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ENDOGENOUS CONTENTS OF PHYTOHORMONES
AND PHENYLPROPANOIDS IN SESSILE OAK SOMATIC
EMBRYOS IN RELATION TO THEIR CONVERSION
POTENTIAL

VLIV OBSAHU ENDOGENNICH FYTOHORMONU A FENOLICKYCH
LATEK NA KONVERZI SOMATICKYCH EMBRYI DUBU ZIMNIHO

J. Mala', H. Cvrékova', A. Biezinov4’, M. Hrubcova?, J. Eder?, M. Vagner?,
M. Cvikrov4>

. Forestry and Game Management Research Institute, 156 04 Jilovisté-Strnady
2 Institute of Experimental Botany, Academy of Sciences of the Czech Republic,
Rozvojovd 135, 165 02 Praha 6

ABSTRACT: Two types of sessile oak (Quercus petraea [Matt] Liebl.) somatic embryos with well-developed ivory or
green-coloured cotyledons and root apices differing in their development were examined for the endogenous contents of auxin
(indole-3-acetic acid, IAA), abscisic acid (ABA), cytokinins (CKs), polyamines (PAs), phenolic acids (PhAs), lignin and
peroxidase activity. The conversion into plantlets did not occur in embryos with deep green cotyledons (NCE, nonconverting
embryos) while almost 56% of embryos with ivory or light green cotyledons converted into plantlets (CE, converting embryos).
High conversion capacity was associated with (a) slightly higher content of IAA, (b) lower content of ABA, (c) markedly
increased level of free isopentenyladenine and zeatin and their ribosides, (d) lower levels of free putrescine and its soluble
conjugates, and higher content of spermidine soluble conjugates, (e) significantly lower content of total PhAs represented by
the sum of free, soluble ester- and glycoside-, and insoluble cell wall-bound PhAs as compared to the contents in NCE. Higher
levels of all determined free PhAs were found in NCE. On the contrary, three times higher ferulic acid content was found in
the cell walls of CE. Higher content of lignin in NCE positively correlated with the amount of soluble phenolics and ionically
bound peroxidase activity (EC 1.11.1.7). The high endogenous level of cytokinins may serve as a good marker of develop-
mental capability of sessile oak somatic embryos and the results indicate that the alterations in phenylpropanoid metabolism
are closely related to further development of embryos.

abscisic acid; auxin; conversion; cytokinins; lignin; phenolic acids; polyamines; Quercus petraea

ABSTRAKT: V somatickych embryich dubu zimniho (Quercus petraea [Matt] Liebl.) byly stanoveny endogenni obsahy
auxinu (indol-3-octova kyselina, IAA), kyseliny abscisové (ABA), cytokinini (CK), polyamini (PA), fenolickych kyselin,
ligninu a stanovena enzymaticka aktivita peroxiddz. Analyzy byly provedeny ve dvou typech somatickych embryi s dobie
vyvinutymi smetanov& nebo zelen& zabarvenymi kotyledony a kofenovymi $pickami a s odliSnou schopnosti dalsiho vyvoje.
Konverze somatickych embryi se smetanové zabarvenymi kotyledony dosahovala v priméru 56 % (KE - konvertujici embrya),
zatimco embrya se zelenymi kotyledony se déile nevyvijela (NKE — nekonvertujici embrya). Konverze embryi byla spojena
s (a) vy$8im obsahem IAA, (b) niZ$§im obsahem ABA, (c) vyrazné zvySenou hladinou volného isopentenyladeninu, zeatinu
a jejich ribozidu, (d) niZ§im obsahem volného putrescinu a jeho rozpustnych konjugiti a vy38im obsahem rozpustnych kon-
jugat spermidinu, (e) vyrazn& niZz8im obsahem celkovych fenolii. Vy3§i obsah ligninu v NKE pozitivné koreloval s mnoZstvim
rozpustnych fenolli a s aktivitou iontové vazanych peroxiddz (EC 1.11.1.7). Vysledky naznaCuji, Ze zmény fenolpropanového
metabolismu mohou tzce souviset s dal¥im vyvojem embryi. Vysoka hladina endogennich cytokinini miZe slouZit jako
vhodny ,,marker" pro konverzi somatickych embryi dubu zimniho.

kyselina abscisové; auxin; konverze; cytokininy; lignin; fenolické latky; polyaminy; Quercus petraea

This work was supported partly by the Ministry of Education, Youth and Sport of CR, project COST 822.50 and by Grant Agency of CR,
grant No. 522/96/K186.
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Abbreviations: ABA ~ abscisic acid; JAA - indole-3-acetic acid; CE — converting embryos; CKs — cytokinins; NCE -
nonconverting embryos; PAs — polyamines; PCA - perchloric acid; PhAs - phenolic acids; SPD — spermidine; SPM —
spermine; PUT - putrescine; individual CKs are summarized in Fig. 2 and PhAs in Table I.

INTRODUCTION

Oaks are relatively difficult for breeding due to the
long period to reproductive maturity and long intervals
in seed years and impossibility of storing seeds for ex-
tended period. Although commercial oak propagation is
currently done by seed, vegetative propagation is an
alternative to a breeding system based on seed orchards.
The establishment of oak somatic embryogenesis tech-
nique may introduce new approaches to clonal multipli-
cation and genetic engineering in oak forestry. Re-
cently, somatic embryogenesis has been achieved in
several oak species (Gingas, Lineberger, 1989;
Chalupa, 1990; Bueno et al., 1992). The embryo-
genic cultures of Quercus petraea were usually initiated
from juvenile, most frequently embryogenic tissues
(immature and mature zygotic embryos). However, the
further development of oak somatic embryos was often
blocked after the formation of cotyledons and fre-
quency of plant regeneration was low (for reviews see
Chalupa, 1995). The efficient recovery of plantlets
from embryos still requires further study. The germina-
tion and conversion of Q. petraea somatic embryos was
stimulated by desiccation and by cold storage. Manipu-
lation of hormonal composition of nutrient medium
(low concentration of cytokinin) also improved the fur-
ther embryo development (Chalupa, 1990; Bueno
et al., 1992). The development of embryos as well as
their conversion into complete plantlets are closely as-
sociated with changes in endogenous phytohormone
levels. We have recently reported that both the initia-
tion of embryogenic tissue and further development of
somatic embryos in oak are accompanied with changes
in endogenous levels of cytokinins and auxin (Bfezi-
nova etal., 1996). Abscisic acid (ABA) plays impor-
tant role in both somatic and zygotic embryo matura-
tion. ABA promotes embryo maturation, supports the
accumulation of storage proteins, lipids and starch, sup-
presses the formation of aberrant embryo structures
and, finally, prevents the maturing embryos from ger-
minating precociously (Dunstan et al., 1995).

Polyamines, the low molecular mass polycations, in-
fluence somatic embryogenesis and the growth of so-
matic embryos (Smith, 1985). The ratio between
polyamines and other plant growth hormones may
modulate morphogenic processes (Altamura et al.,
1993). Phenolic acids, intermediates in phenyl-
propanoid metabolism, may also participate in main-
taining of ,,adequate* levels of phytohormones essential
for efficient somatic embryogenesis and further devel-
opment of embryos. According to current knowledge
the role of phenolics in differentiation might be in their
involvement in the reduction of cell wall plasticity
(Fry, 1986), and in the control of endogenous auxin
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level (Mato et al.,, 1988). It has been recently pro-
posed that some phenolic compounds may act as regu-
lators of auxin transport Jacobs, Rubery, 1988).

Peroxidases are of particular importance for the
above-mentioned processes. Peroxidases are suggested
to control the endogenous auxin level (Pedrefio et
al,, 1990), lignification (Mc Dougall, 1992) and
catalyse the formation of covalent cross-links after oxi-
dation of cell wall ester- and ether-bound phenolic acids
and thus preventing cell expansion (Fry, 1986).

The aim of the present work was to correlate the
endogenous contents of auxin, cytokinins, abscisic acid,
polyamines, phenolic acids and lignin, and the cytoplas-
mic, ionically and covalently bound peroxidase activi-
ties with the somatic embryo development.

MATERIALS AND METHODS
Plant material

Mature seeds of sessile oak (Quercus petraea [Matt.]
Liebl.) used as initial plant material were harvested in
registered seed production stand in central part of Bo-
hemia in 1992. The seeds were stored at 4 °C before
the experiment.

Cultivation and characteristic of somatic embryos

Embryogenic cultures were initiated from mature zy-
gotic embryos. The embryos were isolated from sur-
face-sterilized seeds (submersion in 0.01% w/v HgCl,
for 40 min followed by three rinses in sterile distilled
water for 10 min each) and maintained on induction
medium consisting from the WPM basal medium
(Lloyd, McCown, 1980) supplemented with su-
crose 87.6 mM, glutamine 1.4 mM, casein hydrolysate
200 mg.l’], 6-benzylaminopurine (BAP) 4.4 pM and
indole-3-butyric acid (IBA) 0.5 uM for 4-6 weeks in
darkness at 24 °C. After primary explant induction the
plant material was transferred on the medium support-
ing somatic embryo development (WPM medium sup-
plemented with sucrose 87.6 mM, glutamine 2.7 mM,
casein hydrolysate 200 mg.l", BAP 0.9 pM and IBA
0.5 pM) and cultivated under white fluorescent light
(30 pmol.m2s™") with 16 h photoperiod at 24 °C for
6 weeks. Continually formed globular structures were
gradually developing to heart- and torpedo-shaped so-
matic embryos. Marked morphological variability was
characteristic for further developing embryos. There
were observed embryos with two well-developed coty-
ledons and root apices as well as the embryos with
different number and colour of cotyledons without root
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apices. The embryo development was asynchronous,
i.e. all the above-mentioned types of embryos occurred
on the explant at the same time. Only selected embryos
with well-developed two cotyledons (ivory or green
coloured) and root apices (length 5-8 mm) were used
for the induction of conversion. Almost 56% of em-
bryos with ivory or light-green cotyledons converted
into plantlets (marked CE, converting embryos). The
conversion did not occur in embryos with deep green
cotyledons from which occasionally secondary embryos
arose (marked NCE, nonconverting embryos). These
two types of oak somatic embryos exhibiting different
conversion efficiency were used for biochemical analy-
ses (embryos were after collection frozen in liquid ni-
trogen and stored at =70 °C before analyses).

Extraction and determination of ABA

The embryos were frozen in liquid nitrogen, extracted
in methanol and purified (ether partitioning and chro-
matography on Polyclar AT column) as described by
Eder et al. (1988). Samples were then evaporated to
dryness, methylated with 400 pl of ethereal dia-
zomethane solution, evaporated again to dryness and
dissolved in 200 pl of acetic acid ethylester. ABA was
analysed using HP 5890 gas chromatograph equipped
with OV-1 column and electron capture detector. Fol-
lowing oven temperature gradient was used: chroma-
tography started at 160 °C for 1 min, oven temperature
increased then to 210 °C at 10 °C.min"', remained for
7 min at 210 °C and then increased again to 250 °C at
10 °C.min~". The column temperature remained at
250 °C for 11 min and then equilibrated back to 160 °C
for the next injection. Injector and detector were ther-
moregulated at 250 °C and 300 °C, respectively. Nitro-
gen served as carrier gas, at 30 ml.min~'. Tritiated
(£)ABA was used for determination of ABA recoveries
and quantitations. Validity of the method was con-
firmed by the proof of identity of ABA on GC-MS.

Extraction and determination of JAA

IAA was extracted as described by ZaZimalova
et al. (1995). Labelled auxin *H-IAA (940 GBq.mmol !,
Radiochemical Centre, Amersham, England) was used
as an internal standard. JAA was quantified by HPLC
on a Separon SGX C18 6 pm column (250 mm x 4.6 mm,
Tessek, Prague, Czech Republic) eluted with a metha-
nol gradient (22% to 46%, v/v) in 1 mM citrate-acetate
buffer at pH 4.8. Fluorimetric detection was used, with
a primary (220 nm) and secondary (340 nm) filter cut
off. Under these conditions the retention time of IAA
was 16 min. The IAA peak was verified by comparison
with IAA standards in three different gradient systems.

Extraction and determination of cytokinins

Somatic embryos were ground in liquid nitrogen and
extracted with cold acetone. After centrifugation
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(8,000 x g, 10 min) the supernatant was evaporated in
vacuo to dryness. The residue was dissolved in distilled
water acidified with HCI to pH 3.5. Butanol saturated
with such acidified water was then added to the aqueous
extract and both phases were mixed. The butanolic
phase was partitioned three times against acidified
water and the resulting aqueous phases containing cy-
tokinins were combined. The final aqueous phase was
neutralized (KOH) to pH 7.0 and mixed with an equal
volume of ,alkaline butanol* (butanol : ammonia 9 : 1
v/v) to transfer cytokinins into the organic phase. The
aqueous phase was partitioned three times against ,,al-
kaline butanol and resulting organic phases were com-
bined. The final organic phase was evaporated in vacuo
to dryness. The residue was dissolved in ca. 1 ml of
50% (v/v) ethanol and passed through a Silica-Cart car-
tridge (SeparonTM SGX C18 60 pm, Tessek, Prague,
Czech Republic). The individual cytokinins in the ef-
fluent were separated by RP-HPLC (Bfezinové et
al., 1992) and estimated by RIA as described by
ZaZimalovaé etal (1996).

Extraction and determination of polyamines

Somatic embryos were ground in liquid nitrogen and
extracted overnight at 4 °C with 5% ?erchloric acid
(PCA) (100 mg fresh weight tissue ml™ of 5% PCA).
The extracts were centrifuged for 15 min at 21,000 x g
and free polyamines (F;) were determined in one half
of the supernatant. The remaining supernatant and the
pellet were acid hydrolyzed in 6 N HCI for 18 h at 110 °C
to obtain PCA-soluble (F,) and PCA-insoluble (F3)
fractions of PAs as described by Slocum et al. (1989).
Standards (SIGMA Chemical Co., USA) and fractions
mentioned above were benzoylated as described by
Flores, Galston (1982). HPLC analysis of benzoyl-
amines was performed on a Pye Unicam PU 4002-Video
Liquid Chromatograph with Spherisorb 2 ODS column
according to the method of Slocum et al. (1989).

Extraction and determination of phenolic acids

Phenolic acids were extracted as described elsewhere
(Cvikrova et al.,, 1991). Briefly, free (F;), ester-
bound (F,, released after alkaline hydrolysis) and gly-
coside-bound (Fy, released after acid hydrolysis) phe-
nolic acids were obtained from a methanol extract of
tissue ground in liquid nitrogen. The fraction of cell
wall-bound phenolic acids (F3) was obtained after alka-
line hydrolysis of the residual material after methanol
extraction. The 2,6-ditercbutyl B-cresol, was used as
antioxidant to minimize the oxidation of phenolic acids
during alkaline hydrolysis and nitrogen was immedi-
ately bubbled through the sample after NaOH addition.
Phenolic acids were analysed by means of HPLC using
a Pye Unicam PU 4002-Video Liquid Chromatograph
with Spherisorb 5 ODS column (Cvikrova et al,
1991). The column effluent was monitored at 260 and
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300 nm using a Multichannel detector PU 4021.
Authentic compounds (Serva, Germany) were used as
references for quantitative analyses.

Extraction of cell walls and determination of lignin

Dry somatic embryos (72 h at 80 °C) were ground
to a fine powder. To obtain cell walls, 400 mg of pow-
der was stirred for 1 h in 20 ml of 80% methanol and
centrifuged for 10 min at 2,900 x g. The pellet was
subjected to the following washing steps: 1 x 1 M NaCl
in 0.5% Triton X-100, 2 x distilled water, 2 x 100%
methanoi, 2 x 100% acetone (each step in 10 ml, 30 min).
The cell walls were subjected to alkaline hydrolysis in
2M NaOH under N, for 1 h. The resulting material was
washed with distilled water (2 x) and dried at 80 °C.
Aliquots of 10 mg of final residue were used for lignin
determination with acetylbromide according to Mor-
rison (1972) and the final solution was diluted to 10 ml
before measuring of absorbance. The results were ex-
pressed as the absorption values (A) measured at 280 nm.

Peroxidase activity assay

Soluble and ionically bound peroxidases (PO, EC
1.11.1.7) were extracted and their activity measured us-
ing a continuous spectrophotometric assay as previously
described (Hrubcova et al, 1994). Covalently
bound cell wall peroxidases were extracted according
to Grison, Pilet (1985). Oxidation of guaiacol
was followed by the increase of absorbance at 470 nm.
Peroxidase activity was expressed in nkat‘g’l FW.

RESULTS

ABA contents

Endogenous ABA contents (Fig. 1) were analyzed in
both types of embryos. CE contained lower ABA con-
tent (479.4 pmol.g‘] FW) compared with NCE
(581.2 pmol.g™! FW).

700} 700
’?-.W- w §
Em me_:
gwo 400%.
2 a0} mé
g | m
g wl Lo &
[} ]

1AA ABA  CKs PAs  PhAs

1. Contents of free IAA, ABA, total content of free CKs and total
contents (represented by the sum of all analyzed fractions) of PAs
and PhAs in CE (empty columns) and NCE (full columns). Bars
represent SE of 2-4 experiments with 2-4 replicates

200

TAA contents

Endogenous content of IAA in CE was by about 30%
higher than the content determined in NCE (Fig. 1).

Contents of cytokinins

The total endogenous contents of free CKs, isopen-
tenyladenine (IPA), zeatin (Z) and their ribosides
(JPAR and ZR, respectively) and dihydrozeatin (DHZ)
are presented in Fig. 1. The main cytokinins in CE
represented the riboside forms, IPAR and ZR, while in
NEC were the highest in concentration IPA and IPAR.
The contents of all cytokinins were markedly higher in
CE than in NEC with the exception of DHZ (Fig. 2).

Contents of polyamines

Contents of free putrescine (PUT), spermidine (SPD)
and spermine (SPM) and their PCA-soluble and PCA-
insoluble conjugates are summarized in Fig. 3. There
are almost no differences in the total contents of PAs
between the studied types of oak embryos (Fig. 1) but
the levels of individual PAs differ. Higher levels of free
PUT and its PCA-soluble conjugates were observed in
NCE while higher content of PCA-soluble SPD conju-
gates was determined in CE (Fig. 3).

Contents of phenolic acids

A comparison of the contents of phenolic acids in
both types of oak somatic embryos is presented in Table 1.
Total content of phenolic acids represented by the sum
of free, soluble ester-, glycoside- and insoluble cell wall-
bound phenolic acids (Fig. 1) was more than 3.5 times
higher in NCE than the content determined in CE. The
predominant phenolic acid in both types of embryos
was sinapic acid. Concentrations of other phenolic acids

g

4
g FW)
-
°
S

80

CYTOKININS (pmol

2. Contents of individual CKs in CE (empty columns) and NCE (full
columns). Z, zeatin; ZR, zeatin riboside; IPA, isopentenyladenine;
IPAR, isopentenyladenosine; DHZ, dihydrozeatin. Bars represent SE
of 2 experiments with 2-4 replicates
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3. Contents of free (A), PCA-soluble (B) and PCA-insoluble (C)
conjugates of putrescine (PUT), spermidine (SPD) and spermine
(SPM) in CE (empty columns) and NCE (full columns). Note the
different scale of y axis. Bars represent SE of 4 experiments

in CE decreased in the following order: ferulic, vanillic,
p-hydroxybenzoic, p-coumaric and syringic acids. A
different sequence of decrease was found in NCE:
vanillic, p-hydroxybenzoic, syringic, ferulic and p-cou-
maric acids.

The ester- and glycoside-bound phenolic acids from
the methanolic extract (F, and Fy, respectively) repre-
sented the major phenolic fractions of both types of

embryos (Table IT). Remarkable differences in the con-
tents of sinapic, vanillic, syringic and p-hydroxyben-
zoic acids in F, and F; were observed between NCE
and CE (Table I). The contents of all determined phe-
nolic acids in their free forms (F;) were higher in NCE
as compared with CE. The contents of phenolic acids
incorporated into the cell walls was higher in CE than
in NCE.

Peroxidase activities and content of lignin

Comparison of activities of soluble, ionically and
covalently cell wall-bound peroxidases determined in
NCE and CE revealed marked differences (Table III).
Total peroxidase activity (represented by the sum of all
determined activities) was more than twice higher in
NCE (related to CE). Significantly higher activities of
soluble and above all ionically bound forms (18.5 and
48.5 soluble and 23.5 and 95.8 nkat.g™! FW ionically
bound peroxidases in CE and NCE, respectively) were
characteristic for NCE. The activity of ionically bound
form represented about 56 and 30% of the total activity
in NCE and CE, respectively. On the contrary, the
higher activity of covalently bound peroxidase was as-
sociated with CE representing 45% of total activity
while only about 15% in NCE.

Lignin content was higher by 17% in NCE than in
CE (Table III).

DISCUSSION

Generally, both the induction of somatic embryo-
genesis and further embryo development are associated
with changes in endogenous phytohormone levels. It is
well known that auxins play an important role in regu-
lation of plant development and that the dividing tissues
are characterized by high levels of cytokinins and
polyamines. The degree of conversion of oak somatic
embryos positively correlated with the content of endo-

1. Contents of individual phenolic acids in CE and NCE. F, — free phenolic acids; F, — ester-bound methanol-soluble phenolic acids; F; —
ester-bound cell wall phenolic acids; F, - glycoside-bound methanol-soluble phenolic acids. FA, ferulic acid; pCA, p-coumaric acid; pHBA,
p-hydroxybenzoic acid; SiA, sinapic acid; SyA, syringic acid (not found in F3); VA, vanillic acid. Mean values of 2 experiments with

24 parallel analyses + SE

Embryos Phenolic acids (nmol.g" FW)
pHBA VA SyA pCA FA SiA

NCE F, 1.74 £ 0.36 3.57 £ 0.59 1.721£0.25 0.37 £ 0.06 0.77 £ 0.10 2.68 + 0.40
F, 15.57 £ 2.61 20.99 + 3.63 13.67 £ 1.77 7.86 £ 2.19 13.85 £ 2.37 414.41 £ 49.95
F3 253+£043 0.77 £ 0.18 0.97 £ 0.18 1.08 £ 0.15 12.58 £2.32
F, 11.51 £2.75 17.13 £ 2.44 13.32 £ 1.31 3.65+0.24 597 £0.98 127.51 + 20.11

CE F, 0.72 £ 0.14 0.65+0.18 0.76 £ 0.20 0.24 £+ 0.06 0.31 £ 0.05 -
F, 10.57 £ 1.09 9.69 £ 1.61 6.31 £ 1.06 11.76 + 1.40 22,40 + 391 40.05 + 4.64
Fy 2.10+0.22 1.55+0.12 2.07+0.24 2.99 £ 0.31 6.29 £ 0.98
F, 7.82+1.74 13.44 £ 1.01 8.17 £ 1.21 4.63 + 0.49 7.93+1.24 35.99 £ 4.28
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I1. Total contents of free (ZF;), soluble ester- (£F,) and glycoside- (£F,) and insoluble cell wall-bound (£F;) phenolic acids in CE and NCE.

Mean values of 2 experiments with 2—4 parallel analyses + SE

Embryos Phenolic acids (nmol.g™! FW)

IF, IF, IF, XF,
CE 27+06 100.8 £ 13.7 15019 78.0 £ 10.0
NCE 108+ 1.8 486.3 + 62.5 179 +3.3 179.1 + 27.8

II1. Activities of soluble, ionically and covalently cell wall-bound peroxidases and lignin contents in CE and NCE. Mean values of three

experiments * SE

Peroxi ivi g igni
e eroxidase activity (nkat.g™' FW) Lignin
Soluble Ionically bound Covalently bound Total Ajgg (em'1g™)
CE 185+2.0 235+35 35.0+4.2 77.0%+9.7 1.17 £ 0.07
NCE 485152 958+ 11.4 250+2.7 1693+ 193 1.37 £ 0.06

genous auxin and cytokinins. Interestingly, transient ac-
cumulation of cytokinins and auxin was found in cereal
seeds at early stages of generative embryo formation
and subsequent endosperm development, respectively
(Lur, Setter, 1993; Dietrich et al.,, 1995).
Higher levels of both these phytohormones, especially
of cytokinins (IPA, Z and their ribosides), were found
in embryos converting into complete plants. Low endo-
genous ABA levels were reported in somatic embryos
compared to their zygotic counterparts, and the same
phenomenon was confirmed in somatic embryos of
woody plants (Rajasekaran et al, 1982; Lelu,
Label, 1994). ABA, even if present in the embryo in
low concentration, regulates accumulation of storage
reserves and prevents precocious germination during
embryo maturation. We have found lower levels of
ABA in CE compared to NCE somatic embryos, which
corresponds to the role of ABA as the inhibitor of ger-
mination. Decreased ABA level during late maturation
stage of somatic embryos is suggested as a prerequisite
for embryo germination.

Several developmental processes controlled by cy-
tokinins also appear to be regulated by polyamines and
in many cases different PAs seemed to be involved in
specific differentiation processes (Martin-Tan-
guy, Carre, 1993). Although the total contents of
free PAs and their PCA-soluble and insoluble conju-
gates determined in oak NCE and CE in our experiment
were similar, significant differences were observed in
the levels of individual PAs. Higher contents of free
PUT and its PCA-soluble conjugates were found in
NCE while the higher level of SPD PCA-soluble con-
jugates was characteristic for CE. Higher levels of free
PUT (Pinol et al., 1987) and PCA-soluble PUT con-
jugates (Martin-Tanguy et al, 1988) were ob-
served in slow-growing than in fast-growing tobacco
callus cultures. On the contrary, the formation of so-
matic embryos in tissue cultures of wild carrot seemed
to be associated with high SPD level and much more
SPD than PUT was found in torpedo stage of these
embryos Mengoli et al,, 1989). Higher SPD/SPM
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ratio which is proposed as an indicator of rapid growth
(Bagni, Serafini-Fracassini, 1979) was, in
our experiments, connected with CE. The physiological
significance of TCA-soluble conjugates still remains to
be elucidated. The PA conjugation to cinnamic acids
might be a way of regulation of free PA pool in the cell
(Flores, Filner, 1985).

According to our results, the content of phenolic acids
in oak somatic embryos seems to be important for fur-
ther embryo development. Higher levels of free pheno-
lic acids in NCE, especially that of vanillic acid (related
to CE), may participate in endogenous regulation of
embryo dormancy and its further development by modi-
fication of JAA metabolism. Both vanillic and p-hy-
droxybenzoic acids may influence the auxin level by
stimulating JAA oxidase activity (Stenlid, 1968) and
in this way to contribute to NCE dormancy. This hy-
pothesis is supported by reported correlation of endo-
genous auxin content with oak embryo conversion. Ac-
tivity of soluble peroxidase was more than twice as high
in NCE compared to CE. This fits well with the above-
mentioned results considering that a specific enzymatic
system catalyzing the oxidative degradation of IAA is
included in the complex of soluble peroxidase isoen-
zymes (Beffa et al., 1990).

Another important role of phenolic acids in differen-
tiation processes, including embryo development, is in
their involvement in alterations of the cell-wall compo-
sition during differentiation and morphogenesis. The
observed difference in the contents of phenolic acids
extracted from cell walls of NCE and CE could be con-
nected with different developmental ability of oak so-
matic embryos. An increase in some CE wall-bound
phenolic acids (especially ferulic acid, related to NCE)
may participate in the restriction of cell expansion which
is essential for cell division (Fry, 1986). Recently
Lozovaya etal (1996) reported that differences be-
tween cell walls of regenerable and non-regenerable
callus tissues of Zea mays, Fagopyrum esculentum and
F. tataricum may be associated with differences in levels
and localization of wall phenolics. They assume that
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alterations of cell wall phenolics during morphogenesis
can be used as biochemical markers for the cell differ-
entiation capacity.

One of the main functions of phenylpropanoids in
plants is the synthesis of lignin. The higher content of
lignin found in NCE correlates positively with signifi-
cantly higher content of soluble phenolics and higher
activity of ionically bound peroxidase determined in
this tissue.

The results presented here show that the cytokinin
content may serve as a good marker of the oak somatic
embryo conversion capability. The evident diversity in
phenylpropanoid metabolism observed between studied
types of oak embryos might be one of the important
factors for further embryo development. The studies of
the influence of the biosynthesis of phenylpropanoids
in the course of the development of oak embryos are
now in progress.
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VLIV OBSAHU ENDOGENNICH FYTOHORMONU A FENOLICKYCH LATEK
NA KONVERZI SOMATICKYCH EMBRY{ DUBU ZIMNiHO

J. Malél, H. Cvrékovél, A. Bi"ezinovéz, M. Hrubcovéz, ¥ Ederz, M. Vﬁgnerz, M. Cvikrova’

IV)?zkumny ustav lesniho hospoddrstvi a myslivosti, 156 04 Jilovisté-Strnady
2Ustav experimentdlni botaniky AV CR, Rozvojovd 135, 165 02 Praha 6

Stupeii konverze somatickych embryi dubu zimniho
pozitivné koreloval s obsahem endogenniho auxinu
a cytokinini. V konvertujicich embryich byla zji§téna
niZ§i hladina kyseliny abscisové ve srovnani s nekon-
vertujicimi embryi. PrestoZe celkovy obsah volnych po-
lyamini a jejich rozpustnych a nerozpustnych konjugé-
ta v obou typech embryi byl podobny, v hladiné
jednotlivych PA byly zjistény vyrazné rozdily. V NKE
byl stanoven vy$§i obsah volného putrescinu a jeho roz-
pustnych konjugati, zatimco vysoky obsah spermidinu
a jeho rozpustnych konjugéti byl charakteristicky pro
KE. Z vysledk je zfejmé, Ze obsah fenolickych kyselin

v somatickych embryich dubu je diileZity pro jejich dal-
§i vyvoj. Vysoké hladina volnych fenolickych kyselin
v NKE - predev§im kyseliny vanilové — (ve srovnani
s KE) se miZe podilet na dal§im vyvoji embryi. Volné
fenolické latky mohou ovlivnit dormanci NKE regulaci
hladiny auxinu (stimulace IAA oxiddzové aktivity).
Jedna z hlavnich funkci fenolickych latek v rostlinach
je jejich ucast v lignifikaci. Vy$§i obsah ligninu v NKE
pozitivné koreloval s obsahem rozpustnych fenolu a ak-
tivitou iontové vazanych peroxidaz. PfedCasna lignifi-
kace muZe negativné ovlivnit schopnost konverze so-
matickych embryi dubu zimniho.
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RNDr. Jana M al4, CSc., Vyzkumny ustav lesniho hospodafstvi a myslivosti, 156 04 Jilovi3té-Strnady, Ceska republika
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POSSIBILITIES OF USING BLACK LOCUST (ROBINIA
PSEUDOACACIA L.) IN THE REGION OF SOUTHERN
MORAYVIA

MOZNOSTI UPLATNENI TRNOVNIKU AKATU (ROBINIA
PSEUDOACACIA L.) V OBLASTI JIZNI MORAVY

T. Czuczor

Mendel University of Agriculture and Forestry, Faculty of Forestry and Wood Technology,
Lesnickd 37, 613 00 Brno

ABSTRACT: The paper is a result of the three-year study of the growing potential of black locust stands in southern Moravia.
Four sample stands were selected and evaluated in the region of the Znojmo Forest District. The paper is based on the inventory
and categorization of black locust stands, on the selection and description of stands of the best quality suitable for obtaining
both generative (i.e. seed) and vegetative reproductive material, assessment of the rotation period and, finally, comparison of
the production (on the basis of a forest rent) of black locust stands and stands of autochthonous species (Scots pine and oak).

black locust; growing potential; reproductive material; rotation period; forest rent

ABSTRAKT: V piisp&vku je posuzovin produk&ni potenciél trnovniku akétu v oblasti jiZni Moravy. B&hem praci byly
vybrany a vyhodnoceny &tyfi vzorové porosty na tizemi znojemské lesni spravy LCR. Price je zaloZena na inventarizaci
a kategorizaci akitovych porostli v z4jmové oblasti, na vyb&ru a popisu nejkvalitngj§ich porostii nebo porostnich &4sti vhod-
nych k ziskdvani generativniho i vegetativniho reprodukéniho materidlu, na posouzeni pouZivané obmytni doby a srovnani

produkce na bézi lesni renty akatovych porostd s porosty domécich piivodnich dfevin (borovice, dub).

trnovnik akét; produkéni pofenciél; reprodukéni materiél; obmytni doba; lesni renta

INTRODUCTION

Black locust (Robinia pseudoacacia L.) is a native
species only in the eastern and central parts of the
United States, in the Appalachian Mts., mainly in Penn-
sylvania, Alabama and N. Georgia, i.e. at latitudes from
34 to 43° N, from wide valleys of rivers up to 1,400 m
altitude. From here, it was introduced and widely
planted throughout the world in the temperate and also
subtropical areas. The species was introduced to Europe
for the first time in 1601.

To the Austro-Hungarian Monarchy, black locust was
introduced about in 1710, at first being used as an or-
namental species. Then, it was planted as a forest tree
around the fortress of Komérom in 1750. In 1995, the
area of black locust stands in Hungary was 340,402 ha.
It amounts to 19.8% of all the forest area. The growing
stock of black locust forests is 32.2 million m’, i.e.
12.8% of all the national growing stock. The black lo-
cust stands grow fast and mature early. The average age
of maturity is 31 years. The current annual increment
of the stands amounts to 2.1-2.2 million m>.

J. FOR. SCI., 46, 2000 (5): 205-216

The sites are very favourable for the growth of black
locust in Hungary. Therefore, it is possible to consider
that the species has a good future due to its excellent
technical properties and the high caloric value of its
firewood. It is noticeable that an important role is given
to improved robinia varieties by developing a straight,
cylindrical bole (’shipmast’ locust) in plantations.

The site tolerance of black locust is considerable.
For vigorous growth and high yield, it requires soils of
optimal nutrient content, favourable water supply and
good aeration. The species tolerates drought and ex-
treme sites, however, in this case, it is possible to plant
robinia only for soil protection purposes. It flowers
early. It is the best bee forage.

Black locust, which was introduced into Europe dur-
ing the last few centuries, became an important forest
species not only in Hungary but also in other countries
with similar climatic conditions (in 1988, there were
860,000 ha in Europe). Black locust was introduced
into Asia during the last few decades only. Despite of
this, the cultivation of black locust in South Korea,
China and New Zealand has achieved considerable re-
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sults and, at present, the largest areas of this species are
in Asia (1,448,000 ha in 1988).

If we summarize the data, the total forest area of
black locust is greater than 2 million ha. In the near
future, there will be two continents where the fast
spreading of- black locust can be expected. The first is
Asia where China and both Koreas can be the leading
countries. On the European continent, Mediterranean
countries (such as Italy, Greece, Spain and Turkey)
should be the most prominent black locust growers.

In the Czech Republic (CR), the forest area covered
with black locust amounts to 13,000 ha, i.e. 0.5% of the
total forest area in the CR. However, climate in south-
ern Moravia is the same as in Hungary which is the
leader in black locust growing in Europe.

CLARIFYING THE PROBLEM

Many authors have been engaged in the problem of
growing black locust. In their papers, they have often
taken different views. Opponents have the following
opinion: black locust is not native to Europe and, there-
fore, it is unwilling to create mixtures with natural bio-
coenoses, i.e. to create mixed forest stands. It spreads
aggressively, thereby pushes out native species. Ro-
binia was often schematically used for unsuitable sites,
such as heavy-textured soils and at dry and poor sites.
It resulted in a very low quality of these stands. Wood
assortments from the stands are crooked and of low
diameter, often not producing sawlogs of good quality.
The basal part of overmature trees is often attacked by
wood-destroying fungi. In general terms, the opponents
require conversion of these stands (Rénay, 1944;
Miarkus, 1986; Pliva, Zlabek, 1989; Bul-
loch, 1994).

Supporters of black locust take the following view:
reforestation and afforestation with black locust is very
cheap and easy. The species has a rich and vigorous
root system and, therefore, forest regeneration can be
carried out using root shoots and stump suckers. Rota-
tion age of the highest forest rent is low, viz. about
30-40 years. Black locust is a fast- growing, nitrogen-
fixing and stress-tolerant species with durable and high
quality wood which can be used for many purposes
including wall panelling, flooring, fence posts, vine props,
furniture, fruit boxes, pulp and paper, mine timber, rail-
way ties, animal feed stock, bee forage, slash and fire-
wood.

Growing the plantations is very intensive. Height
increment can reach up to 2 m per year. The intensive
height growth continues to the age of 20 years. Annual
wood production of black locust stands per ha is 80%
higher than that of other hard-wooded broadleaves. It
can be grown on sandy soils of the plain, but its poten-
tial productivity can be achieved only on soils rich in
humus. Tending of black locust stands is rather simple
and the number of silvicultural operations is low. Black
locust stands should be the main basis for apiculture
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and honey production. For example in Hungary, the
value of annual benefits from honey production is simi-
lar or even higher than those from annual wood produc-
tion of black locust. Last but not least, black locust in
Europe has no major pest or damaging factor (Vadas,
1911; Fekete, 1935, 1937; Keresztesi, 1965,
1983, 1984; Kapusi, 1976; Kiss et al., 1977;
Rédei, 1982, 1987, 1992; Ma et al.,, 1991; Park,
1992; Hanover et al,, 1992; Sung et al,, 1994;
Kohéan, 1994; Molnéar, 1995).

In the course of the preparation of my paper, I did
not find any written reports of Czech authors dealing
with the cultivation of black locust.

In the last hundred years, and particularly in the last
couple of decades, we have experienced a global
change with regard to the environment, climate and hu-
man lifestyle. Both industrial and anthropogenic pollu-
tion and changes in the climate cause degradation of
forests. This is an alarming and challenging situation.

One should realize that black locust is a relatively
drought- and pollution-resistant species and, therefore,
it is very suitable for silvicultural purposes even under
unfavourable conditions.

EXPERIMENTAL STANDS

Research was conducted in southern Moravia near
Znojmo. According to the Statistical Environmental
Yearbook of the Czech Republic for 1996, there are
16,369 ha total land area in Znojmo District and
3,516 ha forests, i.e. 21.5% of the total area of Znojmo
District. Black locust stands occur in this region. In
1989, the *Jihomoravské tGvaly’ region occupied the to-
tal forest area of 36,026 ha. Of this area, robinia stands
covered 3,000 ha, i.e. 8.3% of all the forest area of the
region (Pliva, Zlabek, 1989).

Meteorological data come from the Meteorological
Station of Znojmo (latitude 48°52’ N, longitude 16°5" E,
altitude 306 m). The average annual temperature is
9-10 °C. The average relative atmospheric humidity is
72%. The average annual precipitation amounts to only
565 mm.

The larger part of the country is a forest-steppe zone.
In Znojmo District, conifers cover 46.1% of the total
forest area. There is a great problem that the majority
of these conifer stands is damaged by air pollution and
insects. Therefore, the percentage of salvage fellings is
high (Table I).

Forest regeneration in the Czech Republic is carried
out mainly by artificial methods, and only 3.7% is natu-
ral regeneration.

L. Salvage fellings in the Czech Republic in 1995

¥ Salvage felling Percentage of insect
Region 1,000 m3 attack
Czech Republic 7,855 30.2
Southern Moravia 2,063 36.5
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On the basis of the data it is possible to say that
forestry in the region of southern Moravia is faced with
serious problems. Dry climate, industrial and anthropo-
genic pollution and insect pests cause immense eco-
nomic damages to forests. With respect to the factors
management in these forests is rather difficult.

According to unpublished information, the following
silvicultural operations were carried out in the Znojmo
Forest District (Table II): salvage fellings represented
98.7%, cleanings were 31% lower and thinnings to the
age of 40 years 78% lower as compared with the forest
management plan for the district. In addition, natural
regeneration amounted to only 1.8% and repeated arti-
ficial regeneration represented 45.8%.

Nevertheless, there are problems with Scots pine
(Pinus sylvestris L.) plantations. The South Moravian
region supports 6,630 ha pine forests (Pliva,
Z14bek, 1989). Reforestation using the species is
easy and successful. However, the quality of the pine
stands is very poor, and at an age of about 40 years the
trees dry up and decline in groups.

Research was conducted in the following four stands:

Stand 311 F/5 (Bfezany): according to the manage-
ment plan (compiled in 1991) age 48 years, area 15.99 ha,
percentage of black locust 100%. The stand belongs to
the management group 24, forest site type 1DS5, average
height 23 m, average diameter at breast height (d.b.h.)
26 cm, site index 3, growing stock 236 m® ub. per ha.

Stand 311 G/5 (Bfezany): age 41 years, area 9.87 ha,
percentage of black locust 98%, forest site type 1D5,
average height 23 m, average d.b.h. 24 cm, site index 3,
growing stock 239 m> ub. per ha.

Stand 319 B/Sx (Pravice): age 46 years, area 1.95 ha,
percentage of black locust 100%. The stand belongs to
the management group 24, forest site type 1D1, average
height 24 m, average d.b.h. 28 cm, site index 3 and
growing stock 255 m> u.b. per ha. Site index of these
stands is given according to the old Czech system. The
stands are situated near the bank of a brook. There is
a N-facing slope (5-8 degrees) in the first two stands,
the third stand is flat. Soils of these stands are repre-
sented by humic sands. The stands are situated at an
altitude of about 150 m.

Stand 712 C/8 (Tvofihraz) is dominated by oak. The
stand is about 105 years old. It belongs to the manage-
ment group 233, forest site type 1K4, average height
18 m, average d.b.h. 29 cm, site index 18 and growing
stock 245 m” u.b. per ha. Black locust in not mentioned
in the long-term management plan because only the
small part of the stand includes black locust (only
46 stems).

METHODS

The selection of stands was based on information
obtained from the Institute of Forest Management,
Brandys nad Labem. The best 78 stands were chosen as
representative ones. Classification (categorization) of
the stands was carried out according to the following
method:

— st class: stands or trees suitable for propagation by
tissue cultures;
— 2nd class: stands suitable for regeneration by seed;

1I. Information on forest management in the Znojmo Forest District, 1994-1998
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1994 1995 1996 Total 1997 1998
Total fellings by the forest management plan  (m?) | 124,500 124,500 126,500 375,200 120,600 116,900
Actual fellings (m?) | 209,622 226,229 176,793 612,644 150,000 114,600
Percentage 168.0 182.0 140.0 163.0 124.0 98.0
Of this: salvage fellings (m) | 209,242 223,331 172,191 604,764 123,700 45,000
Percentage 99.8 98.7 97.4 98.7 82.5 40.2
Total cleanings by the forest management plan (ha) 584 584 302 1,470 302 302
Actual cleanings (ha) 327.91 392.97 298.34 1,019.22 329.00 270.00
Percentage 56.0 67.0 98.8 69.0 108.9 89.4
Total thinnings to the age of 40 years by the forest 405 405 412 1,222 412 412
management plan (ha)
Actual thinnings (ha) 0 125.17 156.83 282.00 460.00 480.00
Percentage 0 310 38.0 230 11.6 116.5
Clear-felled area (ha) 163.56 493.55 62.87 719.98 244.46 160.00
Forest reproduction
Total (ha) 363.59 463.07 517.04 1,343.70 492.00 435.77
Natural regeneration (ha) 10.70 6.63 17.11 24 .44 9.00 13.00
Percentage 29 1.4 14 1.8 1.8 3.0
Artificial regeneration (ha) 352.89 456.34 509.93 1,319.16 483.00 422,77
Of this: repeated regeneration (ha) 200.41 242,08 162.08 604.67 125.50 102.92
Percentage 56.8 53.0 31.8 45.8 26.0 24.34
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— 3rd class: stands suitable for regeneration by root
shoots/sprouts;

— 4th class: stands of poor quality requiring species
conversion.

Four stands were then selected for determining men-
surational characteristics. During the measurement, the
following parameters were recorded: place and serial
number, seedling origin, minimum and maximum
d.b.h., girth at breast height (g.b.h.), crown and tree
height, height class, stem quality and forking.

The social classification of trees was carried out ac-
cording to the following system:

1. Dominant trees.

2. Co-dominant trees.

3. Suppressed co-dominant trees.
4. Subdominant trees.

5. Overtopped trees.

Classification of the quality of stems was done ac-
cording to the following system:
1. Straight stem.

2. Forked stem.
3. Bent stem.
4. Crooked stem.

On each of the sites, one tree representing different
height classes was felled to obtain samples for height
growth and annual ring analyses.

Data measured in the field were tabulated. Yield stock
was calculated by Sopp’s method (Sopp, 1970).

The measurement of annual rings was carried out by
Eklund apparatus (accuracy 0.1 mm). Height and an-
nual ring analyses were carried out by Olah’s method
(Olah, 1996). Interpretation of data was done both in
tables and diagrams. For the interpretation MS Excel
software was used.

RESULTS

Only basic mensurational characteristics were deter-
mined during the field work. From the basic charac-
teristics, structural characteristics of measuring sites
were calculated.

The measuring site 311 F/5 (Bfezany) will be indi-
cated as Site 1, 311 G/5 (Bfezany) as Site 2, 319 B/5x
(Pravice) as Site 3 and 712 C/8 (Tvofihraz) as Site 4.
During the annual ring analysis on each of the measur-
ing sites, age of the sample trees was determined. The
sample trees represent the age of particular measuring
sites: Site 1 — 48 years, Site 2 — 58 years, Site 3 — 66 years,
and Site 4 — 67 years.

Average heights of trees on the measuring sites
range between 20.36 and 26.78 m. Site 4 shows the
highest and Site 1 the lowest average height.

The top height of stands appears to be a good char-
acteristics of site quality because the effect of cleaning
and thinning on the group of highest trees is smaller
than that on co-dominant trees (Table III).

High values of top heights show that these stands
grow on sites which are suitable for the cultivation of
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I11. Top height of stands on Sites 1-4

Site 1 Site 2 Site 3 Site 4
Top height (m) 30.60 31.50 32.60 32.05
Percentage 100.0 102.9 106.5 104.7
IV. Average tree volume on Sites 1-4 (m3 0.b)
Site 1 Site 2 Site 3 Site 4
Volume (m? 0.b) 0.680 1.234 1.136 1.431
V. Exact numbers of stems on Sites 1-4
Number of stems.ha™! Site 1| Site 2 | Site 3 | Site 4
Measured 625 | 475 | 475 | 480
According to Halaj yield tables | 458 | 260 | 268 | 226
Measured/Halaj (%) 129 | 182 | 177 | 212
VI. Basal area calculation of Sites 1-4
Site 1 Site 2 | Site 3 Site 4
Basal area (m%ha™!) | 33.01 41.33 39.65 22.95
VII. Growing stock data on Sites 1-4
Growing stock Site 1 Site 2 Site 3 Site 4
According 10 Sopp's | 455 537( 586125 539.850| 685.983
method (m?)
(Y")lgl)d tables of Halaj 242 3092 311 416

black locust. The average d.b.h. on particular sites
ranges between 23.3 and 35.5 cm.

The average tree volume is closely related to the age
and height class of trees. In mature stands, 85-95% of
the volume are given by dominant and co-dominant
trees.

After measuring the d.b.h. and tree height, tree volume
was calculated according to Sopp’s method (Table IV).

The number of stems is closely related to the age of
stands, the quality of site and the method of cleaning
and thinning. Methods of tending operations used on
these sites in previous years have not been found.

It is evident that stem density measured on particular
sites is much higher than that determined according to
Halaj yield tables.

The maximum difference in the basal area of particu-
lar sites is 30.1% the value being not directly related to
differences in the growing stock of the sites (61%). This
phenomenon is caused probably by the different age of
sites as well as different number of stems.

Growing stock data were obtained by the summari-
zation of tree volumes. The calculated volumes are
rather high. However, the aim of my work was to show
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the potential performance of black locust in southern
Moravia. The selected stands rank among the best ones
in the region.

If we compare growing stock measured on particular
sites with that obtained according to Halaj yield tables
(1987) then the former value is 1.44-1.75 times higher.
This difference is caused by large basal area of meas-
ured sites.

Annual ring analysis was carried out in four stems
only. On each of the sites, one tree was selected which
represented different height classes (Table VIII). For
the analysis, sample disks were cut out from particular
stems in one-meter interval and annual ring number and
width were recorded. Based on the data, annual diame-
ter, height and volume increments were calculated.
Characteristics of harvested sample trees are as follows:

VIIIL Characteristics of harvested sample trees on Sites 1-4

more), the increment of examined trees remains un-
changed. The average diameter increment of the trees
is given in a diagram (Fig. 1). This diagram was con-
structed on the basis of four examined tree. The small
number of sample trees causes that this curve is rather
’dentated’. The ’trend curve’ is already smoothed. The
curve of all examined trees shows that the highest an-
nual diameter increment occurred at an age of about
5-6 years. The second peak of the curve appears at an
age of about 35 year. It was probably caused by tending
operations. It is of interest that the annual diameter
increment remains rather high (over 2 mm per year)
even in the highest age (50-60 years). Negative results
at the end of the trend curve do not correspond to reality.
This mistake was caused by the software used.

The height development of the locust trees always

Site Serial No. Origin Mi?’.n:i‘;;).h‘ Ma(x!;)gr;;).h. Girth at(tl)nza)st height Aver(e:ﬁfn ;].blh.
No. 1 1 Seed origin 261 286 859 273.5
No. 2 2 Seed origin 228 253 765 240.5
No. 3 3 Seed origin 370 405 1,240 3875
No. 4 4 Seed origin 299 311 962 305.0
Site Crown height (m) Height (m) Height class Stem class Tree volume according to Sopp
No. 1 16.0 252 2 1 0.692

No. 2 17.0 245 3 1 0.568

No. 3 20.0 29.0 1 2 1.764

No. 4 16.0 27.0 2 2 1.278

Mean 17.25 26.43 2 1.5 1.075

The thickness or volume of bark were not measured
during the annual ring analysis because the bark of
black locust is ribbed. For the purpose of comparability,
calculations were carried out according to tables of
Fekete (1935).

The course of diameter increment of examined trees
is as follows. In young age, the diameter increment is
very high. It can amount to 7-13 mm per year. The
increment culminates at an age of 3-5 years. Then, the
diameter increment rapidly decreases to the level of
1-2 mm per year. In mature trees (age 40-60 years or

continued during six decades. The culmination of tree
height increment occurs at an age of 2-3 years (accord-
ing to the ’trend curve’ at an age of 5-6 years). Then,
it rapidly decreases, but at an age of 58 years remains
about 0.2 m per year. The development is shown in
Figs. 2-3.

In calculating the mean annual volume increment of
measuring sites the following results were obtained:
Site 1 - 8.86, Site 2 — 10.10, Site 3 — 8.18 and Site 4 —
10.23 m3.year‘].
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1. Average annual ring increment of all examined
trees
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2. Height development of all examined trees
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3. Average height increment of all examined trees

The data were calculated from the growing stock of
the sites according to Sopp’s method. Actual values are,
however, probably higher because the volume of clean-
ings and thinnings was not included into the calculation.

Curves showing the course of annual volume incre-

ment of examined trees are given in the following dia-
gram.
The forking of stems is a very frequent defect of
black locust stands. During thinning and particularly
cleaning operations, the forked trees should be cut out
and removed from the stand. If forked trees remain in
the stand to the age of maturity, then these defective
trees result in decreased stand quality.

Crown height is the height of a stem free of branches
or forking. The factor is important in estimating the
assortment structure of black locust stands.

It is of interest that the different age and stem density
of particular sites have rather small effects on the crown
height. Site 4 is situated on the border of the forest.
Probably this phenomenon causes the small average
height of crowns.

Form factor was calculated according to the follow-
ing equation:

F=V.(GH)"

210

Age (years)

4. Annual volume increment of examined trees

where: F - form factor,
V - growing stock (m3.ha‘l),
G - basal area (mz.ha'l )
H - mean tree height of stand (m).

Categorization of the stands was carried out accord-

ing to the following method:

— st class: stands or trees suitable for propagation by
tissue cultures;

— 2nd class: stands suitable for regeneration by seed;

— 3rd class: stands suitable for regeneration by root
shoots/sprouts;

— 4th class: stands of poor quality requiring species
conversion.

During the categorization following factors were ta-
ken into account:
~ growth habit,
— branching of stems,
— forking of stems,
— site index (AVB) of the stands,
— growing stock of the stands per hectare.

According to the categorization of 78 stands, 1 stand
was classed in the first category, 7 stands were in the
second category, 61 stands in the third category and
9 stands in the fourth category.

To compare forest rents the formula of Faustmann
was used (Markus, 1986.) The formula gives differ-
ences in output values and costs calculated to the final
cutting age (f year). The method presumes that tree
species, yield and expenditures are always constant.

R=(V +B,1.00 + ... + B,1.0p™ - C1.oph(1.0p/ - 1)

where: R - forest rental,
V - main felling yields minus main felling costs,
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IX. Results of the stem forking analysis carried out on Sites 1-4

Forking Site 1 Site 2 Site 3 Site 4
4
Middle third of stoms | 41008 | 3'trees | 2trees | 14:trees
16% 16% 10% | 34%
2 tree:
Top third of stems s | ltree | 1tree | 3 trees
8% 5% 5% 7%
4 3
Total 6 trees trees trees | 17 trees
24% | 21% 15% | 41%

X. Crown height measurements on Sites 1-4

Site Mean crown height Stem free of branches
(m)
Site 1 11.65 57.27
Site 2 14.48 55.47
Site 3 13.10 5429
Site 4 12.54 46.93
XI. Results of the form factor calculation
Form factor

Site 1 0.5486

Site 2 0.5432

Site 3 0.5642

Site 4 0.5163

Average 0.5430

B - yields of tending operations minus costs of tending opera-
tions,

C - costs of reforestation,

f - years of the felling cycle,

p — interest rate (2% are 1.02).

For the economic comparison, average values were
used of costs of years 1996 and 1997. All types of forest
operations in the forest enterprise are under subcontract.
Due to the fact, it was impossible to determine exact
costs of tending and logging operations. The mathe-
matical correctness of Faustmann’s formula is right.
However, yields and costs are only presumed. The con-
stant repetition of the felling cycle cost and yields is
economically a fiction. The calculation of a forest
rental is often negative.

According to my opinion, the method does not pro-
vide exact market values of forest stands but it is suitable
for comparing investment plans.

For the expected interest rate 2% were chosen. Cal-
culations were carried out of the forest rent for black
locust of seed origin, black locust of coppice origin,
*shipmast’ black locust, sessile oak and Scots pine
(Table XII).

Based on the results it is possible to see that the
cultivation of black locust should give good results. It
is true that black locust gives assortments of small di-
ameter and low market value. However, the mean an-
nual increment of black locust is very high, reforesta-
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tion costs are low and felling cycle is short. In case of
Scots pine and sessile oak, the assortment structure is
more favourable. Their assortments are of better market
value. However, their reforestation costs are rather high,
and during the calculation of a forest rental by Faust-
mann’s formula, the costs at the start of a felling cycle
and length of the felling cycle are very important factors.

DISCUSSION

According to the results of my study, the mean an-
nual volume increment of the black locust at an age of
35-40 years growing on good sites probably does not
decrease too markedly. Therefore, it would be better to
keep these stands until the age of 40-50 years. The
felling cycle of black locust stands can be limited due
to wood-destroying fungi.

If the culmination of the mean annual increment is
taken into account then the black locust stands should
be felled at an age of about 25-30 years. However,
d.b.h. of these stands is rather small so that the market
value of their assortments is low. Older Hungarian tend-
ing models allow only a 30-years felling cycle for black
locust. On the other hand, Hungarian foresters recently
use longer felling cycles (41 years and more). This in-
creasing felling cycle is partly caused by the increasing
market value of harvested timber. However, the large
volume of veneer logs from black locust is not the best
idea because the market seldom demands these assort-
ments. In addition, fungal attack means an important
danger in these mature black locust stands.

According to my opinion, the right felling cycle of
black locust stands in Central Europe should be 40 to
50 years. Cleaning operations could be carried out
twice, on better sites earlier (at an age of 5-9 years) and
on sites of lower quality later. It is important cleaning
operations to be carried out in the right time because
the species is shade intolerant and valuable stems are
produced only if the sunlight requirements are fulfilled.
Trees growing under conditions of full light have a ten-
dency to develop large crowns and short stems. The aim
of tending operations is to control the amount of lateral
sunlight in the stand so that branches and crowns do not
become too large. In the early age of the stand, light
requirements are considerably high. In the juvenile
stage, up to 10-15 years of age, black locust is able to
close canopy openings which are caused by tending
operations. Therefore, cleaning operations should re-
duce stem numbers removing all unsuitable trees to pro-
vide sufficient growing space for crop trees.

In black locust stands of coppice origin, the first
cleaning should be carried out when the stand is 3—6 years
old. Stem density should be reduced to less than
5,000 trees.ha™'.

At the first cleaning operation, heavy natural self-se-
lection largely determines which trees should be re-
moved. The second cleaning should be aimed at prom-
ising and dominant trees of good form. Pruning should
produce straight cylindrical stems which are free of
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XII. Summary of the forest rent calculation (per ha)

Bl lg:;’;:“’f S i lozﬁtg;:lf copple Shipmast black locust Scots pine Sessile oak
CZK/felling cycle 30,008 94,801 42,177 -102,037 ~114,344
CZK/120 year 87,828 277,466 123,445 -136,049 -114,344
Difference 223,877 413,515 259,494 0 21,705
CZK/felling cycle costs decreased with a profit of 10% -82,749 -94,943
CZK/120 year costs decreased with a profit of 10% -110,332 -94,943
Difference 198,160 387,798 233,777 0 15,389

Shipmast black locust — Robinia pseudoacacia var. rectissima

forking and large-diameter branches. Black locust in its
juvenile stage tolerates green pruning well.

After cleaning operations, spacing within the black
locust stands should be sufficient enough to allow the
free movement of machinery in the course of thinning
operations.

The thinning operations are divided into two parts,
viz. selective and increment thinnings. The selective
thinnings should be carried out at an age of 12-19 years.
On highly producing sites twice and on less producing
sites once. On sites of low productivity, it is not neces-
sary to carry out this operation. The aim of this tending
operation is to increase diameter increment of selected
crop trees. During the stage, the trees maintain their
vigorous height growth although this capacity decreases
after the age of 15 years. The main task of the selective
thinning is to select best trees (crop trees) and to create
sufficient growing space for them. During the selective
thinning, pruning should be carried out up to the stem
height of 4-6 m in the best stands. Central-European
black locust stands consist of many trees of poor quality
with unfavourable genetic properties such as forking,
too large crowns and twisted growth. Therefore, se-
lected trees should have cylindrical stems, straight
grain, monopodial growth and healthy and dense foli-
age which covers about one-third of the stem.

The increment thinning should be carried out twice
on best sites and once on yield class III, at an age of
22-25 and 32-36 years, respectively. The aim of this
operation is to create sufficient growing space for each
of the crop trees which can increase their d.b.h. during
the rest of the felling cycle. In this particular stage of
robinia stands, only a moderate thinning is recom-
mended. The objective of tending should be to produce
the high proportion of good-quality sawlogs from
stands of yield class I and II, some sawlogs and the high
proportion of poles and props from yield class III and
IV stands, and poles, props and other small-dimension
industrial wood from yield class V stands.

Black locust stands of coppice origin should be
felled five years earlier than prescribe the tables be-
cause heart rot is a great problem mainly in the worst
yield-classes of coppice origin black locust stands.
These instructions are given in Table XIII.

In the forest stand 712 C8 (Tvofihraz), there is
a group of 46 black locust trees. The group is of
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a “shipmast’ character being of a very high quality. Ac-
cording to my opinion, the best trees of this group could
be used for propagation by tissue cultures.

CONCLUSIONS

Black locust was introduced to Europe from Amer-
ica in the first years of the 17th century. During the last
three centuries, black locust became one of the most
widespread introduced tree species of the world.

Site requirements of the species are rather wide. It
tolerates extreme sites, however, for vigorous growth
and high yield it requires soils of optimum nutrient
content, good aeration and favourable water supply.

Its durable, brownish-yellowish, ring-porous wood
shows excellent physical and mechanical properties.
The honey production of black locust is high. Refores-
tation of the species by root-suckers and coppice shoots
is easy and cheap.

In the Czech Republic, there are about 13,000 ha of
black locust forests. High proportion of the forests ful-
fils soil protection functions. In the past, tending of
these black locust stands was neglected. This is the
reason why robinia stands in the Czech Republic are of
low quality.

Some 78 black locust stands ranking among the best
S. Moravian robinia stands were studied in the course
of my investigation. Results of the study have shown that:
9 stands need forest conversion, 61 stands are suitable for
regeneration by root and coppice shoots, 7 stands are
suitable for seed collection (Lechovice 304BS5, 304C5,
323F5, 323B5y, Bfezany 311F5, 311GS, Pravice
319B5x.) and 1 stand is suitable for propagation by
tissue cultures (Tvofihraz 712C8).

In four of the stands, measuring sites (plots) of 0.04 ha
were marked out and detailed mensurational charac-
teristics of these sites were measured. The age of the
plots ranges between 48 and 67 years. Average tree
heights are between 24.13 and 26.78 m. Top heights
range between 31.5 and 32.6 m. The number of over-
topped trees amounts to 1-3. Mean d.b.h. is 30.91-
35.5 cm. The average basal area of trees ranges between
0.047 and 0.09 m%ha'. The average volumes of tree
are between 1.136 and 1.431 m> o.b. according to
Sopp’s yield tables. The number of stems ranges from
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XIII. Tending regimes for high and coppice black locust forests of southern Moravia, Central Europe

Age Height Basal area d.b.h. Density GSl Volume of cut
(years) (m) (m?.ha™!) (cm) (stems.ha™!) (m) (m®.ha!)
Yield class I Site index (AVB) 28
Cleaning 5 8 7 6 2,500 2.1 6
Cleaning 9 13 13 10 1,700 2.6 20
Selective thinning 12 16 12 13 900 3.6 30
Selective thinning 18 20 17 19 600 44 35
Increment thinning 25 24 18 24 400 54 50
Harvest cutting 50 28 40 36 400 5.4 565
Yield class II Site index (AVB) 24-26
Cleaning 6 8 7 6 2,500 21 3
Cleaning 10 12 13 10 1,700 26 20
Selective thinning 15 16 14 14 900 3.6 35
Increment thinning 22 20 17 20 550 4.6 45
Harvest cutting 50 25 38 30 550 4.6 490
Yield class III Site index (AVB) 22
Cleaning 7 8 7 6 2,700 2.1 4
Cleaning 12 12 14 10 1,800 25 15
Selective thinning 17 15 16 14 1,100 33 35
Increment thinning 22 18 16 17 700 4.1 40
Harvest cutting 40 21 31 24 700 4.1 350
Yield class IV Site index (AVB) 20
Cleaning 8 8 8 6 3,000 1.8 4
Cleaning 13 11 15 10 2,000 24 15
Selective thinning 19 14 13 13 1,000 34 35
Harvest cutting 30 17 25 18 1,000 34 235
Yield class V Site index (AVB) 16-18
Cleaning 9 7 T 5.5 3,000 1.8 4
Cleaning 15 10 9 9 1,500 28 20
Harvest cutting 30 14 20 13 1,500 2.8 155
Yield class VI Site index (AVB) 12-14
Cleaning 10 6 7 5 3,500 1.6 0
Cleaning (15) (8) (8) (@] (2,000) (2.4) (15)
Harvest cutting (20) (10) (12) 9 (2,000) (2.4) (75)

GSI = Growing space index

475 to 480 per ha, i.e. 1.77-2.12 times more than pre-
scribe Halaj’s yield tables. Basal area is between 22.95
and 41.33 m%ha ™. Growing stock amounts to 539.85-
685.98 m>.ha™! (according to Sopp’s yield tables). The
values of the mean annual increment are between 8.18
and 10.23 m3.year'1. This high value is worth of noting
because the age of investigated stands ranges between
50 and 65 years and volumes of removed trees of past
tending operations were not included into the present
stand volume.

Four trees of different height classes were analysed
in detail. According to the trend curve of diameter in-
crements it can be seen that the ring width is largest
(4 mm.year™") at an age of 4-6 years. Then, up to the
age of 20 years, the increment permanently decreases
and stagnates at 2 mm.year". Between 45 and 55 years
of age, the increment decreases again and between
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55 and 65 years stagnates at 1 mm.year'l. The diameter
increment after 65 years of age approaches to a zero
value.

The trend of the height increment is as follows. At
an age of 5-7 years, it reaches its maximum value of
about 1 m per year. Then, up to the age of 50 years, it
linearly decreases to the value of 0.2 m per year. After
60 years of age, the height increment of black locust
stagnates.

The annual volume increment of examined trees is
between 0.0096 and 0.0255 m>.year!. The forking of
examined stands ranges between 15 and 41% which is
a rather high value.

It is evident that the stands under study exhibit par-
ticularly good properties. The stands document that
southern Moravia is suitable for growing black locust
stands of good quality. Soils and climate of the region
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are suitable for requirements of black locust. Black lo-

cust stands growing on extreme sites were not included

into my study, however, in the course of my investiga-
tion, I found that such stands are capable of adaptation
to the environment and so to fulfil the soil-protection role.

The forest rent was compared of black locust, sessile
oak and Scots pine stands calculated according to
Faustmann’s method. Although this method does not
provide exact results (e.g. fix costs are not included into
the calculation), it could help to compare future invest-
ment plans.

According to my investigations, the order of forest
rental of calculated tree species is as follows: (1) black
locust of coppice origin, (2) black locust of clone ori-
gin, (3) black locust of seed origin, (4) sessile oak, and
(5) Scots pine.

The tending process in black locust stands is de-
scribed in detail in Discussion. Tending operations are
divided to cleaning, selective thinning and increment
thinning. The clonal origin and coppice origin stands
are mentioned separately. The model should be used to
determine timing and appropriate intensity of tending
operations on the basis of average height and age of
stands.

On the basis of my three-year research, the following
measures can be recommended:

- Not to reduce the area of S. Moravian black locust
stands.

-~ To consider regeneration using root-shoots/sprouts
and coppice shoots in black locust forests which
grow on good sites or fulfil soil protection functions.

— To consider the establishment of seed-crop stands.

- To consider propagation by tissue cultures of the
best trees from selected 46 trees in Stand 712C8
(Tvofihriz).

— To consider the establishment of intensively cultiva-
ted black locust stands on the best sites (stands of
clone origin).

— To consider conversion of neglected S. Moravian
windbreaks to black locust stands.

— To consider afforestation of some agricultural lands
using black locust.

The thesis was worked out within the internal PhD
studies of the author of the paper at the Department of
Forest Establishment and Silviculture and within the
research project No. MSM: 434100005 of the Faculty
of Forestry and Wood Technology, Mendel University
of Agriculture and Forestry, Brno.
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MOZNOSTI UPLATNENI TRNOVNIKU AKATU (ROBINIA PSEUDOACACIA L.)

V OBLASTI JIZNf MORAVY

T. Czuczor

Mendelova zemédélskd a lesnickd univerzita, Lesnickd a dFevaFskd fakulta, Lesnickd 37, 613 00 Brno

Rostouci poptivka po dfivi, neustdlé zmenSovani
padniho lesniho fondu ve svét€, zejména v tropickych
pralesich, dlouhodobé efekty odlesnéni a ztrity zpuso-
bené imisemi zvySuji potfebu rychlerostoucich mnoho-
strann& pouZitelnych dfevin, jako je i trnovnik akat (Ro-
binia pseudoacacia L.). Trnovnik akat vaZe dusik,
velmi rychle roste, snasi stresy, snadno se generativné
a vegetativné obnovuje a ma velmi tvrdé kvalitni dfe-
vo, které ma Sirokou $kédlu pouZiti. Akat pochazi ze
severni Ameriky, ale dnes je introdukovén a roz$ifen
v mirnych a subtropickych zénach po celém svété.

Pestré pfirodni podminky Ceské republiky umoZiiuji
péstovéni Siroké palety hospodafsky vyznamnych dfe-
vin véetné dievin introdukovanych. Mezi n& patii i tr-
novnik akat, ktery je podle posledni inventarizace za-
stoupen na cca 13 000 ha lesni pudy, coZ je 0,5 %
rozlohy &eskych lesi.

Pfedmétem préce jsou vysledky tfiletého studia tr-
novniku akatu na jiZni Moravé v lesni oblasti &. 35 Ji-
homoravské tivaly na Lesni spravé Znojmo. Na zakladé
databaze Ustavu pro hospodafskou tpravu lesa byla
provedena kategorizace 78 akatovych porosti, resp. po-

Model vychovy a obnovy akitovych porostii v lesni oblasti & 35 Jihomoravské tivaly

Péstebni opatfen VeEk Vyska Kruhovz"i zé_.l}ladna Vycetni tloudtka | Poget stromi na Objearn tflieb
(let) (m) (m*ha™") (cm) ha (m?.ha1)
Bonita 28 AVB
Profezivka 5 8 7 6 2 500 6
Profezavka ) 9 13 13 10 1700 20
Probirka 12 16 12 13 900 30
Probirka 18 20 17 19 600 35
Svétlostni probirka 25 24 18 24 400 50
Mytni t8Zba 50 28 40 36 400 565
Bonita 24-26 AVB
Profezivka 6 8 7 6 2 500 5
Profezdvka 10 12 13 10 1700 20
Profezévka 15 16 14 14 900 35
Svétlostni probirka 22 20 17 20 550 45
Mytni t&Zba 50 25 38 30 550 490
Bonita 22 AVB
Profezivka 7 8 7 6 2 700 4
Profezévka 12 12 14 10 1 800 15
Probirka 17 15 16 14 1100 35
Svétlostni probirka 22 18 16 17 700 40
Mytni t&7ba 40 21 31 24 700 350
Bonita 20 AVB
Profezivka 8 8 8 6 3 000 4
Profeziivka 13 11 15 10 2 000 15
Probirka 19 14 13 13 1 000 35
Mytni téZba 30 17 25 18 1 000 235
Bonita 16-18 AVB
Profezivka 9 7 T 55 3 000 4
Profezdvka 15 10 9 9 1 500 20
Mytni t&Zba 30 14 20 13 1 500 155
Bonita 12-14 AVB
Profezévka 10 6 7 5 3 500 0
Profezévka (15) (8) ) (@) (2 000) (15)
Mytni t&Zba (20) (10) (12) 9) (2 000) (75)
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rosti s dominantnim zastoupenim akétu. Ve &tyfech po-
rostech byly zaloZeny vyzkumné plochy, které byly
v terénu stabilizovany a ocislovdny; soubéZné byl zjis-
tén i pivod téchto porosti. U viech stromi byl méfen
vycetni primér, vySka, vySka nasazeni korun a u kaz-
dého stromu byla posuzovéna i kvalita kmene a vidli¢-
natost. Z takto ziskanych hodnot byly vypodteny za-
kladni taxa&ni parametry: primérnd a horni vyska,
primérna vycetni tlouStka, vycetni kruhovéa zakladna
porosti, poéet stromt na hektar a zasoba v m3.ha .
U &tyf charakteristickych vzornikti byly metodou de-
strukéni analyzy ziskdny poznatky o priibéhu vysko-
vych a tlouStkovych pfiristi. Z hospodafskych podkla-
di Nyirerdo RT v Madarsku a Lesni sprdvy Znojmo
byla podle Faustmannova vzorce vypo¢tena a srovnina
lesni renta akitovych porostit s primérnymi borovymi
a dubovymi porosty.

Z vysledku kategorizace 78 porosti vyplynulo, Ze:
— 1 porost je vhodny jako zdroj explantitovych kultur,
— 7 porosta je vhodnych pro sbér semene,
— 61 porostl je vhodnych pro vegetativni obnovu po-

moci kofenovych vystrelkd,
— 9 porosti je naprosto nekvalitnich a je u nich nutné

provést prevody, resp. pfemény.

V3echny ostatni podstatné vysledky Setieni jsou se-
staveny v tab. I aZ XI, orientadni vypocet lesni renty

akétovych, dubovych a borovych porostia v tab. XII.
I kdyZ 1daje z této tabulky maji pouze orienta¢ni cha-
rakter (nejsou zde napf. zahrnuty veskeré naklady les-
nich sprav nebo stitni podpora), pfesto jednozna¢né
ukazuji vy$8i lesni rentu u porostl akétu.

Jednim z cilt price bylo i konkrétni pfedloZeni p&s-
tebniho modelu akatovych porostl, ktery je sestaven
tak, aby mél obecnou platnost pro celou lesni oblast
¢. 35 Jihomoravské uvaly.

Na zéklad¢ tfiletého studia akatovych porosti v ob-
lasti jiZzni Moravy lze kone&né€ pro lesnickou praxi
v tomto regionu doporuéit nasledujici opatfeni:

— pro zakladani intenzivnich akatovych porosti pouZzi-
vat jako zdroj sadebniho materialu explantatové kul-
tury, resp. kofenové fizky,

— rekonstrukce akdtovych porostii provadét v odivod-
nénych piipadech, a to zejména u mezernatych ne-
kvalitnich netvarnych pafezin,

— je tfeba obnovovat soucasné prumérné a kvalitni
akétové porosty metodou kofenovych vymladku,

— doporucuje se zvazit pfemény zanedbanych jihomo-
ravskych vétrolamu na akéitové porosty,

— zvaZzit moZnost zaklddani intenzivnich akéatovych
kultur na zemédélskych puadach.

Contact Address:

Ing. Tamds Czuczor, North Hungarian Forest Farming Limited Co., Telkibinya's Forestry, Szabadsig u. 9,

3896 Telkibanya, Hungary
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ATRAKTIVITA SMRKU PRO KAMBIOXYLOFAGY
V NEKTERYCH SOUBORECH LESNICH TYPU

SPRUCE ATTRACTION FOR CAMBIOXYLOPHAGOUS PESTS IN SOME
FOREST TYPE GROUPS

E. Kula', W. Zabecki?

! Mendelova zemédélskd a lesnickd univerzita, Lesnickd a drevarskd fakulta, Lesnickd 37,
613 00 Brno
2 Akademia rolnicza, Lesnickd fakulta, ul. 29. Listopada 46, 31 425 Krakow

ABSTRACT: A complex site characteristic is typical of forest type groups (FTG) in which a degree of damage caused by
cambioxylophagous pests to their forest stands can be determined. Spruce monocultures with a high natural spruce percentage
(7S, 6V) seem to be most attractive to the eight-toothed spruce bark beetle (Ips typographus) while lower attraction was
observed in FTG where spruce monocultures were established in the conditions of a low spruce percentage in natural compo-
sition (5B, 58, 5H). The eight-toothed spruce bark beetle was replaced by Polygraphus poligraphus there (5S). Dominant
occurrence of one economically important species was typical of FTG SH (Ips amitinus) and 7S (I. typographus). FTG 5B,
SH and 5K had a generally lower degree of cambioxylophage attack. I. typographus induced a highly competitive environment
by the length of crown niche occupied in FTG 7S against Pityogenes chalcographus, I. amitinus and P. poligraphus while it
retreated together with P. poligraphus, Hylurgops palliatus in FTG SH to the representatives of P. chalcographus, 1. amitinus.
A prolonged niche in FTG 5H was characteristic of the complex P. chalcographus, H. palliatus and Xyloterus lineatus.

Norway spruce; Picea alba (L.); forest type groups; cambioxylophagous fauna; Beskids Mts.

ABSTRAKT: Komplexni stanovistni charakteristikou se vyznacuji soubory lesnich typti, pro jejichZ porosty lze stanovit miru
ohroZeni kambioxylofagy. Pro lykoZrouta smrkového (Ips typographus) jsou nejatraktivnéjsi smrkové monokultury s vysokym
pfirozenym podilem smrku (7S, 6V), zatimco sniZena atraktivita byla v SLT, kde smrkové monokultury byly zaloZeny v pod-
minkach s nizkym zastoupenim smrku v pfirozené skladbé (5B, 58, SH). LykoZrout smrkovy byl substituovén druhem Poly-
graphus poligraphus (5S). Dominantnim vyskytem jednoho hospodaisky vyznamného zéstupce se vyznacovaly SLT 5H (Ips
amitinus) a 7S (Ips typographus). Obecné sniZeny stupeii napadeni kambioxylofdgy byl v SLT 5B, 5H a 5K. Délkou obsazeni
korunové niky vytvéfel silné konkurenéni prostfedi v SLT 7S I typographus vi&i Pityogenes chalcographus, I. amitinus
a P. poligraphus, zatimco v SLT 5H ustupoval I. typographus spoleiné s druhy P. poligraphus a Hylurgops palliatus z4stup-
cim P. chalcographus a 1. amitinus. ProdlouZend nika v SLT SH charakterizovala komplex P. chalcographus, H. palliatus
a Xyloterus lineatus.

smrk ztepily; Picea alba (L.); soubory lesnich typu; kambioxylofagni fauna; Beskydy

UvVOD

SpoleZenstvo kirovel smrku ztepilého (Picea alba
[L.] Karst.) ve stfedni Evropé popsali Pfeffer (1932,
1955) a Capecki (1978). Na vazbu mezi kurovci,
hostitelskym stromem a stanovistnimi faktory poukazali
Pfeffer (1932, 1945), Stolina (1959, 1970a, 1975,
1976), Capecki (1978), Katajev et al. (1984)
a Griinwald (1986). Prirodni nenaruden4 spolefenstva
smrkového lesa a jejich ohroZeni kurovci studovali
Stolina (1969ab, 1982), Sharapa (1986) a Jaku§
(1995).

I. FOR. SCI., 46, 2000 (5): 217-225

Jaku§ (1995), ktery se vénoval fauné kambioxylo-
fagn ve vysich horskych polohé4ch (1 200-1 457 m n. m.),
zahrnul mezi rozhodujici stanoviitni faktory miru spo-
jeni kofenl stromu s pudou a zapoj, zvySeny stupeil
defoliace, barevnou zménu jehli&i, sniZenou kvalitu ki-
ry a lyka. Nadmotskou vy3ku, sklon a expozici nepova-
Zuje za vyznamné diskrimina&ni faktory. Plidni kyselost
spojena s odolnostnim potencidlem smrku k imisnimu
plsobeni ma vyznam pro n&které zastupce kabioxylo-
fagni fauny (Dryocoetes hectographus Rtt., Xyloterus
lineatus Oliv., Ips typographus L.).
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Zlatnikovy typologické jednotky (lesni vegetadni stu-
pefi, lesni typ) jsou vhodné pro progn6zovani gradac-
nich situaci u druhi klimaticky stenoeknich i euryek-
nich, protoZe vyjadfuji celkové vlastnosti geobiocenéz
(Stolina, 1959, 1972). Z tohoto hlediska stanovil
Stolina (1970a,b) pro lykoZrouta smrkového ekolo-
gické optimum v bukovém a jedlobukovém lesnim ve-
getanim stupni (lvs). Zumr (1995) vztdhl gradani
potencidl lykoZrouta smrkového k lesnim vegetatnim
stupfiom dubu a buku, buku a jedle, smrku a buku a lvs
smrku.

Cilem pfisp&vku je charakterizovat kambioxylofagni
faunu smrku v porostech povodi nadrZe Sance v Bes-
kydech podle souboril lesnich typt uZivanych Lespro-
jektem.

METODIKA

V monitorovaci siti zaloZené v povodi vodni nadrZe
Sance (Beskydy) bylo analyzovano 412 kirovci napa-
denych nebo usmrcenych smrki. Po odkornéni celého
profilu kmene a koruny v&etn& vétvi autofi pfisp&vku
podle poZerku, pfipadné piitomnosti imag a larev sta-
novili druh podkorniho a dievokazného hmyzu. Inten-
zita napadeni byla hodnocena podle stupnice:

— rozptylené osazeni (1) — ojedinély vyskyt poZerkii na
kontrolni sekci nebo vétvi,

— zvySené osazeni (2) — poZerky zaujimaji jednu tfeti-
nu az dvé tretiny povrchu sekce nebo vétve,

— silné osazeni (3) — poZerky se nachézeji na vice nez
dvou tietindch povrchu kontrolni sekce nebo vétve.
Pfi vyhodnoceni vysledki a jejich interpretaci jsme

uplatnili hledisko abundance, Cetnosti vyskytu daného
druhu a stfedni délky napadeni kmene, niky osidleni.
K eliminovani nestejné vy¥ky stromu a hloubky nasa-
zeni koruny byly zvoleny 1 m dlouhé srovnavaci sekce
umisténé: pfi paté kmene, ve stfedu kmene, pod koru-
nou, uprostfed koruny a na vrcholku koruny; pro vétve
na za¢atku koruny, uprostfed koruny a ve vrcholku ko-
runy.

Zlatnikovy skupiny lesnich typii nemaji sice pfesné
ekvivalenty k uZivanym souborim lesnich typu (SLT),
ale pro porovnani vysledka Stoliny (1959)a Zum-
ra (1984) jsme po konzultaci s doc. Ambrosem* pfifadili
k 5.1vs AF SLT 5B, 5H, 58, 5F; k 5. lvs Fap SLT 5K,
7S ak Fac SLT 5A; k 6. lvs FA SLT 6V, 60 a k Fap
SLT 78; do 7. lvs SP by mohl byt akceptovan SLT 7Z.

Ve studované oblasti povodi nadrZe Sance byly kon-
trolované monitorovaci body sit€ 1 x 1 km za¢lenény
do 15 soubort lesnich typu, pfitemZ ve tiech SLT (60,
7Z, 5F) bylo hodnoceno méné neZ $est stromu a v dal-
§ich osmi SLT bylo analyzovano 6-216 stromu napade-
nych nebo usmrcenych kambioxylofagy. SniZeny roz-
sah stromi byl vdzan na SLT 5A, 5N a 7§, kde

vypodtené procento atraktivity bereme jako orientadni
pro nedostate¢ny rozsah analyzovaného souboru (6-
10 stromi). Stfedni rozsah zpracovanych vzornikovych
stromd byl v SLT 5K, 6V, 5H (17-45 stromi) a k nej-
rozséhlej$im patfil soubor vzornikt ze SLT 5B (70 stro-
mu) a 5S (216 stromi).

VYSLEDKY
ATRAKTIVITA SMRKU

V SLT 58S se 216 vzornikovymi stromy jsme registro-
vali 32 druhii kambioxylofdgl. Dominantniho zastoupeni
dosahl Pityophtorus pityographus Rtzb. (69,9 %),
Pityogenes chalcographus L. (61,6 %) a Polygraphus
poligraphus L. (55,1 %). Vyznamné postaveni v téchto
stanoviStnich podminkach zaznamenali Ips amitinus
Eichh. (43 %), Molorchus minor L. (50 %), Obrium
brunneum F. (40,3 %) a Phthorophloeus spinulosus
Rey. (44 %).

V SLT 5B (70 stromu) byl potvrzen vyskyt 23 kam-
bioxylofagl, z nichZ nejvyssi atraktivitu ke smrku vy-
kazovaly druhy P. pityographus (71,4 %), P. chalco-
graphus (58,6 %) a Ph. spinulosus (40 %).

V SLT 5H jsme analyzovali 45 smrkia rizného so-
cidlniho postaveni a zaznamenali 21 druhd podkorni
a drevokazné fauny, v niZ rozhodujiciho podilu dosa-
hovaly druhy P. chalcographus (55 %) a P. pityograp-
hus (51,1 %), doprovazené druhem P. poligraphus
(44,4 %).

V SLT 6V (34 stromil, 18 kambioxylofdgnich druhi)
se nejcastéji na smrcich nachazel P. pityographus
(91,2 %), P. chalcographus (64,7 %), M. minor (55,9 %),
Ph. spinulosus (50 %) a I. typographus (50 %). K dal-
§im vyznamné zastoupenym druhim patfil I. amitinus
(47,1 %), P. poligraphus (44,1 %) a Rhagium inquisi-
tor L. (47,1 %).

V SLT 5K (17 stromi) tvofilo faunu 19 druht kam-
bioxylofagl, z nichZ vé&tSinu analyzovanych stromi
osidloval P. pityographus (82,3 %) a P. chalcographus
(52,9 %). Mezi Cetné zastoupené kambioxylofagy se fa-
dil rovnéz M. minor (47,1 %) a Ph. spinulosus
(41,2 %).

Utvafeni kmenové niky bylo vyvaZené a neovlivnéné
stanovi$tnimi podminkami ve sledovanych souborech
lesnich typt u kambioxylofagd Cryphalus abietis Rtzb.
8,3-18,6 % (chybél v SLT 5A, 7S a prodlouZenou ni-
ku** zaznamenal v SLT 5B), D. autographus 4,5-
11,0 % (chyb&l v SLT 5A, 5N a 7S), Pissodes harcy-
niae Hrbst. 15,4-25 % (nevyskytoval se v 5A, 7S
a prodlouZenou niku mél v 6V - 37,3 %), P. pityograp-
hus 12,8-24,3 % (vykézal zdZenou niku v SLT 7S -
4,5 %), Rh. inquisitor 4-8,4 % a Tetropium fuscum F.
3,1-13,1 %.

* Doc. Ing. Z. Ambros, CSc., je emeritnim docentem Ustavu lesnické botaniky, dendrologie a typologie, specialista na lesnickou typologii.
** ProdlouZend, ziiZend nika pfedstavuje vyrazn& odli¥ny prostor kmene nebo vétvi osidleny kambioxylofdgem proti obecnému vyskytu.
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Nika kambioxylofagu vétvi bez specifikace socialni-
ho postaveni stromu byla ve viech SLT ve shodném
rozsahu u druhu M. minor 19,1-25,9 % (v SLT 5H -
34,9 %), O. brunneum 15,6-22,6 % (v SLT 5K
37,5 %), Ph. spinulosus 17,2-25 %. Rozdilna délka ni-
ky vé&tvi byla zji$téna u Etyf zdstupct. P. chalcographus
obsadil nejdel3i &4st profilu koruny v SLT 5H, 5N, 6V
(72,9-79,4 %). Shodné rozloZeni niky vétvi mél v SLT
SA, 5B, 5S (63-64,6 %). Pouze v SLT 78 nastal pokles
pod 50 % profilu koruny.

Rozdily v atraktivité smrku jednotlivych SLT uvadi-
me pro jednotlivé zastupce podle jejich hospodéaiského
vyznamu.

I. typographus se nachédzel na stromech ve viech
hodnocenych SLT (11,8-100 %). Napadeni viech vzor-
nikovych stromu bylo registrovano v SLT 7S ve vysoké
nadmofiské vy3ce rezervace Knéhyné. Polovina analy-
zovanych jedinct byla atakovana timto druhem v SLT
6V. SniZeny vyskyt byl zaznamenén v SLT 5K. 5N, 5SH
(11,8-15,5 %) a 58 (22,2 %). Vyrovnany a stfedni stu-
pefi atraktivity smrku byl stanoven v SLT 5A a 5B
(33,3-34,3 %). I. typographus dosahoval extrémné
dlouhé kmenové niky v SLT 78 na uvolnénych, pfestér-
lych smrcich. Relativné dzka kmenova nika (36,5-
46 %) se vytvarela v SLT 5K (36,5 %), 5S, 5A a vice
neZ polovinu profilu kmene (50-59,3 %) obsazoval na
smrcich v SLT 5N, 5B, 6V, 5H (obr. 1).

I. amitinus napadal smrky hodnocenych SLT v roz-
péti 24,4-50 %. Nejvyssi podil osidlenych stromi byl
v SLT 5N, 6V a 5S (43-50 %). Ve zbyvajicich soubo-
rech byl stupeii atraktivity vymezen 30-35,3 % (5A,
5B, 5K, 7S) a nejniZ8i podil napadenych stromi byl
shledan v SLT 5H. 1. amitinus s kmenovou nikou 8,8-
46,1 % se aktivizoval v relativné dlouhém profilu kme-
ne v SLT 5K a 5N (40,8-46,1 %). Obecné ve vétsiné
sledovanych SLT byla nika vytvafena v odpovidajici
korunové &4sti kmene, tj. pétina az Etvrtina profilu kme-
ne (19,4-27,5 %). Pouze v podminkich SLT 7S byl
vyskyt sporadicky s uzkou nikou (8,8 %). I. amitinus
v korung& vystupoval i na vétve, pfiemZ tzkou niku
vytvofil v SLT 78, 58, 6V (15,4-20 %), nésleduji SLT
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5B a 5H (25,7-28,6 %) a vice neZ tfetinu profilu koru-
ny zaujal na smrcich v SLT 5A (obr. 2).

P. chalcographus byl obecné zastoupen ve sledova-
nych SLT s tim, Ze vy$i napadeni byl s vyjimkou SLT
7S (90 %) a 5N (75 %) ve vyrovnané hlading& s 52,9-
66,7 %. Kmenova nika, kterou obsazoval P. chalco-
graphus, byla extrémné dzka na smrcich v SLT 7S
(17,5 %) a 5S (26,5 %), zatimco vice neZ 60 % profilu
kmene obsazoval v podminkich SLT 5K a 5H. Podob-
né rozloZeni na smrcich mél v SLT 5A, 6V a 5B, 5N
(obr. 3).

P. pityographus se fadil mezi b&%n& se vyskytujici
zéstupce, i kdyZ urdité diference v atraktivit® smrki
jednotlivych SLT lze odvodit. NejniZ$i podil mé&l v SLT
7S (30 %), tedy v lokalité¢ vysoko poloZené (1 100-
1 200 m n. m.). Pouze polovina stromu byla napadena
timto druhem v podminkach SLT 5H (51,1 %). Nejvys-
§i rozsah napadenych stromu byl charakteristicky pro
SLT 6V, 5A, 5K (91,2-82,3 %) a shodnou vy$i vyskytu
jsme registrovali v SLT 5B, 5S, 5N (71,4-62,5 %).
S vyjimkou extrémnich poloh (nejuZii nika 21,1 % —
7S a nejdelsi nika 68,6 % — 5A) bylo napadeni vétvi
druhem P. pityographus vyrovnané (45,4-55 %) (obr. 4).

P. poligraphus napadal smrky ve vSech SLT a nej-
vyznamnéj§i postaveni zaznamenal v SLT 5N, kde v§ak
bylo analyzovédno pouze osm stromu. NejbéZné&jsi hla-
dina napadeni stromu v porostech byla 44-55 % (SLT
6V, 5H, 5A a 5S). NejniZsi stupefi rozsifeni byl vazan
na SLT 7S, 5K a 5B (29,4-37,1 %). P. poligraphus
napadal tzkou &ast profilu kmene smrki v SLT 5K
a 7S (25 a 22,7 %), obecné viak vystupoval na 40-
50 % délky kmene (obr. 5).

X. lineatus nebyl zachycen na stromech SLT SA
a 5N (kde byl ale omezeny rozsah analyzovanych stro-
mi; jeho pfitomnost nelze vylouéit, i kdyZ ve velmi
nizké hlading). Atraktivita, vyjadiena poftem napade-
nych stromi, se pohybovala v rozpéti 5,9-30 %. BéZné
zastoupeni bylo v rozsahu 20-30 % (SLT 5H, 58S, 6V
a 7S). Niz8i zastoupeni bylo v SLT 5K (5,9 %) a 5B
(12,8 %). X. lineatus preferujici spodni &4st kmene byl
registrovan na 40 % profilu kmene v SLT 5H, 5K, za-

1. Zastoupeni a intenzita stupn¢ napadeni (1 - roz-
ptyleny, 2 - zvy3eny, 3 - silny) druhem /. rypographus
ve srovnévacich sekcich profilu kmene smrku (1 -
oddenek, 2 — sekce stiedu kmene, 3 ~ podkorunova
sekce, 4 — stfed koruny, 5 — vrchol kmene) v zévislosti
na souboru lesnich typi — Freq y of occurrence
and intensity of attack (1 — low, 2 — increased, 3 —
high) by 1. typographus in comparative sections of the
spruce stem profile (1 - stem base, 2 — stem middle,
3 - section under the crown, 4 — crown middle, 5 -
stem top) in relation to forest type groups

219



10

5 55 60
¥
[]
EE

g et
L]
]

™~
15 20 25 30 35 40 45

10

o 5
|

nnnnnnnnnn

timco v ostatnich SLT byl ve shodném rozsahu 22,3-
23,4 %. Pouze 14,5 % kmenové niky bylo obsazeno v
SLT 7S.

P. harcyniae se nenachédzel v SLT 5A a 7S. Kromé
hrani¢nich hodnot 4,4 % (5H) a 29,4 % (5K) bylo jeho
zastoupeni vyvéaZené (10,6-17,6 %).

C. abietis nebyl rovnéZ zachycen v SLT 5A a 7S
a atraktivita smrku byla odstupiiovana 5,9 % (5K, 6V),
15,7-17,8 % (5B, 5H) a 23,6-25 % (5N, 5S). C. abietis
obecné zasahoval tietinu profilu koruny v 30,2-36,6 %
(SLT 5H, 6V, 58). Vyrazné del3i niku jsme registrovali
v podminkéach SLT 5B (54,7 %) a 5N (71,4 %).

H. palliatus byl sice obecné rozsifen, ale s vyrazny-
mi odchylkami atraktivity smrku. V SLT 5N bylo 50 %
jedinct napadeno, zatimco v SLT 5K pouze 5,9 % stro-
mu. Nejcastéji atakoval SLT 58, 5A, 5B, 5K (15-
20 %). H. palliatus — pomineme-li omezeny vyskyt
a tizkou niku v SLT 7S (5§ %) — vytvéfel dvé hladiny
délky kmenové niky — 13,4-16,1 % (6V, 5N, 5K)
a 22,8-33,5 % (5B, 5A, 58S, 5H).
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2. Zastoupeni a intenzita stupn€ napadeni (1 - roz-
ptyleny, 2 — zvySeny, 3 - silny) druhem 1. amitinus
ve srovnévacich sekcich profilu kmene smrku (1 -
oddenek, 2 - sekce stfedu kmene, 3 — podkorunové
sekce, 4 - stfed koruny, 5 — vrchol kmene) v zdvis-
losti na souboru lesnich typii — Frequency of occur-
rence and intensity of attack (1 — low, 2 - increased,
3 — high) by I. amitinus in comparative sections of
the spruce stem profile (1 — stem base, 2 — stem
middle, 3 — section under the crown, 4 — crown
middle, 5 - stem top) in relation to forest type
groups

3. Zastoupeni a intenzita stupné napadeni (1 - roz-
ptyleny, 2 — zvy$eny, 3 - silny) druhem P. chalco-
LE) graphus ve srovnavacich sekcich profilu kmene
smrku (1 - oddenek, 2 - sekce stfedu kmene, 3 —
podkorunova sekce, 4 — stfed koruny, 5 — vrchol
kmene) v zévislosti na souboru lesnich typi — Fre-
quency of occurrence and intensity of attack (1 -
low, 2 - increased, 3 - high) by P. chalcographus
in comparative sections of the spruce stem profile
(1 — stem base, 2 — stem middle, 3 — section under
the crown, 4 — crown middle, 5 - stem top) in rela-
| tion to forest type groups

nnnnn

T. fuscum chybél v SLT 5H, pfi¢emzZ celkové atrak-
tivita dosahovala 5,9-29,4 %. NejniZ§i napadeni bylo
stanoveno v SLT 5K a nejvy38i v SLT 6V. Ostatni SLT
lze povaZovat za shodné (10-16,7 %).

Rada z4stupci kambioxylofagni fauny je vazéna
soub&Zné na kmen i vétve a z&asti tvofi vyznamnou
dekompozi¢ni sloZku bez hospodaiského vyznamu.
Jestlize Xylechinus pilosus Rtzb. (11,1-25 %) a Pogo-
nochaerus fasciculatus Deg. (5,9-20 %) nedosahli vy-
razného stupné napadeni smrku, u M. minor (20-
62,5 %) (obr. 6), O. brunneum (17,6-50 %), Ph.
spinulosus (20-62,5 %) byly rozdily mezi SLT vy-
znamnéjsi. X. pilosus se shodoval kmenovou nikou pou-
ze v SLT 5A a 58S, jinak se ve zbyvajicich SLT odli$o-
val a neprojevila se Zadna zakonitost. O. brunneum
v SLT 5SS s nejrozsahlejSim souborem analyzovanych
stromii pokryval kmenovou niku v rozsahu 29,6 %. To-
muto rozpéti se bliZila hodnota i v SLT 5H a 5K. V os-
tatnich hodnocenych SLT se tento druh bud nevyskyto-
val, nebo se vyskytoval v uzké nevyznamné kmenové
nice.

J. FOR. SCI., 46, 2000 (5): 217-225
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4. Zastoupeni a intenzita stupn& napadeni (1 — roz-
ptyleny, 2 - zvy¥eny, 3 - silny) druhem P. pityog-
raphus ve srovnévacich sekcich profilu kmene
smrku (1 - oddenek, 2 — sekce stfedu kmene, 3 —
podkorunov4 sekce, 4 — stfed koruny, 5 — vrchol
kmene) v zévislosti na souboru lesnich typli — Fre-
quency of occurrence and intensity of attack (1 —
low, 2 — increased, 3 - high) by P. pityographus in
comparative sections of the spruce stem profile (1 -
stem base, 2 — stem middle, 3 - section under the
crown, 4 — crown middle, 5 - stem top) in relation
to forest type groups

nnnnnnnnnn
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DISKUSE

Stanovistni podminky komplexné vyjadiené v sou-
borech lesnich typt byly zohlednény pfi analyze vyskytu
a zastoupeni kambioxylofagi smrku ve studované ob-
lasti Beskyd. Vychdzime ze zkuSenosti Stoliny
(1959), ktery hodnotil vyskyt a grada¥ni potencial n&-
kterych kiirovci na Slovensku, a Zumra (1984), kte-
1y sledoval faunu podkorniho hmyzu v hercynské ob-
lasti, a to zvl4§t¢ na Sumavé. Srovnani je obtiZné,
protoZe neexistuji pfevodni koeficienty mezi skupinami
lesnich typi podle Zlatnika uZité Stolinou (1959)
a klasifikaci (Mezera et al,, 1956), s niZ pracoval
Zumr (1984) a SLT uZivanych Lesprojektem. S védo-
mim urdité nepfesnosti bylo moZné vysledky s témito
autory porovnavat. Porosty studované oblasti se nacha-
zely pfevazné v odpovidajicich stanoviStnich podmin-
kach pro péstovani smrku, i kdyZ z hlediska pfirozené
a existujici cilové skladby nastal ve prospéch smrku
vyrazny posun.

Podle Stoliny (1959) ma lykoZrout smrkovy nej-
lep$i podminky pro gradaci ve skupinich lesnich typi
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5. Zastoupeni a intenzita stupn& napadeni (1 — roz-

=X ptyleny, 2 — zvySeny, 3 - silny) druhem P. poli-

LE graphus ve srovnidvacich sekcich profilu kmene

smrku (1 - oddenek, 2 - sekce stfedu kmene, 3 —
podkorunové sekce, 4 — stied koruny, 5 - vrchol
kmene) v zévislosti na souboru lesnich typd — Fre-
quency of occurrence and intensity of attack (1 —
low, 2 - increased, 3 — high) by P. poligraphus in
comparative sections of the spruce stem profile (1 —
stem base, 2 — stem middle, 3 - section under the
crown, 4 — crown middle, 5 - stem top) in relation
to forest type groups

Fap (78, 5K, 5N), Fp (-), Ft (-), AF (5B, 5H, 58, 5F),
FA (6V, 60), vyrazny pfedpoklad pro gradaci je spojo-
van s Fac (5A), Uac (-). Podle Zumra (1984) maxi-
malné€ vystupuje v LuAF (FA), PF (Fap) a PA (FA).
Porovnavame-li strukturu kambioxylofagni fauny
v Beskydech bez ohledu na socidlni postaveni stromu,
potom I typographus nezaujimal vyznamné postaveni
s vyjimkou SLT 7S (100 % stromi napadeno) a 6V
(napadeno 50 % stromil). Je vSak tfeba vzit v dvahu
stromy typické pro tohoto kiirovce, tedy nadiroviiové
a droviiové. Potom dochazime k zavéru, Ze rozhodujici
pocet analyzovanych nadiroviiovych jedinci byl sku-
te¢né napaden v SLT 5B a 5S (83-93 %). V souboru
droviiovych stroma byl relativné nejvyssi podil lyko-
Zrouta smrkového v souborech 5B, 5H, 5S (42-59 %),
coZ odpovida AF, kde se nejvyraznéji liSilo pfirozené
a cilové zastoupeni smrku. V 6V (FA) bylo napadeno
89 % a v 7S (Fap) pfitomnost tohoto druhu vykazovalo
100 % jedinci. Jednad se o stanovi§té vidy spojend
s vysokym podilem smrku. Podle Zumra (1984) se
lykoZrout smrkovy vyskytuje bez ohledu na nadmof-
skou vy$ku nebo SLT, rozhodujici je pfitomnost smrku.
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Li8i se v8ak agresivitou; odolné jsou nenaruSené poros-
ty. Po uvolnéni porostniho zdpoje se stdva destrukénim
faktorem. V niZ§ich lvs vystupuje spole¢né s druhem
P. chalcographus.

I. amitinus bude podle Stoliny (1959) s nejvyssi
pravdépodobnosti gradovat ve skupinach lesnich typi
AF, FA a vyznamné postaveni zaujima v slt Fap, AP,
SP a Fac. Podle Zumra (1984) se nachazi piedevsim
v PF (Fap), PA (FA) a HoP (SoP) zvlasté v porostech,
kde nebyl zpracovan té€Zebni odpad. Z celkového hod-
noceni vyplynulo relativné nizké napadeni, které viak
pfi porovnavéni s druhem I. typographus bylo shodné
nebo vys&i ve v&t¥in€ sledovanych SLT (5A, 6V, 5B,
SH, 5K, 5N, 58S). Pouze v podminkach 7S doséhl lyko-
Zrout smrkovy dominantniho postaveni. To bylo potvr-
zeno i u stromi droviiovych, kde tito dva zastupci méli
shodny vyskyt v SLT 5B a 6V, ale v rizné hladin€ na-
padeni. Potvrzujeme tim zdvéry Stoliny (1959), Ze
vy§§i ohroZeni nastdva od druhu I typographus nez od
I. amitinus ve Fap (7S).

ZAVER

Stromy droviiové byly nejnachylnéjsi k napadent ly-
koZroutem smrkovym v SLT 7S a 6V, kde smrk mé
obecné vysoké zastoupeni v pfirozené porostni skladbg.
SniZena atraktivita byla v SLT 5B, 58 a 5H, ve kterych
se nejvyraznégji liSila piirozend a cilové porostni sklad-
ba. I. amitinus konkuroval lykoZroutu smrkovému pou-
ze v SLT 6V a 5S. P. poligraphus preferoval SLT 5H
a 58, zatimco P. pityographus v t&chto podminkéch
ustupoval. Bez reakce na stanoviStni podminky SLT
ziistal P. chalcographus a X. lineatus se projevil zvyse-
nou atraktivitou pouze v SLT 6V.

V SLT 6V u stromu iroviiovych se uplatnil cely
komplex hospodéisky vyznamnych kambiofagi vetné
doprovodnych zastupci typu M. minor a H. palliatus.
V SLT 5B ustupovaly ze zdkladniho spektra druhy do-
provodné a v SLT 5S se sniZila atraktivita druhu
I typographus a nastupoval P. poligraphus. SLT S5H
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6. Zastoupeni a intenzita stupn& napadeni (1 — roz-

g ptyleny, 2 — zvySeny, 3 - silny) druhem M. minor

ms ve srovndvacich sekcich profilu kmene smrku (1 -
oddenek, 2 - sekce stfedu kmene, 3 — podkorunova
sekce, 4 - stfed koruny, 5 — vrchol kmene) v zévis-
losti na souboru lesnich typi - Frequency of occur-
rence and intensity of attack (1 - low, 2 - increased,
3 - high) by M. minor in comparative sections of the
spruce stem profile (1 — stem base, 2 — stem middle,
3 — section under the crown, 4 — crown middle, 5 -
stem top) in relation to forest type groups

a 7S se vyznaCovaly sniZenym podilem hospodarsky
vyznamnych druhi kirovea s rozhodujicim postavenim
I. amitinus v SLT SH a I. typographus v 78.

Na podiroviiovych stromech se vyrazné rozdily
v napadeni projevily u P. poligraphus mezi SLT 58S, 6V
(nejvy$si mira napadeni) a SLT 5B, 5H a 5K; podobné
odchyleni v atraktivité jsme zaznamenali u O. brun-
neum v SLT SH a 5S, M. minor v SLT 5N, 5K, 6V
a 5S. Na stromech podiirovné se projevil nejvyssi stu-
peii ohroZeni kambioxylofagy P. chalcographus, P. po-
ligraphus (6V, 58), P. chalcographus, 1. amitinus a H.
palliatus (SN). Obecné sniZeny stupefi ohroZeni kam-
bioxylofagy byl v SLT 5B, 5H a 5K.

Délkou obsazeni niky vétvi vytvifel silné konku-
renéni prostiedi v SLT 78 I typographus viuci P. chal-
cographus, I. amitinus a P. poligraphus, zatimco v SLT
5H ustupoval I typographus spolecné s druhy P. poli-
graphus a H. palliatus zéstupcum P. chalcographus
a I. amitinus. ProdlouZena nika v SLT 5H charakterizo-
vala komplex P. chalcographus, H. palliatus a X. line-
atus.

Z hlediska druhové podobnosti kambioxylofagu si
byly blizké SLT 6V, 5K, 5B, 5N, 5H a 5B, 5H, 5K.

Stanovistni faktory jako nadmofské vy3ka, expozice
i SLT se ukéazaly jako mén& vyznamné, neZ byl vliv
socidlniho postaveni stromu nebo oslabeni pritomnosti
houbovych patogent (Kula, Zabecki, 1998). Lze
pfedpokladat, Ze rozhodujici vliv na diferencovani
struktury fauny kambioxylofagu a vyskyt jednotlivych
druhii bude mit charakter porostni vystavby a struktura
porostu (zakmenéni, stafi porostu, defoliace, tlou$tka
kmene, Stihlostni koeficient, nasazeni a délka koruny).

Podékovani
Prispévek vychazi z vyzkumného tkolu 9922 Viiv sta-
novistnich podminek na strukturu kambioxylofdgii smrku,

ktery je feSen v oblasti Beskyd za financni pomoci MZe
CR, a vyzkumného zaméru MSMT 434100005.
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The community of bark beetles on Norway spruce
(Picea alba [L.] Karst.) in Central Europe was described
by Pfeffer (1932, 1955) and Capecki (1978).
Interrelations between bark beetles, host trees and site
factors were investigated by Pfeffer (1932, 1945),
Stolina (1959, 1970a, 1975, 1976), Capecki
(1978), Katajev et al. (1984) and Griinwald
(1986). Natural undisturbed communities of spruce for-
ests and their endangerment by bark beetles were stud-
ied by Stolina (1969a,b, 1982), Sharapa (1986)
and Jaku§ (1995).

The objective of the paper is to describe the cambio-
xylophagous fauna on spruce-trees in forest stands situ-
ated in the watershed of Sance water reservoir in the
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Beskids Mts. with respect to forest type groups man-
aged by Lesprojekt (an institute for forest management
planning, Brandys nad Labem).

A total of 412 spruce-trees attacked or killed by bark
beetles were analyzed in a monitoring network estab-
lished in the watershed of Sance water reservoir
(Beskids Mts.).

Abundance, frequency of occurrence of a beetle spe-
cies and mean length of stem infestation, niche were
applied for data processing and their interpretation. To
eliminate unequal tree and crown setting heights com-
parative one-meter sections were used that were placed:
at a tree foot, in the middle of the stem, under the crown,
in the middle of the crown and on top of the crown, and
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at the beginning, in the middle and on top of the crown
for branches.

Zlatnik’s forest type groups do not have any accurate
equivalents for the currently used forest type groups
(FTG), but to compare the results published by
Stolina (1959), Zumr (1984) and after consulting
Doc. Ing. Z. Ambros, CSc., FTG 5B, 5H, 58, SF were
included in 5th faz AF; FTG 5K, 78 in 5th faz Fap and
FTG 5A in Fac; FTG 6V, 60 in 6th faz FA and FTG
7S in Fap; FTG 7Z could be accepted in 7th faz SP.

A total of 32 cambioxylophagous species were re-
corded in FTG 5S with 216 sample trees. Dominance
was observed in Pityophthorus pityographus Rtzb.
(69.9%), Pityogenes chalcographus L. (61.6%), Poly-
graphus poligraphus L. (55.1%). The abundances of Ips
amitinus Eichh. (55.1%), Molorchus minor L. (50%),
Obrium brunneum F. (40.3%), Phthorophloeus spinulo-
sus Rey. (44%) were at significant levels under these
site conditions.

The occurrence of 23 cambioxylophagous species was
confirmed in FTG 5B (70 trees); P. pityographus
(71.4%), P. chalcographus (58.6%) and Ph. spinulosus
(40%) showed the highest spruce attraction.

Forty-five spruce-trees of various social positions were
analyzed in FTG 5H; they harbored 21 species of sub-
cortical and wood-attacking fauna with major propor-
tions of P. chalcographus (55%) and P. pityographus
(51.1%) accompanied by the species P. poligraphus
(44.4%).

The frequency of occurrence on spruce-trees in FTG
6V (34 trees, 18 cambioxylophagous species) was highest
in P. pityographus (91.2%), P. chalcographus (64.7%),
M. minor (55.9%), Ph. spinulosus (50%), I. typo-
graphus (50%). The occurrence of 1. amitinus (47.1%),
P. poligraphus (44.1%) and Rhagium inquisitor L.
(47.1%) was also important.

The fauna in FTG 5K (17 trees) consisted of 19 cam-
bioxylophagous species when most of the analyzed
trees were occupied by P. pityographus (82.3%) and
P. chalcographus (52.9%). The frequency of M. minor
(47.1%) and Ph. spinulosus (41.2%) was also high.

The stem niche was occupied in a balanced way and
was not influenced by site conditions in the forest type
groups concerned; it applied to the following cambio-
xylophages: Cryphalus abietis Rtzb. 8.3-18.6% (it was
absent in FTG 5A and it occupied a prolonged niche in
FTG 5B), D. autographus 4.5-11.0% (absent in FTG
SA, 5N and 7S), Pissodes harcyniae Hrbst. 15.4-25%
(absent in 5A, 7S and prolonged niche in 6V - 37.3%),
P. pityographus 12.8-24.3% (narrowed niche in FTG
7S - 4.5%), Rh. inquisitor 4-8.4% and Tetropium fus-
cum F. 3.1-13.1%.

Without specification of tree social positions, the niche
occupied by cambioxylophagous species attacking
branches was of identical size in all FTG in M. minor
19.1-25.9% (34.9% in FTG 5H), O. brunneum 15.6-
22.6% (37.5% in FTG 5K), Ph. spinulosus 17.2-25%.
Different lengths of branch niche were observed in four
species. P. chalcographus occupied the longest part of
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crown profile in FTG 5H, 5N, 6V (72.9-79.4%), with
identical distribution of branch niche in FTG 5A, 5B,
5S (63-64.6%). A decrease below 50% of crown pro-
file was determined in FTG 7S only.

Many species of the cambioxylophagous fauna oc-
cupy stems and branches parallelly, partly being an im-
portant decomposition component without commercial
significance. Although the attacks by Xylechinus pilo-
sus Rtzb. (11.1-25%) and Pogonochaerus fasciculatus
Deg. (5.9-20%) were not at a high level, the differences
in attacks by M. minor (20-62.5%), O. brunneum
(17.6-50%), Ph. spinulosus (20-62.5%) between FTG
were more significant. X. pilosus had the identical niche
in FTG 58S and 58S only while it was different in the
remaining FTG, without any regularity. O. brunneum
occupied the stem niche of 29.6% in FTG 5S with the
most extensive set of analyzed trees. The values for
FTG 5H and 5K were similar. This species was not
either present in the other FTG at all or it was present
in a narrow stem niche without any importance.

Co-dominant trees were most susceptible to attacks
by the eight-toothed spruce bark beetle in FTG 7S and
6V, where the spruce proportion in a natural stand com-
position is regularly high. Lower attraction was ob-
served in FTG 5B, 5S and 5H, exhibiting largest differ-
ences in natural and target stand composition.
I. amitinus was a competitive species for the eight-
toothed spruce bark beetle in FTG 6V and 5S only.
P. poligraphus preferred FTG 5H and 5S while
P. pityographus was characterized by a partial decrease
in attraction under these conditions. No reactions to site
conditions of FTG were observed in P. chalcographus,
and X. lineatus showed a higher attraction in FTG 6V
only.

The whole range of commercially important cambio-
xylophages including the accompanying species of the
type M. minor and H. palliatus were present on co-
dominant trees in FTG 6V. The accompanying species
retreated from the basic spectrum in FTG 5B, I. typo-
graphus attraction decreased in FTG 58 and this species
was gradually replaced by P. poligraphus. FTG 5H and
7S were infested by commercially important spruce
bark beetles to a lower extent, with dominant positions
of 1. amitinus in FTG SH and 1. typographus in 78.

Large differences in P. poligraphus attacks on sub-
dominant trees were determined between FTG 58, 6V
(highest degree of attack) and FTG 5B, 5H, 5K, similar
divergence in attraction was observed in O. brunneum
in FTG 5H, 58S, and M. minor in 5N, 5K, 6V, 5S. The
cambioxylophagous species P. chalcographus, P. poli-
graphus (6V, 58), and P. chalcographus, I. amitinus,
H. palliatus (SN) caused greatest hazard to subdomi-
nant trees. FTG 5B, 5H, 5K showed a generally lower
hazard caused by the cambioxylophages. I. typographus
with the width of its crown niche was a highly competi-
tive species in FTG 7S for P. chalcographus,
I. amitinus and P. poligraphus while in FTG 5H I. typo-
graphus, along with P. poligraphus and H. palliatus,
retreated to the individuals of P. chalcographus and
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I amitinus. A prolonged niche was typical of P. chal-
cographus, H. palliatus and X. lineatus in FTG 5H.
FTG 6V, 5K, 5B, 5N, 5H and 5B, 5H, 5K showed
a similar composition of cambioxylophagous species.
Site factors such as altitude, exposure or FTG played
a less important role than the social position of tree or
debilitation by fungal pathogens (Kula, Zabecki,

1999). It is possible to anticipate that the stand compo-
sition and structure (stocking, stand age, defoliation,
stem diameter, slenderness ratio, crown setting and
length) will substantially influence differentiation of
the cambioxylophagous fauna structure and occurrence
of the particular species.
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SUSTREDOVANIE DREVA VRTULNIKMI
HELICOPTER LOGGING

V. Messingerova, T. Lukaé

Technickd univerzita, Lesnicka fakulta, T. G. Masaryka 24, 960 53 Zvolen

ABSTRACT: The paper contains the knowledge obtained by analysis of the helicopter logging problems, as well as the results
of my own research works elaborated on the basis of a practical use of given technology in selected localities under conditions
of the forest management of Slovakia. The paper includes an assessment and possibilities of the rationalization of technological
method, as well as the indices of efficiency obtained using a helicopter for windthrown timber skidding (on the basis of
measurements in the Belianske Tatry) and for purposeful main felling (protected landscape region Polana).

helicopter; logging

ABSTRAKT: Clanok obsahuje poznatky ziskané z analyzy problematiky sistredovania dreva vrtulnikom a vysledky vlast-
nych vyskumnych pric z praktického pouZitia uvedenej technolégie na vybranych lokalitich v podmienkach lesného hospo-
darstva Slovenska. Prica obsahuje zhodnotenie a moZnosti racionalizécie technologického postupu a vykonnostné ukazovatele
pri pouZiti vrtulnika pri sistredovani kalamitného dreva (na podklade merani v Belianskych Tatrach) a v imyselnej rubnej

tazbe (Chranena krajinna oblast Polana).

vrtulnik; ststredovanie dreva

UVOD A PROBLEMATIKA

Stcasné obdobie je charakteristické zvy$enym dora-
zom na ekologické znaky ekosystémov, akymi si bio-
diverzita, zdravotny stav, trvalé vyuZivanie. Novy pri-
stup predpoklada prepojenie potrieb a poZiadaviek ludi
s environmentalnymi hodnotami. Redukcia holorubné-
ho hospodarenia ofakava aj zmeny v Struktire techno-
l6gii sustredovania dreva. Vyrobno-technické podmien-
ky — ako terén, pddne pomery, spristupnenost Gzemia,
rozdrobenost taZenych porastov — mdzu vyvolat zdujem
o sustredovanie dreva vrtulnikmi. Pre hodnotenie tech-
noldgie je potrebné poznat vykonnost, jej vyhody a ne-
vyhody, finanéni néro¢nost, ekologické parametre.

Tazba a ststredovanie dreva sa velmi &asto najmi
v horskych terénoch uskutoiiuje v zloZitych vyrobno-
-technickych podmienkach. V lesoch, kde nie je dosta-
toéne vybudovana cestna sief, kde technologicka pri-
prava pracovisk nie je rieSend komplexne, kde vznika
lokélne nebezpelenstvo $kodcov po rozsiahlych kala-
mitach, na miestach ohrozenych potencidlnou er6ziou
sa pre sustredovanie vyfaZeného dreva moZe pouZit
vzdu$na doprava pomocou vrtulnika.

Vysledky praktickych skisenosti i vyskumov pouZi-
tia tejto technoldgie z viacerych lesnicky a technicky
vyspelych krajin poukazuji na to, Ze zéujem o tento
sposob dopravy dreva narasta.
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Technoldgia sistredovania dreva vrtulnikmi je po-
uZivana v mnohych lesnicky vyspelych $tatoch v Eur6-
pe, napr. vo Svajéiarsku, Franciizsku, Polsku, Rakiisku,
Nemecku. V USA a v Kanade je podiel tejto technol6-
gie z celkového objemu siistredeného dreva eSte vyraz-
nejdi. V podmienkach horskych oblasti Svajéiarska je
doprava gufatiny od roku 1983 pomocou vrtulnika
patkrat vys8ia. Drevo z porastov, kde nie je moZny iny
sposob dopravy dreva, sa sustreduje niekolkymi typmi
vrtulnikov, z ktorych méa najdir§ie uplatnenie vrtulnik
AS 332 C, Super Puma s nosnostou 4,5 t. Déraz sa
kladie na vyber porastov a spracovanie planu terénu
s moZnymi prekaZkami. Nevyhnutnou podmienkou je
profesionalita obsluhy vrtulnika i pomocného persona-
lu z hladiska néro¢nosti tejto technol6gie na bezpe&nost
pri prici (Sperisen, 1990). Maximalne zataZenie je
ovplyvnené vy¥kou letu a teplotou vzduchu, takZe
mdZe klesnit zo 4 500 kg na 2 700 kg. Néklady na jeden
m? sistredeného dreva sa pohybuji medzi 60-90 CHF
(cca 70-110 DM.m‘3). Vo Svajéiarsku sa uvadza, %e
zhruba 25 % lesov je nedostatone spristupnenych ale-
bo vdbec nedostupnych. Spristupnit tieto lesy cestami
zjazdnymi pre nédkladné auta je podla analyz niro&né
a spojené s vysokymi ndkladmi. Pre hospodédrne nasa-
denie vrtulnika sa predpoklada koncentricia dreva as-
poii 100 m>. Uv4dzané finan&né naklady si zvislé na
nadmorskej vy3ke, prevySeni, pribliZovacej vzdialenosti
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a sortimentnej skladbe dreva. Za optimédlnych podm:c-
nok je mo¥né vytvorit néklad o velkosti 3-4,5 m?> dreva.

Svajtiarska spoloénost Helicopter AG Heliswies sa
dopravou dreva vrtulnikom zaobera uZ viac ako 10 ro-
kov. Této spoloCnost pouZiva vrtulnik typu Angosts-
-Bell 204 S. S tymto typom na vzdialenost 1,5 km do-
siahli poCet 20 letov za hodinu, ked pri kazdom lete
sistredili 1,3 aZ 1,5 tony kmeiiov. Na dosiahnutie tejto
vykonnosti je potrebna zapracovana skupina lesnych ro-
botnikov a dobra organizacia préice pri tazbe (Mayer,
1981).

Kanadska spolo&nost Northwood Pulp and Timber
overovala moZnosti pouZitia vrtulnika typu Bell 205-A
pre sistredovanie dreva V priebehu skiSok bolo su-
stredené celkom 1 500 m* dreva na pribliZovaciu vzdia-
lenost 400-800 m. Za Sest dm sa dosiahla priemerna
hodinové vykonnost 37,38 m> pri &Jnemernych financ-
nych nikladoch 30 dolarov na 1 m” pribliZzeného dreva
(Stirling, 1986).

Z vysledkov publikovanych v Rakisku moZno spo-
mentit skiisenosti spolo¢nosti Heli-Air so sidlom v Inns-
brucku, ktord vlastni najvicSiu sikromnu letku helikop-
tér v Rakiisku, Co predstavuje osem strojov s uZitocnou
nosnostou 500-4 000 kg. Napriek tomu, Ze podiel né-
kladov na dopravu v porovnani s cenami gulatiny nie
je najpriaznivejsi, je tato technoldgia Casto vyuZivana
v taZko pristupnych stredohorskych a vysokohorskych
terénoch Rakiiska.

Situdciu v Nérsku hodnoti Hjulstad (1988), kto-
ry dospel k zaveru, Ze doprava dreva vrtulnikom pri-
niesla zisk. V oblasti Mandalen bol vypracovany troj-
ro¢ny projekt taZzby na prikrych svahoch, ktory prinasa
zisk asi 150 nérskych kortin na 1 m> odvetveného dreva.

V horskych lesoch Severného Kaukazu v osemdesia-
tych rokoch vyskumne riesili technolégiu siistredovania
dreva pomocou vrtulnikov réznych typov (MI-8, MI-10
K, Ka-32) pri doprave bukového dreva. Priemerny ob-
jem kmeiiov dosahoval od 1,1 do 4,1 m3, v porastoch
s nadmorskou vyskou 900 aZ 1 400 m n. m. Priemerné
ukazovatele vykonnosti na vzdialenost 1,5 km boli
zhodnotené pre kazdy typ vrtulnika. Vrtulnik MI-8 do-
siahol hmotnost priememcho nékladu 1,65 tony a hodi-
novi vykonnost 18,2 m* , typ vrtulnika Ka-32 hmotnost
priemerného nédkladu 2,9 tony a vykonnost 29 m® za
hodinu a typ MI-10 K pri ynemernom naklade 5,1 tony
hodinovi vykonnost 57 m”. Naklady na 1 m? siistrede-
ného dreva vrtulnikom MI-8 boli 47 71 rubla, u vrtul-
nika MI-10 K 36,79 rubla na 1 m> a prl type Ka-32
predstavovali ndklady 43,69 rubla na 1 m? dreva.

Pri zhodnoteni technoldgie v tejto oblasti bola vyso-
ko hodnotena ochrana podrastu, nepofkodenie porastnej
pody, a tym zachovanie pddoochrannej a vodohospo-
darskej funkcie porastov v horskych lesoch pri racio-
nalnom vyufZiti lesnych zdrojov (Kaluckij et al,
1988).

V ZSSR boli vrtulniky pouZité pri tazbe z nespris-
tupnenych miest v rokoch 1954, 1969 a v SirSom roz-
sahu najméd v rokoch 1979-1985. Vrtulnik MI-8 bol
overeny pri roznych tazbovych metédach a s r6znym
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technickym vybavenim, kde bola sledovand hmotnost
nékladu, dopravn4 rychlost dopravné vzdialenost, pro-
duktivita a naklady na m priblizeného dreva (Gordi-
jenko, 1992).

Kolektiv inych sovietskych autorov (ITkun et al.,
1984) publikoval vysledky experimentalnych skdgok
s vrtulnikom MI-8 pre rézne tazbové met6dy v teré-
noch nad 30°, na pribliZovaciu vzdialenost 1,2 km
s prevySenim 135 m. Vysledky obsahuji porovnanie
hodinovej vykonnosti a finanénych nakladov pre odrub,
skupinovo-vyberkovy a kotlikovy spdsob tazby.

Z chronometraZnych merani pri transporte dreva vr-
tulnikom pri tomto experimente pre rdzne tazbové me-
tédy vyplynulo, Ze priemerna dizka pracovného cyklu
pri odrube je 0 26 % a pri skupinovo-vyberkovom
spdsobe o 18,5 % vys¥ia ako pri kotlikovom sposobe.
Priemernd hmotnost nakladu vrtulnika bola pri odrube
0 100 kg a pri skupinovo-vyberkovom spdsobe o 200 kg
mensSia ako pri tazbe z kotlikov. Z celkového objemu
jednotlivych nakladov sa 36 pohybovalo v rozpiti od
0,6 do 1,5 tony, 44 % nékladov bolo od 1,5 do 2 ton
a 20 % bolo od 2 do 2,7 tony. Z jednej tretiny boli
naklady z hladiska vytaZenia nedostatoiné, polovicou
nékladov bol vrtulnik vytaZeny primerane a v 10 % bol
vrtulnik pretaZeny.

Choljavko (1982) uvddza vo svojich pracach
pestovné hodnotenie vysledkov v porastoch, kde bola
vykonana tazba dreva. V roku 1981 boli zaloZené tri
pokusné plochy, z ktorych bolo drevo dopravené vrtul-
nikom. Nésledne bol vyhodnoteny podiel prirodzeného
zmladenia, stav pddy a pddneho krytu. Zhodnotenie bo-
lo vykonané pred sistredovanim dreva vrtulnikom i po
sustredovani.

V najnovsich pracach zo $tatu Oregon (USA) sa uva-
dza metodika automatizovaného planovania a spracova-
nia pre porasty, kde bude sistredovanie dreva vykonané
vrtulnikom. Tento spdsob dopravy sa pouZiva 20 rokov.
PoutZitie vrtulnikov je typické pre tazké terény, senzitivne
pody a nespristupnené oblasti. Politaovy program
umoziiuje zohladnit pomocou prostredia geografickych
informacnych systémov terén, stanoviStné podmienky
a velkost zasob.

Koval, Solncev (1992) hodnotia pouZitie
roznych sposobov tazby v lesoch Severného Kaukazu.
Uvadzaju naruenic prostredia v procese tazbovo-do-
pravného procesu v terénoch so sklonom 20-25° pre
rozne technoldgie sistredovania dreva. TaZbova plocha
bez pofkodenia pri pouZiti traktora TT4 predstavuje
podla autorov iba 15 %, pri vrtulnikovej technologii
94 % plochy. Poskodenie pody do hibky 20 cm bolo pri
traktorovej technolégii zaznamenané na 53 % plochy
a nad 20 cm hibky na ploche 32 %. Pri technolégii
ststredovania pomocou vrtulnika ¢inila plocha poSko-
denia do 20 cm iba 6 %, po¥kodenie nad 20 cm sa
vobec nevyskPlt]o Odnos pddy za okraj obnovnej plo-
chy v m ha pri traktorovej technolégii predstavoval
323 m hal, pri vrtulnikoch uvéadzaju autori nulovy
odnos. Percento po¥kodenia podrastu pre TT4 bolo
72 %, pri vrtulniku iba 26 %. Autori dalej uvadzaji
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ekonomické hodnotenie ekologickych §kdd v zavislosti
od rdznych spdsobov tazby v rubloch.ha™!.

Keegan etal. (1995) v prici uvadzaji ndklady pre
taZbovi &innost pre rézne technolégie v rubnej taZbe
v Montane (tab. I).

V Noérsku (Oswald, 1971) odskusali pri doprave
dreva sovietsky vrtulnik MI-6 a dva americké — BELL
204-B a SIKORSKY S-61 — a porovnali ich medzi se-
bou. Vysledky si uvedené v tab. IL

V USA a v Kanade je vrtulnikovd doprava dreva
zavedend do prevadzky vrtulnikmi o hmotnosti 2,5-10 t,
ktoré dopravuji drevo na priemernii vzdialenost 1 500 m
za zmenu 120-150 cyklov. Drevo pre dopravu sa pri-
pravuje s tyZzdennym predstihom, ¢o zarucuje plynulost
dopravy v nepriaznivom po&asi. Vrtulnikovi dopravu
zabezpeduju letecké spolo¢nosti, napr. Columbia Con-
strukcion Helicopters, ktord mé k dispozicii devit vr-
tulnikov s priemernou zmenovou dopravnou vykon-
nostou 200-470 plm.

Dalgie informéicie o pouZivani tejto technolégie su
z oblasti tropickych lesov, kde bolo siistredovanie po-
mocou vrtulnika vykonané napr. v aprili 1993. Skise-

nosti boli prebrané z USA a bolo pouZitych niekolko
typov vrtulnikov ako KAMOV Ka-32 (rusky typ, nos-
nost 5 000 kg), MIL-8 (rusky, nosnost 5 000 kg),
SIKORSKY S-64E (USA, nosnost 9 000 kg), BOEING
234 CHINOOK (USA, nosnost 11 000 kg), MIL Mi-26
(rusky, nosnost 20 000 kg).

Publikované vysledky pri vyuZiti americkych typov
vrtulnikov z hladiska vykonnostnych charakteristik si do-
kumentované velkostou priemerného nakladu 5-7,5 m>,
dfzka cyklu 3—4 minity na vzdialenosf 3 km, denny
vykon 600-700 m®.

METODIKA

Vyskum technolégie sistredovania dreva z kalamit-
nych ploch bol vykonany v oblasti Belianskych Tatier
a z umyselnej obnovnej faZzby v Chrénenej krajinnej
oblasti Polana.

V obidvoch pripadoch sa siistredovalo drevo vrtul-
nikom MI-8, posddku tvorili traja pracovnici, zostavo-
vanie ndkladu, viazanie bremien a odopinanie nakladu

I. Priemerné naklady pre rézne faZbovo-dopravné systémy (Keegan et al., 1995) — Average cost of different logging and haulage systems

(Keegan etal, 1995)

Operécie'®
Sposob azby! Planovanie? Tazba® Odvetvovanie* | Sistredovanie’ | NakladanieS . ﬁi;:::ﬁ
Yy
MBF'
Pozemné systémy®
Mechanizovany systém® 11 18 20 25 13 87
Ruéna tazba!® 11 13 19 33 13 89
Vyvozna siiprava'! 11 18 37 44 13 123
Lanovky!?
Lanovka s nizkym faznym lanom'? 8 13 17 81 12 131
Proti svahu!4 8 13 17 98 12 156
Proti svahu s botkou'’ 8 13 17 106 12 156
Po svahu!6 8 13 17 114 12 164
Vrtulnik!7 7 13 17 182 14 233

* MBF = 1000 bf = 4,53 m® gulatiny — = 4.53 m® of logs

llogging method, 2planning, 3logging, 4trimming. 5skjdding. 6lomiing. 7aggregate cost, agmund systems, “mechanized system,

manual

felling, Ytruck-and-trailer combination set, '2cablcways, 13cal)leway with low skyline, Nuphill skidding, lsuphill skidding with tree shoe,

6downhill skidding, l7helic0pter. mopemtions

II. Dopravna vykonnost vrtulnikov (Oswald, 1971) — Hauling performance of helicopters (Oswald, 1971)

Priemerna hodinové rychlost® Dopravné vzdialenost*

Naklad
Typ vrtulnika! na cyklus? 2 km 4 km

(plm) s ndkladom® | bez ndkladu® | pocet cyklov’ | vykonnost® | poget cyklov’ | vykonnost®

(km) (km) (cyklus.h™1) (plm.h1) (cyklus.h™!) (plm.h1)

BELL 204-B 23 67 89 12 28 9 "l
SIKORSKY S-61 N 3.9 67 102 16 56 8 28
MI-6 12,8 80 133 17 218 10 128

lhelicopter model, %load per cycle, 3nverage per-hour speed, *hauling distance, with load, *without load, 'number of cycles, ®performance
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na sklade vykonévali Siesti pracovnici $pecialne vysko-

leni pre pracu s bremenami pod vrtulnikom.

Metodika merania vychadzala z klasickych met6d
hodnotenia prdc. Zaznamenavali sa Gasové udaje jed-
notlivych operécii, poget kmeiiov v jednotlivych néakla-
doch, objem prepravovanych kmefiov v m?, hmotnost
nakladu v tonéch. SiibeZne bolo vykonané meranie von-
kajSieho hluku nielen priamo na pracovisku, ale aj
v prilahlom okoli v hektirovej sieti do vzdialenosti
2 km. Merania hladiny hluku boli spracované do hlu-
kovych mdp.

Ekonomické zhodnotenie bolo vykonané na zaklade
Struktiry sortimentov dreva ziskaného z danej lokality
a jeho finanénym zhodnotenim.

Meranie hluku vrtulnika bolo vykonané v prirodnej
rezervécii v oblasti Belianskych Tatier ako aj v Chra-
nenej krajinnej oblasti Polana. Hluk bol merany apara-
tirou firmy Briiel a Kjaer so zaradenym véhovym fil-
trom A. Meranie hluku na zemi priamo na pracovisku
a v prilahlom okoli v hektdrovej sieti bolo vykonané
podla postupu predpisaného hygienickou normou. Hluk
stroja podla predpisov o jeho hodnoteni je potrebné po-
sudzovat dvojako. Pre Tudi priamo zapojenych do prace
so strojom sa jedn4 o hluk na pracovisku a pre vietkych
ostatnych ide o hluk vo vonkaj$om priestore. V prvom
pripade je najvy$Sie pripustné hladina Lp = 80 dB (A),
pretoZe pracu zapinaov mdZeme povazovat za fyzicki
pracu néroCni na presnosf a sistredenie s korekciou zé-
kladnej hladiny — 5 dB. V druhom pripade mdZeme
pouZit hodnotu 55 dB (A) ako najvysSie pripustni hla-
dinu pre hluk z leteckej prevadzky (Konrad, 1993).
Popis porastov:

1. Belianske Tatry: Sustredovanie bolo vykonané
z troch porastov postihnutych vetrovou kalamitou.
Celkova plocha 67,72 ha, kalamitna hmota v objeme
cca 600 m>. Vek porastov 140 rokov, zakmenenie
0,7, zastipenie drevin: sm 90 %, jd 10 %, hribka sm
36, jd 43, priemerny objem sm 1,10 m3. jd 1,54 m’.

2. CHKO Polana: Sustredovanie bylo vykonané
z troch porastov v umyselnej rubnej tazbe. Vek po-
rastov 150-165 rokov, celkovy objem sistredenej
hmoty 1 069 m’ (661 m’ listnacov, 408 m? ihli¢na-
nov), zakmenenie 0,6, zastipenie drevin: bk 83 %,
jvh 5 %, jd 12 %, priemerny objem bk 1,87, jvh
1,41, jd 1,86. Obnovny predpis, maloplosny holorub
pasovy.

VYSLEDKY

VYKONNOST SUSTREDOVANIA DREVA
VRTULNIKOM

V podmienkach lesného hospodarstva Slovenska bo-
lo sistredovanie dreva vrtulnikmi vo vécSine pripadov
vyuZivané pri likviddcii kalamitného dreva. Najvacsi
objem dreva sa sustredil z nepristupnych miest vo V3y-
sokych Tatrach (v rokoch 1991-1996 cca 10 000 m~).
Iba v jedinom pripade bola technolégia pouZita pri si-
stredovani dreva z imyselnej rubnej tazby.
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V rozhodovacom procese o uplatneni vrtulnikovej
technoldgie zohrava vyznamnu dlohu hodnotenie celko-
vej ucinnosti prostrednictvom zmenovej vykonnosti.
Vykonnost vrtulnika z4visi od Easu obrétky, od velkosti
ndkladu na jeden cyklus a od vynitenych prestojov.
Cas pracovného cyklu je zavisly na vykonnosti zapina-
Cov, ktorf dokdZu spravne urit hmotnost nakladu, kme-
ne rychle zapmif a vedia predist opakovanému odopinaniu
pri nadmernej hmotnosti nakladu. Odopinanie nakladu
sa vykondva ru¢ne, mechanicky alebo automaticky.
Velkost ndkladu je zavisl4 hlavne od nosnosti vrtulnika,
rotného a denného obdobia v zavislosti od teplotnych
podmienok. Pri niZ§ich teplotach je zdviZna sila vy$Sia.
Je vyhodné, ak ndklad tvori mensi po&et kmefiov, &im
sa skracuje Cas potrebny na zapinanie. Naklad sa na
vrtulnik zapina bud do lana navijaka, alebo (ZastejSie)
do fixného lana, pretoZe dvihanie ndkladu navijakom je
z hladiska spotreby ¢asu naroénejsie. Navijak okrem to-
ho zniZuje uZito€ni hmotnost vrtulnika. Fixné lano m4
dlzku 30-50 m. Na Slovensku sa na ststredovanie dre-
va pouZzivaji vo vicSine pripadov vrtulniky typu MI-8.
Pracovné postupy a technické pomdcky s odvodené zo
skisenosti pri preprave bremien v priemysle. Vrtulni-
kom je moZné siistredovat drevo z Iubovolného miesta.
Je vyhodné, ak je drevo na volnejsej ploche, napr. ok-
raji porastu, ale vrtulnik lahko zvladne aj naklad, ktory
musi zdvihnif nad droveni porastu medzi stromami.
Z technologického hladiska najnaroCnejSou operaciou
je viazanie bremien v poraste. Tato pracovnéi opericia
musi byt vykonand rychlo, a pritom so zretelom na bez-
pecnost. Najmi pri spracovdvani kalamitného dreva si
podmienky pre viazaCské prace narocné.

Je vyhodné, ak si na spracovédvanej ploche zriadené
aspori dve pracoviska (po dvoch viazaCoch), ¢im sa vy-
tvédra Casovy priestor pre plynuly priebeh prace.

V technologickej priprave pracoviska zohrdva déle-
Zitd dlohu vyber dostatoéného mnoZstva a dostupnosti
lesnych skladov. Lesny sklad musi byt zriadeny tak,
aby naklad mohol byt zloZeny bez ¢asového a priesto-
rového obmedzenia. VyZaduje sa priprava plochy aspoi
pre denni kapacitu sustredeného dreva. Vyhodné je
pripravit viac skladovych ploch, z ktorych je zabezpe-
¢eny odvoz. Velkost lesného skladu zavisi od mnoZstva
dreva a poziadavky na triedenie dreva, napr. podla dre-
vin a sortimentov. Pri spraciivani kalamitného dreva je
poziadavka na triedenie taZSie realizovatelnd, ale pri
dobrej organizacii prace pri stistredovani dreva z imy-
selnej tazby je moZné triedit drevo na hromady podla
poZiadaviek.

Forma hospodarskeho spdsobu nie je limitujicim
kritériom pre zvladnutie technolégie. Z hladiska tech-
nického a technologického zvladnutia je moZné uvazovat
s pouZitim nielen v holoruboch, ale aj vo vyberkovom
hospodarskom spdsobe, ak st ekonomické podmienky
pre zmluvné strany vyhovujice.

Vysledky vybranych charakteristik vykonnosti pri
sustredovani dreva z kalamitnych pléch uvaddzame na
priklade z vyskumu, ktory bol vykonany v oblasti Be-
lianskych Tatier. PribliZovalo sa vrtulnikom MI-8
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(s nosnostou 3 t), posadku tvorili traja pracovnici. Pri
zostavovani ndkladu a viazani bremien pracovali Siesti
viazadi.

Vrtulnikom sa sustredovali kmene z troch nespris-
tupnenych porastov s celkovou rozlohou 67,72 ha. Pre-
vysenie medzi skladom a taZiskom porastov je 382 m,
priemernd kolm4 vzdialenost bola 700 m, letova vzdia-
lenost vrtulnika s ndkladom predstavovala pribliZne
2 500 m. Expozicia svahu severozipadnd, priemerny
sklon svahu 65 %. V porastoch sa nachadzala kalamit-
nd hmota cca 600 m>. Vek porastov 140 rokov, zakme-
nenie 0,7, zastipenie drevin sm 90 %, jd 10 %, prie-
mernd objemovost kmefiov sm 1,1 m”, jd 1,54 m?,
priemernd vy$ka sm 27 m, jd 27 m, priemernd hribka
(dy3) sm 36 cm, jd 43 cm.

Na uvedenej lokalite sa evidovala spotreba ¢asu na
jednotlivé pracovné opericie. Sucasne bol evidovany
pocet kmeiiov v néklade, objem prepravovanych kme-
fiov v m®, hmotnost nakladu v tonéch.

Ststredovanie dreva vrtulnikom pozostiva z nasle-
dovnych pracovnych operécii:

— let vrtulnika napréazdno,

— klesanie vrtulnika pre naklad,
- zapinanie nékladu,

— dvihanie nikladu,

— let vrtulnika s ndkladom,

— klesanie vrtulnika na sklade,

— odopinanie nédkladu,

— dvihanie vrtulnika zo skladu.

Priemerné hodnoty spotreby ¢asu na jednotlivé Ciast-
kové operacie a zdkladné idaje o prepravovanom dreve
st uvedené v tab. III.

Vysledné hodnoty spotreby ¢asu na pracovné opera-
cie ako aj spotreba ¢asu na cely cyklus (5,92 miniity)
sl v porovnani s inymi technolégiami velmi nizke.

Let vrtulnika naprdzdno predstavuje 26 % &asu celé-
ho cyklu. Najviac ¢asu sa spotrebuje na let s ndkladom —
35 % z celkovej dizky cyklu, pretoZe je potrebné ma-
névrovanie s nikladom. NiZ§i podiel ¢asu sa spotrebuje
na opericiu dvihanie nakladu, a to zhruba 13 %, ktory
je potrebny na zdvihnutie ndkladu nad stojaci porast.

Zapinanie nékladu je velmi ndro&na opericia, ktord
musi prebehniit rychlo, pretoZe vrtulnik ,visi* tesne
nad korunami stromov. DiZka tejto &asti cyklu tvori
zhruba 12 % Casu. Ostatné opericie, ako klesanie v po-
raste, klesanie na OM, odopinanie nikladu, stipanie zo
skladu, to sii opercie mélo ndro¢né na spotrebu Casu,
ato od 4 do 9 %. Priemerny objem jedného nékladu bol
2,87 m3, pocet kmefiov v jednom néklade 5,3 kusov,
objem sustredeného dreva za smenu 135,25 m’,

V tab. IV sii uvedené vysledky jednoduchej korelac-
nej analyzy. Uvedené su tie zavislosti, ktorych index
korelacie je aspoi s 95% spolahlivostou nenulovy.
Prakticky sa v3ak daji vyuZil len regresné rovnice
s koeficientom korelacie nad 0,5, ale aj tu treba odhad
spotreby Casu povaZovat len za orientatny. Grafické
znazornenie spotreby Casu na 1 m? v zévislosti na ob-
jeme nakladu je na obr. 1 (Cas na operécie 2, 3, 4) a na
obr. 2 je celkova spotreba ¢asu na 1 m? (Sas cyklu).

Z praxe je zndme, Ze na spotrebu Casu pri sdstredo-
vani dreva najviac vplyva objem nékladu a pocet kme-
fiov (vyrezov) v ndklade. Preto sa vypocitala dvojna-
sobna korela¢na zavislost pre tieto nezavisle premenné.
Vysledna rovnica je:

y =2,0465 +0,31962.V - 0.05067.N

kde: y — spotreba Casu na 1 cyklus bez letu naprizdno a s nikladom
v minutach,
V - objem nékladu v m’,
N - poCet kmefiov v néklade.

I11. Spotreba asu na Ciastkové opericie (v miniitach) a zikladné ddaje o prepravovanom dreve pri sistredovani dreva vrtulnikom v Belian-
skych Tatrach na priemerni pribliZovaciu vzdialenost 700 m — Time consumption per operation (min) and basic data on hauled timber at
helicopter logging in the Belianske Tatry Mts., average skidding distance 700 m

Pgir:li?:é Opericia' Aritmeticky priemer? | Smerodajnd odchylka® | Stredna chyba® | Poget hodndt®
1 Let naprazdno® 1,53 1,661 0,237 49
2 Klesanie v poraste’ 0,56 0,346 0,045 60
3 Zapinanie nakladu® 0,69 0,417 0,055 58
4 Dvihanie nékladu’ 0,74 0,616 0,077 63
5 Let s nakladom!? 2,10 0,720 0,097 55
6 Klesanie na OM!! 0,26 0,214 0,028 57
7 Odopinanie nékladu'? 0,34 0,194 0,026 57
8 Dvihanie sa nad OM'? 0,24 0,130 0,016 57
9 Cas cyklu'* 592 1,235 0,195 49

Objem nékladu'’ (m%) 2,87 0,713 0,086 69
Podet kmefiov!® (ks) 5,30 2,360 0,284 - 69
Objem stredného kmetia!? (m?) 0,54 0,375 0,045 69

loperal'ion, Zarithmetical mean, 3standard deviation, “standard error, Snumber of hours, 6ﬂighl without load, 7descending in forest stand, ®load

fixation, *load lifting, “flight with load, ''descendi

ST g |

ding, ?load untying, Bascendi dside landing, "cycle

g onto r¢

time, Bi0ad volume, % umber of logs, 7inean stem volume, 18 umber
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IV. Koeficienty rovnic sp
index and standard errors y = a + bx

by asu ~ index korelicie a stredné chyby y = a + bx — Coefficients of time consumption equations — correlation

Zavisle premenna! - y Nezavisle p a2 - x a b r Stredn4 chyba?
Opericia bez letu* 2,0264 0,2610 0,270 0,781
Celkovy Zas’ na 1 m? objom nékiadul? 46712 -0,8635 0,688 0,619
Opericie 2, 3, 45 na 1 m? 1,3926 ~0,2412 0,561 0,249
Opericie bez letu’ na 1 m? 1,8711 -0,3001 -0,635 0,296
Dvihanie nakladu® 0,5175 0,2268 0,325 0,354
Klesanie na OM? 0,2765 0,0908 0,223 0,195
Odopinanie nékladu'? objem stredného kme#a!? 0,2869 0,1115 0,207 0,198
Opericie 2, 3, 45 1,7026 0,3008 0,290 0,640
Operécie bez letu’ 2,5222 0,3810 0,306 0,786
Celkovy &as’ na | m? 2,5351 -0,5110 0,237 0,828

Idf:pendeﬂt variable, Iindependent variable, *standard error, "operation without flight, Stotal time consumption ?er 1m’, ﬁopcrations 2,34

3

1

Acide landi

per 1 m’, 7opemtions without flight per 1 m”, 810ad lifting, d di

1 m3, Pioad volume, Bmean stem volume

g ONto I« g 10ad untying, ' total time consumption per

1. Spotreba &asu na 1 m° na operécic v poraste v zavis-
losti od velkosti nikladu — Time consumption per 1 m

for operations in forest stand in relation to load size

2. Celkova spotreba asu na 1 m’ v zavislosti od velkosti
nékladu — Total time consumption per 1 m® in relation

to load size

40
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Index korel4cie v tomto pripade je 0,321 a stredna
chyba 0,644, Zaporné znamienko pred druhym €lenom
rovnice je trochu neoZakavané, ale potvrdzuje skutog-
nost, Ze pri velkom po&te kmefiov nie je celkovy objem
nikladu vysoky. Aby si vrtulnik pri tenkych kmefioch
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doplnil naklad na plni nosnost, musi vykonat pomerne
ta¥kopadnu operéciu v poraste, preto je vyhodnejSie do-
pravit netiplny néklad na odvozné miesto (Konrad,
Messingerova, 1993).
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V. Priemerna spotreba ¢asu na jednotlivé fazy pracovného cyklu pri sistredovani dreva vrtulnikom v CHKO Polana na priememt pribliZo-
vaciu vzdialenost 800 m — Average time consumption per phase of working cycle at helicopter logging in Polana Protected Landscape Area,

average skidding distance 800 m

Pg;:li?xé Pracovné operécia’ Spotreba Easu? (miniit) 1;:::)1‘; é‘;‘i:to;z{l ;"(?;)Y
1 Let bez nékladu do porastu® 1,16 24
2 Klesanie v poraste’ 0,29 6
3 Zapinanie nakladu® 0,62 13
4 Stipanie s nikladom v poraste’ 0,38 8
5 Let s ndkladom® 1,61 32
6 Klesanic na sklade® 0,33 7
7 Odopinanie nakladu'® 0,29 6
8 Dvihanie nakladu'! 0,18 4
9 Cas pracovného cyklu!2 4,83 100

Poget letov za 1 deii'? 72,00
Spotreba &asu na tankovanie!* 11,23
Spotreba Zasu na denni wdrzbu vrtulnika'® 45,20

lopel'ation. 2time consumption, 3portion in the total duration of work cycle, 4flight without load to forest stand, sdesocnding in forest stand,
%l0ad fixation, 7nscending with load in forest stand, aﬂight with load, 9dcscending into timber yard, %5ad untying, Nioad lifting, 12 guration
of work cycle, Bhumber of flights per day, Ytime consumption for refuelling, Btime consumption for daily helicopter maintenance, Spumber

VI. Ukazovatele vykonnosti pri sistredovani dreva vrtulnikmi
v CHKO Polana - Performance indicators at helicopter logging in
Polana Protected Landscape Arca

Vykonnostny ukazovatel! l;:;:]?::::;&
Denny objem sistredeného dreva® (m%) 178,08
Poet kmefiov v jednom naklade* (ks) 1,61
Objem jedného nékladu® (m?) 2,10
Objem jedného prepravovaného kmetia® (m?) 1,38
Spotreba Easu na 1 m? dreva’ (min) 2,48

lpe,rfm‘mam:(: indicator, 2zwerage value, 3n:laily volume of skidded

timber, "log number per load, 5load volume, ®volume of a hauled log,
Ttime consumption per 1 m® timber

V podmienkach lesného hospodarstva Slovenska bo-
lo sistredovanie dreva vrtulnikom z rubnej imyselnej
taZby prvykrit pouZité v CHKO Polana. Obnovny
predpis pre uvedené porasty bol maloplo$ny holorub
pésovy. I8lo o taZbu prestarnutych bukovych porastov
s najvy$8im stuptiom naliehavosti faZby. Vykonnostné
charakteristiky si uvedené v tab. V a VI a na obr. 3.

EKONOMICKA A EKOLOGICKA EFEKTIVNOST
SUSTREDOVANIA DREVA VRTULNIKOM

Néklady na pribliZovanie dreva vrtulnikom si po-
merne vysoké v porovnani s inymi beZne pouZivanymi
technolégiami. Zakladom si zmluvné ceny za m’ si-
stredeného dreva medzi spolo¢nostou, ktora pribliZova-
nie vykonédva, a majitelom, resp. uZivatelom lesa.
Zmluvné ceny sa v naSich podmienkach pohybuji od
800 do 1 500 Sk za m® sistredeného dreva.
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Celkové néklady na pribliZovanie dreva vrtulnikom
st vysoké, pre kazdy konkrétny pripad nasadenia tejto
technolégie je potrebné zvaZit jej opodstatnenost. Pre
zabezpecenie Setrného ststredovania dreva z nepristup-
nych porastov, alebo z porastov, kde by bolo vybudo-
vanie lesnej cestnej siete potrebnej pre iné technolégie
technicky a ekonomicky velmi naro¢né, je vrtulnikové
sustredovanie opodstatnenym rieSenim.

Ekonomické ukazovatele vyznamnou mierou ov-
plyviiuje kvalita porastov, kde vy$Sie finan¢né ohodno-
tenie dreva spravidla vyrovna zvySené niklady na tech-
nolégiu sistredovania.

Technol6gie vzdu$nej dopravy dreva si z hladiska
Setrného pristupu k lesnému prostrediu, najma k lesne;j
pdde, vysoko efektivne.

Vzdu$na doprava vyluuje ponechanie drevnej bio-
masy na ribanisku, umoZiiuje obhospodarovat nespris-
tupnené prestarnuté porasty, a tym predchadzat moz-
nym kalamitdm. Ochrana pédneho fondu ulah&uje
potom price spojené s obnovou lesa.

ZATAZENIE LESNEHO PROSTREDIA HLUKOM
VRTULNIKA

Vyhody vzdu3nej dopravy dreva pri eliminovani po-
§kodenia lesného prostredia si nesporné. Nedochadza
k naruseniu lesnej pddy, nevznikaji podmienky pre né-
slednt zrazkovi eréziu.

Vrtulnik v8ak spdsobuje novy $kodlivy vplyv na
okolité prostredie, a to hluk z leteckej prevadzky.

Sirenie hluku strojov v prirodnom prostredi doteraz
nebolo predmetom podrobnej§ieho vyskumu, preto
moZu byt vysledky merani pre lesnicku prax zaujimavé.

Pre lepSiu nazornost boli idaje z merania hluku
spracované do tzv. hlukovych map. Tvoria ich Ciary
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Stipanie 3 niidador v poraste

3. Podiel spotreby Casu na jednotlivé fazy pracovného cyklu pri
sistredovani dreva vrtulnikom v CHKO Polana na priemernii pri-
blizovaciu vzdialenost 800 m — Pie chart of time consumption for
the separate phases of work cycle during helicopter logging in Polana
Protected Landscape Area, average skidding distance 800 m

(7% — descending into timber yard, 6% — load untying, 4% - lifting
in timber yard, 24% - flight without load, 6% - descending in forest
stand, 13% - load fixation, 8% — ascending with load in forest stand,
32% - flight with load)

rovnakej hladiny zvuku. Hlukova mapa blizkeho okolia
(vzdialenost bodov siete je 100 m) znazorfiuje fiktivne
rozloZenie zvuku. Je spracovana tak, akoby vrtulnik bol
stiasne nad miestom zapinania v poraste, dalej nad mies-
tom zapinania v otvorenom priestore a aj nad miestom
odopinania. D4 sa v§ak z nej ur¢it, Ze hladina hluku 80 dB
(A) je vo vzdialenosti asi 200-250 m od pracoviska
aked je stroj na jednom mieste, na ostatnych je hladina
pod dovoleni hodnotu. Ak vrtulnik ,,visi“ nad pracov-
nym miestom, je pod nim hluk 93-100 dB (A). MozZno
teda urcit, Ze v okruhu 200-250 m od pracovného mies-
ta musia robotnici pouZivat chranie sluchu.

Hlukova mapa vzdialeného okolia dovoluje posudit
vplyv hluku vrtulnika na prirodné prostredie pri malo
¢lenitom teréne. Miestami sa prejavoval timiaci Géinok
lesa. Z mapy sa d4 odhadnit, Ze hluk klesne na dovolenu
hodnotu pre letecku prevadzku vo vzdialenosti 1,5 km od
nizko ,,zaveseného vrtulnika. V tejto pozicii je vrtulnik
len asi 40 % &asu, a to striedavo na rdznych miestach.

Dalsia hlukov4 mapa vzdialeného okolia znazoriiuje
rozloZenie hluku rovnakého typu vrtulnika pri préci
v znatne €lenitom teréne (obr. 4). Vidno na nej, Ze
v hlukovom tieni (za hrebefiom, v hustom poraste) klesne
hluk na 45 dB uZ pri vzdialenosti 180 m, kym v otvo-
renom priestore sa musi poé&itat vo vzdialenosti 1,5 km.

Technol6gia sdstredovania dreva vrtulnikom je 5 aZ
10-krét vykonnej$ia ako pri pouZiti inych sistredova-
cich prostriedkov. Z toho vyplyva, Ze hluk pri praci
vrtulnika atakuje lesné prostredie podstatne kratSiu dobu,
a to je doleZité najmi v chranenych uzemiach. Okrem
toho hluk bol merany v najnepriaznivejsich podmienkach
— pocas letu si hladiny hluku na zemi podstatne niZsie.

Analyzu p6sobenia priameho hluku na pracovnikov
na zemi vykonal Konrad (1993), pricom porovnal
expozicie s hlukom v tichych a hlu&nych intervaloch.

Pri analyze spotreby &asu na jednotlivé operacie
a doby posobenia priameho hluku na pracovnikov na
zemi boli vypoc€itané hlu€né a tiché intervaly pre per-
sondl pracujici na zemi. Vysledky uvedené v tab. VII
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4. Hlukov4 mapa vzdialeného okolia v &lenitom teréne — Noise chart
of distant environs of broken topography

dokumentuji, Ze zapinaci a odopinaci si vystaveni nad-
mernému hluku len po€as malej Casti cyklu.

Za smenu pdsobi na zapina€a Skodlivy hluk spolu asi
97 mimit a na odopinada len asi 43 minait.

Dal¥ou otdzkou je vplyv nadmernej hluénosti z hla-
diska ruSenia fauny, najmi v chranenych oblastiach. Pri
vybere ¢asového obdobia je potrebné sa vyhybat obdo-
biam hniezdenia vtictva a péarenia sa zveri. Vyber ter-
minu je potrebné prekonzultovat so spravou Statnej
ochrany prirody.

Merania hluku boli vyhodnotené topografickym
programom ATLAS. Na zvukovej mape vystupuji vy-
razne tri vrcholy; jednym je miesto zapinania kmefiov
v poraste, druhym je miesto zapinania kmetiov na vol-
nom priestranstve (kalamitnd plocha) a treti vrchol
oznacuje odvozné miesto, kde sa néklad odopinal. Ma-
pa vznikla syntézou troch zvukovych poli a predstavuje
model, pretoZe vrtulnik sa nemoéZe vyskytovat si¢asne
na rdznych miestach. Tento postup bol voleny preto,
aby sa dala vyligit plocha, na ktorej si presiahnuté naj-
vy38ie pripustné hodnoty hluku na pracovisku. V Ziad-
nej dostupne;j literatire neboli zhodnotené merania hlu-
ku pri uvedenej technolégii pouZitej v lesnictve.
Z vysledkov vyplyva, Ze hluk prekraduje dovolené hod-
noty, rovnako ich v3ak prekra¢uji aj traktory pouzivané
pri sistredovani. Prekroenie je vSak menej vyrazné,
zmeny hladiny nie su také rychle a uvedeny hluk sa
zistil len v blizkom okoli traktora. Vo vzdialenosti 2 m
od traktora je hluk 90-95 dB (A), vo vzdialenosti 20 m
jetoasi 75 dB (A) (Konrad, 1973).

DISKUSIA

Vysledky dosiahnuté pri sustredovani dreva vrtulni-
kom na dvoch vybranych lokalitach si v celom rozsahu
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VII. Hluéné a tiché intervaly pri préci vrtulnika — Noise and noiseless
intervals during helicopter operation

} Cyklus? Smena®
Pracovné opericie! (%) A7) PN YRR paeer
Prica vrtulnika® 1000 592 | - [3000]| -
z toho:
nad miestom zapinania’ 322| 1,91 | 401 | 96,6 203,4
nad miestom odopinania® | 14,4 | 0,85 | 5,07 | 43,2 |256,8

lcoperations, zcycle. 3shift, *noise, ’silence, 6helicoptcr operation,
"above the place of load fixation, 8above the place of load untying

porovnatelné s vysledkami publikovanymi v zahrani¢-
nej literatire. V priebehu skiSok sa potvrdili vietky
predpoklady o vysokej vykonnosti vrtulnikovej techno-
légie, o priaznivom vplyve technolégie na zachovanie
neporuseného prirodného prostredia pri prijatelnych na-
kladoch.

Pri iivahéch o volbe technolégie sistredovania dreva
v zloZitych terénnych a vyrobnych podmienkach, kde
je moZnost uvaZovat o eventudlnej realizécii niekol-
kych réznych variantov vyrobného postupu, je pravde-
podobné, Ze kaZdy z nich bude mat svoje vyhody i ne-
vyhody.

Vyskum nekonvenc¢nej technolégie sistredovania
dreva vrtulnikom mé dva zékladné charakteristické znaky:
~ boli analyzované technicko-ekonomické ukazovatele

technol6gie na pracoviskich, kde pouZitie vrtulnika

bolo vynitené (Vysoké Tatry) kalamitou,

— ziskané poznatky sa mohli porovnat s vysledkami na
pracovisku, kde technolégia bola systémovo organi-
zovana v imyselnej taZbe (Polana).

Préve tato diverzita podmienok umoZiiuje konstatovat,
Ze na pracoviskédch, kde sa prica profesiondlne pripra-
vuje vo vietkych fazach &innosti, aj narofna a v pre-
véadzke neobvykla technolégia je efektivna.

Typickym prikladom je prave sustredovanie dreva
vrtulnikom na Polane, kde vSetky technicko-ekonomické
ukazovatele vykazuju vysSiu kvalitativnu drovefi. Pozi-
tivne boli aj hodnotenia technolégie vedenim CHKO
Polana.

Z dosiahnutych vysledkov vyskumu je moZné zo-
vieobecnit zdkladné principy volby technoldgie sustre-
dovania dreva vrtulnikom:

- V podmienkach, kde prevlidaji environmentilne,
pripadne ochrandrske kritéria ekonomika sistredo-
vania dreva nie je prvoradd. Technologické a pra-
covné postupy s vyuZitim vrtulnika si znime.

— Za ddleZité povaZujeme prave moZnosti ,,vrtulniko-
vej* technolégie v porastoch s umyselnou faZbou.
Pri dobre organizovane;j préci (spdsob taZby, optima-
lizdcia nakladu, priprava odvoznych miest, synchro-
nizicia odvozu, finan&né zhodnotenie dreva) nepre-
siahnu nédklady na sustredovanie vrtulnikom
obvykly podiel z trZieb za 1 m? (cca 20 %) z predaja
dreva. Plati to pre kvalitné porasty. Vyskum dokazal,

Ze sustredovanie dreva vrtulnikom nemusi byt ,hra-

ni¢nou* technolégiou.

S istotou méZeme konStatovat, Ze sistredovanie dre-
va vrtulnikom v porovnani s inymi technolégiami naj-
menej atakuje prirodné prostredie. Do celkového eko-
nomického hodnotenia technolégii siistredovania dreva
nie je zahrnuté ocenenie zachovanych mimoproduké-
nych funkcif lesa. Predpokladdme, Ze vSade tam, kde
dominuji niroky na zachovanie environmentélnej sta-
bility prostredia, bude vyuZita subvenéna politika spo-
lonosti pri uplatneni vrtulnikovej technol6gie sustre-
dovania dreva z lesov. V uréitych konkrétnych
pripadoch to nepovaZujeme za nutné.

ZAVER

Z analyzy problematiky sdstredovania dreva vrtul-
nikmi v zahrani¢i podloZenej vlastnymi vysledkami vy-
plyva, Ze je to technolégia vysoko vykonné a zarovei
Setrnd k lesnému prostrediu. Za velmi vyznamné kladné
rysy vzduSnej dopravy je moZné povaZovat nenaro¢nost
na vystavbu ciest, zniZenie zdberu produkénej plochy
lesnej pody na ich vystavbu, pribliZenie dreva bez jeho
poskodenia z tazko pristupnych a pre sti¢asni techniku
vobec nepristupnych porastov, ktoré sa netaZia; ich pro-
duk¢né schopnost sa v désledku zanedbania postupne
zniZuje. Vrtulnikové technolégia dalej zabezpeci elimi-
néciu pddnej erézie zaprifinenej pozemnymi pribliZo-
vacimi prostriedkami, rychle pribliZenie velkého obje-
mu dreva pri kalamitich a jeho zuZitkovanie bez strat
na kvalite.

Pouzitie technolégie sistredovania dreva vrtulnikmi
si vyZaduje perfektni organiziciu price, materidlno-
-technické zabezpelenie a vypocet ekonomickej efek-
tivnosti.

Pri objektivnom hodnoteni prinosu vrtulnikove;j
technolégie pre ochranu prirodného prostredia vidime
redlnu moZnost SirSieho uplatnenia vrtulnikov pre si-
stredovanie dreva v horach.
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Timber logging and skidding are frequently carried
out under difficult productional and technical condi-
tions, especially in a mountainous terrain. In the forests
with insufficient road network, where technological
preparation of workplaces has not been solved in
a complex way and with local danger of pest outbreak
after large natural disasters as well as at sites being
endangered by potential erosion an aerial transportation
by helicopters can used in timber skidding.

To assess a technology it is necessary to know its
performance, advantages and disadvantages, cost effi-
ciency, ecological parameters.

The paper presents knowledge obtained by the analy-
sis of timber skidding by helicopters and the results of
our own works from practical utilization of the given
technology in selected localities of Slovakia.

The research on the technology of timber skidding
from the sites affected by disasters was conducted in
the region of the Belianske Tatras and from intentional
regeneration felling in protected landscape area Polana.
In both cases timber was skidded by MI-8 helicopter.

Performance analysis was carried out. The method-
ology of the measurements was based on traditional
methods of performance assessment. Time consumption
per working operation was recorded together with the
volume of transported logs in m° and weight of load in
tons. Simultaneously external noise was measured at
the workplace and in the surroundings. Economic as-
sessment was performed on the basis of obtained struc-
ture of timber assortments skidded from the given lo-
cality and by means of financial appraisal.

The results of the work present an assessment of the
performance of timber skidding by helicopter. Resultant
values of time consumption per working operation as
well as time consumption per whole working cycle are
very low when compared with other technologies.
Flight of the helicopter without load represents 26% of
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the time of the whole cycle, the time necessary for the
flight with load represents 35% and the proportion of
the time being necessary for load lifting above the stand
represents 13%. Load fixation is a difficult operation
which should be carried out very quickly because the
helicopter is ,,hanging* closely over the crowns of trees.
Duration of this phase of the working cycle represents
about 12%. The paper brings the results of simple cor-
relation analysis. Time consumption for skidding is be-
ing influenced the most by the volume of load and the
number of logs in the load. Therefore we calculated
a double correlation dependence for these independent
variables.

Financial costs of this technology are relatively high.
They are based on contract prices per m> of skidded
timber between the contractor and forest owner or for-
est user. The price of the contract ranges from 800 to
1,500 Sk per 1 m? of skidded timber in our conditions.
Due to high costs it is necessary to consider whether
the use of this technology is reasonable in particular
cases.

The advantages of aerial timber transportation in
eliminating damage to the forest environment are indis-
putable. Forest soil is not disturbed and thus the condi-
tions for subsequent rain erosion do not exist. However,
the helicopter causes a certain attack on the surround-
ing environment by its noise. The paper presents the
analysis of noise for operators as well as on close and
remote surroundings according to the terrain configura-
tion.

Based on the obtained results we can draw conclu-
sions on basic principles of the selection of technology
for helicopter timber skidding. They are as follows:

— in the conditions with prevailing environmental or
conservation criteria the economics of timber skidding
is not a priority. Technological and work procedures
with the use of helicopter are known,
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— namely the possibilities of helicopter technology
in the stands with intentional felling are important.
With well organized work (felling method, load optimi-
zation, preparation of roadsides, synchronization of
transport, financial appraisal of timber) the costs of
helicopter skidding will not exceed the usual proportion
of sales per 1 m> of timber (about 20%). It is valid for
high quality stands. The research has demonstrated that
timber skidding must not be a ,,marginal* technology.

We can surely state that timber skidding by helicop-
ter in comparison with other technologies has the low-
est impact on natural environment. Overall economic
assessment of the technologies of timber skidding does
not include the valuation of preserved non-productional
forest functions. We suppose that with dominant de-
mands subsidy policy of the State will be used for ap-
plying helicopter technology of timber skidding. We do
not consider it necessary in some particular cases.
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ALTERNATIVA PENEZNIHO HODNOCENI
MIMOPRODUKCNICH FUNKCI LESA V CESKE
REPUBLICE A JEJI APLIKACE NA PRIKLADU
NARODNIHO PARKU SUMAVA

AN ALTERNATIVE OF NON-MARKET FOREST FUNCTIONS
MONETARY VALUATION IN THE CZECH REPUBLIC AND ITS
APPLICATION IN THE CASE OF SUMAVA NATIONAL PARK

L. Sisdk

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

ABSTRACT: The valuation of non-market forest functions (NMFF), i.e. of positive externalities of forests and forest
management, is very complicated in theoretical and practical terms. Out of the three methods of NMFF valuation mentioned
in the paper, so called expert comparing approach was used; it is in principle a part of the existing Czech legislation in form
of a fee for the withdrawal of forest lands destined to fulfil forest functions. Even though the above method has many
drawbacks, its advantage consists in its relative simplicity and in the fact that this method is the only available one at present.
Application of this method indicated the average year value of NMFF in the CR 16,071 CZK.ha™" of forest land in 1998 while
this value in the Sumava National Park was 62,840 CZK.ha™'. The non-market forest value amounted to 0.8 mil. CZK.ha™',
but to 3.1 mil. CZK.ha™' in the area of the Sumava National Park.

non-market forest functions; positive forest externalities; valuation; expert comparing method; willingness-to-pay approach;
Czech Republic

ABSTRAKT: Problematika ocefiovani mimoprodukénich funkci lesa (MPFL), tj. pozitivnich externalit lesa a lesniho hospo-
dafstvi, je teoreticky i prakticky velmi sloZitd. Ze tfi v prici uvedenych pfistupi k ocefiovani MPFL byl pouZit tzv. expertni
srovnavaci pfistup, ktery je v principu soucasti nasi stavajici legislativy ve formé& poplatku za odnéti lesnich pozemkl plnéni
funkei lesa. I kdyZ mé uvedeny postup mnoho nedostatki, jeho vyhoda spo&ivé v tom, Ze je pom&mé jednoduchy a jako jediny
je dnes redlné k dispozici. Podle dané metody dosahovala v r. 1998 primé&rn4 ro&ni cena MPFL v CR hodnoty 16 071 Ké&.ha™!
porostni pidy, zatimco v Ndrodnim parku Sumava 62 840 K&ha™. Mimoprodukéni cena lesa pak dosahovala 0,8 mil. Ké&.ha™,
ale na tizemi Narodniho parku Sumava 3,1 mil. K&ha™'.

mimoprodukéni funkce lesa; pozitivni externality lesa; ocefiovani; expertni metoda; metoda ochoty platit; Ceské republika
zeny, maji tzv. nevyrobni, mimotrZni charakter. Jedna

se 0 pozitivni externality lesa, jejichZ vyznam je velmi
obtiZné objektivné vyjadrit.

UvVoD

Funkce lesu lze ze socialné-ekonomického hlediska
Clenit v zdsad€ na produkcni — trZni a na mimoproduké-
ni — netrZni. Komplex mimoprodukénich funkci lesa
(MPFL), mimoprodukénich &i mimotrZnich sluZeb lesa
je obecné velmi rozséhly a z hlediska socidlné&-ekono-
mického obsahu zna¢né diferencovany. Vlastni MPFL
neprochézeji bezprostfedné trhem, nejsou uZivateli hra-

MPEL lze ¢lenit v souvislosti s jejich socialné-eko-
nomickou podstatou na dvé zakladni skupiny. Do jedné
patfi ty funkce, jejichZ konedny dopad na externi sub-
jekty se projevi v jejich vlastni ekonomice, zprostied-
kovévané trhem. Jsou to MPFL zprostfedkované trzni
povahy, kam lze zafadit blok tzv. ochrannych ekologic-
kych funkci, zndmych také pod pojmem environmental-

Préce byla pfipravena v rdmci feSeni projektu VaV 620/697 Obnova biodiverzity a stability lesnich ekosystémii v pdsmu pFirozeného vyskytu

smrku na tizemi Ndrodniho parku Sumava.

J. FOR. SCIL, 46, 2000 (5): 237248

237



ni funkce ¢&i sluzby lesa. Jedna se o funkce pidoochran-
né, vodohospodéiské a vzduchoochranné.

Do druhé skupiny funkci, jejichZ koneény dopad ne-
Ize na sou€asné trovni naSeho poznéni v ekonomické,
trzni sféfe externich subjektt identifikovat a méfiteln&
vyjadfit, patfi blok tzv. zdravotné-hygienickych ekolo-
gickych funkci a blok kulturné-nauénych funkci. Tako-
vé funkce maji mimotrZni, sociélni charakter.

Soubor MPFL je riiznorody a velmi &lenity. Uvede-
né externality pusobi v ramci spole&nosti prostfednic-
tvim vztahu Zivotni prostfedi — ¢lovek. Jejich plisobeni
Ize substituovat praci v omezené mife. N&které z nich
nejsou v jistém smyslu a na daném misté praci substi-
tuovatelné vabec (zvl4sté zdravotné-hygienické a kul-
turné-nauéné funkce, mezi néZ patfi napf. tzv. funkce
prirodoochranné), nejsou na dané tzemi importovatel-
né. Jejich likvidaci dochézi k absolutni ztraté uZitnych
hodnot, ztraté jejich socidlnich stranek. Vyznam téchto
funkci je objektivné vyjadfitelny jen velmi obtiZné
a podminéné, protoZe uvedené funkce neprochézeji tr-
hem a nejsou jim objektivizovény.

V zékladé existuji dvé formy vyjadfeni vyznamu funk-
ci (¢i sluZeb) lesa — penéZni a nepenéZni (bodové, kva-
litativni a kvantitativni, vyjadfovéni a srovnavéni prio-
rit a preferenci). I kdyZ je teoreticky a prakticky velmi
obtiZné vyjadfit vyznam MPFL a vyznam lesa jako no-
sitele téchto funkci v pené&Zni formé, pfesto je pro n&-
které ucely takové vyjadfeni nutné a je v mnoha zemich
riznym zpusobem i realizovano.

Konkrétnéji lze Fici, Ze penéZni vyjadfeni vyznamu
lesa a jeho funkei je vyuZitelné zvlasté pro (Si¥ék,
1994a):

— poznani spolefenského vyznamu lest v nirodnim jmé-
ni, pfirodnim bohatstvi a nirodnim bohatstvi zemg&,

— analyzu stavu a vyvoje poZadavki spolecnosti na pl-
né&ni mimoproduk¢nich funkci lesa,

— vyjadreni spoleCenské efektivnosti vyuZivani a re-
produkce lesu,

— rozhodovani o delimitaci pidniho fondu,

— stanoveni velikosti spoleenskych ztrat (§kod) z po-

Skozeni ¢i zniCeni lesa,

— stimulaci raciondlniho vyuZivani uZitnych hodnot lesa,
— zkvalitnéni procesu lesniho pldnovéni a zachéizeni
s lesem v rdmci polyfunkéniho lesniho hospodafstvi.

CIL A UCEL PRACE

Cilem préace je pfispét k diskusi o vyjadfeni vyznamu
MPFL v penéZni formé& u nas a srovnat tento vyznam
s konkrétnim pfikladem vyznamu MPFL v Narodnim
parku Sumava (NPS), kalkulovanym obdobnym zptiso-
bem v pen&Zni form&. Krajina NP§ patfi k vyjime&né
cennym pfirodnim &4stem Ceské republiky. Dominant-
ni postaveni zde zaujimaji lesy, jejichZ mimoproduk&ni
vyznam je zfejmé jeSté podstatné vy3si neZ priamér CR.

V nékterych lesnich komplexech NPS doslo a doché-
zi z riznych diivodu k zasadnim zméndm na velkych tize-
mich. V disledku umyslného nezasahovéni proti kod-
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livym ¢&initelim a zejména kalamitnimu pfemnoZeni k-
rovce doflo k rozsahlému odumfeni lesnich komplexd,
srovnatelnému pouze s odumienim lesnich porosti
v Krudnych horach. ProtoZe v nékterych téchto ¢astech
les nebyl imysln€ obnoven, doslo k pfemé&né lesnich
ekosystémi na danych izemich v nelesni ekosystémy,
které nahradi les na pomérné dlouhou dobu. Mimopro-
dukéni funkce (sluZby) lesa pro vefejnost, pozitivni ex-
ternality lesa a lesniho hospodafstvi tedy z danych uze-
mi na tuto dobu zmizely.

DalSim cilem prace je proto experimentalni vyjidie-
ni $kod, plynoucich spole¢nosti z antropogenng zapfiti-
néné zmény lesniho ekosystému v ekosystémy nelesni
a z redukce, zniCeni &i zru§eni MPFL, tj. environmen-
talnich sluZeb lesa pro vefejnost, na pfikladu NPS. Kal-
kulace $kod z poSkozeni, zni¢eni nebo zruSeni MPFL je
jednim z nejduleZitéjSich uceli pen&Zniho vyjadfovani
vyznamu uvedenych funkci lesa. V tomto piipadé ma
povahu bud sank&ni, nebo limitni ceny. Jedn4 se v pod-
staté o tzv. internalizaci negativnich externalit lidské
&innosti.

V pfipadé NPS se vychazi z toho, Ze rozsahlé lesni
komplexy v NPS — v minulosti prakticky viechny an-
tropogenné vzniklé a udrZované, tedy neplivodni, do
zna¢né miry nepfirozené — byly zniteny kirovcem v du-
sledku dal$iho icelového antropogenniho rozhodnuti
nezasahovat proti kiirovci a ve velkych ¢astech byvalé-
ho lesniho ekosystému dokonce tento ekosystém umysl-
né neobnovovat, takZe ten byl pfeveden na ur¢itou dobu
v ekosystém nelesni, na danych lokalitach v tomto pfi-
padé& nepiivodni, nepfirozeny a umély. V nékterych pfi-
padech se miiZe jednat o velmi dlouhou dobu mnoha let
v ogekavani pfirozené sukcese.

Otazkou je, jakou cenu pro vefejnost, tedy pro spo-
leCnost, ma uvedeny experiment s Zivotnim prostfedim,
tj. k jaké Skod¢ pro vefejnost z nefunkénosti MPFL vzni-
k4. Ujma a Skoda &i ztréta z likvidace MPFL, to zname-
né z likvidace pozitivnich externalit lesa na daném tize-
mi, vefejnosti a spolednosti nepochybn& vznikla, a to
bez ohledu na to, jakymi dmyslnymi ekologickymi
a krajinotvornymi ucely, experimenty a lidskymi zamé-
ry byla a je odiivodiiovana.

Pozitiva tak rozsahlé zdmérné a drastické pfemény
lesniho ekosystému v nelesni ekosystémy na daném uze-
mi nejsou uvadéna, nemluvé jiZ ani o jejich konkrétnim
pfinosu vefejnosti a spole¢nosti, a to je§té v penéZni
formg&. Ugelem price je ukézat a posoudit moZnosti vy-
uZiti metodiky ocefiovani MPFL u nés a jejich vysledku
v dalSich budoucich rozhodnutich a finan¢nich kalkula-
cich o eventuélnich pfeménach lesniho ekosystému
v nelesni na dal$ich uzemich.

PODSTATA STAVAJICICH PRISTUPU K OCENOVANI
MIMOPRODUKCNICH FUNKCI LESA

Dosud zndmé pfistupy ke stanoveni ceny MPFL lze

roz¢lenit do dvou zdkladnich sméra. Jeden z nich lze
charakterizovat pojetim, které se odrdZi v metodach oce-
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néni na bézi ochoty potencidlné platit za uZitky z pfi-
slunych funkci lesa, druhy pojetim, které pfedpoklada
expertni ocefiovani vyznamu danych funkei (bliZe napf.
Si¥ak, 1993).

Pristup ochoty platit

Uvedeny piistup vychazi z teorie tzv. spotfebitelské-
ho pfebytku. Podle né&j se ocefiuji pfedev§im mimopro-
dukéni funkce, externality lesa, které jsou ryze sociélni
povahy, tj. nemaji ani zprostiedkovany trzni dopad na
externi subjekty.

Pfimd metoda

Je zndma jako tzv. ,kontingentni valuaéni metoda“
(CVM). Jeji podstatu vystihuje nejlépe nazev ,metoda
dotazovani“. Je rozpracovavéna piedevsim pro ocenéni
rekreacni funkce lesa na konkrétni lokalité. Vychazi ze
sociologickych priizkumil. Dotazy byvaji formulovany
v principu dvojim zpisobem; podle toho se metoda do-
tazovani €leni na dvé varianty — ekvivalentni a kompen-
za¢ni. Uvedenému piistupu se vytyka pfiliSna hypote-
tinost vysledki.

Neprimé metody

Nepiimé metody vychdzeji z ekonometrického mo-
delu teorie chovani spotiebiteli — v tomto pfipadé re-
kreantti — v souvislosti s jejich pfijmy a dalsimi faktory.
Lze fici, Ze jedny pfedpoklady fiktivniho charakteru se
tak sice odstratiuji, ale jiné zavadéji. Patfi sem zejména
tzv. ,,metoda cestovnich nakladu“ a ,,implicitni ocefio-
vaci metoda*. Kromé uZitki, které vyuZivaji jednotlivi
konkrétni spotiebitelé &i uZivatelé, existuji viak rovnéz
uZitky pro obyvatele, ktefi les nenavitévuji. Pro takové
funkce byl zaveden nézev ,neuZitnd hodnota“ — napf.
cena moZnosti volby, cena odkazu, cena existenéni (S i -
$4k, 1993).

Uvedena pojeti ocefiovani pfirodnich zdroji, a tedy
i lesa, kterd vychézeji ze subjektivni teorie hodnoty a vy-
ustuji v konkrétni metody zaloZené na ,,ochoté hypote-
ticky platit” za uZivani lesa a jeho danych funkei, jsou
kritizovana z teoretickych i praktickych hledisek mnoha
autory, i kdyZ jde o pfistup v soucasné dobé velmi Cas-
ty a v zahrani¢i zfejmé vyrazné prevladajici. Ani v teo-
retické, ani v praktické oblasti v§ak nejsou problémy,
které vyvolava, pfekonany.

Napt. Sisak (Sisak et al, 1996; Sigak et al,
1997) pouZil u nas v letech 1994-1996 viibec poprvé
v Setfeni vyznamu lesa experimentdlné rovnéZ metodu
dotazovani (CVM) v ramci celé CR jako alternativni
metodu k dal$im pouZitelnym postupim. T¥i prvni pi-
lotni $etfeni prob&hla v rAmci reprezentativnich vzorki
obyvatelstva CR (kvétni vybér). Konkrétni vysledky
ukazuji v soucasné dob& zna¢nou nejen teoretickou, ale
i praktickou problemati¢nost pouZiti dané metody a vy-
stupl. To souvisi mj. i s tim, Ze vstup do lesa je u nas
z hlediska historické tradice a legislativy bezplatny, po-
volen kaZdému prakticky téméf do viech lesii a bez
ohledu na formu vlastnictvi. Svym zplisobem pak re-
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krea&ni funkce neni zfejmé& pocitovéna jako n&co vyraz-
n& nedostatkového ¢i na hranici deficitu pro jednotlivé
uZivatele (pfi¢emz to je jednou ze zdsadnich podminek
tGsp&chu ocefiovini na bazi ochoty platit).

V pfipadovych studiich penéZniho hodnoceni vyzna-
mu névitévnosti lesa, rekreacni funkce lesa a vyuZitel-
nosti tzv. ekvivalentni varianty metody ochoty platit
projevila neochotu platit jakoukoliv finanéni &4stku za
navstévu lesa mimoradn& velkd &ast dotazovanych po
viechna tfi Setfeni v jednotlivych letech. Z vysledkt
vyplyva, Ze jejich podil se mezi lety 1994-1996 prak-
ticky neménil a kolisal kolem dvou tfetin. Pouze jedna
tfetina respondentii v letech 1995 a 1996, a jen nece-
lych 13 % dotazovanych v r. 1994 by bylo ochotno za-
platit uréitou Eastku.

Pokud bychom vztéhli vysledky Setfeni v reprezen-
tativnich vzorcich obyvatelstva na celou populaci, pak
z vysledkl vyplyva, Ze v r. 1994 by byli ndvitévnici
lesa ochotni zaplatit za nav§tévy lesa 806 mil. K&,
v . 1995 pres 1,785 mld. K& a v r. 1996 5,748 mld. K&.
Pfi 2,475 mil. ha lesa pfistupného vefejnosti by to zna-
menalo roéni hodnotu 1 ha lesa ve vysi 326 K& v r. 1994,
721 K& v r. 1995 a 2 322 K¢ v r. 1996. Kapitalizaci
uvedenych castek by byla odvozena cena 1 ha lesa z to-
hoto titulu ve vysi 11,7 tis. K& v r. 1994, 25,8 tis. K&
v r. 1995 a 83,1 tis. K& v r. 1996, a to i pfes podstatné
sniZenou navstévnost v poslednim roce. Nasledné by
pak lesy pfistupné vefejnosti mély jako nositel dané
funkce (externality) v CR hodnotu 29 mld. K& v r. 1994,
64 mld. K& v r. 1995 a 206 mld. K& v r. 1996. Dany
pfistup vyZaduje do budoucna hlubsi analyzu v naSich
pomeérech a rozsahlejsi Setfeni, protoZe vysledky jsou
velmi nejisté a v rdmci CR zpochybnitelné.

Vicekriteridlni expertni pristup

Uvedeny postup je u nas na rozdil od principu oce-
fiovéani, zaloZeném na ochoté potencialné platit, dobie
znam a rozpracovavén véetné pokusi o praktické apli-
kace. Ke své Skod€ jsou vSak uvedené postupy bud
pouze dil&i, pojednévajici o jedné funkci, nebo pfipad-
né — kdyZ fesi problematiku skupiny funkci — jsou pak
asto vnitin€ obsahové pfili§ nesoudrZné a nesystémové.

Jako nejobsihlejdi, u nas nejznamé&jsi a nejdiskuto-
vangj§i lze uvést praci Papdnka (1978), v niZ je na-
vrZena soustava ocefiovéni funkci lesa, a to jak pro trZni,
ekonomické, tak mimotrZni, mimoekonomické funkce.
Jde o soustavu znalné rozsahlou a podrobnou, vyché-
zejici v8ak z mnoha riznych hypotetickych faktort.
V souvislosti s tim je i pfili§ komplikovana.

Jednim z nejnov&jich ndvrhi u nas, vénujicich se
vyjadieni vyznamu MPFL v penéZni formé bez ohledu
na jejich obsah (ekonomicky, mimoekonomicky), je né-
vth Skypalav (1988), ktery byl vyuZit a rozvijen
v nékolika dalsich pracich. Autor je toho nézoru, Ze je
moZné vyjadfit vyznamnost mimoprodukénich funke-
nich efekti lesa, tzv. ,soub&Znych“, na bazi poméru
uzitné hodnoty t&chto efekti k produkéni funkci (pfes-
néji k produkci dieva).
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Dulezitym metodickym nedostatkem (teoretickym
i praktickym) je zfejmé to, Ze metoda nerozliSuje mezi
mimoprodukénimi funkcemi, které maji zfetelny a mé-
fitelny trZni dopad na externi subjekty (zprostfedkované
trzni externality lesa), a mezi t&mi, u nichZ takovy do-
pad nelze vyjadfit (mimotrZni, socidlni externality lesa).
V prvnim pfipadé je moZné, a dokonce nutné odvodit
vyznam piislu$nych funkci lesa daleko objektivnéji ji-
nym postupem.

K névrhu lze dale uvést, Ze vyznam, cenu produkéni
¢ drevoprodukéni funkce je tfeba vidét jinak (renta,
Cisty dichod) neZ v trZni cené produkce. Takové ceny
by nemély byt zamé&fiovany. Kromé toho je problema-
tické vazat cenu MPFL v jednotlivych lokalitich i na
redlnou cenu produkénich funkci podle dfedni katego-
rizace lesii, byt bychom néasledné vytvéreli néjaké do-
dateéné subjektivni koeficienty.

Kategorizace lesti je pro dané ucely piili§ generalizo-
vand, hruba. Vyznam této metody v3ak spociva v tom,
Ze je jednoduché a piedevsim k dispozici a Ze Ize bez
jakychkoliv dalSich krokd expertné Ziddanou cenu mi-
moprodukénich funkci vyjadrit, a to dokonce s vyznam-
nou legislativni oporou. Uvedeny princip ocenéni je totiZ
pouZit v na8i legislativni praxi, a to v zdkoné& o lesich
€. 289/1995 Sb., v &astech pojednévajicich o poplatku
za odnéti (§§ 15-18 a piiloha). Poplatek za odnéti lesa
jeho funkcim, za zménu v uZivani pozemku lze pova-
Zovat v daném smyslu za ,,Gfedni, normativni“ cenu le-
sa z titulu plnéni jeho mimoprodukénich funkei.

Uvedeny poplatek ve své podstaté internalizuje $ko-
dy z odnéti pozemk plnéni funkci lesa, a to z hlediska
jak docasného, tak trvalého. Ale rovnéZz tak obsahové
odpovidé ufedni, tj. administrativni ¢i legislativné po-
jaté internalizaci $kody (Si¥4k, Pulkrab, 1998),
kterd vznikne imyslnym, tj. antropogenné podminénym
odlesnénim, tzn. pfevedenim lesniho ekosystému v ne-
lesni, at jiZ je diivodem a prostfedkem jakykoliv faktor.
Podstatny v tomto sméru neni imysl, ale vysledek, tj.
likvidace lesa (kterou nelze ztotoZiiovat s béZnou obnovou
lesa) v dané krajiné na danou dobu a likvidace funkci
¢i environmentélnich sluZeb lesa, pozitivnich externalit
pro vefejnost, tj. spolecnost.

Substituéni p¥istup

Nejvhodnéjsi a nejobjektivnéjsi socialné-ekonomic-
ké ocenéni téch mimoprodukénich funkci, které maji
zprostfedkované trzni dopad na externi subjekty, Ize
realizovat na bazi substituce prace, ekonomické efektiv-
nosti, uspory prostfedku plynoucich z existence lesa ve
srovnani se stavem, kdyby zde funkce lesa ve svém
kone¢ném duisledku pro spolednost prestaly plisobit. Tak
postupoval napf. Kreémer (1986) v pfipad€ oceiio-
véni tzv. hydrickych funkci lesa. Jedna se zejména
o tzv. ochranné ekologické funkce lesa. Uvedeny oce-
flovaci pfistup viak v praci nemohl byt pro droveii CR
pouZit, protoZe vyZaduje rozsahle;jsi, fundamentalni za-
kladni vyzkum a organizacné, technicky a finanéné na-
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ro&n4 3etfeni, kterd dosud v CR nebyla bohuzZel realizo-
véana v potiebné kvalité.

METODIKA KALKULACE CENY
MIMOPRODUKCNICH FUNKCI LESA

Pro iucely odvozeni konstrukce dfedni ceny netrZ-
nich, socidlnich MPFL a socialni mimoproduké&ni ceny
lesa (MCL) se jevi v pomérech CR zfejmé& expertni pfi-
stup vhodnéj§i neZ relativné obtizn&jsi a pracnéj§i pfistup
zaloZeny na pruzkumu ochoty spotfebiteli na daném
misté hypoteticky za uZitek platit. RovnéZ pro ocen&ni
zprostfedkované trznich MPFL pfi stavajici neexistenci
jiné moZnosti ocenéni (substitu¢ni pfistup) je jako zé-
kladni metoda z uvedenych divodii pouZit postup pro
kalkulaci poplatku za odnéti lesa jeho funkcim, odvo-
zeny ze souCasné platné legislativni dpravy (zdkon
&. 289/1995 Sb.).

Cena mimoprodukénich funkei lesa

Cena mimoprodukénich funkci lesa (CMFL) byla
kalkulovéana na zdklad€ formy poplatku za docasné od-
néti lesnich pozemki plnéni funkci lesa (zdkon
€. 289/1995 Sb.), protoZe cena funkce je v podstaté roCni
tokovou hodnotou a poplatek za doCasné odnéti lesnich
pozemki plnéni funkci lesa pravé takovou ro¢ni hodno-
tu vyjadfuje. VySe ro¢ni hodnoty na 1 ha byla stanove-
na podle vzorce:

CMFL = PP.CD.f (K&ha™)

kde: PP — prum&rna roéni potencialni produkce lesi CR v m’ha”’,
CD - prim&mé cena dfeva na pni v K& za m’,
f - faktor ekologické vihy lesa.

Priimérn4 roéni potencialni produkce lesi CR je dlou-
hodob& neménna a dosahuje vyse 6,3 m>.ha’l.

Primérnd cena dieva na pni se stanovi z dosaZenych
realizaénich cen dfivi po odelteni nikladii na vyrobu
a pribliZeni na odvozni misto. Tuto primérnou cenu
dreva stanovi a vyhlaSuje kaZdoro¢n€ Ministerstvo ze-
médélstvi (§ 49 odst. 3 pism. e); pro rok 1996: 810 K&,
pro rok 1997: 800 K& a pro rok 1998: 837 K¢.

Faktor ekologické vihy lesa je uveden v tab. I.

Mimoprodukéni cena lesa

Mimoprodukéni cena lesa, tedy cena lesa jako nosi-
tele MPFL, byla kalkulovéna formou poplatku za trvalé
odnéti lesnich pozemka plnéni funkci lesa. Uvedena
skuteCnost vychazi z toho, Ze cena lesa jako objektu
plniciho dané funkce, jako nositele funkce je v podstaté
statickou, kapitalizovanou hodnotou ro¢ni hodnoty
funkce (Si¥4ak, 1994b). O nutnosti vyuZit faktor Casu
v obdobnych kalkulacich hovofi napf.- Holécy
(1998). Poplatek za trvalé odnéti lesnich pozemku pl-
néni funkci lesa pravé tuto statickou, kapitalizovanou
hodnotu vyjadfuje. Cena lesa jako nositele mimopro-
dukénich funkci (mimoprodukéni cena lesa — MCL) na
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1. Faktor ekologické vahy lesa (f) — Factor of the environmental value
of forests (f)

Kategorie lesi f
Les hospodaisky 14
Les ochranny -
a) lesy na mimofadné& nepfiznivych stanovistich 3,0
b) vysokohorské lesy pod horni hranici stromové vegetace | 5,0
c) lesy v kleCovém lesnim vegetaénim stupni 5,0
Les zvlastniho uréeni -
a) lesy v pasmu ochrany vodnich zdroji 1. stupn& 50
b) lesy v ochranném pésmu zdrojii lé¢ivych vod 5.0
c) lesy ndrodnich parkd 1. z6na 5.0

2. z6na 4,0

3. z6na 3,0
d) lesy ve zvIast€ chranénych dzemich 50

¢) lesy v systému ekologické stability Gzemi (velkoplo3né
biocentra CHKO a NP)

f) lesy lazefiské 4,0
g) lesy pfiméstské a se zvySenou zdravotn& rekreaéni funkci | 3,0
h) lesy vyzkumnych lesnickych istavi a lesnickych Skol 2,0

50

i) lesy vyhla3ené za genové zikladny 3,5
j) lesy v uznanych oboréch a samostatnych baZantnicich 1,5

Lesy mimo vyhlaSené kategoric -
a) lesy v pasmu ochrany vodnich zdroju -

I1. stupn& - (vnitini) 4,0
I1. stupné& — (vnéjsi) 2,0
II1. stupné 2,0
b) lesy v chranéné oblasti pfirozené akumulace vod 2,0

Translation of forest categories for Tables I-1X
Forest category
Commercial forest
Protection forest
a) Forests at exceptionally unfavourable sites
b) High-elevation forests below the upper tree line
c) Forests in the dwarf pine vegetation zone
Special purpose forests
a) Forests in the protection zones of water resources of 1st degree
b) Forests in the protection zones of medicinal waters
c¢) Forests of national parks Zone 1 (Core zone)
Zone 2
Zone 3
d) Forests in specially protected areas
e) Forests in the ecological stability systems of the area
f) Spa forests
g) Forests in suburban areas with increased health and recreation
functions
h) Forests of research and educational institutes
i) Forests declared as gene pools
j) Forests in approved game preserves and separate pheasantries
Other forests
a) Forests in water protection zones
IInd degree — (internal)
TInd degree — (external)
IlIrd degree
b) Forests in protected areas of natural water accumulation

1 ha se vyjadfi jako kapitalizovana hodnota CMFL pfi
pouZiti irokové miry 2 %, tedy podle vzorce:

MCL= PP.CD.f

—1)
0.02 (K&.ha
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Identifikace funkci lesa

Na zékladé analyz dostupnych materiald, stavajici
literatury a poznatku byla provedena identifikace funkci
lesa v CR a v NPS (tab. II a III). Funkéni diferenciace
byla realizovana podle pfilohy k lesnimu zdkonu, po-
jednavajici o poplatku za odnéti lesnich pozemki pIng-
ni funkcf lesa. Neomezila se tedy jen na ufedni katego-
rizaci lesu.

VYSLEDKY A DISKUSE

Kvantifikace mimoprodukénich funkei lesa v CR
av NPS

Identifikace MPFL v CR podle zikona &. 289/1995
Sb. (nejen kategorizované) v&etn& odhadovanych vymér
v CR byla provedena na zdklad& dostupnych pisemnych
podkladii a materialii. Vychazi pfedev&im z nasledujicich
praci: Kre¢mer (1994); Anonymous (1995) a Ano-
nymous (1997). Vyméry jednotlivych kategorii lest
podle pfilohy k lesnimu zdkonu (&. 289/1995 Sb.), které
se podafilo zjistit podle uvedenych materidli v ramci
CR, jsou uvedeny v tab. II. Udaje oznatené znakem ,,7
nejsou zndmy a nebylo je moZné za dané situace zjistit
bez ndro¢néjsiho specializovaného Setieni.

Identifikace vymér lesa s jednotlivymi deklarovany-
mi funkcemi je pomérné pracnd a v nékterych poloZ-
kéch by ji bylo v budoucnu tfeba déle ovéfit prostied-
nictvim pfislu$nych inventarizaci. To se tyka zfejmé
zejména lest v systému ekologické stability Gzemi, ale
i jinych poloZek. Problémem je to, Ze souhrnna Ci jed-
notna evidence ploch podle viech poloZek uvedenych
v priloze k lesnimu zdkonu se u nds nevede.

Lze fici, Ze kategorie lesa v soufasném pojeti jiZ
nevyhovuji funkéni diferenciaci a vyznamu pozitivnich
externalit lesa, protoZe rovnéZ kategorie lesti hospodaf-
skych méa na mnoha lokalitdch velmi podstatné mimo-
produkéni funkce — pozitivni externality, které nejsou
evidenéné podchyceny (napi. Kredmer, 1994).
Mnohé dalsi kategorie maji rovnéZ vyraznou funkci
produkéni, a navic paualizovand kategorizace nekores-
ponduje s potfebami a objemem uZitnych hodnot — ko-
neénym socidlné-ekonomickym dopadem na externi
subjekty.

Proto je tfeba do budoucna zvéZzit dosavadni systém
ugelovych kategorii lesa pro potfeby ocefiovani MPFL
a bud tento systém zésadné€ doplnit, nebo pfepracovat
&i vytvorit zcela jiny, podstatné objektivngjsi, na zakla-
d& soudasnych poznatkli, poZzadavkid a potieb spolec-
nosti.

Identifikace vymér lesni porostni pidy v NPS jako
celku podle jednotlivych kategorii vychézela z udaji,
poskytnutych NPS v r. 1998. RovnéZ tak byly odvoze-
ny vyméry kategorii v byvalych lesnich komplexech
zni¢enych kirovcem v dusledku antropogenniho roz-
hodnuti nezasahovat proti kirovci. Vyméry jednotli-
vych kategorif lesa v NPS a v &4sti znitené kirovcem
jsou uvedeny v tab. III.
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II. Vyméry lest v CR podle deklarovanych funkcf (kategorif) v piiloze lesniho zdkona — Areas of forests in the CR by declared functions

(categories) in the schedule to Forest Act

Kategorie lest Vyméra (tisice ha)
Les hospodafsky 1484
Les ochranny 2
a) lesy na mimofédn& nepfiznivych stanovistich 50
b) vysokohorské lesy pod horni hranici stromové vegetace 16
c) lesy v kleCovém lesnim vegetacnim stupni 4
Les zvlastniho ureni =
a) lesy v pdsmu ochrany vodnich zdroji I. stupné& 11
b) lesy v ochranném pésmu zdroji 1é&ivych vod 16
c) lesy narodnich parki 1. zéna 13
2. zéna 52
3. z6na 27
d) lesy ve zvlast€ chrinénych uzemich 44
e) lesy v systému ekologické stability vizemi (velkoplosna biocentra CHKO a NP) 656
f) lesy lazeiiské 8
g) lesy pfiméstské a se zvySenou zdravotn& rekreaéni funkci 47
h) lesy vyzkumnych lesnickych ustavii a lesnickych Skol 24
i) lesy vyhlaSené za genové zékladny 125
j) lesy v uznanych oborach a samostatnych baZantnicich 32
Lesy mimo vyhlaSené kategorie
a) lesy v pasmu ochrany vodnich zdroji -
II. stupn& — (vnitfni) ?
I stupn& — (vn&jsi) ?
III. stupné ?
b) lesy v chrin&né oblasti pfirozené akumulace vod 420

111, Vyméra porostni pudy v hektarech podle jednotlivych kategorii v NPS a na uzemi, kde byl lesni ekosystém zlikvidovén — Forest stands
area in ha by categories in the Sumava National Park and in the areas with destroyed forests

Kategorie lesi Vyméra (ha) na Gzemi
NP$ odlesnéném

Les ochranny - -

a) lesy na mimof4dné nepfiznivych stanovistich 6 586,61 0

b) vysokohorské lesy pod horni hranici stromové vegetace 4 167,05 0

Les zvlastniho urgeni = =

a) lesy v pdsmu ochrany vodnich zdroji I. stupn& 20,40 0

c) lesy narodnich parkd 1. zéna 7 427,67 694,35
2. z6na 47 244,79 820,50

e) lesy v systému ekologické stability izemi (velkoplo¥na biocentra CHKO a NP) 54 672,46 1514,85

Lesy mimo vyhlaSené kategorie = =

a) lesy v pasmu ochrany vodnich zdroju - -

IL. stupné — (vnitfni) 503,46 0

b) lesy v chrin&né oblasti pfirozené akumulace vod 54 672,46 1514,85

Cena mimoprodukénich funkei lesa a mimoprodukéni
cena lesa v CR a v NP§

V tab. IV aZ VI jsou uvedeny ceny MPFL podle

deklarovanych funkci lesa, které jsou cenami ro¢nimi.
Neni-li tedy na daném tzemi v danych letech urditd
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funkce lesa (vyjadfena pfislusnou kategorii lesa) plné-
na, jde o kaZdoro¢ni tijmu a Skodu pro vefejnost a spo-
lenost, coZ by mélo byt v ramci spole€nosti vzato
v tvahu a na coZ by méla spoleCnost a pfislu$né sub-
jekty patfi¢né reagovat a internalizaci Skody prakticky
uplatfiovat.
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IV. Jednotkova roéni cena mimoprodukénich funkef lest podle kategorii (tisic K&ha™') — Unit year value of non-market forest functions by
categories of forests (thousand CZK.ha")

Kategorie lesi Cena (tisic K&.ha™!)
Les hospodéfsky 7,38234
Les ochranny -
a) lesy na mimoifddn€ nepiiznivych stanovistich 15,81930
b) vysokohorské lesy pod horni hranici stromové vegetace 26,36550
c) lesy v kle€ovém lesnim vegetaénim stupni 26,36550
Les zvlastniho uréeni -
a) lesy v pdsmu ochrany vodnich zdroju I. stupné 26,36550
b) lesy v ochranném pasmu zdroji 1é€ivych vod 26,36550
¢) lesy ndrodnich parki 1. z6na 26,36550
2. z6na 21,09240
3. zéna 15,81930
d) lesy ve zvlasté chranénych izemich 26,36550
c) lesy v systému ekologické stability izemi (velkoplo¥na biocentra CHKO a NP) 26,36550
f) lesy lazefiské 21,09240
g) lesy pfiméstské a se zvySenou zdravotng rekreaéni funkci 15,81930
h) lesy vyzkumnych lesnickych istavi a lesnickych $kol 10,54620
i) lesy vyhlaSené za genové zdkladny 18,45585
j) lesy v uznanych oborich a ych baZantnicich 7,90965
Lesy mimo vyhlaSené kategorie -
a) lesy v pasmu ochrany vodnich zdroji =
II. stupn& — (vnitin{) 21,09240
II. stupn& — (vn&jsi) 10,54620
I1I. stupn& 10,54620
b) lesy v chrinéné oblasti pfirozené akumulace vod 10,54620

V. Celkové roéni cena mimoprodukénich funkei lesi v CR podle kategorii (mil. K&) — Total year value of non-market functions of forests
by categories in the CR (mil. CZK)

Kategorie lesu Cena (mil. K&)
Les hospodafsky 10 955
Les ochranny -
a) lesy na mimofé4dn€ nepfiznivych stanovistich 791
b) vysokohorské lesy pod horni hranici stromové vegetace 422
c) lesy v kleovém lesnim vegetaénim stupni 105
Les zvlastniho urceni -
a) lesy v pasmu ochrany vodnich zdroji I. stupng 290
b) lesy v ochranném pasmu zdroju 1égivych vod 422
c) lesy nirodnich parkd 1. z6na 343
2. zéna 1097
3. zéna 427
d) lesy ve zvlasté chranénych uzemich 1160
e) lesy v systému ekologické stability izemi (velkoplo$na biocentra CHKO a NP) 17 296
f) lesy lazefiské 169
g) lesy pfiméstské a se zvySenou zdravotné rekreatni funkci 744
h) lesy vyzkumnych lesnickych dstavd a lesnickych kol 253
i) lesy vyhlaSené za genové zékladny 2307
j) lesy v uznanych obordch a samostatnych baZantnicich 253
Lesy mimo vyhlasené kategorie -
a) lesy v pasmu ochrany vodnich zdroji =
I1. stupn& — (vnitini) ?
II. stupné — (vn&jsi) 4
I11. stupn& ?
b) lesy v chrén¥né oblasti pfirozené akumulace vod 4429
Rotni cena mimoproduk&nich funkei lesa v CR celkem 41 463
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VI. Celkova ro&nf cena mimoprodukénich funkci lestt v NPS a na Gizemf, kde byl lesni ekosystém zlikvidovén (kaZdoro&nf ztréita — mil. K&) ~
Total year value of non-market functions of forests by categories in the Sumava National Park and in the areas with destroyed forests (year

loss — mil. CZK)
Katdinis st Cena (mil. K&) na Gzemi
NP3 odlesn&né

Les ochranny _ &

a) lesy na mimof4dn& nepfiznivych stanovistich 104,195 0

b) vysokohorské lesy pod horni hranici stromové vegetace 109,866 0

Les zvlastniho ureni - -

a) lesy v pdsmu ochrany vodnich zdroji I. stupné 0,538 0

¢) lesy nérodnich parku 1. z6na 195,834 18,307
2. z6na 996,506 17,306

¢) lesy v systému ekologické stability tizemi (velkoplodné biocentra CHKO a NP) 1 441,467 39,940

Lesy mimo vyhldSené kategorie - -

a) lesy v pasmu ochrany vodnich zdroji - -

II. stupn& — (vnitfni) 10,619 0

b) lesy v chran&né oblasti pfirozené akumulace vod 576,587 15,976

Roéni cena mimoproduké&nich funkci celkem 3 435,612 91,529

VIL Jednotkové mimoprodukéni cena lesa v CR (tis. K&ha™') - Unit non-market forest value in the CR (thousand CZK.ha™)

Kategorie lest Cena (tis. K&/ha)
Les hospodéisky 369,117
Les ochranny -
a) lesy na mimof4dné nepfiznivych stanovistich 790,965
b) vysokohorské lesy pod horni hranici stromové vegetace 1 318,275
¢) lesy v kle€ovém lesnim vegeta¢nim stupni. 1 318,275
Les zvlaStniho urfeni =
a) lesy v pasmu ochrany vodnich zdroji I. stupné 1 318,275
b) lesy v ochranném pasmu zdroju légivych vod 1 318,275
c) lesy nérodnich parkd 1. z6na 1 318,275
2. z6na 1 054,620
3. zéna 790,965
d) lesy ve zvlast€ chranénych izemich 1 318,275
e) lesy v systému ekologické stability Gzemi (velkoplo$néa biocentra CHKO a NP) 1 318,275
f) lesy lazefiské 1 054,620
g) lesy piimé&stské a se zvySenou zdravotné rekreaéni funkci 790,965
h) lesy vyzkumnych lesnickych tstavi a lesnickych skol 527,310
i) lesy vyhldSené za genové zékladny 922,7925
) lesy v uznanych oboréch a samostatnych baZantnicich 395,4825
Lesy mimo vyhl4sené kategorie -
a) lesy v pdsmu ochrany vodnich zdroju -
I1. stupn& — (vnitini) 1 054,620
I1. stupné — (vn&js) 527,310
I11. stupng 527,310
b) lesy v chrinéné oblasti pfirozené akumulace vod 527,310

Na rozdil od ceny MPFL je cena lesa jako nositele
uvedenych mimoproduk&nich funkei kapitalizovanou
hodnotou ro&nich hodnot pfi drokové mife 2 %
(tab. VII a% IX).

ZAVERY

PenéZni hodnoceni vyznamu komplexu MPFL, cha-
rakterizovanych kategoriemi lesa podle pfilohy zdkona
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&. 289/1995 Sb. véetné vodohospodaiské a pudoochran-
né funkce vychéazelo piedevsim z expertniho pfistupu
jak v ramci CR, tak v NPS. Pfi fefeni byla vyuZita do-
savadni kategorizace lesti na Gizemi CR a v NPS.
Hodnotové vyjadieni se opiralo o sou¢asné pojeti
vyznamu MPFL ve spole¢nosti u néds. Zakladem byl
v podstaté Gfedni, normativni, pfislu¥nymi odbornymi
orgény zpracovany, vykonnymi orgény navrZeny a zé-
konodarnymi organy CR schvéleny lcgislativni princip
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VIII. Celkova mimoprodukéni cena lesa v CR (mld. K&) — Total non-market value of forests in the CR (bill. CZK)

Kategorie lesii

Cena (mld, K&)

Les hospodaisky 547,8
Les ochranny -
a) lesy na mimof4dn€ nepfiznivych stanovistich 39,5
b) vysokohorské lesy pod horni hranici stromové vegetace 21,1
c) lesy v kleGovém lesnim vegetatnim stupni 53
Les zvlaStniho uréeni =
a) lesy v pdsmu ochrany vodnich zdroju I. stupn& 14,5
b) lesy v ochranném péasmu zdroji 1é&ivych vod 21,1
c) lesy narodnich parka 1. zéna 17,1
2. z6na 54,8
3. zéna 214
d) lesy ve zv14$t€ chranénych tzemich 58,0
e) lesy v systému ekologické stability izemi (velkoplo$né biocentra CHKO a NP) 864,9
f) lesy lazefiské 84
g) lesy pfiméstské a se zvysenou zdravotné rekreacni funkci 37,8
h) lesy vyzkumnych lesnickych ustavii a lesnickych $kol 12,6
i) lesy vyhlaSené za genové zikladny 1153
j) lesy v uznanych oboréach a ych baZantnicich 12,7
Lesy mimo vyhléSené kategorie .
a) lesy v pasmu ochrany vodnich zdroji -
I1. stupné — (vnitini) ?
I1. stupné — (vn&;jsi) ?
I11. stupng ?
b) lesy v chrin&né oblasti pfirozené akumulace vod 221,5
Mimoprodukéni cena lesa celkem 2 073,‘8

IX. Celkovad mimoprodukéni cena lesa v NPS a na tizemi, kde byl lesni ekosystém zlikvidovan (ztrita) — mil. K& - Total non-market value

of forests in the Sumava National Park and in the areas with destroyed forests (loss) — mil. CZK

Kitopois 18t Cena (mil. K&) na tizemi
NP§ odlesnéném
Les ochranny - -
a) lesy na mimofddné nepfiznivych stanovistich 5209.8 0
b) vysokohorské lesy pod horni hranici stromové vegetace 54933 0
Les zvlaStniho urceni - -
a) lesy v pasmu ochrany vodnich zdroju 1. stupné 26,9 0
c) lesy nérodnich parka 1. zéna 9 791,7 915,3
2. zéna 49 8253 865,3
e) lesy v systému ekologické stability izemi (velkoplodna biocentra CHKO a NP) 72 073,3 1997,0
Lesy mimo vyhlaSené kategorie = =
a) lesy v pdsmu ochrany vodnich zdroji - =
I stupné — (vnitini) 531,0 0
b) lesy v chrén&né oblasti pfirozené akumulace vod 28 829,3 798,8
Mimoprodukéni cena celkem 171 780,6 4 576,4
(Z4kon &. 289/1996 Sb. a jeho priloha). V Ceské repub- Z hodnot uvedenych v tab. V a VI vyplyva, Ze pri-
lice ¥lo o vitbec prvni ptipadovou studii takového cha-  mé&rné ro¢ni cena MPFL, reprezentovanych pfislusnymi
rakteru. kategoriemi a deklarovanych podle pfilohy zdkona
245
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¢. 289/1995 Sb. (lesni zdkon), dosahuje pro rok 1998
v CR 16 071 K&.ha™! porostni piidy, zatimco na dzemi
NPS je tato cena tém&F Ctyfikrat vy, tj. 62 840 Ké&ha!
porostni piidy. Na tizemi NPS zniZeném kirovcem pak
mad tato rodni cena, tzn. ztrita ¢i §koda zpisobend ve-
fejnosti, hodnotu 60 421 Ké.ha™.

Z toho plyne, Ze pfi deklarovanych 1 514,85 ha lesa
zni¢eného kirovcem v NP$ (tab. III) by mél piivodce
$kody zaplatit za kazdy rok, po ktery neni na tomto
tizemi lesni porost, a tedy nejsou plnény MPFL, od-
§kodnéni ve prosp&ch vefejnosti CR ve vysi 91,5 mil.
K¢ (tab. VI), pokud budeme diisledné trvat na interna-
lizaci negativnich externalit lidské Einnosti.

Z tdaji v tab. VIII a IX lze odvodit, Ze primérnd
mimoproduké&ni cena lesa v CR pro rok 1998 dosahuje
803,8 tis. K&.ha™! porostni piidy, ale na izemi{ NPS m4
tato cena hodnotu 3,142 mil. K&ha™ porostni pidy
(téméF Ctyfikrat vice). Na tizemi NPS znideném kiirov-
cem pak dosahuje dan4 cena (ztrata ¢i §koda) 3,021 mil.
K&.hal.

Uvedené znamen4, Ze pokud nebude na daném tze-
mi les obnoven nebo pfirozend sukcese do vzniku na-
sledného lesniho porostu bude trvat vice neZ jednu, spise
viak nékolik lidskych generaci, mél by pivodce zaplatit
vefejnosti §kodu na drovni 3 mil. K& za kaZdy hektar.
Pfi 694,35 deklarovanych znienych hektarech v 1. z6-
né bez obnovy lesa, tj. bez antropogenniho zdsahu
(tab. III) by to znamenalo jmu ¢&i $kodu zpisobenou
vefejnosti Ceské republiky ve vy$i 2,197 mld. K&.

Teprve za takové ceny v soucasné dobé lze pak snad
déle experimentovat s Zivotnim prostiedim obyvatel
CR s takovymi negativnimi dopady, oviem pouze za
podminek zcela precizné legislativné definovanych,
nejlépe pak zvlastnim zdkonem upravenych.

Srovnéme-li uvedené hodnoty mimoprodukéni ceny
lesa s primérnou ufedni ¢i normativni nebo adminis-
trativni dfevoprodukéni cenou lesa (nyni vyhlaska MF
€. 279/1997 Sb.), kterou lze v souvislosti s udaji uva-
dénymi Kubu (1998) vyjadfit v priméru CR na trov-
ni pod hodnotou 300 tis. K&.ha™', vidime, Ze mimopro-
duk&ni cena lesa v CR dosahuje podstatng vy33i
hodnoty — vice ne¥ 2,5kr4t a na izemi NPS je v primé-
ru vice neZ desetkrat vyssi.

Vysledky Setfeni, realizovaného predevsim prostied-
nictvim expertniho pfistupu hodnoceni vyznamu
MPFL, opirajiciho se o souasné legislativni pojeti, 1ze
vyuZit pro posouzeni a finan¢ni vyjadfeni $kod, plynou-
cich ze zhor$eného plnéni tdrovné externalit lesa
(MPFL) nejen v NPS, ale i v dalSich pfipadech antro-
pogennich $kod na lesich. Dané stavajici feSeni je vSak
nutné povaZovat za docasné, za ne zcela vyhovujici na
soucasné drovni pozndni.

Pokud jde o praktickou aplikaci jednotlivych metod
ocefiovani MPFL u nés, Ize uvést na zdkladé analyzy
literatury a dosud realizovanych vyzkumnych Setfeni
nasledujici zavéry:

1. Ocenéni MPFL na zékladé ochoty platit je v sou-
gasnych socilné-ekonomickych pomérech CR dosud
problematické a nespolehlivé.
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2. Za soucasné situace je zfejmé tzv. vicekriteridlni
srovnévaci expertni pfistup pro ocenéni mimotrZnich
MPFL (zdravotné-hygienickych a kulturné-nauénych)
pouZiteln&jsi neZ piistup ochoty platit. Vyrazem daného
pristupu je v pomérech CR poplatek za odnéti pozemku
plnéni funkci lesa v zdkoné &. 289/1995 Sb. (lesni z4-
kon).

3. Pro ocenéni zprostfedkované trznich MPFL je uve-
deny pfistup pouze nouzovym feSenim, které je z dlouho-
dobé&jsiho hlediska objektivn& neudrZitelné! Zatim se
viak u nés stile jeSté ziejm& nepocifuje potfeba tuto
situaci objektivné Fe¥it.

4.V blizké budoucnosti by méla byt konstrukce platby
za odnéti lesa plnéni jeho MPFL, ktera vychazi z uve-
dené legislativy, zdsadné&ji pfebudovéna, a to zejména
v souvislosti s potfebami redln&j§iho vyjadfeni vyzna-
mu MPFL v penéZni formé& zejména s ohledem na nut-
nost thrady $kod za zniCeni & poskozeni MPFL, a to
ve smyslu jak platby prohibitivni, tak sankéni.

5. Z toho davodu je nutné zadat a samostatné feSit
tikol ocefiovani mimoproduké&nich funkci lesa v CR,
v némZ by metodika feSeni odpovidala nejen pravé uve-
denému 6celu, ale i dal§im, zmin&nym v dvodu.

6. Z hlediska vyjadieni vy$e §kod ze zhor¥eného pl-
néni ¢i likvidace MPFL na daném misté je moZné pouZit
v nékterych pfipadech rovnéZ nakladového piistupu, tj.
nékladi na ,,uvedeni do pfedchoziho stavu“. Svym zpu-
sobem se jednd o ndklady na vypéstovani lesniho po-
rostu do urCitého stavu, konkrétnéji alespoii do stadia
tzv. ,,zajisténého lesniho porostu®.

Vystupem feSeni tkolu jsou udaje, které u nas dosud
nebyly znamy a vyvolavaji fadu dalSich otizek a namé-
td k feSeni i potfebu dal§iho ovéfovani metodiky
a upfesfiovéni vstupnich dat. To se tykéd zejména potie-
by zjiSfovani a evidence prislu$nych deklarovanych
funkci lesa podle pfilohy k lesnimu zikonu (zakon
¢. 289/1995 Sb.).
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AN ALTERNATIVE OF NON-MARKET FOREST FUNCTIONS MONETARY
VALUATION IN THE CZECH REPUBLIC AND ITS APPLICATION IN THE CASE

OF SUMAVA NATIONAL PARK

L. Sisak

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

The issue of non-market forest functions (NMFF)
valuation is considerably theoretically and practically
difficult namely because the mentioned forest functions
do not proceed through the market directly. NMFF rep-
resent positive externalities of forest and forestry.
Monetary valuation of the importance of NMFF serves
many purposes.

The aim of the article is to contribute to the discus-
sion on expression of NMFF importance in monetary
terms in the Czech Republic (CR) and to compare this
importance with that in the Sumava National Park
(SNP). In some parts of SNP, devastation and total de-
struction of forest resulted from a purposeful decision
to take no action against calamity bark beetle outbreak.
As in some parts, forest has not been reconstructed on
purpose, forest ecosystems turned to non-forest ones,
substituting forest for a considerably long time. There-
fore, NMFF, positive forest externalities, have vanished
from these territories for a long time.

The goal of the work is also an experimental expres-
sion of damage from NMFF liquidation. Out of the
three mentioned approaches to valuation of NMFF:
willingness-to-pay (WTP) approach, expert comparing
approach (ECA) and substitute approach, the ECA was
used. The ECA is actually applied in current legislation
— in the Forest Act (No. 289/1995) — in the form of so
called , fee for the withdrawal of forest land designated
for the fulfilment of forest functions* (deforestation).
WTP approach could not be used due to a too hypo-
thetical feature and other problems under socio-eco-
nomic conditions in the CR (Si§4k, 1993; Sisak et
al., 1997).

Though there is a number of principal theoretical
and practical shortcomings related to ECA, this ap-
proach is considerably simple and is the only one prac-
tically available to evaluate and express the damage to
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NMFF. The annual value of NMFF (CMFL) is calcu-
lated by formula for the annual fee for the withdrawal:

CMFL=PP.CDf  (CZK.ha™)
where: PP — average annual potential production of forest in the
CR in m*ha”,
CD - average stand price of timber in CZK per m’,
f - factor of the environmental value of forests by dif-

ferent forest categories (zones).

The non-market value of forest (MCL) was calcu-
lated by the formula for fee for permanent withdrawal
of forest land (capitalization at 2% interest rate):

sivro PECD.F
“Tom

The average value of NMFF, calculated by the pre-
sented method, reached 16,071 CZK per 1 ha of forest
land while it was 62,840 CZK per 1 ha in SNP. In the
territory of SNP devastated by bark beetle, this annual
price, i.e. loss or damage caused to the public, was
60,421 CZK.

Hence it follows, with declared 1,514.85 ha of forest
devastated by bark beetle in SNP (Table III), that the
originator should pay for each year without forest cov-
ering the territory and therefore the NMFF not being
fulfilled about 91.5 millions CZK damage in benefit of
the Czech public (Table VI).

The non-market forest value achieved on average
803.8 thousand CZK.ha™! in the CR, while in SNP it
was 3.142 millions of CZK.ha™! and 3.021 millions of
CZK.ha™! in the territory devastated by bark beetle.

It follows from the presented facts unless forest is
reconstructed in the territory or if the natural succession
resulting in establishment of forest stand takes at least
one or more probably several human generations, the
originator should pay damage of about 3 millions
CZK.ha™! to the public. With 694.35 declared devas-

(CZK.ha™)
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tated hectares in the 1st zone, where forest reconstruc-
tion, i.e. anthropogenic intervention is not allowed
(Table III), this would represent detriment or damage
caused to the Czech public of 2,197 millions CZK.
Only at this price we can go on in experimenting with
the environment of the Czech public resulting in such
negative impacts, however only under conditions de-
fined precisely legally, regulated by a special law at the
best.

If we compare the presented values of NMFF with
the average normative or administrative forest price
based on wood-production (which is less than 300 thou-

sand CZK.ha‘l), we can see that the non-market forest
value in the CR reaches a principally higher value — on
average more than 2.5 times and in the territory of SNP
even 10 times higher.

The outputs of the solution represent data unknown
here so far and provoking many questions and ideas of
solution and requiring further verification and specifi-
cation. In case the method is applied to assessment and
financial expression of damage following from wors-
ened fulfilment of NMFF in the CR it should be ac-
cepted only as a temporal and not fully convenient
method at the current level of knowledge.
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