 C 1983 3.6 2.9 4.46 | 18.1 12 51 19 190 83| 13 |1075 | 1210 22
0-10 C 1986 34 2.8 6.1 7 44 14 119 33 2711828 722 25
0-5 C 1988 34 3.0 5.19 | 18.1 27 46 18 242 73 16 1767 | 1025 28
0-5(10) A 1992 3.6 3.0 6.45 |21.5 9 107 27 139 4.5 8.6 | 200 914 69.
6-13 C 1983 3.7 3.0 3.06 |20 1 51 15 139 74| 18 [3300 | 1250 19
10-20 C 1986 38 32 3.95 | 239 17 45 18 155 9 34 (5311 | 2123 26
5-20 C 1988 3.7 32 2.14 | 15.6 23 33 19 174 7 152 [ 3156 | 1424 22
5-20 A 1992 42 39 373 8 42 12 53 3 18.5 21 581 105
13-35 C 1983 44 4.0 2.24 (20.6 10 44 9 75| 1L1] 30 |1300 | 3900 22
20-30 C 1986 4.0 35 26 |193 8 33 10 91| 10.5| 10.2]3936 | 2634 23
30-40 C 1986 4.1 3.8 268 |21.8 8 38 8 71 29 10.2 | 2022 | 3388 30
20-30 A 1992 43 4.1 2.94 p 31 7 39 29 12.2 15 321 157
30-40 A 1992 4.6 43 2.65 8 36 7 32 2.1 79 28 255 | 316
35-50 C 1983 4.6 43 1.84 | 19.6 8 54 6 58 8.5 15 350 | 5600 36
40-50 C 1986 4.5 4.0 1.16 | 16.1 8 42 8 65 3 8.2 | 1220 | 3470 26
40-50 A 1992 44 4.1 223 8 38 6 23 2.6 54 1.5 307 | 272
50-60 C 1983 45 42 1.56 | 16.6 6 51 6 75| 109 18 380 | 5400 62
50-60 C 1986 43 3.8 10 49 9 39 62| 77 1029 1167 14
50-60 A 1992 44 4.0 0.72 8 50  § 77 2.1 12.6 43 331 115
60-80 C 1986 43 38 0.15 11 45 11 44| 10 110 843 | 1128 31
60-80 A 1992 43 4.0 0.88 8 46 7 31 1.8 14.5 38 455 76
80-90 C 1986 4.2 3.6 0.16 8 42 11 42 1.7 | 100 705 877 22

increase of calcium in soil sorption complex in humus
horizon and in organomineral horizon (0-10 cm). The
concentration of K in percolating water was higher than
concentration of Mg considering its supply in humus
and surface horizons, and therefore the relation of
K : Mg (mol) is higher (Lochman, 1996 a,b). This
difference between supply in available form and con-
centration in soil water is not occurring at K and Mg in
deeper soil horizons because of their consumption by
stands.

The depositions of N (NO3 + NH}) and S (SO‘%_)
investigated in stands on the plots Moldava and Nova
Ves (Tab. I) at the beginning of the 90s and on the plot
Moldava later are comparable with depositions on the
plots of ICP Forests monitoring in the boundary regions
of Saxony and Czech Republic from the years 1995-
1996 (Raben, Andreae, 1997). At the same time
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it is necessary to take into account the differences be-
tween interception influence of transitory species on
our plots and on the spruce plots in Saxony. pH(H,0)
values in soil profiles are of the similar course as well.

Deposition of pollutants is less influenced by epi-
sodic increased depositions of substances transported
from the Ore Mts. Foothills sources on the plots
Moldava during the unfavourable meteorological situ-
ations, when compared with the plots Nova Ves v Ho-
rach; but it may be dependent on pollutant transport
from more distant resources.

Decrease of deposition of H ions occurred on the
plots Moldava as well as on the research site in Solling
in FRG in the late 80s (Ulrich, 1993). Since the late
80s also S/SO%' immissions have evidently decreased;
N deposition (NO3 + NH) is also lower on the plots
Moldava when compared with the data from Solling.
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The effective measures are necessary to ensure the
stability of the stands in the Ore Mts. that will regulate
the conditions of their nutrition.
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VYVOJ SPADU IMISNICH LATEK A CHEMISMU PUDY NA VYZKUMNYCH
PLOCHACH VE VYCHODNI CASTI KRUSNYCH HOR

V. Lochman, V. Sebkovia

Vyzkumny ustav lesniho hospoddrstvi a myslivosti, 156 04 Jilovisté-Strnady

V sedmdesatych a osmdesatych letech vybudoval
VULHM ve vychodni &asti Kru$nych hor plochy pro
sledovéani vyvoje depozice imisnich latek se srazkami,
pro stanoveni chemismu pudni vody a zmén chemic-
kych vlastnosti pady.

Plochy u Moldavy (v nadmofské vySce 820 m) byly
zaloZeny v roce 1977 v poskozeném dospélém porostu
smrku (93 let) a na nové vzniklé se¢i po domyceni zbyt-
ku smrkového porostu.

Na plochach u Nové Vsi v Horach (v nadmorské
vy$ce 720 az 750 m) zapocalo v roce 1984 stejné Set-
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feni v mladém poSkozeném porostu smrku (22 let),
v porostu bfizy (30 let) a v porostu jefdbu (28 let).

Vzorky vody a pidy byly analyzovany v laboratori
VULHM v Jilovisti-Strnadech podle metodik pouZiva-
nych v mezinarodnim programu monitoringu stavu lest
ICP Forests.

Smrkovy porost na plose Moldava byl v zimé roku
1981 smycen a plocha postupné zarustala jefdbem z pfi-
rozeného zmlazeni. Na sefi zlstala pasedni travni vege-
tace. Plochy u Nové Vsi v Hordch byly na konci srpna
roku 1988 vapnény leteckou aplikaci 2,1 t dolomitické-
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ho vépence na hektar. V roce 1992 zde byly vyzkumné
prace ukonceny.

Vysledky Setieni uvedené v tabulce a grafech ukazu-
ji vysoké zatiZeni lesnich ekosystémi na sledovanych
plochéch imisnimi latkami. Nejvyssi depozice H ionti
se srazkovou vodou byla zjisténa v dospélém porostu
smrku na Moldavé (> 5 kmol H.ha™1), ale i na sedi byl
spad protoni aZ do poloviny osmdesatych let velmi vy-
soky (>1,5 kmol H.ha"). Po roce 1985 se kyselost sra-
Zek sniZovala a jeji vyraznéjsi pokles je patrny v deva-
desatych letech.

Depozice siry (S/SO%‘) byla také nejvyssi v prvni
poloviné osmdesitych let, v pozd€j§im obdobi se pro-
jevil jeji méné vyrazny pokles nez u H ionti. Maximal-
ni spady sloucenin dusiku (N/NO3 a NH}) probihaly
v druhé poloviné osmdesétych let. Ro¢ni hodnoty spa-
du F se s vykyvy také v poslednich letech sniZuji. Po-
kles depozice aniontd, silnych kyselin (CI°, F, NO3,
SO%') je provézen i sniZenim spadu bazickych kationtl
(K, Na, Ca, Mg).

Na plochach u Nové Vsi probihalo nejvyssi imisni
zatiZeni ekosystému smrkového porostu proti porostim
bfizy a jefabu, kde byl vstup latek z ovzdu$i nizsi.

Zvysovani pH srazkové vody v poslednich letech se
projevuje i naristem pH gravitadni vody protékajici
pudnim profilem.

Vzorky pudy a humusu pro laboratorni analyzy byly
odebirany pfi zakladani ploch a opakované v nékolika-
letych intervalech.

Na plochiach Moldava (kambicky podzol s humuso-
vou formou moru) bylo v roce 1977 pH vodniho vyluhu
pudy (pH/H,0) niZsi neZ 4,2 do hloubky cca 40 cm
a vyménné pH (pH/KCI) niZ§i nez 3 do hloubky 15 cm.
Po smyceni porostu smrku se na sec¢i pH humusu a pi-
dy zvySovalo. Od roku 1988 je patrny mirny narust pH
na ,se¢i“ a v ,porostu* jefdbu pouze v povrchovych
horizontech do hloubky 20 cm.

Zasoba pristupnych kationtd ve vyluhu 1% kyseliny
citronové se vak v pudé na ,,se¢i* do roku 1988 nezvy-
Sovala; spiSe se projevil pokles u pfistupného K, Mg,
Ca. V dalSich letech (do roku 1994) se zvysila zdsoba
téchto kationtd v sorpénim komplexu humusu a povr-
chového organomineralniho horizontu (0-10). Hlubsi
pudni horizonty byly naddle o jmenované kationty
ochuzovény.

Na plose ,,porost” byl v pudé do roku 1988 zjistovan
pokles zdsoby pfistupného K a Mg. V nésledujicich le-
tech (1985-1994) se v nérostu jefabu v povrchovych
pudnich horizontech zvy$ilo mnoZstvi K vyluhovaného
1 M NH4CIL. V minerélni pid& v§ak byl zjistén tbytek

sorp&né vazanych bazickych kationtdi. V obou pidnich
profilech je zasoba téchto kationti velmi nizka a zejmé-
na u Mg klesla pod 10 ppm. V sorptnim komplexu
naprosto prevlada Al.

Povrchové pudni horizonty mladého smrkového po-
rostu u Nové Vsi v Hordch (dystrickd kambizem) byly
v dobé& zaloZeni vyzkumnych ploch silné kyselé
(pH/H,0 < 4,2) a do roku 1988 okyselovani pidy po-
kracovalo. V roce 1992, &tyfi roky po aplikaci dolomi-
tického viapence, se aktivni pH (pH/H,O) i vyménné
pH (pH/KCI) zvysilo v pokryvném humusu a svrchnim
horizontu A do hloubky 5 cm. V hlubsich horizontech
rizosféry vSak zistalo niZ$i neZ v roce 1983. Zasoba
pfistupnych kationtd se po vépnéni zvy$ila v humuso-
vém horizontu a na povrchu minerdlni pidy, u Mg
i hloubéji, a naopak v pidnim profilu poklesla zasoba
pristupného Ca.

V pudé pod porostem biizy (oglejena kambizem) do-
sahovalo v roce 1983 silné okyseleni (pH/H,O < 4,2)
do hloubky 20 cm. Do roku 1988 se zde projevily mensi
zmény pH neZ v pudé pod smrkem. V roce 1992 byl
zjistén vzestup hodnoty pH (pH/H,O i pH/KCI) pouze
v humusovém horizontu a v horizontu A. V hlubsi asti
pudniho profilu dokonce po viapnéni klesla zasoba Ca.
Povrchové horizonty pidy v porostu jefdbu u Nové Vsi
(dystrickd kambizem) byly v roce 1983 také velmi ky-
selé, ale do vapnéni pudy v roce 1988 se dalsi okyselo-
vani projevilo méné vyrazné neZ ve sledovaném porostu
smrku. ZvySeni zasoby Mg, Ca i K v roce 1994 nastalo
jen v humusovém horizontu (0) a v povrchovém hori-
zontu mineralni pudy (A).

V pudnich profilech vSech tii ploch na Nové Vsi
v Horich prevlada v sorpénim komplexu hlinik. Pfeva-
ha kationtd Ca, Mg a K byla pfi poslednim hodnoceni
pudy (1992) zjisténa v pokryvném humusu.

Velmi nizka zdsoba Mg v pudnim sorpénim komple-
xu na plochach u Moldavy a v jefabu a bfize u Nové
Vsi vyvolava zvyseni poméru zasoby K a Mg (mol K :
mol Mg) a Ca a Mg (mol Ca : mol Mg), a tim i zhor-
Seni podminek pro pfijem tohoto prvku. S vyjimkou
pudy v porostu smrku na Nové Vsi jsou v minerdlni
pudé ostatnich ploch nepfiznivé podminky pro jeho pfi-
jem.

I po sniZeni kyselé depozice (protont a aniontu sil-
nych kyselin) zistava ve svrchnich pidnich horizontech
pH v oblasti pufrace protont uvolfiovanim Al z alumo-
silikatd. V piadni spodiné vznikly podminky pro rozpad
nestalych sloucenin Al s SO%‘, vytvofenych v minulych
letech, a pro uvoliiovani téchto komponenti do padniho
roztoku.
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ZPUSOBY HOSPODARENI VE VYSOKOKMENNEM LESE

MANAGEMENT SYSTEMS IN A HIGH FOREST

Z. Poleno

Ceskd zemédélskd univerzita, Lesnickd fakulta, 165 21 Praha-Suchdol

ABSTRACT: Definitions of regeneration cuttings and management systems used in the Czech Republic are evaluated in this
study, and an opinion of classification of management systems and their forms is presented (Provision No. 83/1996 of the
Ministry of Agriculture of CR). Faults and inaccuracies in the names and definitions of the used management systems are
indicated. These inaccuracies are encountered mainly in nonclear cutting systems in which selection principles are used to
a larger extent, showing intensive development in recent years. Proposed alterations in the terminology and definitions of
management systems are summarized at the end of the paper; amendments of their classification are also proposed.

management system and its forms; regeneration cuttings; selection principles; terminology

ABSTRAKT: Studie zhodnocuje definice obnovnich se&i a zplsobii hospodareni uZivané v Ceské republice a zaujimd i sta-
novisko k systematice hospodéiskych zpiisobil a jejich forem (vyhla¥ka Ministerstva zem&d@lstvi CR &. 83/1996 Sb.). Upo-
zorfiuje na chyby a nepiesnosti v té€chto nazvech a definicich i v uZivaném systému hospodafskych zptsobu. K témto nepies-
nostem dochazi zejména u neholosednych zpisobl hospodafeni, uplatiiujicich ve zvySené mife vybérné principy, u nichZ se
projevuje v poslednich letech intenzivni rozvoj. Zdvérem shrnuje navrhované zmény v terminologii a v definicich zplsobi

hospodareni; soucasné navrhuje i ipravu jejich systematického uspofadani.

hospodéfsky zpiisob a jeho formy; obnovni sece; vaém‘é principy; terminologie

UvoD

Z puvodnich pfirodnich lest — pralesi — se opakova-
nymi zasahy ¢lovéka postupné vyvinuly dnesni hospo-
dafské lesy, v nichZ se v§ak dosud projevuje dualismus
zakonitosti pfirody a dcelové motivovaného pusobeni
Clovéka. I kdyZ toto pisobeni nabyvd — zejména
v Evropé — stile vétsi intenzity, nelze ani v pfirodé vel-
mi vzdadlenych monokulturdch vidét Cisté artefakty, tj.
pouhé dilo lidskych rukou. Profesionalni zsahy lesnika
predstavuji pouze setrvaly proud dodatkové informace
a dodatkové energie, dopliiujici pfirodni genetickou in-
formaci a pfirodni energetiku lesnich ekosystémi.

Cilem obhospodafovani lesi byla puvodné piede-
v§im produkce dfeva, k niZ se postupné pfipojila cela
fada dalSich — zejména mimoprodukénich — uZitku z le-
sa a sluZeb spolecnosti. V souvislosti s uréitymi prob-
lémy a krizovymi jevy v lesnim hospodafstvi, které se
¢as od ¢asu objevuji v riznych regionech, vyvstava nut-
né otazka, jak ma byt hospodafeni v lesich upraveno,
aby mohly byt optimalné a natrvalo zaji$tovany vsech-
ny funkce lesa.

Kazdé obhospodafovani lest jiz odeddvna vychazi
z premisy trvalosti hospodareni, ktera se zaji$tuje ur€i-
tou regulaci vySe té€Zeb a regeneraci (obnovou) lesa
(Poleno, 1996a,b, 1997). Za jedno z nejduleZit&jsich
kritérii pro téZbu dieva se povaZoval v€k stromi, a to
zejména v souvislosti s poznatky o nepfiznivych du-
sledcich starnuti v8ech organismu. ProtoZe vSak v po-
¢atcich lesniho hospodaistvi bylo obtiZné urcit vék
dlouhovékych lesnich stromu, hledala se dalSi kritéria,
kterd by mohla vék stromi nahradit — jako jeho projev
¢i funkce. Jako nejvhodnéjsi se jevila tlou$tka stromu,
kterd zejména v plvodnim neplanovitém vybérném
zpusobu hospodateni — tzv. toulavou seci — je skutecné
prvoradé funkci jejich v€ku. Tloustka stromu vyhovo-
vala soucasné i jako kritérium pouZitelnosti té€Zeného
dreva, a proto se stala na dlouhé véky zakladnim uka-
zatelem téZebni zralosti lesnich stromi. Tento nefizeny
vybérny zpusob hospodafeni vSak postradal jakékoliv
ukazatele trvalosti, a proto velice Casto vedl k tplné
devastaci lesi*. Tato exploataéni forma vybérného hos-
podafeni a vybérného lesa trvala v Evropé zhruba do
druhé poloviny 18. stoleti a vedla v§eobecné ke sniZo-

* 'V n&m&ing se pouZivd k vyjddieni tohoto stavu vyb&ného hospodareni uréité asonance slov Plenterung — Plunderung (vybirdni —

rabovini).
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véni porostnich zdsob dieva a produktivnosti lesa, ale

co nejhor¥iho, i ke sniZovéni genetické hodnoty lesa.

Cesty k napravé a k fadnému lesnimu hospodafstvi*
byly v podstaté dvé:

a) zajisténi trvalosti lesa pfi dosavadnim vybérném
zpusobu hospodaieni vhodnou kontrolni metodou —
na bazi kontroly stavu tloutkové vhodné diferenco-
vanych porostnich zasob dfeva a odvozené i jejich
prirtstu,

b) zména zpusobu hospodareni z nekontrolovaného vy-
béru jednotlivych stromi na zpisob pasecny, tedy na
urité ploSe, kterd se tak stala pfi zajiSténi vyrovna-
nosti plochy vSech v&kovych stupiii zdkladnim kri-
tériem trvalosti lesa a uZitka z néj.

Prvni cestou se do zna¢né miry ubiralo lesni hospo-
défstvi ve Francii, Svycarsku a jihozdpadnim Némecku,
druhou cestou pak lesni hospodéfstvi ve stfedni Evropé
(zejména v ostatnich némeckych zemich a v Rakousku).

SYSTEMATIKA HOSPODARSKYCH ZPUSOBU

ZAKLADNI CHARAKTERISTIKY A DOSAVADNI
VYVOJ RESENI

Uvedenymi dvéma cestami se hospodafeni v lesich
v zésadé rozdélilo na dva zédkladni hospodéiské zptso-
by — vybérny a pasecny. Dalsi rozvoj lesniho hospodar-
stvi a postupujici diferenciace hospodafeni v lesich si
postupné vynutily a vynucuji hlub$i ¢lenéni na vétsi
pocet hospodéiskych zplsobi, resp. jemnéjsi roz€lenéni
dvou zédkladnich zpisobi na hospodéiské formy. Zcela
pochopitelné pfitom dochazelo i k nejrizn&j§im kombi-
nacim hospodéiskych forem, ¢imZ se systematicky pie-
hled staval stile sloZit&j$im a hufe prehlednym. Neni
proto divu, Ze asto dochézi i k uritému nepochopeni
obsahu jednotlivych hospodaiskych zpisobl a jejich
forem, které pak vyvolava Cetna nedorozuméni.

Zejména po vydéni prvniho Ceskoslovenského kom-
plexniho lesniho zdkona (€. 166/1960 Sb.), ktery stano-
vil jako zakladni zpisob hospodateni zpuisob maloplos-
ny pase¢ny (podrostni) bez bliZz§iho vysvétleni tohoto
terminu, se v odborném lesnickém tisku objevila cela
rada publikaci na toto téma. ProtoZe mnohé pfinasely
i asto protichidné nézory, byla v roce 1971 k proble-
matice hospodaiskych zplisobt svoldna celostatni kon-
ference, ktera prispéla k prekonani nékterych rozpor-
nych nazorid (Kolektiv, 1971). V souvislosti
s piipravou novych lesnich zédkonu se pak v roce 1977
ustavila v raimci odboru lesniho hospodafstvi tehdejsi
Ceskoslovenské akademie zemé&délské (CSAZ) pracov-
ni skupina (jejimZ ¢lenem byl i autor piisp&vku), kterd
zpracovala navrh klasifikace hospodarskych zpusobu
v lesich (Kolektiv OLH-CSAZ, 1979). Tento navrh
vychazel z diferenciace hospodafeni, opirajici se o pfi-
rodni podminky, nové vysledky vyzkumu i praktické

zkuSenosti. Byly zde zpfesnény definice zakladnich po-
jmi a byl vytvofen uplny (uzavieny) systém- tfidéni
zpusobil hospodafeni. Dva zakladni hospodarské zpuso-
by — vybérny a pasecny — byly definovany takto:

Pfi vybérném zpusobu je objektem hospodafeni
strom, popiipadé skupina stromu. Zakladni hospodarska
opatfeni se uskute€iiuji na jedné a téZe ploSe a jsou teo-
reticky nepfetrzita. Vychovu nelze od mytni t&€Zby zpra-
vidla bud odlisit vibec, nebo jen pomocné podle di-
menzi t€Zenych stromi. Dil¢i plo$né jednotky lesa maji
teoreticky vSechny vékové a vyvojové stupné stromi,
a proto se v€kové ani vzhledové od sebe navzijem nijak
vyrazné neli§i. Produkéni cil je zaméfen na mohutn&jsi
dimenze, pfi¢emzZ tloustkova diferenciace je podstatné
vy§§i neZ pfi zpusobu paseCném. Principy vybéru se
uplatiiuji v plném rozsahu, nepretrZité a neustale. Za-
kladnimi nastroji hospodaiské tpravy jsou celkovy b&z-
ny pririst, porostni zasoba a jeji tlouStkova struktura,
doba pfesunu a kiivka tloustkovych &etnosti. Specidl-
nim pfipadem je vybérny zpusob tlelovy, pouZivany
v ochrannych lesich, popfipadé i v nékterych lesich
zvlastniho urceni.

Pii hospodafském zplisobu paseéném je objektem
hospodareni lesni porost na ur¢ité plose (pasece, obnov-
ni ploSe apod.). Vyrobni cyklus se odehrava na dil¢ich
ploSnych jednotkdch (porostech nebo jejich Castech),
které se od sebe vékové zietelné odlisuji, coZ vede k &a-
sovému i prostorovému odlouceni zakladnich hospo-
darskych opatieni (obnova, vychova) na té€chto jednot-
kéch. Principy vybéru se uplatiiuji jen v omezeném
rozsahu — zpravidla pouze pfi vychovné tézbe; jen u né-
kterych forem tohoto zpusobu i po uritou dobu pfi
mytni t€Zb&. Zakladnimi néstroji hospodaiské dpravy
(zejména téZebni regulace) jsou plocha, doba obmytni,
vék a vySe porostni zdsoby. Pase¢né zpusoby pracuji
zpravidla s jednou obmytni dobou (jednomytné zpuso-
by), jejimZ vysledkem jsou vékové, vySkové i tloustko-
vé mélo diferencované porosty. Mohou v§ak mit i dvou-
mytni variantu, kdy se pro jednu porostni slozku voli
delsi obmyti.

Jako formy hospodafskych zpusobi byly uvedeny:
a) pro vybérny zplsob forma stromové a skupinovita;

pii stromové formé se hospodafska opatieni nesous-

tfeduji na Zadnou (ani sebemensi) plochu, ale objek-
tem hospodaieni je dusledné strom; pfi skupinovité
formé se zdkladni hospodaiska opatieni uskute&iiuji

v malych skupinich, pfic¢emZ v€kovy rozdil skupin

v dil¢ich plochéch je vétsi nez 40 let,

b) pro pasecny hospodaisky zpisob byly uvedeny tii
formy:

— holose¢na, pfi niz obnova lesa nasleduje po jedno-
rdzovém vytéZeni porostu (nebo jeho Casti); pri
takto provadéné t€Zb& nejsou vibec uplatiioviny
principy vybéru a také ekologicky vliv myceného
porostu na pievazné Casti obnovované plochy je
minimélni; vysledkem této formy hospodareni

* Tento vigni termin fddné lesni hospoddrstvi byl v Némecku definovin vynosem Spolkového ministerstva zemé&dglstvi a lesnictvi.
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jsou trvale jednoetaZové porosty (vyjimku mohou
tvofit tzv. dvoumytni varianty),

— podrostni, pfi niZ se obnova lesa uskuteciiuje na
zaclonéné ploSe, pfed tGplnym zmycenim porostu
na obnovni plose; ekologicky vliv myceného po-
rostu se na obnovni ploSe projevuje v plném roz-
sahu; vysledkem hospodareni je hospodaiska sku-
pina lesa s porosty doCasné (po dobu obnovni)
etazovité uspofadanymi,

— nase¢na, ktera predstavuje v zasadé kombinaci
obou zdkladnich forem; obnovni plocha je tedy
z&4asti holad (tzv. vnéjsi obruba), zEasti zaclonéna
(vnitini obruba); principy vybéru jsou pfi mytni
tézbé uplatiiovany jen zCasti; ekologicky vliv my-
ceného porostu se projevuje na pievazné ¢asti plo-
chy; vysledkem hospodateni je hospodafska sku-
pina s velmi kratkodobé podsunutou obnovou pod
neustile postupujicimi porostnimi okraji; z prak-
tickych duvodu se k této formé pocita i modifika-
ce, pfi které se obnova realizuje pouze na vnéjsi
obrubé (do itky rovnajici se vySce myceného po-
rostu).

Tento navrh klasifikace hospodafskych zpusobu dile
uvadi, Ze zékladni formy hospodaiského zpusobu — ho-
lose¢na a podrostni — mohou byt jesté clenény podle
velikosti plochy, na niZ se uskute¢iiuji jednotliva hos-
podafska opatfeni. Tato plocha miZe byt v zasadé bud
velkd, nebo mald, pfi¢emZ vaZnym problémem je stano-
veni hranice mezi nimi. V navrhu se jako kritérium pro
rozliSovéni velké a malé plochy doporucuje dosah bio-
logické G¢innosti myceného porostu na porost nasledny
(u holosecné formy), popfipadé moZnost bezeskodného
kéceni a soustfedovani dieva (u podrostni formy).

Uvedeny navrh, vychazejici z celé rady drivéjSich
dil¢ich navrha (Poleno, 1961; Dolezal, 1968;
Priesol, 1971; Cizek, 1972; Pliva, 1975, aj.),
znamenal bezesporu vyznamny krok ke spravnému roz-
liSovani a hodnoceni riznych zpusobu hospodareni
v lesich. Jako pozitivni prvek je moZné zvIast zduraznit
formulace o uplatiiovani vybé&rnych principti i v pase¢-
ném lese, jak na to upozornil zejména Leibundgut
(1946). Navrh klasifikace hospodarskych zpusobii pfi-
hliZel i k mezinarodné uznavanym systémum hospodar-
skych zpusobd (Wagner, 1923; Troup, 1955;
Vanselow, 1957; Spur, 1956; Bonnemann,
1967; Lisickij, Pobedinskij, 1968, aj.), a pro-
to jsou u vSech ceskych a slovenskych odbornych ter-
mint uvedeny i cizojazy¢né ekvivalenty (rusky, némec-
ky, anglicky). Pfi tomto kladném hodnoceni navrhu
v8ak nelze piehlédnout ani stopy ur€itych tlaki, kterym
bylo nutné pfi zpracovani Celit, i protichudnych nazora
¢lenu kolektivu zpracovateli, ke kterym bylo tfeba najit
kompromisni — a tedy ne zcela piesné — feSeni, jak bude
rozvedeno déle.

Z uvedeného navrhu klasifikace hospodaiskych zpu-
sobli pak vychazela terminologie soustavy legislativ-
nich norem z let 1977/1978, zejména provadéci vyhlas-
ka MLVH ¢. 13/1978 o kategorizaci lest, zpusobech
hospodaieni a lesnim hospodéaiském planovéni. Navr-
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Zeny systém hospodafskych zpusobu prevzala nase hos-
podarska uprava lesu (Lesprojekt, 1980; Pliva, 1980;
Nymbursky, 1983; Pliva, Zlabek, 1989),
ucebnice péstovani lesi (Korpel et al, 1991; Be-
zecny etal, 1992) i Cetni dal$i autofi. NavrZeny sys-
tém byl piejat i do Lesnického nau¢ného slovniku (IL.,
1995 — heslo Zpuasob hospoddrsky).

SOUCASNY STAV

Soucasny zakon o lesich ¢. 289/1995 Sb. uvadi sice
mezi vymezenim pojmu (§ 2) hospodareni v lese, které
definuje jako obnovu, ochranu, vychovu a tézbu lesnich
porosti a ostatni ¢innosti zabezpecujici plnéni funkci
lesa; zpusoby hospodareni vSak neuvadi. Z uvedené de-
finice hospodafeni v lese, které je omezeno na lesni
porosty a kde se rozliSuje vychova a obnova, se tak
fakticky vylucuje vybérny zpisob hospodafeni, jehoZ
objektem nejsou lesni porosty, ale stromy.

Zakon si klade za cil podporovat trvale udrzitelné
hospodareni v lesich, aniZ vSak tento zpisob hospoda-
feni definoval. Za nejpiijatelnéjsi definici je moZné po-
vaZovat tu, kterou pfijala Ministerska konference
o ochrané lest v Evropé (Helsinki 1993): Trvale udrZi-
telné hospodareni je ddno sprdvou a vyuZivdnim lesit
a lesni pidy takovym zpiisobem a v takovém rozsahu,
které zachovadvaji jejich biodiverzitu, produkcni schop-
nost a regeneracni kapacitu, vitalitu a schopnost plnit
v soucasnosti i budoucnosti odpovidajici ekologické,
ekonomické a socidlni funkce a které tim neposkozuji
ostatni ekosystémy. K tomuto cili byly na konferenci
podrobné rozpracovany vieobecné zésady (MZe, 1993).
Z téchto zasad vyplyvé, Ze trvale udrZitelné hospodare-
ni v lesich neni vdzano na Zadné hospodaiské schéma,
na Zadny stanoveny mytni postup & obnovni formu. Je
to flexibilni zpisob hospodafeni, sledujici dodrZovani
zakladnich principi a ramcovych smérnic hospodaieni,
zajistujicich jeho trvalost (Poleno, 1996a,b, 1997).
Trvale udrZitelné hospodaieni v lesich nelze ztotoZiio-
vat s vybérnym hospodéfstvim ani s tzv. piirodé bliz-
kym hospodarenim.

Ve znéni zakona o lesich se objevuji také nékteré
terminy a formulace, které nejsou bézné Ci jednoznatné
a potiebovaly by vymezeni pojmi. Je to napi. pouZiva-
ni clonnych seci a vybéra (§ 31, odst. 3). Termin vybér
je uzivan predevSim v genetice jako vybér pfirodni
a umély, umoZziujici neustaly vyvoj organického svéta.
Ani v lesnim hospodafstvi vSak neni termin vybér jed-
nozna¢éné definovan. VétSinou — napf. Korpel et al.
(1991), Lesnicky nau¢ny slovnik (II., 1995) — je vybér
chéapan jako zakladni néstroj vychovy porosti. Rozumi
se tim bud' vyhledavani (oznaCovani) stromu jako nad-
byteénych (nepotiebnych) sloZek, nebo stromi neodpo-
vidajicich produkénim a funk&nim zamérim, které se
maji vyloucit (vykacet), anebo jako volba urcitych stro-
mu se Zaddoucimi souasnymi nebo perspektivnimi zna-
ky, které je tfeba v porostu ponechat a zamérné podpo-
rovat. V této souvislosti se pak uvadi celd fada druhu
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vybéru — individuélni a schematicky, kladny a z4porny,
zdravotni, podn&covaci, zralostni atd. Vybér stromi se
viak velice €asto spojuje i s hospodafenim ve vybérném
lese a tedy s vybé&rnym zpusobem hospodareni. Tento
zpisob t&Zby stromi se bézné oznauje jako vybérna
se¢ (Tesaf in Korpel et al, 1991; Kantor in
Lesnicky nauény slovnik II., 1995, aj.) a znamena téZbu
stromu s charakterem vychovnym i obnovnim. Termin
vybér se Casto objevuje ve vazbé princip vybéru, jak jej
pro vybérny les definoval Ammon (1946). Pozdéji se
spi§ hovoii o principech vybéru ¢i vyb&rnych princi-
pech, coZ jsou nevyhnutelné néleZitosti vybérného lesa
(Korpel etal, 1991). Vyznamnou zménu v chipani
principu vybéru piinesl Leibundgut (1946), podle
jehoZ pojeti mohou byt principy vybéru uplatiiovany
i v paseéném lese pii neholosecnych zpisobech hospo-
dafeni.

Tohoto problému s terminem vybér si byl védom
i Stanék (1996), kdyZ v komentafi k zdkonu o le-
sich misto terminu vyb&r pouZiva termin vybérovd sec,
kterou definuje jako obnovni se¢, pfi niZ se postupné
b&hem dlouhého obdobi odstraiiuji z porostu nejvyspé-
lej§i a nejzralej$i stromy jednotlivym vybérem. Touto
definici obnovni sele je jasné, Ze autor ma na mysli
hospodafeni v pasecném lese, coZ snad chtél vyjadrit
i nazvem see — se¢ vybé€rova —, ktery je sice méné
bé&Zny neZ se¢ vybérna, ale v podstaté odpovida definici
vybérové seCe uvedené v ON 48 0002 Péstovdni lesii.
Ndzvy a definice (VULHM, 1990). ProtoZe vak citova-
né oborova norma neuvadi definici sece vybérné, vnu-
cuje se otazka, zda bylo imyslem zpracovatelii normy
odligit se¢ vybérovou (vedouci k vytvofeni riznovéké-
ho aZz vybérného lesa) od seCe vybérné (uplatiované
vyluéné ve vybérném lese), nebo zda tento novy termin
meél nahradit dosavadni termin se¢ vybérnd. K této dru-
hé domnénce mé vede jednak slovensky ekvivalent (vy-
berkovy rub), jednak skutecnost, Ze termin vybérova sec¢
je v rejstiiku normy zapsan jako se¢ vybérna. I kdyz
termin se¢ vybérova se jevi jako vhodny pro obnovni
t&Zbu v paseéném lese jednotlivym vybérem, je tieba
uvazit i obsah obecné uZivaného pojmu vybérovy, ktery
se chépe jako pozitivné selektovany nebo nadprimérné
kvalitni. S timto problémem se vSak budeme potykat pri
jakymkoliv zpusobem odvozeném terminu od slova vy-
bér. V &estiné ndm chybi néjaké jiné slovo podobného
vyznamu (homonymum).

Vzhledem k absenci definice hospodéiskych zpuso-
b v zédkoné o lesich byly tyto zpisoby hospodaieni
definovéany ve vyhlasce MZe &. 83/1996 Sb. o zpraco-
vani oblastnich planti rozvoje.lesti a o vymezeni hospo-
darskych soubort. DoSlo v ni k zdsadni — nelogické —
zméné v tom smyslu, Ze bylo upusténo od ¢lenéni na
zakladni hospodarské zpusoby (paseény a vybérny)
a na jejich formy. Pocet hospodaiskych zpusobu se tak
zvysil (v podstaté vak sniZil) na tyfi. RozliSuji se:
a) zpusob podrostni, pfi némZ obnava lesnich porosta

probih4 pod ochranou téZeného porostu,
b) zpusob néase¢ny, pii némZ obnova lesnich porosti

probiha na souvislé vytéZené plose, jejiZ Sife nepre-
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kro¢i primérnou vysku téZeného porostu, popf.
i pod ochranou pfilehlého porostu,
c¢) zpisob holosecny, pfi némzZ obnova lesnich porosti
probihé na souvislé vytéZené plose, $irSi nez pramér-
na vyska téZeného porostu; k tomu je nutné vzit
v tvahu omezeni a vyjimky ze zakona (§ 31, odst. 2),
d) zpusob vybérny, pfi némz té€zba za ucelem obnovy
a vychovy lesnich porostii neni &asové a prostorové
rozliSena a uskuteCiiuje se vybérem jednotlivych
stromi nebo skupin stromi na ploSe porostu.
NepovaZuji za $tastné opusténi rozliSovani dvou zéi-
kladnich - a zésadné odli$nych — hospodéiskych zpi-
sobt a jejich ¢lenéni na formy. Pravni normy nejsou
ucebnice a nemély by ani chtit je suplovat ¢i nahrazo-
vat. Mély by proto pracovat s béZné uZivanou termino-
logii a ne ji bezdiivodné ménit.
Dne$nim definicim hospodafskych zpusobu je vSak
moZné kromé nevhodného ¢&lenéni vytknout nékteré
chyby a nepiesnosti i po strince obsahové.

Hospodarsky zpiisob podrostni

Tento hospodéisky zpusob neni (a ani nemuZe byt)
jednozna¢né definovan, protoZe shrnuje nékolik hospo-
dafskych forem. Patfi sem bezesporu hospodaisky po-
stup vyuZivajici se¢ clonnou. I ta vSak ma celou fadu
forem a modifikaci, zejména s ohledem na:

a) plosny rozsah sece — velkoplo$na, maloplo$na,
b) ¢asovy prub&h sete — kratkodoby, dlouhodoby (aZ

s prechodem do permanentni vybérné sece),
¢) ploSné rozmisténi téZebniho zasahu — pravidelné, ne-

pravidelné,

d) pocet fazi (zasahu) seCe — od dvou vy$e (aZ s pie-
chodem do pocetné neomezené vybérné sece).

Patii sem proto i obnovni postupy s uplatiovanim
vybéri, jak o nich mluvi zdkon o lesich (§ 31, odst. 2).
Ze smyslu znéni tohoto ustanoveni zdkona i z vykladu
(Stanék, 1996) nejde o té€Zebni postup ve vybérném
lese (jak by se mohlo zdat), ale o jednotlivy vybér stro-
mu — vybérovou seli — pfi zachovani velmi dlouhé doby
obnovni v lese paseCném. Tento obnovni postup je néco
zcela jiného neZ sec clonn4, jak to kone¢né vyplyva i ze
znéni zdkona (clonné seCe a vybéry). Nelze jej vSak
ztotoZilovat ani s hospodaiskym zpisobem vybérnym.

V tomto sméru se nepresnosti dopustil i uvedeny
Ndvrh klasifikace hospoddiskych zpitsobii v lesich
CSSR (Kolektiv OLH-CSAZ, 1979). V sili o ma-
ximélni jednoduchost systému jsou i zde do podrostni
formy hospodareni zafazeny dvé principidlné odlisné
hospodéfské formy, jak to zcela jasn& vyplyva z cizo-
jazycnych ekvivalentd — napf. v némciné Schirmschlag-
betrieb + Femelschlagbetrieb. Prvni z téchto némec-
kych termind znamend hospodareni clonnou se€i, pro
druhy bohuZel nemame dosud v CeStiné jednoznalny
odborny termin; pfijatelnym se jevi skupinovité clonna
forma.

Femelschlag je obnovni postup v podstaté znamy jiZ
déle nez 100 let — od doby pisobeni Gayera, ktery
své pokrokové myslenky a praktiky publikoval zejména
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v letech 1886 a 1895. Tento zpisob hospodareni, poz-
dé&ji oznalovany jako bavorsky Femelschlag (Vanse-
low, 1949), se pomérné rychle rozsifil — s riznymi
obménami - v celém jiZnim Némecku a zésluhou En-
glerovou pronikl i do Svycarska. Zdej$i modifikace se
oznacuje jako Svycarsky Femelschlag (Leibund-
gut, 1946; Mayer, 1977, aj.). Urdity pfechod mezi
témito dvéma formami (modifikacemi) vytvafi badensky
Femelschlag (Bauer, 1962/68; Mayer, 1977, aj.).

Tento vyznamny zpiisob hospodateni, ekologicky
stojici na vysoké drovni, se u nas oznacuje nejednotné;
znemoZiiuje se tak pochopeni jeho principi a spravné
systematické zafazeni.. Nékdy se totiZz zafazuje jako
clonny zpisob hospodafeni, nékdy jako zpusob skupi-
novity, n€kdy dokonce jako vybérny. V na$i posledni
vysokoSkolské ucebnici (Korpel et al., 1991) se ba-
vorsky Femelschlag oznaCuje jako skupinovité clonna
obnova, badensky Femelschlag je oznacen jako baden-
ska clonna se a §vycarsky Femelschlag jako obnova ve
skupinovité vyb&rném lese. NaSe dfivéjsi CSN 48 0000
Ndzvoslovi v lesnim hospoddrstvi (1964) pouZiva jako
Cesky ekvivalent k némeckému terminu Femelschlag
vybérna sec; to viak podle Lesnického nauéného slov-
niku (IL, 1995) je sec viastni hospoddFskému zpiisobu
vybérnému. Némecky termin Femelschlag svou druhou
Casti slova (schlag) oviem vyjadiuje piislu¥nost k pa-
seCnému zplsobu hospodafeni. Femelschlagbetrieb je
v némecké odborné literatufe zcela jednoznaCny a piesné
definovany pase&ny zpisob hospodaieni vedle zptisobu
holoseéného (Kahlschlagbetrieb), clonného (Schirm-
schlagbetrieb) a nasecného (Saumschlagbetrieb). Kromé
toho se rozliSuji je$t¢ kombinované zpisoby hospoda-
feni (napf. Saumfemelschlagbetrieb apod.).

Povazuji za icelné upozornit na Némecko-Cesky les-
nicky slovnik — Cast pata: pésténi lesa (1933), ktery
termin Femelschlag preklada ne zcela vystiZné jako kot-
likovitd, pomistnd se¢. Analogicky proto pieklada ter-
min Femelschlagbetrieb jako hospoddrstvi kotlikovité
pasecné. Termin Femelwirtschaft (tedy bez Casti schlag)
pieklada pak jako hospoddrstvi toulavé, vybérné. Proto
i Femelwald je pteloZeno jako les vybérny, tedy Femel-
wald jako synonymum k Plenterwald. Preklad terminu
Femelschlag jako kotlikovitd, pomistnd se¢ odpovida
do znacné miry bavorské modifikaci tohoto hospodaf-
ského zpisobu; méné jiz odpovida modifikaci badenské
a Svycarské.

Ani ztotoziiovani terminl Plenterwald a Femelwald
vSak neni spravné. Otto (1994) rozlifuje tyto typy
lesa zcela piesné. Vybérny les (Plenterwald) je charak-
terizovan vybérnym zplisobem hospodafeni s jednotli-
vym vyskytem stromu viech vékl v celém horizontél-
nim i vertikalnim prostoru. Tim se vyrazné odli$uje od
jednoetaZovych nebo n&kolikaetiZovych lesl, ma viak
urCité podobné znaky s lesem, ktery je vysledkem sku-
pinovité clonného zpusobu hospodateni (Femelwald,
pro ktery nemdme odborny &esky termin). Je to les
s Cetnymi ,,;svételnymi Sachtami®, v nichZ se rozvijeji
skupiny ¢i hlouCky pfirozené obnovy. Ty maji zpravidla
v pohledu tvar kuZele, s nejstar§imi a nejvyS$§imi jedin-
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ci uprostied téchto ,,8achet”, od nichZ se zcela nepravi-
delné §ifi do stran néletovi jedinci mladsi a niZ§i. V ur-
¢itém obdobi mohou vSak byt Casti porostu bez nastu-
pujici generace lesa (obr. 1).

Ze viech naSich definic hospodafskych zptsobu je
zfejmé, Ze zpusob hospodateni, oznaovany v néméiné
jako Femelschlagbetrieb, se u nas fadi vétSinou spolu
s clonnym zpisobem do podrostniho zpiisobu hospoda-
feni, i kdyZ je mezi ob&éma zpusoby vyznamny rozdil.
Neni to pouze v charakteru clonné sefe ve fazi obnovy,
ale zejména v celkovém charakteru porosti a v odlis-
ném zpusobu jejich obhospodafovani. V mensi mife lze
piedpokladat, Ze se tento hospodéisky zpusob u nas
ztotoZiiuje se skupinovym zplisobem vyb&rnym. Pfispi-
vaji k tomu pravdépodobné definice skupinovité vybér-
ného lesa, napf. v Nauéném slovniku lesnickém (I,
1959 — heslo Les), kde se uvadi, Ze , les skupinovité
vybérny se vyznacuje proti jednotlivé vybérnému lesu
kratsi obnovni dobou, primérné 40-60 let. Tézba se
déje vybérem jednoho nebo nékolika stromii, aviak ob-

a)

Iy

4/7 oA

1. Schematické znazorn&ni charakteristickych obraza lesa pfi rizném
zplsobu hospodafeni (podle Otta, 1994) - Schematic diagram of
typical shapes of the forest under different management systems (ac-
cording to Otto, 1994)

a) les holosecny nediferencovany — undifferentiated clear cutting
forest,

b) les holose¢ny tloutkové a vySkove diferencovany — clear cutting
forest differentiated by diameter and height,

c) les dvouetiZovy (hospodateni clonnou seéi) — two-storeyed forest
(shelterwood cutting system),

d) les skupinovité clonny - forest under irregular shelterwood sys-
tem,

e) les vybérny — selective forest
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novnd vychodiska, takto vznikld, se zdmérné rozSituji
excentrickym ustupem stén aZ do velikosti porostni sku-
piny“. Velikost porostni skupiny zde bohuZel neni de-
finovana. Z této definice vyplyva, Ze skupinovité vy-
b&rny les ma jiZ urdité charakteristické znaky pasecného
lesa — obnova neni nepfetrZit, skupiny se rozsifuji, ur-
Cité Casti porostu jsou bez obnovy apod.

Proto také Mayer (1977) konstatuje, Ze v prvni
&tvrting 20. stoleti se ve Svycarsku zpravidla jesté ne-
rozli¥oval skupinovité clonny — pase¢ny — zpisob hos-
podareni (Femelschlagbetrieb) od skupinovité vybérné-
ho hospodéfstvi (Plenterbetrieb). Teprve po roce 1925
se zadal skupinovité clonny pase&ny zpiisob ve Svycar-
sku zfetelné odliSovat od hospodarského zpusobu vy-
bérného, a hlavné zdsluhou Leibundguta (1946,
1949) byl zafazen jako samostatny hospodaisky zpu-
sob. Tato okolnost nebyla u nas dostatené vzata na
védomi, a proto zde pfeZiva presvéddeni, Ze ve Svycar-
sku prevazuji vybérné lesy. Pravdou viak je, Ze Svycafi
sami odhaduji podil vybérnych lest pouze na 7-10 %,
zatimco pievladajicim zpisobem hospodafeni je zptisob
pasecny, skupinovité clonny (Femelschlag).

K lep§imu pochopeni pase¢ného skupinovité clonné-
ho zpusobu hospodafeni miZe poslouZit obr. 2 (podle
Mayera, 1977), kde jsou zakresleny dva porostni
profily :
a) ve véku porostu 75 let,

b) ve véku porostu 100 let.

Je z nich ziejmé, Ze k t&€Zb& zde dochazi jednotlivym
vybérem, tedy vybérovou seci, pfi které vznikaji v po-
rostech rizné husté skupiny s riznou dobou nastupu
obnovy lesa. Tim dochézi i k doCasné integraci vychov-
nych a obnovnich zasahti v jednom porostu a k postupné-
mu vytvifeni vyrazné nestejnovékych, strukturalizova-
nych porostl. Pfesto viak je zfejmé (zejména z prvniho,
mlad$iho porostu), Ze nejde o vybérny les, protoZe je
zde zfetelné etiZovité uspofadani porosti s chybgjici
stfedni vékovou vrstvou.

BudiZ mi k tomuto bodu dovoleno ocitovat Spicko-
vého znalce vybérnych lesi — Ammona (1946), kte-
ry k rozliSovéni pase&ného lesa se skupinovité clonnym

Lenzburg, Lenzhard /0dd.14
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obnovnim postupem (Femelschlag) a lesa vybérného
konstatuje: ,, Ve zmlazovacich triddch pasecného lesa se
skupinovité clonnou obnovou je mozno prileZitostné na-
Jjit cdsti lesa, které se natolik podobaji lesu vybérnému,
Ze by bylo mozno je celkem organicky do vybérného
lesa zaclenit. O vybérném lese tu vsak neni mozno ho-
vorit, ponévad? vybérny charakter je pouze pFechodny
a dal$im typicky pasecnym postupem se opét ztrati. Na
druhé strané se v komplexu vybérného lesa zase najdou
zpisobu hospodareni, nebo zavinéné pfirodnimi udd-
lostmi, které by se samy od sebe hodily do pasecného
lesa. Tento odlisny nevybérny charakter je tu v§ak pou-
ze ndhodnou mistni vyjimkou, kterd je pro lesniho hos-
poddre neZddouci. Vyvoj proto bude spét ddl k vybér-
nému lesu, takZe by bylo chybou nepfiznat této Cdsti
charakter vybérného lesa.“

ProtoZe préni je ¢asto otcem myslenky, povaZuji se
nezfidka tyto doCasné etdZové porosty s vékové zna¢né
diferencovanou spodni etazi zcela chybné jiz za vybérny
les. V tomto smyslu chyboval i na§ vynikajici prakticky
lesnik Konias (1951, 1952) a néktefi jeho nasledov-
nici. Nejvétsi terminologicky zmatek v8ak v severnim
Némecku vyvolal svymi nepfesnymi formulacemi
Moller (1921, 1922), otec idealu lesa trvale tvorivé-
ho (Dauerwald), ktery zde byl ztotoZinovan s lesem vybér-
nym. Nemohu zachédzet do podrobnosti o tomto svérédz-
ném zpusobu hospodaieni, uplatiiovaném v borovych
lesich severniho Némecka (zejména na hospodaiskych
celcich Biarenthoren a Hohenliibichow). Upozoriiuji
proto pouze na detailni a plastickou analyzu Méllero-
vych myslenek, jejich historicky a vyvojové daného po-
zadi, ale soucasné i protiargumentt jeho vyznamnych
kritiki, kterou nedavno podali Heyder (1986)
a Huss (1990).

Uvedené terminologické nepiesnosti a zmatky se po-
kusil pfekonat Thomasius (1992), ktery podle sku-
te¢nosti pojal les trvale tvofivy mnohem $iteji a defino-
val jej jako les bezholoseény, v némz rozdilni vyvojova
stadia, zajiStujici trvalost lesniho ekosystému, nejsou
rozmisténa na zakladé zpusobu hospodateni do prosto-

2. Profily dvou jehlinatych porosti
(odd. 14 - 75 let a odd. 8 — 100 let)
s probihajici pfeménou druhové
skladby $vycarskym skupinovité clon-
nym hospodaiskym zplsobem (Fe-
melschlag); podle Kostlera (1961,
in Mayer, 1977) - Profiles of two
coniferous stands (compt. 14 -
75 years and compt. 8 — 100 years)
under transformation of species com-
position by the use of Swiss irregular
shelterwood system (Femelschlag):
3 according to Kdstler (1961, in

Mayer, 1977)
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rov€ oddé&lenych &asti lesa, ale jsou Easové i prostorové

promisena — vedle sebe nebo nad sebou — v jedné za-

kladni hospodaiské jednotce (porostu). Les trvale tvo-
fivy je proto systematicky nadfazen lesu vybérnému

a autor jej déli na

— les trvale tvofivy, sloZeny ze slunnych dfevin (vyvo-
jové stadia jsou umisténa pievazné vedle sebe, mo-
hou v$ak byt po ur¢itou dobu v silné prosvétleném
starém porostu umisténa i nad sebou),

— les trvale tvorivy, sloZeny ze stinnych dfevin (vyvo-
jova stadia jsou umisténa pievazné nad sebou) = les
vybérny.

V této souvislosti je tieba se jeSté kratce zminit
o tzv. pFirodu sledujicim lesnim hospodadrstvi (natur-
gemdsse Waldwirtschaft), o jehoZ podstaté a cili panuji
u nas dosti mlhavé predstavy. Jeho zdkladni mySlenky
vychézeji z lesa trvale tvofivého M 61ler, 1921), jak
jej definovali pod novym nazvem pfirodu sledujici hos-
poddrsky les Krutzsch, Weck (1935) ve své pub-
likaci o hospodareni v borovych lesich Birenthoren.
Podle jejich definice je ,, pFirodu sledujici hospoddrsky
les lesem nestejnovékym, smiSenym ze stanovistné vhod-
nych drevin, v némZ jsou jak jednotlivé dreviny, tak
i vékové stupné hlouckovité aZ skupinovité promiseny
v lesnich porostech; téZba se provddi vylucné vybérem
Jednotlivych stromit podle zdsady ’to nejhorsi se téZi
nejdriv, to lepsi zistdvd’; obnova lesa se uskutecCriuje
zdsadné prirozenym zpusobem*“.

V podstaté stejnym zptisobem definuje znovu (o 15 let
pozdéji) pfirodu sledujici lesni hospodafstvi na dzemi
NDR Krutzsch (1950). Z politickych divodu (odli-
Seni od hospodaieni ve Spolkové republice Némecko)
se v NDR po roce 1950 opousti termin piirodu sledujici
lesni hospodafstvi a prechdzi se k oznacovani tohoto
zpusobu hospodareni jako péstovdni porostni zasoby
(Vorratswirtschaft) ¢i pé€e o porostni zédsobu (Vorrats-
pflege) — Krutzsch (1952), Blanckmeister
(1952), Heger, Schonbach (1955) aj. Tento ter-
min péce o porostni zasobu — ve smyslu trvale uskutec-
fiovaného selektivniho vybéru (tedy nejen ve vychové
porostd, ale i v obnovni téZb€) zavedl do lesnické ter-
minologie Rubner (1936). V tomto duchu byl novy
smér péstovani lesti (podle Rubnera) do praxe zavadén
i u nas (na Schwarzenberském majetku v jiznich Ce-
chéch), jak na to upozoriiuje i Reininger (1991),
ktery se také hlasi k pojeti pfirodu sledujiciho lesniho
hospodafstvi.

K vyraznému oziveni myslenek pfirodu sledujiciho
lesniho hospodafstvi do$lo kratce po druhé svétové val-
ce, kdy byly zejména némecké lesy a lesni hospodafstvi
kruté postiZeny valeénymi udalostmi, vysokymi pretéz-
bami (béhem valky i po valce), fadou hmyzich kalamit
apod. V roce 1950 se ustavilo Pracovni spoleCenstvi
pro piirodu sledujici lesni hospodafstvi, které si v za-
kladacim provolani stanovilo za cil ,, nahradit pfevdiné
stejnovéké, mdlo diferencované, vétsinou labilni mono-
kultury nové koncipovanymi lesy se sniZenymi riziky
hospodareni, stupriovité usporddanymi, nestejnovéky-
mi, sloZenymi ze stanoviStné vhodnych drevin. PloSny

LESNICTVI-FORESTRY, 44, 1998 (12): 561-575

zpuisob téZeb s holosecemi a krdtkodobymi obnovnimi
postupy je tfeba prevést na péci a téZbu jednotlivych
stromil, tak aby v casové pokud moZno dlouhych obdo-
bich byl vypéstovdan ndsledny porost pod clonou pred-
chozi generace lesa, kterd by se soucasné vyuZivala ke
zvySené produkci tlustého a vysoce hodnotného dfeva.
Soucasné je tieba dbdt, aby s touto vysokou, trvalou,
bezporuchovou, ne technicky, ale biologicky automa-
tizovanou produkci cenného dreva byla optimdlné chrd-
néna a dlouhodobé na vysoké produkéni vurovni zacho-
vdvdna vlastni zdkladna produkce — lesni puda. Tento
zpitsob hospodareni se jevi také jako nejvhodnéjsi pro
trvalé zachovdni cetnych ochrannych a rekreacnich
funkei lesa* (Arbeitsgemeinschaft fiir Naturgemisse

Waldwirtschaft, 1950).

Chtél bych zvlast zdiraznit poprvé jasné formulova-
nou mys$lenku biologické automatizace hospodéiskych
opatteni, které 1ze docilit pfibliZenim hospodateni pfi-
rodnim procesim podle zdsady nechat vice pusobit
vnitini sily a zdroje. Vyspélé lesni hospodafstvi, zalo-
Zené na poznani podstaty a vlastnosti lesniho ekosysté-
mu, nevynakladd Zivou praci a financ¢ni prostfedky na
to, co muZe vykondvat pfiroda sama.

Tato biologick4 automatizace se projevuje v nékoli-
ka dsecich lesnické Einnosti, zejména
— pé¢i o udrodnost pidy (omezenim ztrity Zivin, trva-

lym porostnim krytem),

— pfirozenou obnovou lesa,

— zvySenim podilu pfirozeného odumirdni mladych
stromku (autoredukce), pusobenim dlouhodobého
zastinu, ktery umozZiiuje do znaéné miry sniZit vy-
chovné zisahy v nejmladSich porostech,

— podporou samodisténi kment od vétvi (také zastinem),

— ponechanim likvidace klestu po t&€Zbé pfirodnim pro-
cesum.

ProtoZe se jedna o vyrazné omezeni nikladnych dru-
hu préace, kryje se zde ekologicky aspekt s hlediskem
ekonomickym.

V praxi spojovala toto pracovni spolecenstvi pouze
zakladni my$lenka odporu vici holose¢im a pasecnému
lesu vékovych tiid a dale spoleny obnovni cil — hos-
podareni podle vzoru prirody. V detailech praktického
uplatiiovéni téchto obecnych zdsad vak byly mezi jeho
¢leny znaéné rozdily, zejména pokud §lo o zachovavani
uritého prostorového pofadku v lese (v zdjmu beze-
Skodného kéceni a vyklizovéani dieva) a o kone¢ny cil
hospodareni — zda jim bud je, ¢i neni vybérny les. Von
Ow (1951) zduraziuje, Ze ,, prirodu sledujici lesni hos-
poddrstvi neznamend samoziejmé Zddny ndvrat k pFi-
rodnimu lesu nebo dokonce k pralesu, jak se to asto
chdpe; toto hospoddistvi také rozhodné nechce prechd-
zet do vybérného lesa.“ Naproti tomu Dannecker
(1951) nechce nijak branit tomu, aby pfi péci o porostni
zasobu piedel les sdni od sebe do vybérného zpisobu
hospodareni. Proto také tvrdi, Ze , pojmy jako obmytni
doba, prostorovy a casovy porddek obnovy jsou cizi no-
vé Skole péstovdni lesi“. Neuzndva také rozdélovani
téZby dfeva na predmytni a mytni, ani Zidné druhy
a stupné probirek; zna pouze jeden zpusob péstebni pé-
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&e-o les, uplatiiujici vyb&rné principy po celou dobu
Zivota stromi; timto zptisobem sleduje zvySovéni obje-
mu a kvality produkce. g

Zakladni koncepce Pracovniho spole¢enstvi pro pii-
rodu sledujici lesni hospodafstvi byld postupem doby
n&kolikrat upravovéna, roz§ifovana a precizovana
(Wobst, 1954; Arbeitsgemeinschaft fiir Naturge-
misse Waldwirtschaft, 1991; Schopfer, 1983; Ru-
dolf, 1993; Mlin$ek, 1993, aj.). Les byl v duchu
téchto tprav posuzovan komplexné, spolu se svou
vnitini dynamikou jako ekosystém, coZ odpovida jiz
modernimu pojeti lesa a sou¢asné ochrané piirody.
Uplatiiovéani vyb&rnych principii s tendenci trvalosti té-
Zeb v kazdém jednotlivém porostu vede k dlouhym ob-
novnim dobam a Castému ponechdvéni vystavkid v ni-
sledné generaci lesa. Tento trvaly postup téZeb ve
spojeni s pfirozenou obnovou lesa ma vést k trvale tvo-
fivému lesu (Dauerwald) ¢i lesu vybérné obhospodaro-
vanému (Femelwald), coZ je les, stojici mezi skupino-
vit€ clonnym zpisobem obhospodafovanym paseénym
lesem a lesem vyb&rnym.

Ani dosti znamé lesy klastera Schlagl (v Rakousku)
nejsou lesy vybérnymi, jak zduraziuje vyslovné Rei-
ninger (1991) v exkurznim pruvodci. Aplikace prin-
cipu vybéru v lese vékovych tfid v§ak umoZiuje vyuzi-
vat krok za krokem v8echny pfednosti pfisuzované
dosud pouze lesu vyb&rnému. Intenzivni péstovani lesa
tak umoZiiuje pracovni extenzifikaci. O dosud vzdéleny
cil vybérného lesa se zde bezprostfedné neusiluje; k je-
ho pfibliZovani viak dochézi samovolng, jako ke vzniku
uplavu (zvifeného proudéni za plujici lodi), a k jeho
postupnému zrodu tak muZe dojit i v bliZe neureném
¢asovém horizontu.

Podrobnéji jsem pFirodu sledujici lesni hospoddrstvi
analyzoval v expertize (Poleno, 1996), vyzadané fe-
ditelstvim Lesti Ceské republiky, s. p. (expertiza nebyla
pro znaény rozsah publikovana).

V posledni dobé se stale vice od puvodniho oznaceni
pFirodu sledujici lesni hospoddfstvi prechazi k nazvu
prirodé blizké (naturnahe) lesni hospoddrstvi, piesto,
Ze puvodné byl tento nazev, nevyjadiujici dostatecné
hospodafskou aktivitu lesnika, odmitin. Mezinarodni
organizace PRO SILVA vychazi v podstaté z Cinnosti
a programu uvedeného Pracovniho spolecenstvi pro
pfirodu sledujici lesni hospodafstvi; v némecké verzi
svych zasad (1996) se v8ak pfiklani k nazvu hospoda-
Feni prirodé blizkym zpisobem. Podle anglické mutace
téchto zasad by vSak bylo spravnéjsi i nadéle hovorit
o hospoddrstvi sledujicim prirodni procesy (manage-
ment which follows natural processes).

To, co bylo uvedeno o vlastnim zpusobu hospodare-
ni Pracovniho spolefenstvi pro pfirodu sledujici lesni
hospodafstvi, plati samoziejmé v plném rozsahu i pro
piedstavy o hospodaieni organizace PRO SILVA. Neni
to tedy Zadny novy ani jednozna¢né definovany zpiisob
hospodateni, ktery je charakterizovin pouze zikladni
mysSlenkou zieknuti se holoseci a uplatiovanim vybér-
nych principt pfi trvalosti zachovani lesniho porostu na
celé ploSe lesa. I kdyZ néktefi predstavitelé hnuti si za
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témito zdkladnimi mySlenkami predstavuji vybérny les,
neni tento cil jednoznacéné deklarovan. Z pozadavku na
jednotlivou nebo skupinovitou téZzbu stromi v dlou-
hych obnovnich dobéch lze dedukovat, Ze vétSinovou
predstavou je asi pasecny les, obhospodafovany skupi-
novité clonnym zpusobem, popf. les stojici mezi tako-
vym lesem paseénym a lesem vybérnym.

Z této podrobné analyzy u nas pfili§ hrubé a nepres-
né pojimaného podrostniho hospodarského zpusobu
a vSech jeho jemnych forem a modifikaci, charak-
terizovanych pouZitim clonné a vybérové sece, vyplyva,
Ze tento hospodaisky zpulsob je nutné rozdélit nejméné na
dva (na dvé formy hospodaiského zpuisobu), a to:

— formu clonnou, zpravidla velkoplo$nou (v pojeti
Heyerové), rovhomérné, v nékolika mélo fazich (2-4)
prosvétlujici porosty; vysledkem hospodareni jsou
porosty bud stejnovéké, nebo jen s malo nestejnové-
kym uspofddanim ve velkych porostnich skupinéch,

— formu skupinovité clonnou (¢i vybérovou), pfi které
se skupinovité clonnou (vybérovou) seci v dlouhé
dobé obnovni dusledné uplatiiuje kvalitativni jednot-
livy vybér stromu k téZbé; vysledkem jsou vyrazné
nestejnovéké, nepravidelné uspofadané nasledné po-
rosty, bliZici se v obnovni fazi vybérnému lesu (ze-
jména skupinovité vybérnému).

Mensi ¢ast téchto hospodéiskych forem pfi * jednot-
livé stromovém nebo hlouckovitém usporadani porosti
a extrémné dlouhé obnovni dobé jiZ prechazi do vybér-
ného hospodéiského zptsobu.

H P J,{vsk)', 2p Scoh hol vny'

I kdyZ varianty holose¢né obnovy nejsou tak bohaté
jako obnovy neholose¢né, je nutné v kazdém pripadé
vydélit formu velkoplos$nou a maloplo$nou, jak tomu
bylo v Navrhu klasifikace hospodéiskych zpusobu
(Kolektiv OLH-CSAZ, 1979). Kritériem pro rozdé-
leni téchto dvou forem holose¢ného hospodaistvi by
méla byt ekologické hlediska — maloplo$né holose¢ by
neméla byt vétsi, neZ kam saha vyznamny bocni vliv
obnovovaného porostu. Tomuto poZadavku v zasadé
odpovidé ustanoveni naseho lesniho zdkona o maximal-
ni velikosti holosece (§ 31, odst. 2). Kromé plosného
kritéria (1 ha) je zde uplatnéno i zminéné ekologické
hledisko na maximalni $itku holosece — na exponova-
nych stanovistich (hospodéiskych souborech) na pru-
mérnou vySku obnovovaného porostu a na ostatnich sta-
novistich na dvojnasobek prumérné vysky. Takova
holose¢ muZe byt povazovana za maloplo$nou. Vsech-
ny vétsi holosefe (vyjimky z ustanoveni zdkona) jsou
pak velkoplosnymi holosecemi. Nikde v lesnim zakoné
(ani v komentéafi) neni uvedeno, kterd stanovisté (hos-
podarské soubory) se pro tento ucel povazuji za expo-
novand. V prehledu hospodarskych souboru (vyhlaska
Ministerstva zemé&délstvi CR &. 83/1996 Sb. o zpraco-
vani oblastnich plani rozvoje lesti a o vymezeni hospo-
dérskych soubori) jsou jako exponovana stanovi§té
oznac¢ena stanovi$té hospodaiskych soubord, jejichZ ¢i-
selné oznaceni méa na druhém misté jednicku, tedy hos-
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podaiské soubory 21, 31, 41, 51 a 71; u lest zvlastniho
uréeni pak hospodaiské soubory, které maji na druhém
misté Ciselného oznaceni nulu.

V Hospodéiskych doporucenich podle hospodar-
skych souborti a podsoubort, kterd vydalo Ministerstvo
zemédélstvi CR (MZe, 1997) je mezi ekologické fady
nové zafazena i fada exponovand, zahrnujici pudni ka-
tegorie N, F, A, C, coZ neni pfesné totéZ, co hospodar-
ské soubory 21, 31, 41, 51 a 71. Tento nesoulad je tfeba
vyjasnit.

Specifickym piipadem holoseéného hospodérského
zpusobu je maloplo$na hlouckovitd a skupinkoviti ob-
nova, znima zejména jako obnova kotlikovad. V Lesnic-
kém nauc¢ném slovniku (IL., 1995) je tato se¢ a obnova
oznadena jako skupinové. Tento maloplo$ny holose¢ny
obnovni prvek — zpravidla kruhového nebo eliptického
tvaru — je obklopen ze vSech stran obnovovanym poros-
tem a vytvafi tak pro naslednou porostni generaci jedi-
neéné Sirokou $kélu ekologickych podminek, vyhod-
nych zejména na susSich stanovistich. DuleZité pfitom
je, jak velkou plochu tento obnovni prvek zaujima.
Mluvime-li o skupiné, médme zpravidla na mysli plochu
0,10-0,20 ha (ON 48 0002 Péstovdni lesi. Ndzvy a de-
finice, 1990), mensi plochu predstavuje skupinka (0,03—
0,10 ha) a je$t€ mensi plochu hloudek (pod 0,03 ha).
Voli-li se kruhovy kotlik o priméru rovném stfedni
vysce stromi, znamend to pii stfedni vySce 20 m veli-
kost kotliku 314 m?, pii stfedni vySce 25 m plochu
491 m?, pfi stfedni vySce 30 m plochu 707 m~ a pfi
stiedni vySce 35 m plochu 962 m?, tedy vesmés plochy
skupinky. Teprve kotliky o vét§im priaméru by dosaho-
valy plochy skupiny s charakterem holé sece. Uvedené
plochy kotliki skupinkovitého charakteru predstavuji
v plné zakmenéném porostu mytniho véku asi 30 stro-
mu k té€Zbé. ProtoZe vSak mytné zralé porosty zpravidla
nemivaji plné zakmenéni a kotliky se navic zakladaji
vétSinou v pfirozené profidlych mistech, miZe se jednat
ve vétsiné pripadi o t€Zbu 20-25 stromi. Takova téZba
rozhodné nema charakter holé sece, a proto by i tento
zpusob hospodareni mél byt vyclenén z holosecné for-
my hospodéiského zpisobu a zafazen do skupiny forem
neholoseénych (podrostnich), s jasné formulovanym
omezenim na vychozi velikost kotliku o priméru rov-
ném stiedni vy$ce porostu. Na podporu tohoto navrhu
uvadim, Ze ma analogii i v zahrani¢i — v Rakousku se
téZebni zasahy na ploSe do 500 m? pocitaji k neholose¢-
nym (Schieler, Schadauer, 1993).

Hospodarsky zpisob naseény

I k tomuto hospodaiskému zpusobu, resp. formé,
a k tomu, jak se u nas chape, je nutné uvést vaznou
vyhradu. V citované vyhlasce MLVH ¢&. 13/1978
i v Lesnickém nau¢ném slovniku (1995) je tato forma
hospodafeni definovéana zcela nedostateCné pouze §if-
kou a velikosti sece, aniZ by byl uréen zplisob sele.
Podle definice ve vyhlaSce Ministerstva zemédélstvi
CR ¢&. 83/1996 Sb. je ziejmé, Ze se jedna o holosednou
obnovu, kterd je omezena pouze Sitkou holé sece (ne-
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piekrodi primérnou vysku t&Zeného porostu) a fakulta-
tivnim dovétkem, popfipadé i pod ochranou materské-
ho porostu. Bez tohoto nepovinného dovétku vsak jde
zcela jasné o holosecnou formu hospodaieni. Podle
vSech zahrani¢nich definic (Bonnemann, 1967;
Mayer, 1977; Dengler etal., 1990, aj.) se naseCny
zpusob hospodateni (Saumschlagbetrieb) realizuje od
okraje porostu ve dvou pruzich, z nichZ prvni je holo-
seny a druhy ve sméru postupu obnovy clonny. Cha-
rakteristicky je pfitom vznik dvou okraji — vnéjsiho
(hol4 sec) a vnitfniho (clonna se¢). U nas pouze Kor-
pel etal. (1991) konstatuji, Ze ndseEnd obnova spojuje
clonné a holose¢né postaveni na dvou Castech obnovni
z6ny — vnéjsi a vnitini (obr. 3). BohuZel i zminény Na-
vrh klasifikace hospodafskych zpasobu (Kolektiv OLH-
-CSAZ, 1979) pod tlakem praxe pfipojil ke spravné
definici nase¢né formy hospodafeni nespravny dovétek,
e ,,z praktickych divodi se k této formé pocitd i mo-
difikace, pfi které se obnova realizuje pouze na vnéjsi
obrubé*. Je tieba i oficidlni definici (ve vyhlaSce MZe
CR) zpfesnit ve smyslu mezindrodn& uzndvaného po-
jeti.

Pripominku je nutné vyslovit i k terminologii této
hospodéiské formy, kterd neni zcela jednotna a pfispiva
tak k chybnému pojeti obnovniho postupu. Bylo by jisté
vhodné, aby oznaleni hospodaiského zpusobu (Gi jeho
formy) bylo ve shodé s oznafenim obnovniho postupu
a obnovni sece — napri. holose¢na forma hospodaiského
zpusobu — holose¢nd obnova — hola se¢ nebo clonné
forma — clonnd obnova — clonna se¢ apod. ProtoZe
u nasecné formy hospodéiského zplsobu je jazykové
nevhodnd vazba nédsena se¢, pouZivaji se pro tento
zpisob sece jiné — ponékud zavadé&jici — terminy, napf.
okrajova seC (a podle toho i okrajova obnova, i kdyZ
nésetnd obnova by bylo zcela spravné). Takto — jako
okrajovou — oznaduji obnovu a odpovidajici se¢ Kor-
pel et al. (1990), pricemZ ze schematického nékresu
je zfejmé, Ze jde o naseCnou obnovu (s vnéj§im a vniti-
nim okrajem). Pfitom vSak prakticky stejny obnovni
postup u Wagnera se zde oznacuje jako clonno-okrajo-
vy rub, coZ je jiz bliZ&i charakteru obnovy, vsak i z to-

clonné postaveni

3. Les ndseén& obhospodafovany — A forest under border cutting
system
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hoto terminu vyplyva, Ze okrajova se¢ (rub) je chapana
pouze jako se¢ hold. Kantor (Lesnicky naucny slov-
nik II., 1995) definuje okrajovou se¢ jako ,,jednu ze tii
zdkladnich obnovnich seci (spolecné se seci holou a se-
& clonnou). Novy porost vznikd ... jak smérem do nitra
matefského porostu, tak smérem na odmycenou holou
plochu. U sece okrajové se rozliSuje okraj vnéjsi
a okraj vnitini. Vnéjsi okraj je holy pruh podél porostni
stény, ... na ktery navazuje proclonény pruh materského
porostu — vnitini okraj. “ Tedy perfektni definice ndse¢-
ného zpusobu hospodaieni jako definice sefe okrajové.

Je tfeba si také uvédomit, Ze ani termin ndsek, od
kterého je odvozeno adjektivum ndsecny, neni pro tuto
formu hospodareni zcela vystizny. Jako uzkou paseku,
od niZ pak postupuje paseCeni v mytnim sméru, definu-
je nasek Nau&ny slovnik lesnicky II. (CSAZV, 1959).
Upozoriiuje pfitom také, Ze nasek ma Casto funkci od-
luky (ve smrkovych porostech). ON 48 0002 (1990)
definuje nasek jako vytéZeny pruh nebo klin, od kterého
postupuje dalSi téZba. Je ziejmé, Ze i v tomto pojeti je
nasek pouze hold se¢ (vnéjsi okraj) a chybi zde druha
Cast naseku (prosvétleny vnitini okraj).-Tuto definici
z ON 48 0002 piejima v plném znéni i Zakladni lesnic-
ké nazvoslovi (VULHM, 1992). Velice podobng, ale
jednoznaénéji definuje nisek Kantor (Lesnicky na-
uény slovnik 1., 1994): , Ndsek je obnovni prvek holo-
secného charakteru, jeho? Sirka nepresahuje stredni
vy$Sku myceného porostu“. Lze se jesté divit shora uve-
dené chybné definici nase¢ného hospodarského zpiso-
bu ve vyhlasce MZe CR &. 83/1996 Sb.?

V souvislosti s nase¢nou formou hospodateni (kon-
krétné u Wagnerova obnovniho postupu) se v Cestiné
setkavame i s terminem obrubna se¢ a obrubna obnova
(Konsel, 1931; Polansky et al, 1955). Wag-
ner (1923) pfi tomto obnovnim postupu pripoustél
pracovat podle mistnich podminek clonné, skupinovité
nebo holosecné; zpravidla vSak spojoval holosecny ob-
novni prvek s clonnym. Polansky et al. (1955) po-
pisuji tento postup jako ,pfimocarou obrubu (holou
se¢) s pruhovitym pripravnym péstebnim zdsahem
v &dsti starého porostu, kterd s obrubou sousedi*. Jde
tedy bezesporu o nasecnou formu hospodareni, pfi kte-
ré se udrZuji dvé Casti obnovované plochy — obruba
(hola sec) a vnitini pruh s clonnou obnovou.

Naproti tomu obrubu jako ,,maloplosny holosecny
obnovni prvek pri okrajové obnové" definuje Kantor
(Lesnicky nauc¢ny slovnik 1., 1994 — heslo Obruba po-
rostni). Pfitom v8ak stejny autor definuje v Lesnickém
nau¢ném slovniku II. (1995) se¢ obrubnou jako ,,starsi
pojmenovdni sece okrajové”, tedy seCe s prvkem nejen
holoseénym, ale i clonnym.

Hospodirskd doporuceni podle hospodarskych sou-
borl a podsoubortit (MZe CR, 1997) definuji pod hos-
podarskym zpusobem nasecnym obrubnou se¢ jako
. Skupiny zaloZené uvnitr porostu, které se rozsiruji ex-
centricky nékolika sméry*! Takto definovand obrubna
se¢ nema Zadnou souvislost s nasecnym hospodaiskym
zpusobem. Hospodaiskd doporuceni uvadéji pod nasec-
nym hospodarskym zplisobem jesté se¢ odrubnou s vy-
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svétlenim, Ze ,, pfimocard, zvinénd nebo stupriovitd po-
rostni sténa se odsouvd jednosmérné*.

Navrh klasifikace hospodaiskych zpusobu (Kolektiv
OLH-CSAZ, 1979) rozlisuje pfi nisedné formé pased-
ného hospodarského zpasobu
a) obrubu vnéjsi, tj. holou ¢ast obnovni plochy,

b) obrubu vnitini, tj. zaclonénou &ast obnovni plochy.

Vyjdeme-li z tohoto pojeti, pak se ukazuje jako nej-
vhodnéjsi piejit od terminu nase¢na forma hospodareni
k sice ponékud zastaralému, ale vystiZn€jSimu terminu
obrubna forma. Znamena to nahradit vSechny kontro-
verzni terminy, souvisejici s touto formou hospodareni
(nase¢ny, okrajovy, clonno-okrajovy apod.), jedinym
terminem obrubny.

Terminu ndsek doporucuji ponechat jeho pivodni
(a shora uvedeny) tizky holose¢ny charakter. Nase&na for-
ma obnovy pak bude predstavovat holose¢nou obnovu
maloplo$nou na exponovanych stanovistich, tj. do $irky
holé sece rovné pruimérné vysce téZeného porostu. Za-
konem povolenou holose¢nou obnovu na ostatnich sta-
novistich (o Sifce rovné dvojndsobku primérné vysky
porostu) doporucuji oznacovat jako pruhovou, popi. po-
kud bude provedena od okraje, jako obnovu okrajovou.

Hospodaisky zpiisob vybérny

Zikladni princip vybérného hospodafeni a vybérné-
ho lesa jsem uvedl jiZ v souvislosti s hospodaiskym
zpusobem podrostnim, ktery bylo nutné v jeho nejjem-
néjsi formé — skupinovité clonné (¢i vybérové) s dlou-
hou obnovni dobou - odli$it od vybérného zpusobu.
Tento zpisob hospodafeni je charakterizovan vybérnou
tézbou jednotlivych stromu (bez rozliSovani charakteru
mytni ¢i pfedmytni t€Zby) na celé porostni plose v krat-
kych Casovych odstupech a postupnym vristinim stro-
mu spodni a stfedni porostni vrstvy do té€Zbou vznik-
lych mezer mezi korunami horni stromové vrstvy.
V idedlnim vybérném lese jsou na malé porostni plose
zastoupeny prakticky vSechny vékové stupné. Tato abso-
lutni vékova diferenciace je zakladem a pricinou vyskové
a tloudtkové diferenciace s charakteristickou hyperbo-
lickou kfivkou Cetnosti tlousték a vy$ek. Stromové vrst-
vy vybérného lesa nelze srovnavat se stromovymi (fi-
dami pase&ného lesa, které pii zdsadni stejnovékosti
stromu jsou diny jednak vlivem geneticky fixovaného
vyvoje, jednak nahodilymi vlivy pusobicimi pfi tomto
Vyvoji.

Vybérny les predstavuje nejvyssi formu lesa trvale
tvofivého (Thomasius, 1992), pfic¢emz podminkou
jeho existence je predev§im vhodna druhova skladba
(stinné dieviny, zejména jedle) a také dobré rustové
podminky (pfedev§im vysoké mnoZzstvi srazek — nad
1 000 mm).

V idealnim vybérném lese prakticky neménny stav
vSech porostl znamend, Ze se udrZuje trvala rovnoviaha
v lese zastoupenych tloustkovych t¥id jak co do poctu
stromi, tak i co do objemu. Znameni to, Ze z kazdé
tloustkové tfidy odpadne za urCitou Casovou periodu
stejné mnoZstvi stromi (pfirozenym tbytkem, tézbou
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a pfesunem do vyssi tfidy), kolik jich pfechodem z niz-
§i tloustkové tfidy pfibude. Podily jednotlivych tloust-
kovych tfid v§ak zdviseji na bonité stanovisté i na cili
a zpusobu hospodateni. Jako pfiklad jsou uvedeny ob-
jemové podily tloustkovych tiid na obr. 4, a to jednak
ve skute¢ném vybérném lese Schapbach (na pokusnych
plochach 1-3), jednak v modelovych predstavich dvou
nejznaméjsich teoretikti vybérného lesa (Flury, 1933;
Prodan, 1949). Uvedené tloustkové tridy maji tyto
intervaly: 1: 7-15 cm, 2: 15-25 cm, 3: 25-37 cm,
4:37-51 cm, 5: 51-71 cm, 6: nad 71 cm. Z obr. 4 vyply-
va, Ze maximum objemu pfipada vétSinou na tloustko-
vou tfidu 5, v mensi mife pak na tfidu 4; v tomto pfi-
padé pak tfida 6 odpada. Jak se lisi vzhled vybérného
lesa pfi rizném podilu tlou$tkovych tfid a v ném zavis-
1¢é ruzné cilové tloustce, dokladaji dva profily na obr. 5
(podle Schiitze, 1981). Horni profil s mensim poc-
tem stromu, ale o vétSich tloustkach znazorhuje typ vy-
bérného lesa s vysokou cilovou tloustkou (nad 70 cm),
dolni profil s vét§im poctem stromu zobrazuje typ vy-
bérného lesa s niZ§i cilovou tloustkou (asi 60 cm). Po-
rovnanim obr. 2 a 5 jasn& vynikne i rozdil mezi lesem
pase¢nym, obhospodafovanym skupinovité clonnym
zptsobem s dlouhou dobou obnovni, a idedlnim lesem
vybérnym. Je vSak nutné pfiznat, Ze tohoto idealniho
stavu neni prakticky nikdy ve vybérnych lesich dosaZe-
no. VZdy dochézi k ur€itému kolisani porostnich zasob
i jejich tloustkové struktury, vZdy dochazi ke kolisani
priristu, a proto i vySe téZeb. S ohledem na momental-
ni situaci (v lese i na trhu dfivi) se v uréitych interva-
lech méni i nazory na cilovou tloustku stromu.

Pii vybérném hospodafistvi se pripousti i skupinovitd
forma (Leibundgut, 1949), pficemzZ jsem nikde ne-
nalezl idaj o velikosti skupin ve vybérném lese. Jakmi-
le se zafne pracovat se skupinami, tj. na ur¢ité ploSe,
velmi té€Zko se pak odliduje zpisob vybérny od zptsobu
pasecného, zejména od skupinovité clonné (Ci vybéro-
vé) formy, jak jiz bylo uvedeno. Také vékovy rozdil
skupin v dil¢ich plochach vét§i neZ 40 let umoZiiuje
zdménu vybérného lesa za paseény s dlouhou dobou
obnovni (nad 40 let).

Vybérny hospodaisky les u nas dosud prakticky ne-
existuje. S ohledem na vzrustajici zdjem o tento zpusob
hospodareni a Casta nepochopeni jeho zakladnich prin-
cipli je tfeba mu vénovat zvySenou pozornost alespoii
po teoretické strance.
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SPECIALNI ZPUSOBY HOSPODARENT

Kromé uvedenych zakladnich hospodéiskych zpuso-
bi se ve vysokokmennych lesich Evropy (a v mensi
mife i u nés) uplatiiuji nékteré specialni zplsoby hos-
podafeni, kterym naSe oficidlni materidly nevénuji vi-
bec pozornost, a bohuZel i v lesnickych ucebnicich je
o nich zpravidla jen nepatrna zminka. VysokoSkolska
uéebnice Pésténi lesii (Polansky et al., IIL, 1956)
uvadi ve shodé s Konselem (1931) pouze Hospo-
ddrstvi priristné. Jsou to formy (€i modifikace) hospo-
dafeni, kterymi se sleduje pfi zkricené obmytni dobé
dospét k maximalni produkci dieva. Nejcastéjsi cestou
k tomu je sniZovani zakmenéni, aby bylo dosaZeno
svétlostniho pfirastu. Korpel et al. (1991) uvadgji
jako specidlni zpusoby hospodateni jediné intenzivni
porosty a jejich kultury, k nimZ patfi:

— prumyslové plantaZe predevs§im jehli¢natych intro-
dukovanych dfevin s mimofddné nizkou produké&ni
dobou (25 az 35 let),
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— intenzivni porosty topoli a vrb, které u nas pficha-
zeji v dvahu pouze v luZnich lesich,

— intenzivni porosty dievin s okrasnou texturou dieva;
zékladni dfevinou je zde dub, zpravidla s pfimési
jasanu a Cerného ofeSdku, pomocnou dfevinou je
nejcastéji lipa.

Zcela se u nés piehliZi tzv. dvoumytni vysokokmen-
ny les, ktery je urCitou analogii sdruZeného lesa. Tato
forma hospodarského zplsobu se vytviri nejéastéji pod-
sadbou stinnych dfevin do profedénych kmenovin
stiedniho véku (napf. po snéhovém polomu nebo po
pomistném Ziru nékterych hmyzich $kidct). K profedé-
ni stfedné starého porostu (napf. borovice nebo dubu)
muze viak dojit i dmysIné — vytéZenim nekvalitnich
jedincu. Profedéna horni etaZz vyuZiva svétlostniho pri-
ristu nejkvalitngj§ich stroml a vysdzend spodni etdZ
(vytvofena nejéastéji bukem, ale i jedli obrovskou,
douglaskou nebo vejmutovkou) brani zabufenéni pudy,
Cisti kmeny horni etdZe od odumielych vétvi a je garan-
ci budouciho nasledného porostu; mirny zastin horni
etaze pritom umoziuje v dolni etdZi vytvareni stejno-
mérnych letokruhti a jemného ovétveni. Horni etaz je —
s ohledem na vyuziti svétlostniho pfirlistu — mycena
zpravidla dfive neZ bézné jednoetdZové porosty. Dolni
etdZ sice v prvni fazi vyvoje poné&kud trpi zastinem, po
domyceni horni etaZe vSak intenzivné vyuZiva osvétle-
ni, takZe dosahuje béZnych dimenzi a objemové pro-
dukce v normalnim véku. Nejvét§im problémem tohoto
zpusobu hospodaieni je mytni tézba horni etaZe. Proto
se v nékterych pripadech — zejména mimoradné kvalit-
nich a pfirtstavych dubti v horni etdZi — odstrani pouze
méné prirGistavi a méné kvalitni jedinci a zbytku horni
etaZe se prodlouZi doba obmytni natolik, aby obé etaze
byly myceny soucasné v dobé mytni zralosti dolni eta-
Ze. Piedpokladem pro usp&$nost této formy hospodateni
jsou pfiznivé pudni podminky (jak pokud jde o Ziviny,
tak i o dostatecnou pudni vlhkost).

Za speciélni zpisob hospodafeni se nékdy povaZuje
i tzv. vystavkové hospodafstvi, pokud se nejkvalitnéjsi
stromy jako vystavky nechaji zartst do nasledného po-
rostu. Nejvhodnéjsi dieviny k tomu jsou dub, jasan, bo-
rovice a modfin. I zde jsou pfiznivé piadni podminky
nezbytnou podminkou dspéchu. Produktivitou takovych
porostu se zabyvali zejména Baader (194]), Wie-
demann (1948) a Assmann (1961). Ze studii vy-
plyva, Ze pres urCité téZkosti umoZiiuje tato forma hos-
podaieni jako koneéna faze holoseéného, ale i clonného
¢i obrubného hospodafstvi na pfiznivych stanovistich
a pfi peClivém planovani i realizaci postupu vyznamné
moZnosti ke zvySovani hodnoty produkce a navic i ke
zkrasleni obrazu krajiny.

ZAVER A NAVRH NA RESENI PROBLEMU

Provedena analyza hospodaiskych zpisobu a jejich
forem dokldda znaéné nedostatky v definicich téchto
zpusobl hospodafeni a v jejich systému tfidéni. Pova-
Zoval bych proto za éelné, aby se na zdkladé diskuse
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odbornikl uskutenila novelizace pfislu§ného ustanove-
ni o hospodarskych zpisobech vyhlaky Ministerstva
zem&d&lstvi CR &. 83/1996 Sb. o zpracovani oblastnich
plani rozvoje lesti a vymezeni hospodéiskych soubort
(§ 1, odst. 7, pismeno c). Pfedpokladédm, Ze novelizace
této vyhlaSky bude nutnd i z diivodi upravy vymezeni
hospodéiskych souborl (v&etn& upravy typologickych
podkladi — pfiloha &. 2 vyhlasky).

Pro tuto odbornou diskusi by jako zdklad mé&la slou-
zit predkladani studie. Diskusi je tfeba zamé&fit na:

Terminologii pro zplisoby seéi a zpiisoby hospodareni

(jejich formy a modifikace)

V tomto sméru jsem se zamé&fil zejména na:
- rozliSeni termint a definici sece vybérové a vybérné,
— termin a definici se¢e clonné a skupinovité clonné,
— staronovy termin a definici seCe obrubné,
— termin a definici seCe skupinovité a skupinkovité
(kotlikové),
— termin a definici sece okrajové (pro nové pojimanou
nédsecnou formu hospodareni),
— charakteristiku a definici forem hospodéiského zpu-
sobu pasecného:
— formy clonné,
— formy skupinovité clonné (& vybérové),
— formy maloplo$né nasecné (nové pojeti),
— formy maloplo$né skupinovité,
. — formy skupinkovité (kotlikové),
— formy obrubné.

Klasifikaci (tFidéni) hospodéiskych zplisobii
a jejich forem

Pro tuto &ast diskuse predkladam prehledny néavrh
hospodarskych zpisobt a jejich forem:
1. Hospodaiské zplisoby

Zpusob vybérny Zpusob pasecny
;'::Ilg ;ggn)"ch skupina p(‘)dl:uslnich
foren (neholoseénych) forem
Forma: forma: forma:
velkoplo3ni skupinkovitd (kotlikova,
s (nad rdmec pii vychozi velikosti
tromova ¥ o
ustanoveni o praméru do stiedni
ziikona) vysky porostu)
Skupinovitd maloplo$na
(skupiny mensi okrajova, popf. | obrubni (dfive nise¢na,
nez 1 000 m? pfi | pruhové pii dodrZeni vn&jsi
dodrZovéni vybér- | (v mezich a vnitini obruby)
nych principl) zdkona)
::_;Loc!::gna clonpﬂ (clonn:’x sed na
(¥ka na vySku vétsich plochach; dilci
K i obnovni doba kritka)
mene)
skupinovité clonni ¢i
vybérova (clonna ¢&i
maloplo$ni vybérovd sec¢
skupinovita nepravidelné rozmisténi
(nad 1 000 m?) | na malych plochich;
dil¢i obnovni doba
velmi dlouhd)
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Kromé& té€chto hlavnich hospodaiskych zplsobl se
uplatiiuji i specidlni formy hospodafeni (pfirtstné, in-
tenzivni, dvoumytni, vystavkové apod.).

Jednotlivé formy hospodafeni se mohou jesté dale
¢lenit na modifikace (regiondlni nebo autorské).
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MANAGEMENT SYSTEMS IN A HIGH FOREST

Z. Poleno

Czech Agricultural University, Faculty of Forestry, 165 21 Praha-Suchdol

This study evaluates historical development of man-
agement in forests from the oldest, not regulated selec-
tion system (selective felling) to the present systems
aimed at sustainable management at a still broader scale
(from sustainable cuts through sustainable yield of all
products and benefits of the forest to sustainable exi-
stence of the forest itself). Forest management develop-
ment and ongoing differentiation of management sys-
tems require more and more detailed and sophisticated
classification of management systems.

Great attention has been paid to this development
and to systematic classification of management systems

574

and forms in the Czech Republic in the last forty years,
mainly following the issuance of the first Czechoslovak
comprehensive forest law (Act No. 166/1960). Papers
dealing with forest management systems appeared in
forestry professional periodicals (Poleno, 1961;
Dolezal, 1968; Priesol, 1971; Cizek, 1972;
Pliva, 1975, etc.). A national conference on this sub-
ject was held in 1971 which helped to overcome some
discrepant opinions.

A working group of experts (including the author of
this paper) was established in 1977 when new legal
regulations were prepared; it worked out a proposal of
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forest management system classification. The proposal

took into account internationally recognized manage-

ment systems (Wagner, 1923; Troup, 1955;

Spur, 1956; Vanselow, 1957; Bonnemann,

1967; Lisickij, Pobedinskij, 1968, etc.). This

complex proposal (Team of Authors, OLH-CSAZ,

1979) also contained foreign language equivalents of

technical terms used (Russian, German, English ones).

The system proposal relied on two basic manage-
ment systems — selection and clear-cut ones — with sev-
eral forms of management:

— selection system involved tree and group forms,

— clear cutting system involved clear-cut form (on lar-
ge and small areas), form of regeneration under shel-
terwood and form of regeneration by border cutting.
This system was accepted by comprehensive legal

regulations passed in 1977/1978, and has been used

without any changes until now.

The goal of the latest legal regulations passed in
1995/1996, based on Forest Act No. 389/1995, was to
support sustainable management in forests and ecologi-
cal and nature-friendly forest technologies. Several
technical terms started to be used that have not been
defined in an unambiguous manner, so their interpreta-
tion may be different. Implementation provision
No. 83/1996 to Forest Act issued by the Ministry of
Agriculture of CR contains some not well-founded
changes in management systems and terminological in-
accuracies. One of the most important management sys-
tems, being high at an ecological scale an irregular shel-
terwood system (Femelschlagbetrieb, skupinovité
clonny zpusob) failed to be included in the system as
an independent management system. It is a system un-
derlying all modern, nature-friendly management sys-
tems in which selection principles are used, it is in
transition from clear cutting systems ensuring sustain-
able and balanced cuts on the basis of age classes to
selection systems.

The importance of the latter management system, its
principle and apparent similarity (regularly temporary)
to a selection management system are documented by
detailed analysis presented in this paper. As it does not
have its independent position within the system, it does
not have its name either, which causes terminological
problems mainly when texts from German-speaking
countries are translated where this system (with several
modifications) is fairly common. So two names charac-
terizing the management principle are proposed.

The border cutting system (Saumschlagbetrieb,
hospoddrsky zpisob ndsecny) has not been defined pre-
cisely, either, in which regeneration can be made by
narrow border clear cutting only, without duality of
clear cutting and shelterwood cutting. There are some
problems in definitions of selective felling (Plen-
terhieb, vybérnd se¢) used as regeneration cutting in
a clear cutting forest.

New definitions are proposed for all problematic
technical terms, and new, precisely specified classifica-
tion of management systems and their forms is also
presented. It is assumed that necessary amendments,
mainly of Implementation Provision No. 83/1996 of the
Ministry of Agriculture of CR, will be made following
discussions about this problem.

The paper also contains an outline of some less
usual, specific management systems in high forests:
open-stand increment system (Schnellwuchsbetrieb,
pririistné hospoddrstvi), high forest with reserves stan-
dards system (Uberhaltbetrieb, vystavkové hospodaf-
stvi), plantations system [Plantagenbetrieb, intenzivni
(plantaZni) hospodafstvi], etc.

The analysis of management systems documents
many faults in definitions of these systems and in their
classification. Proposed amendments and specifications
will help to understand the contents of the separate
management systems and their forms better, removing
many misinterpretations in this way.
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