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ON THE OCCURRENCE, BIONOMICS
AND HARMFULNESS OF ALTICA QUERCETORUM
QUERCETORUM FOUD. (COLEOPTERA, ALTICIDAE)

J. Urban

Mendel University of Agriculture and Forestry, Faculty of Forestry and Wood Technology,

Lesnickd 37, 613 00 Brno

In 1993 and 1994, oak fleahopper (Altica quercetorum
quercetorum Foud.) exhibited mass outbreak at several
locations in the Czech Republic. Severe insect feeding to
clean eating was recorded in the coppice forest of Palacky
vrch Hill in Brno. Extensive studies have brought know-
ledge about the occurrence of the pest, host forest tree
species, bionomics and harmfulness. The beetles winter
particularly on the ground in shed leaves and leave the
wintering place in the second half of May to suddenly
appear on forest tree species. Here, they perforate young
leaves from their adaxial face and lay eggs onto the aba-
xial face in compact clusters of 2 up to 15 pieces (on
average 7.5). In the course of 4 to 6 weeks of maturity
and regeneration feeding the females lay about 25 clusters
of eggs and die. Fertility of the females is about 186 (ma-
ximum 248) eggs. Larvae emerge from the eggs in the first
half of June and cause damage to leaves initially only by
mining from the abaxial face, later also by windowing on
both sides. The larvae feeding culminates in the second
half of June and at the beginning of July. Development
from the egg laying up to the end of larvae feeding takes
1.5 month (1 month in the laboratory). The grown up
larvae withdraw into the surface soil layers in order to
pupate, mostly in the second half of July. Pupae are for-
med after 7 to 9 days (5 to 6 in the laboratory) since the
feeding has been stopped, and the stage of pupa lasts for
10 days (7 days in the laboratory). From the end of July
till mid-September, the young beetles occur on woody
species where they cause damage to leaves by windowing
or mining from the upper (adaxial) side. With the onset
of cold weather the beetles hide in their wintering places.
Natural enemies of the larvae include the tachina fly An-
thomyiopsis nigrisquamata Zett. The main cause of mor-
tality of the flea beetle is mild and moist weather during
wintering of the beetles and the entomopathogenic fungus
Beauveria bassiana Bals., which attacks the enfeebled bee-
tles. The larvae of all 3 instars damage on average
840 mm” leaves (out of which 98, 247 and 495 mm” can
be attributed to larvae of the 1st, 2nd and 3rd instar,
respectively). In breeds, the adult individuals damaged
before wintering on average 4,274 and after wintering
3,340 mm? leaves. With regard to great dispersion of the
beetles across the stands and the relatively short period
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of insect feeding before wintering and high mortality du-
ring the wintering period, the damage shows less dange-
rous when compared to that caused by larvae feeding.
The most attacked tree species is pedunculate oak, other
oak species to a much lesser extent. Pronounced trophic
affinity appears to be exhibited to hazel and beech. In
contrast to literature data, the beetle does not consume
the leaves of alder and willow.

Altica quercetorum quercetorum Foud.; host tree species;
development; enemies; harmfulness

INTRODUCTION

The abundance of oak fleahopper (Altica querce-
torum quercetorum Foud.) has lately increased at many
locations in the Czech Republic (determination con-
firmed by Professor Vondfejc, Ostrava University).
Mass outbreaks of the beetle connected with severe
insect feeding to clear eating were recorded in 1993 and
1994 in a mixed forest with prevailing pedunculate oak
on Palacky vrch Hill in Brno. Harmful occurrence of
the flea beetle was recorded particularly in South-
-Moravian oak stands, in the districts of Bfeclav, Miku-
lov and Znojmo. According to Ing. M. Dusek from the
Headquarters of Forests of the Czech Republic, Hradec
Krilové, striking clear eatings were also found in East-
ern and Central Bohemia (e.g. in forest districts
Opocno, Rychnov nad KnéZnou, in Prague parks and
elsewhere). The spontaneous outbreak of the pest at-
tracted attention of both foresters and research workers.
Its considerable forestry importance, given mainly by
the character of mass outbreak and absence of closer
domestic knowledge of bionomics and harmfulness of
the beetle were the main motivation to work out this
study.

Oak fleahopper [Altica(Haltica) quercetorum quer-
cetorum Foud. = A.(H.) erucae Ol.] is taxonomically
included into the subfamily of flea beetles (Alticinae =
Halticinae) of the large family of chrysomelids (leaf
beetles) (Chrysomelidae). Since the fleahoppers show
marked differences from other leaf beetles in terms of
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both morphology and bionomics, they have become to
be considered a separate family of flea beetles (Altici-
dae) in important taxonomic works from about the seven-
ties, and namely at present time. The most important
distinguishing character which makes them different
from all other chrysomelids is the presence of a special
chitin-like body on the internal side of thighs of their
rear leaping legs near the tibia joint. The systematically
important internal formation is linked up with certain
muscles and apparently has an immediate influence on
the leaping capacity of the flea beetles (M ohr, 1960).
According to Horion (1951), the fleahoppers in
Central Europe are represented by 25 genera with about
230 species, according to Heikertinger (1930)
they are represented by 48 genera and 785 species in
the Palearctic area, and Palij (1966) claims that there
are 340 genera with 5,000 species in the whole world.
This makes their species identification rather difficult.
And it is exactly this genus that oak fleahopper belongs
to. Difficulties associated with its determination can be
considered a cause to persisting lack of information about
geographical occurrence, evolution and harmfulness.
The same applies to morphologically and bionomically
closely relative subspecies Altica quercetorum saliceti
Ws. Therefore, some authors such as Rudnev (1965a),
Palij (1966), etc. took the species denominated as
Haltica quercetorum Foud. and H. saliceti Ws. for spe-
cies that are quite identical. This was the reason for me
to include several data in my study which are supposed
to facilitate better indication of the pest.

METHODS

The majority of field investigations was made in
1993 and 1994 in an oak coppice forest on the Southern
and South-Western slopes of Palacky vrch Hill in Brno.
The flea beetle development in the open was monitored
during the growing season in 1- or 2-week intervals.
Individual and mass laboratory breedings of the flea
beetle on pedunculate oak were run in parallel to the
field studies, at which the beetles were kept in wire
rearing cages and in glass Drygalski dishes. Ends of
leafy twigs were placed in vessels with water and mois-
turized paper cottonwool in the rearing cages and in the
Drygalski dishes, respectively. With this breeding ar-
rangement leaves could be maintained fresh suffi-
ciently long.

The developmental stage of larvae brought from the
open or reared from eggs laid by beetles in the labora-
tory was detected by micrometric methods through
measuring the width of the head shell. Reduced area of
1 m? of damaged pedunculate oak leaves was measured
by planimetric methods in individual instars and in bee-
tles and then expressed in g (dry matter). Trophic re-
quirements of the fleahopper larvae and beetles were
tested by laboratory breeding on different tree species.
The reared beetles were monitored for egg laying and
their ecological (or physiological) natality rate was de-
termined.
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RESULTS
BASIC MORPHOLOGICAL CHARACTERISTICS

Adult individuals of the oak fleahopper (Altica quer-
cetorum s.s.) (Fig. 1) are 4 to 5.3 mm long and 2 to
2.6 mm wide. With the exception of mainly grey-
-brown eyes, black feelers and brown-black tibiae in-
cluding tarsi their colour is shiny dark blue to blue-
-green. Their lengthwise oblong and slightly vaulted
body is widest behind the half of elytra. The small head
is covered with a shicld up to the eyes. The thread-like
antennae consisting of 11 segments are of medium
length, slightly exceed half-length of the body and get
closer to each other at the base. The front is divided
lengthwise with a pronounced keel above which there
are two distinguished flat and strongly shining frontal
protuberances shaped as round triangles approximately
at the level of the upper part of the eyes above the
setting of the antennae.

The scutum width is 1.4 to 1.6 (on average 1.5)
times larger than its length and by 1/4 narrower than
the dorsal width of the elytra. The sides are finely keel —
edged, the rear half of the scutum being almost straight,
either slightly narrowing or parallel. Front corners of
the scutum are sidewise thicker and indistinct from the
bird’s view (as if round), rear corners being of dis-
tinctly obtuse angle. At the scutum base there is a pro-
nounced transverse groove of linear to slightly forward
bent character, which does not reach the edges of the
scutum. This transverse groove does not link up at the
shield sides with indentations nor lengthwise grooves
pointed forward. The shield is very densely and finely
dotted.

The elytra are slightly vaulted, their length being
1.52 times larger than their width, they are wider than
the scutum their both ends being round shaped. Shoul-
der protuberances are quite distinct. Lengthwise side
folds issue from them, which are often indistinct in the
centre of the elytra to become nearly rectangular
(ribbed) in the rear part of the elytra. From the side
view, the elytra bases appear more vaulted than the
scutum. On the sides, the elytra are distinctly keel-
edged and slightly extended at their rear end. The edge
along the length is most developed in the central part
of the elytra and is missing in their rear end. Similarly
like the scutum, the elytra are irregularly dotted, the
dots being much scarcer and more distinct, though.

When distinguishing A. q. quercetorum from A. q.
saliceti, it is not possible (unlike in numerous other
species of this genus) to make use of traits shown on
the male sex organs as no significant differences have
been found on them (Mohr, 1966, and others). Ac-
cording to Kuhnt (1913), Mohr (1966), Meis-
ner (1974) and other authors, the two flea beetles can
be distinguished on the basis of morphological charac-
ters, particularly those on the elytra. Traits on other
parts of the body are mainly species nonspecific and
cannot be normally used to determine the species. Re-
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garding the very disputable occurrence of A. g. saliceti
fleahopper on willows, it is not possible to support the
species classification by the knowledge of host tree
species like it is the case in many other trophicaly
closely specialized flea beetles.

Eggs of oak fleahopper (Fig. 2) are dull yellow to
orange-yellow, of round cylindrical to elliptic shape.
Their length is 0.96 to 1.11 mm (on average 1.05 mm),
their width from 0.39 to 0.50 (on average 0.44) mm.
The chorion is considerably firm with a very fine wrin-
kling on the surface. It provides good protection of the
germ against unfavourable weather and numerous ene-
mies.

1. Female of oak flea beetle (Al-
tica quercetorum quercetorum
Foud.). Length 4.5 mm

2. Eggs of oak flea beetle on the
lower leaf side of pedunculate oak
(Quercus robur L.). Egg length
1 mm. Photo by J. Ri&ny

Larvae of oak fleahopper have a usual habitus of the
chrysomelid larvae. In their development, they through
pass three instars. The grown-up larvae are up to 9 mm
in length and 1.8 mm wide. From above they are
vaulted, shiny brown-black, green-black to black, from
below they look flattened and lighter. The freshly
moulted larvae are yellow. The head is black, strongly
sheeny, coarsely dotted, with fine thin and standing-up
hair and short feelers. The second and third thoracic
segments as well as abdominal segments are provided
with two transversal rows of papillaec with 1 to 3 little
hairs of light brown colour. Largest are the lateral pa-
pillae over the coxa of middle legs. The abdominal
papillae (particularly those on the last segments) are
smaller than the thoracic ones. The lateral papillac on
the thorax bear 3 (on the abdomen only 2) hairs of 0.15
to 0.30 mm in length. The prothorax is formed from
above by the strongly sclerotized scutum, the last ab-
dominal segment by the anal scutum. The most signifi-
cant determination characters are to be found on the
scutum of the vertex. However, their description would
exceed the scope of this study. Before pupation, the
body of the larva acquires a roll-like bent shape at
simultaneously getting shorter to the length of max.
5.5 mm, or possibly even slightly wider. The larvae
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stop moving and get prepared for pupation in a stiff
position (with legs stretched forward):

Pupae of flea beetles are characteristic by their typi-
cal ventral position of the head, coverage of feelers
(with the exception of the first three segments) with
front legs, prevailing part of the 3rd pair of legs co-
vered with wing sheaths, and by the count of setae
(Mohr, 1960). The oak fleahopper pupa (Fig. 3) is of
approximately oval shape, 4 to 5.2 mm long, sheeny
bright yellow to yellow-orange, with transverse rows of
dark setae to fine spines on the dorsal side of the thorax
and on the abdomen (0.15 to 0.25 mm in length), and
two abdominal spines. The maturing pupa gradually

3. Pupae of oak flea beetle. Length 4 to 5 mm

acquires yellow-grey colour with its eyes, feelers, legs
and mandibles growing darker. Freshly emerged bee-
tles are of light brown colour, and acquire metalic co-
loration in approximately 10 hours, already in some
6 hours on the scutum.

OCCURRENCE AND HOST TREE SPECIES

The oak fleahopper (A. q. quercetorum) occurs in
central, southern and eastern Europe. Northern border
of its natural range runs approximately from Hamburg,
across northern Poland and central regions of the Euro-
pean part of the former Soviet Union up to the Ural,
southern border stretches from northern Portugal and
France across northern Italy, south of the former Yu-
goslavia, Bulgaria, Greece, Turkey and southern re-
gions of the former Soviet Union including the Crimea
and Caucasus.

Its host tree species is generally oak (Quercus sp.)
(Kellner, 1829; Ratzeburg, 1833; Lohrenz,
1907; Reitter, 1912; Nechleba, 1923; Kuhnt,
1913; Schaufuss, 1916; Escherich, 1923;
Salac, 1924; Burkert, 1927; Javorek, 1947,
Zivojinovic, 1948; Sapiro, 1961, 1969; Sty -
pa-Mirek, 1963; Bej—-Bienko, 1965; Lerer,
Plugar, 1966; Mohr, 1966; Palij, 1966; Va-
siljev etal.,, 1975 and many others). Altum (1878)
and many other authors after him such as Hess,
Beck (1914), Will (1922), Giabler (1955),
Brauns (1964), Rudnev (1965a, 1965b), Meis-
ner (1974), Holzschuh (1985), Cabral, Cid-
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—Ferreira (1991) consider pedunculate oak (Quer-
cus robur L.) the most favourable tree species for the
beetle. Hovasse (1931) mentions the flea beetle in
Turkey only in European hazel (Corylus avellana L.),
Della Beffa (1949)in Italy in Corylus avellana L.,
Quercus sp., Betula sp. and Salix sp. Occurrence not
only on Quercus sp. but also on Fagus sylvatica L. and
Corylus avellana L. was recorded in Romania. Accord-
ing to Escherich (1923), the beetles occasionally
appear on Alnus sp., Corylus sp. and Fagus sp.
Roubal (1937-1941), who traced the beetles in
Slovakia and Sub-Carpathian Ukraine and found them
also on Ulmus sp., Prunus sp., and Robinia sp.

The relative fleahopper A. g. saliceti is mentioned
by Meisner (1974) from southern Europe up to the
south of northern Europe. According to Kemner
(1919) and Bakke (in Meisner, 1974) it can be
found in southern areas of Sweden and Norway, where
A. q. quercetorum is said to be absent. Besides oak,
which is its main (if not the exclusive) host tree species,
older papers mention the beetle’s occurrence also in
willows (Kuhnt, 1913; Schaufuss, 1916 etc.).
According to Mohr (1966), the data are confusing
and should be verified. The fact is that in the course of
many years of studying salicicolous insects in
Moravian willow stands, this species was never found
on willow trees in contrast to several distantly similar
and abundant chrysomelids from the genus Luperus
Geoffr. (mainly L. lyperus Sulz.) which could perhaps
have been considered the fleahopper by mistake.

When reared in the laboratory, the larvae of oak flea
beetle (A. q. quercetorum) most readily consumed
pedunculate oak (Quercus robur L.), less readily sessile
oak [Q. petraea (Mattuschka) Liebl.], pubescent oak
(Q. pubescens Willd.) and Turkey oak (Q. cerris L.),
the least consumed tree species being European beech
(Fagus sylvatica L.) and European hazel (Corylus avel-
lana L.). The most severe damage by the beetles was
recorded on pedunculate oak, severe damage on sessile
oak, pubescent oak and Turkey oak. The damage on
European beech and European hazel was far not so
extensive and minimum losses were found on sycamore
maple (Acer pseudoplatanus L.). The beetles absolutely

This year's beetles
vem=— Larvoe and pupae in the ground
be—=— 3rd instar
———— 2nd instar
F—gz5— 1st instor
——73— Eggs
b Laost year’'s beetles on oak

By PE gL a L gale s gt

Month

4. Development of oak fleahopper (Altica quercetorum quercetorum
Foud.) on pedunculate oak (Quercus robur L.) on Palacky vrch Hill,
Brno in 1994 (solid line) and in the laboratory experiment (dashed
line). The date of egg laying in the laboratory (8 June 1994) is
marked with a cross
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refused to consume black alder (Alnus glutinosa L.),
black poplar (Populus nigra L.), white willow (Salix
alba L.), wild apple (Malus sylvestris Mill.) and orien-
tal plane (Platanus orientalis L.) — dying within three
weeks. Leaves of Persian walnut (Juglans regia L.) are
even toxic for oak fleahopper because all freshly
hatched beetles placed in the Drygalski dishes with
leaves of Persian walnut died within a week without
consuming them. The mass laboratory experiments
with rearing the larvae and beetles on different tree
species and their combinations confirmed trophical af-
finity of the pest mainly to oak and to lesser extent also
to beech and hazel. The possibility of its development
on black alder and white willow was entirely refuted.

OCCURRENCE OF BEETLES AFTER WINTERING
AND EGG LAYING

Oak fleahopper winters in the adult stage of evolu-
tion, mainly on the ground in shed leaves, more
scarcely on tree species in bark cracks, etc. With the
onset of warmer winter days or early in the spring the
beetles lose their stiffness. At temperatures of about
5 °C they are immobile when in peace but can move or
jump out when disturbed. They leave their wintering
places only after the soil surface has been properly
warmed- up. The onset and course of leaving the win-
tering places is, therefore, dependent mainly on the
weather. The beetles appear either before flushing of
oak leaves (Lohrenz, 1907) or in its course (Es-
cherich, 1923). However, there is very little infor-
mation about the period of leaving the wintering places.
For example, Reitter (1912) and Miljuskovid
(1982) speak in accord of the month of May being the
time for the beetles to leave their wintering places.
Solinas (in Meisner, 1974) mentions the second
half of May. In the oak stand under study (Palacky vrch
Hill in Brno), the first beetles appeared on 10th May in
1994 and their occurrence came to a close on 18th June
(Fig. 4). In 1993, the beginning of the occurrence pe-

T T
2----32 34 36 Number of eggs
in the cluster

5. Frequency of occurrence of egg clusters with various counts of
eggs (in percentage of total number of laid clusters of eggs) in oak
fleahopper (Altica quercetorum quercetorum Foud.) on pedunculate
oak (Quercus robur L.). Palacky vrch Hill, Brno, 1993 (solid line),
the laboratory experiment, 1994 (dotted line)
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riod of the last year’s beetles on tree species was not
precisely recorded.

The beetles starved after the winter season start
maturation feeding on freshly flushed leaves or on
bursting buds, perforating the young leaves from their
upper side. The feeding notches form tiny holes (0.2 to
0.9 mm in diameter) which are distributed on the leaf
blade close to one another, often without any intact
areas. Leaf veins remain always intact. The beetles tend
to mass feeding and, therefore, the damage caused by
them may sometimes have the character of an extensive
disaster.

Fertilized (and apparently also unfertilized) females
lay eggs after about a week to ten days of maturation
feeding onto the bottom side of young leaves (accord-
ingto Meisner, 1974 also onto shoots). The freshly
laid eggs are sticky and the female places them hori-
zontally into differently numerous and more or less
compact clusters (and even individually in the labora-
tory). Eggs in the clusters are arranged beside each
other into 1 to 3 irregular rows being stuck to the lower
leaf epidermis and to one another. My own findings do
not confirm the egg laying in piles in the open nature,
mentioned often in literature (in contrast to laboratory
experiments). According to Meisner (1974) and
Miljuskovi¢ (1982) one cluster contains about
7 to 70 (on average 20) and 3 to 12 eggs, respectively.
There were about 2 to 15 (on average 7.5) eggs found
in a compact cluster of eggs in the studied gradation
area on Palacky vrch Hill in Brno in 1993. The labora-
tory rearing scarcely showed even more eggs (Fig. 5).
In 78.9% of the cases the individual leaves exhibited
only a single cluster of laid eggs. Two, three, four and
five clusters of eggs were found in 13.0, 5.7, 1.6 and
0.8 per cent of the cases, respectively. The laboratory
experiments brought an evidence that the female does
not lay full egg reserve at one time. After having laid
one cluster of eggs she continues in maturation feeding
and then lays the eggs again. Thus, the maturation feed-
ing and regeneration feeding periods are prolonged up
to 6 weeks in the course of which the female lays on
average 25 clusters of eggs. The females die a few days
after they have laid eggs. Fertility of the females based
on the results of both individual and mass rearing is
about 186 (maximum 248) eggs.

Oak fleahopper males are very rare. Copulation of
the oak fleahoppers was neither seen in the oak stand
on Palacky vrch Hill nor in the laboratory experiments.
All beetles caught in the open or raised in artificial
breeding from eggs or larvae obtained from the open
were of the female sex. The females reared in the labo-
ratory in the period from 6 to 12 July, 1994 from larvae
of the 1st and 2nd instars brought from the open in the

_first half of June started maturation feeding four days
after eclosion. After 4 weeks of the feeding, at the
constant temperature of 25 °C they began to lay eggs
without looking for hiding places prepared for them on
the bottom of Drygalski dishes. The egg laying period
lasted from 12 August to 9 September, 1994. Out 63 fe-
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males, 53 and 35 individuals lived to the beginning of
egg laying and the end of egg laying, respectively.
Only 30 individuals (i.e. 47.6%) survived until the end
of October when all beetles were displaced into outdoor
conditions. Dissection done in the died beetles revealed
a well develope fat body, never eggs. The clusters of
eggs or individual eggs were laid on the bottom side of
the leaf in 67.3%, and on the upper side of the leaf in
31.2% of the cases. Very seldom (1.3%) were the eggs
found also on walls of the Drygalski dishes. The indi-
vidually laid eggs recorded rather high representation
(39.7%), mainly on the upper side of the leaves. Only
two clusters had a higher number of eggs than 20.
More detailed information about egg laying onto the
upper and lower side of leaves or possibly also onto the
walls of dishes is presented in Tab. I. Out of all
972 laid eggs, only 18.3 eggs fell to one female, i.e.
approximately three times less than in the open. With
regard to considerable mortality of the beetles at win-
tering, further course of the egg laying was evaluated
in greater detail in 12 individuals only. The obtained
eggs were unfertilized and as it was shown during their
breeding in different laboratory and outdoor conditions
— incapable of further development. However, it is an
interesting fact that in the open the larvae would
emerge from approximately 85 to 95% of the eggs.
Absence of the males in both collections and laboratory
experiments as well as the so far unproved capability
of parthenogenetic reproduction introduce much confu-
sion into the development of oak fleahopper.

DEVELOPMENT OF THE LARVAE

Basic diagram of oak fleahopper (A. g. quercetorum)
development both in the open and in the laboratory is
presented in Fig. 4. Embryonal development is dis-
tinctly affected by the weather and normally lasts
slightly over a week. Meisner’s (1974) estimate of
about 7 to 8 days is similar but some older authors such
as Lohrenz (1907) spoke of approximately 14 days
of egg development. Through the secondary egg mem-
brane (chorion) the larvae bite their way via an irregu-
lar oval hole of 0.2-0.3 x 0.3-0.4 mm. The escape
apertures are normally always on the upper side of the
eggs (seldom on the sides) and at all times excentrically
in one direction at one of their ends in the same group
of eggs. Soon after the larvae have emerged, the egg
covers often lose their original shape but not the colour.
In the open the larvae emerge in early June (Panajo-
tov, 1954), in the laboratory conditions from 7 June
Miljuskovi¢&, 1982). The larvae in the oak stand
under study were hatching from 2 — 18 June, 1996
(Fig. 4).

Eggs within the same cluster have always been laid
by one female at one time. The eclosion of these eggs
is more or less at the same time. After a biologically
conditioned short period of rest, freshly emerged larvae
line up side by side (Konikov, 1978) in the imme-
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I. Number of egg clusters and number of eggs laid by oak fleahopper (Altica quercetorum quercetorum Foud.) onto the lower and upper
side of leaves and walls of Drygalski dishes. Laboratory rearing, July-October, 1994. Egg laying period 13 August to 9 September, 1994

Number Number of eggs clusters on Number of eggs on
i:i;]eugsgtzr lower side | upper side | dish wall total (%) lower side | upper side | dish wall total (%)
1 36 43 - 79 39.7 36 43 - 79 8.1
2 13 3 - 16 8.1 26 6 - 32 33
3 14 6 1 21 10.6 42 18 3 63 6.5
4 10 1 - 11 5.5 40 - 44 45
5 10 | - 11 5.6 50 - 55 57
6 5 - 1 6 3.0 30 - 6 36 3.
7 5 - - 5 25 35 - - 35 3.6
8 5 1 - 6 3.0 40 8 - 48 49
9 5 1 - 6 3.0 45 9 - 54 5.6
10 7 - 1 8 4.0 70 - 10 80 8.2
11 6 2 - 8 4.0 66 22 - 88 9.0
12 4 - - 4 2.0 48 * - - 48 4.9
13 4 1 - 5 25 52 13 - 65 6.7
14 4 - - 4 2.0 56 - - 56 58
15 2 - - 2 . 1.0 30 - - 30 3.1
16 | - - 1 0.5 16 - - 16 1.6
17 1 1 - 2 1.0 17 17 - 34 3.5
18 - - - - - - - - - -
19 1 - - 1 0.5 19 - - 19 2.0
20 - 1 - 1 0.5 - 20 - 20 2.1
34 - 1 - 1 0.5 - 34 - 34 35
35 - - - - - - - - - -
36 1 - - | 0.5 36 - - 36 3.7
Total 134 62 3 199 100.0 754 199 19 972 100.0
Percentage 67.3 31.2 1.5 100 - 77.6 20.5 1.9 100 -

diate vicinity of egg shells and soon start browsing on
leaves. Their rather weak mandibles enable only the so
called scratch feeding at which spongy and palisade
parenchymas are being consumed together with the
lower leaf epidermis with the upper epidermis includ-
ing leaf veins being left entirely intact. Larvae of this
Ist instar proceed at their feeding frontally and damage
the leaf blade surface with their extraordinarily tiny
mines of 0.15 to 0.30 mm in diameter, which are dis-
tributed densely beside one another (Figs. 6 and 7). In
the open there were max. 37 larvae found on one leaf.
The larvae on leaves moult for the first time after ap-
proximately 9 days (6 to 7 days in the laboratory). The
proper moulting of the cuticle is preceded by 1-day
period of preparation and after the proper moulting
which lasts about two hours the larvae take several
hours of rest. The moulting larva experiences the crack-
ing of the cuticle on the dorsal side behind the head,
and the cracking of the head shell in the epicranial
suture and frontal sutures.

It was found out that 77% of the 2nd instar larvae
feed on the lower leaf side and 23% upon the upper
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side (Fig. 8), the mines having up to 0.6 mm in diame-
ter and normally (in 90%) do not perforate the whole
leaf profile. After approximately 10 days the larvae
moult for the second and the last time. Larvae of this
3rd developmental stage (Fig. 9) spread further across
the leaf or crawl over to other leaves (according to
Panajotov, 1954, even onto neighbouring tree spe-
cies) and then often feed individually. About 60% of
them feed on the upper side of the leaves, 40% on the
lower side (Fig. 10). The mines which are up to 0.9 mm
in diameter perforate the leaves in 50% with the leaf
veins not being damaged by maturing larvae. Develop-
ment of the 3rd instar larvae ends within 14 days. The
whole development from egg laying up to feeding end
of the 3rd instar larvae lasts about one and a half month
in the open nature (a month in the laboratory). The
period of larvae feeding falls into the month of June
and the first two decades of July. Similar knowledge
was recorded by Panajotov (1954), Miljus-
kovic¢ (1982) and other authors. On the other hand,
little probable is the information of Meisner (1974)
about the larvae development taking 20 to 23 days.
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6. Abandoned egg integuments
and the period of commenced
feeding of oak flea beetle larvae

7. A detail of damage caused to
the leaf of pedunculate oak by
the Ist instar larvae of oak flea

8. The oak fleahopper larvae of
the Ist and 2nd instars at feeding
on the upper leaf side of pedun-

9. The larva of the 2nd instar
(near the main leaf vein) and
three 3rd instar oak flea beetle

of the Ist instar on the lower
side of pedunculate oak leaf.
Palacky vrch Hill, Brno, 15 June
1994. Photo by J. Ricny

beetle incl. abandoned egg
shells. Palacky vrch Hill, Brno,
22 June 1994. Photo by J.
Ri¢ny

This extremely short time of larvae development can
only be seen in the laboratory environment (Fig. 4).

In the course of the feeding the larvae secrete a lot
of excrements which to a greater extent get stuck to the
leaves together with their exuviae (Fig. 11). The frass
of the maturing larvae is up to 1.65 mm in length and
0.14 up to 0.21 mm in width, of differently bent shape.
At the beginning, it is dark green, later black, with
irregular distribution both on the adaxial and abaxial
faces of the leaf blade. The frass gradually disappears
from the leaves during summer, and at the end of the
growing season we can hardly see its residues in the
form of a local dark amorphous layer.

Larvae of the individual instars can be identified
with confidence only on the basis of micrometric mea-
surements of the head case width. Differentiation can
casily be made in all the larvae since there are no over-
lappings in the head width of individual developmental
stages (Fig. 12). Certain difficulties may appear in

60 [0 Adaxial face

404 B Abaxial face

Il
Imogoes

Eggs st i, 2nd i 3rd .
10. Occurrence percentage of eggs, larvae of individual instars and
this year's imagoes of oak flea beetle (Altica quercetorum querce-
torum Foud.) on the upper and lower side of leaves of pedunculate

oak (Quercus robur L.). Palacky vrch Hill, Brno, 1993
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larvaec on the lower side of
pedunculate oak. Length of the
larvae: approx. 7 mm. Palacky
vrch Hill, Brno, 4 July 1993

culate oak. Exceptional occur-
rence of the Ist instar larva on the
upper leaf side. Length of the big-
ger larva is 3.5 mm. Palacky vrch
Hill, Brno, 1 July 1993

a more precise measuring of very tiny heads of alive
(i.e. mobile) larvae of the Ist instar, which are more-
over partially hidden in the prothorax. This was the
reason for making Fig. 12 based on measuring the width
of larvae heads after the larvae have been killed.

DEVELOPMENT OF THE PUPAE
AND YOUNG BEETLES

Feeding of the oak fleahopper (A. g. quercetorum)
larvae culminates usually in the 2nd half of June and
at the beginning of July (Fig. 4). The first larvae end
their feeding already at the beginning of July, the last
ones around 20 July. The grown-up larvae hide in the
upper surface soil layers where they normally pupate
in the 2nd half of July. Pupation takes place after a pe-
riod of preparation, which is 7 to 9 days (5 to 6 days
in the laboratory) from the end of feeding. The proper
pupal stage lasts about 10 days (7 to 8 days in the
laboratory), then it comes to eclosion of young beetles.
The beetles stay at the eclosion place for several days

11. The lower side of pedun-
culate oak leaf damaged by
oak flea beetle larvae of the
2nd instar. Frass and 7 larvae
exuvia are to be seen on the
leaf. Palacky vrch Hill, Brno,
4 July 1993
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12. Width of the head case in individual instars of oak flea beetle
(Altica quercetorum quercetorum Foud.) larvae (1 division =
0.0357 mm)

(only 1 to 2 days in the laboratory). In the 2nd half of
July and in early August, they appear on tree species
in order to cause damage to their leaves from the upper
side till the onset of colder weather.

Surprisingly enough, literature data on the period of
larvae pupation and eclosion of young beetles do not
differ too much, and in their majority corroborate the
finding. For example, Panajotov (1954) speaks
about pupation taking place in the 1st half of July,
Hess, Beck (1914) and Will (1922) claim the
2nd half of July, and Gédbler (1955) speaks about
July in general. According to Miljuskovic¢ (1982)
the young beetles appear from mid-July and in August,
according to Hess, Beck (1914) at the end of July
or at the beginning of August, accordingto Meisner
(1974) from mid-August, and according to Reitter
(1912), Pfeffer etal. (1961) from August. However,
opinions about pupation places differ. While e.g.
Lohrenz (1907), Schaufuss (1916), Will
(1922), Koehler, Schnaider (1972) and others
,report that the larvae pupate in the ground, Hess,
Beck (1914), Salac (1924), Escherich (1923),
Zivojinovié (1948), Panajotov (1954),
Meisner (1974) and other claim that the larvae may
pupate in bark slits and possibly also at other protected
places. In the experiments the larvae readily pupated in
freshly moisted soil in the depth of 0.5 to 1.5 cm and
very often also in moisted paper wool, never in water-
-logged soils or too dry organic substrates. Pupation in the
bark slits of tree species was not seen in the open.

The maturation feeding period of beetles prior to
their departure to wintering places depends on the
weather. The last beetles can be observed on tree spe-
cies in mid-September (see also Meisner, 1974 and
others). Numerous references, mainly those of the older
date, relate the end of the period of beetle occurrence
on tree species with the onset of frosts. Most frequently
the beetles winter in the surface layer of forest-floor
litter (Lohrenz, 1907; Burkert, 1927; Miljus-
kovi&, 1982 etc.) or in leaf cover and bark slits
(Hess, Beck, 1914; Escherich, 1923; Pana-
jotov, 1954 etc.). In contrast to larvae, they do not
hide in the soil rich in minerals nor in sand since their
requirements for environmental moisture are lower and
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those for aeration of the substrate higher. Development
of the flea beetle is always univoltine (in subsp. A. q.
saliceti sometimes even bivoltine under especially fa-
vourable conditions as reported by some authors).

The character of leaf damage by young beetles does
not differ too much from that caused by the larvae.
However, in contrast to the larvae, the beetles always
feed on the upper side of leaves and fully developed
leaves are available for them. At the beginning, the
leaves are windowed by the beetles at 40% and dama-
ged by mining at 60% down to the lower leaf epider-
mis. Later, the leaves are windowed at 30% and dam-
aged by mining at 70% with leaf veins being left intact
at all times. At the very end of the growing season, the
beetles kept in the laboratory damaged older leaves of
pedunculate oak only by mining. Individual feeding
notches form tiny mines or holes of 0.18 to 0.78 mm
in diameter (Fig. 13). The frass of the beetles is dark
green, later black, 0.5 to 1.10 mm in length and 0.18
to 0.28 in width. The beetles (similarly like the larvae)
tend to mass feeding at which the damage may acquire
more or less the character of a disaster. Under the fa-
vourable warm and sunny weather the beetles spread
across the tree species as well as across the stand and
then often feed individually. As their webbed wings are
well developed, they can make use of their flight fitness
at spreading into non-infested areas. However, they ap-
parently do not fly too much similarly like as other well
leaping flea beetles.

ENEMIES

Two tachina flies Anthomyiopsis nigrisquamata Zett.
(syn. Ptilopsina nitens Zett.) (Larvaevoridae) were
reared from the larvae of oak fleahopper (A. g. querce-
torum) on 22 June and 1 July, 1994 (determined by
Professor Rozko$ny, Brno). This tachina fly is well
known as endoparasitoid of chrysomelid larvae (e.g.
Plagiodera versicolora Laich.). Its biology was studied
in detail by Mellini (1957) in Italy. The tachina fly
was included into the oak fleahopper parasitoids in the
compendium published by Meisner (1974). Ap-
proximately 5% of the oak flea beetle larvae studied in
the Palacky vrch Hill oak stand in Brno were infested
by this tachina fly.

Endophagous development in representatives from
the families Chrysomelidae and Coccinellidae is also
exhibited by the tachina fly Degeeria (Medina) luctu-
osa Meig. (Mesnil, 1944-1964; Jolivet, 1950;
Herting, 1962). Two females of this species were
reared from the oak fleahopper by Lerer, Plugar
(1966) on 12 and 13 July, 1962, in Moldavia. About
25% of the oak flea beetle population in an oak stand
studied by them were infested by the tachina fly.

Holzschuh (1985) in Austria considers the main
cause of oak fleahopper decline being the entomophytic
fungus Beauveria bassiana Bals. Infection of the beetle
occurs via cuticle surface, stigmas and intestines

LESNICTVI-FORESTRY, 41, 1995 (11): 497-510



(Weiser, 1966). In Moldavia, the fleahopper is often
infested by Zicrona coerulea L. (family Pentatomidae),
Synharmonia conglobata L. (family Coccinellidae) and
Microctonus deceptor Wesm. (family Braconidae)
(Plugar, 1969). In Austria, it is Synharmonia impus-
tulata L. (Holzschuh, 1985). The polyphagous
S. conglobata is normally considered in the literature
to be an important predator of eggs, larvae and possibly
also pupas of chrysomelids. Both the mentioned bug
and lady beetle S. conglobata belong to abundant fauna
representatives in our deciduous forests and it is there-
fore to be expected that they take part in elimination of
the oak flea beetle.

Long periods of cold weather are withstood much
better by imagoes of the oak flea beetle (similarly like
in other phytofagous insect species) than mild winters
with temperatures alternating above and below 0 °C.
At higher temperatures, the beetles lose their stiffness,
start to move and migrate across short distances with-
out reaching the host species. This makes the beetles
exhausted and then easily infested by pathogenic fungi,
predators, and the like, or they can even exhibit higher
percentage of mortality if the temperature falls again.
The high mortality of imagoes in the wintering period
can be corroborated by our study of pest gradation on
Palacky vrch Hill in Brno. In the two years of the study
(1993 and 1994), the density of imagoes which started
feeding and reproduction in the spring was a mere frag-
ment of their density before leaving for wintering
places.

HARMFULNESS

Oak fleahopper (A. q. quercetorum) is one of the
most important leaf eating pests on oak species (in our
country mainly on pedunculate oak). It shows mass
outbreaks particularly under warm and dry weather at
dry and warm sites. The beetle finds optimum condi-
tions for its development in long-term managed cop-
pice stands (Rudnev, 1965b). Many times it also
appears in seed originated stands of all age categories
beginning with seedlings and ending with mature or
even overmature stands. Serious losses are caused in
stands of younger age classes and especially in nurse-
ries where the beetles can cause mass dieback of young
tree species by total damage to foliage.

Maturation and regeneration feeding of overwinter-
ing beetles in spring results in damage to bursting buds
with freshly flushing leaves. With regard to migration
of a part of the population of young this year’s beetles
outside the area of their mass outbreak and in conse-
quence of high mortality of the beetles during winter-
ing the spring feeding is attended by a small percentage
of the last year’s beetles. Feeding of the beetles after
wintering is usually rather scattered, which means that
there are no marked losses to be seen on full-grown
trees. Although the actual fertility of females is rela-
tively low, population density of the oak flea beetle in
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13. Maturation feeding of the
young oak flea beetle on the leaf
of pedunculate oak. Palacky
vrch Hill, Brno, 4 September
1993

14. Lower side of the leaf of
pedunculate oak with individu-
ally feeding oak flea beetle lar-
vae of the 2nd instar. Palacky
vrch Hill, Brno, 17 June 1993

the stage of eggs and larvae considerably increases
which makes the damage caused by larvae much more
visible. The first developmental stage of the larvae
damages the leaves from beneath by mining which
transforms partly into skeletonizing (Figs. 14 and 15)
in the larvae of the 2nd and especially those of the 3rd
instars (damaging both sides of the leaf). Mass feeding
of the larvae causes extensive damage to a certain part
of the leaf blade, possibly even the whole leaf with the
exception of leaf veins (Fig. 16).

Average leaf areas of pedunculate oak damaged by
oak flea beetle larvae of the Ist, 2nd and 3rd instars
amount to 98, 247 and 495 mm?, respectively. During
its entire development the larva damages approxi-
mately 840 mm? of leaf area at weight of 58 g/m2 (in
dry matter) (Fig. 17). The losses in assimilation area
occur already at the end of spring and beginning of
summer. Feeding of the larvae ends in the 2nd July
decade when the intensity of photosynthetic activity
culminates. The leaves which are deprived of paren-
chyma get brown, curled and die shortly. After such
a concentrated intensive feeding the host tree species
look like being burnt down by fire. The dead leaves
remain on the trees for some time, then they fall down

15. A part of the lower leaf
blade side of pedunculate oak,
severely damaged by larvae of
oak flea beetle. Exuvia and
frass were removed. Labora-
tory experiment, 29 June
1993




16. Clean eating on the leaves of pedunculate oak caused by oak flea
beetle larvae. Exuvia and frass were removed. Laboratory experi-
ment, 27 June 1993

(according to Ing. M. Dusek from the Forests of the
Czech Republic, Hradec Krélové, it is at the end of July
and beginning of August).

About 3 weeks after the larvae hide in the ground in
order to pupate, young beectles appear on the host tree
species. They feed on leaves only from their upper side
(initially by windowing prevails, later mining) and
spread from the focus of outbreak into surroundings.
Usually at the end of August and in the first half of
September, they leave for wintering places. The beetles
kept in the laboratory behave in a quite different way.
Beetles emerged between 6-12 July, 1994 started matu-
ration and regeneration feeding after 4 to 5 days with
the highest intensity of the feeding being 92 mm? per
day in the beginning, then gradually decreasing until
12 August when it reached 42 mm? per day. Females
laid eggs between 12 August and 9 September, inten-
sity of their food intake being at approximately the
same level (40 mm?> per day). From 5 September to
5 October the feeding showed a rather sharp decline to
exhibit values of about 7 to 8 mm? per day in the period
5-25 October (Fig. 18). Increase of the average con-
sumption in a female in the period between 9 July and
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17. Reduced area of pedunculate oak (Quercus robur L.) leaves of
58 g/m: (in dry matter), damaged by individual instars of oak flea
beetle (Altica quercetorum quercetorum Foud.) larvae and its beetles
prior their departure to wintering places. Laboratory experiment, 1994

25 October, 1994 as well as percentage of surviving
females in the laboratory experiments are shown in
Fig. 19. In the course of this period of time, average
consumption of one beetle increased to 4,247 mm? and
mortality amounted to 52.4% (Fig. 19). It follows that
the majority of females died immediately after having
laid eggs (i.e. in the 2nd half of the egg laying period
and 1 week after its end). Average feed consumption
of beetles before wintering was 5 times higher than that
of larvae.

The found food consumption of beetles in the labo-
ratory does not correspond with the situation in the
open where the period of young beetles feeding prior
to their departure to wintering places is considerably
shorter and the damage is not so much concentrated on
young trees, undergrowth and lower parts of crowns in
older oak trees as it is in the larvae. Dispersion of the
beetles across tree species and stands reduces their
abundance in the focus of mass outbreak. Negative im-
pacts of beetle feeding are not so serious for the host
tree species as with the larvae which furthermore usu-
ally practise social feeding as early as in the Ist half of
the growing season. After heavy rains the severely
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18. Average daily leaf area of pedunculate oak (Quercus robur L.)
damaged by adults of oak flea beetle (Altica quercetorum quercetorum
Foud.). Weight of leaves in DM was 59.15 g per m’, 62.71 g per m’
and 67.03 g per m?on 9 July 1994, 20 August 1994 and 5 October
1994, respectively. Laboratory experiment, July — October, 1994
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19. Increase in average leaf area damaged by oak fleahopper (Altica

quercetorum quercetorum Foud.). Percentage of surviving females
is illustrated by the dotted line. Other data see legend to Fig. 18
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damaged oak trees form new sprouts from adventitious
buds. The period of assimilation activity of this spare
and original (undamaged) assimilation apparatus is
a little bit prolonged which can compensate to a certain
extent for increment losses related to defoliation of the
tree species.

Outbreak of the oak flea beetle is nothing unusual
in Europe. Extensive disasters were recorded as early
as in the last century from Germany by Kellner
(1829), Ratzeburg (1833), Altum (1878) and
other authors. Harmful occurrence of the beetle is re-
ported for example from the south of the European part
of the former Soviet Union and Caucasus (Rudnev,
1965ab; Palij, 1966; Sapiro, 1969) including
Moldavia (Lerer, Plugar, 1966; Plugar, 1969),
from Romania (Arsenescu etal, 1966, in Meis-
ner, 1974), former Yugoslavia (Zivojinovig&,
1948, Miljuskovié, 1982), Turkey (Alkan,
1959), Bulgaria (Panajotov, 1954), Italy (Soli-
nas, 1966,in Meisner, 1974), Hungary (Lesko,
Magyari, 1988), Portugal (Cabral, Cid-Fer-
reira, 1991), Austria (Holzschuh, 1985), the
Netherlands (Fransen, 1949) etc. The territory of
our republic is situated in the natural range of the in-
vestigated form of oak fleahopper. However, in the
Check-list of Czechoslovak Insects IV of 1993 we can
only find subsp. saliceti Ws. (Strejcek, 1993). The
submitted study is, therefore, the first paper concerning
not only the mere occurrence but also bionomics and
harmfulness of the subspecies of oak flea beetle (A. g.
quercetorum Foud.) in the Czech Republic.

POSSIBILITIES OF CONTROL

Control measures against oak flea beetle can be sub-
stantiated only in forest nurseries. In the past, it is said
to be well proved e.g. to grow onions in beds, flooding
(or at least sprinkling) of beds, ashing, liming or sprin-
kling of the beds soaked with rain and dew with fine
sand slightly stained with kerosene. It was also recom-
mended to dust or spray the plants with sulphur,
Thomas meal or weak solution of carbolic acid, worm-
wood concoction or tobacco extract. The beetles were
being caught on glued boards, etc. The proposed mea-
sures could not be efficient enough.

This was the reason to adopt more effective insecti-
cides in order to control the pest. For example, Fran-
sen (1949) brought evidence about good effect of
0.05% DDT and 0.019% HCH on the oak flea beetles.
The DDT and HCH based preparations were long rec-
ommended against the beetles and larvae of oak flea
beetle even in this country (Dlouhy, 1969). Applica-
tion of lead arsenate against the beetles of A. g. saliceti
in the period to the end of May was suggested by Bi-
naghi (1956). 2 to 4% chlorophos also proved very
efficient against the same fleahopper during the occur-
rence of its imagoes and larvae on sprouts (Aver-
kiev, 1973). Control of the beetles is rather compli-
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cated by their wide dispersion across the forest stand
and Panajotov (1954) considers, therefore, that the
control of larvae is easier and more economic.

At present time, it is possible to control oak flea
beetles very well using recommended products from
the group of synthetic pyrethroids and the Japanese
preparation Trebon 30 EC or Trebon 10 F. Recom-
mended doses in either litres or kg per ha are stated in
the List of Approved Preparations for Forest Protection
issued annually by the Czech Republic Ministry of Ag-
riculture.

DISCUSSION

Oak fleahopper (A. g. quercetorum) is known in all
neighbouring countries and, therefore, its occurrence in
the territory of the Czech Republic is not surprising at
all. Expansion and the great increase in population den-
sity of the pest apparently resulted from the extremely
warm and dry weather in the last few years. The hy-
pothesis is confirmed by thermophilic character of A.
q. quercetorum and its generally much lower tolerance
to environmental factors (particularly to temperature)
when compared with A. g. saliceti. This is probably the
only reason to explain the absence of A. g. quercetorum
in northern parts of Europe where A. g. saliceti still
occurs. This fact can also be partly used to substantiate
the hitherto possible absence of A. q. quercetorum in
the territory of the Czech Republic that is stated even
in the Check-list of Czechoslovak Insects IV. (1993),
in which the relevant family was studied by the promi-
nent expert in this field of science, Dr. J. Strejcek.

Determination of Altica quercetorum Foud. (iclud-
ing both subspecies) and of a very similar Altica bre-
vicollis Foud., occurring in two subspecies on Euro-
pean hazel (Corylus avellana 1..), was precised only
relatively recently by Krdl (1964). However, reliable
classification of imagoes and larvae of these flea bee-
tles is often very difficult or disputable even with the
existence of this work (Bartkowska, Warcha-
lowski, 1978).

SURVEY OF THE MAIN KNOWLEDGE

Study of the oak fleahopper (A. g. quercetorum)
mass outbreak, which was carried out in the coppice
forest of pedunculate oak (Quercus robur) on Palacky
vrch Hill, Brno, in 1993 and 1994 provided the follo-
wing major results:

1. It is the beetles (imagoes) which winter — mainly on
the ground among shed leaves. Wintering places are
left in the 2nd half of May and then the beetles
appear on tree species.

2. The beetles make windows on young leaves from
the upper side. Eggs are always being laid on the
lower leaf side into compact clusters consisting of
2 to 15 (on average 7.5) pieces. The period of ma-
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turation and regeneration feeding lasts 4 to 6 weeks
and in its course the females lay out on average
25 groups of eggs. There is normally only one clus-
ter of eggs laid on one leaf (80% of the cases).
Fertility of females is about 186 (maximum 248) eggs.

3. The larvae hatch after about 8 days of embryonal
development and together feed on leaves by the mi-
ning down to the upper epiderm. After 8 to 10 days
(6 to 7 in the laboratory) the larvae moult. Larvae
of the 2nd instar damage the leaves by mining in
90% and by windowing in 10%. A part of them
(23%) crawl over to the adaxial face of the leaf.
After 10 days of the feeding the larvae moult for the
second time. Larvae of this 3rd instar feed mainly
on the adaxial face of the leaf (60%), 50% of the
leaves being perforated by them.

4. Feeding of the larvae culminates in the 2nd half of
June and at the beginning of July. The grown-up
larvae then hide in surface soil layers where they
pupate after 7 to 9 days (5 to 6 days in the labora-
tory). The stage of pupa lasts for 10 days (7 days in
the laboratory).

5. After several days (in the laboratory as early as in
1 to 2 days) the young beetles leave the soil and
appear on tree species where they damage leaves
from their adaxial face. Under favourable weather
conditions they spread into the stand and surround-
ings. With the onset of colder weather (usually in
September) they take refuge in wintering places.
Males are very rare and were entirely missing in
laboratory experiments as well as in collections from
the open. Yet, a possibility of parthenogenetic deve-
lopment has not been confirmed by the laboratory
experiments.

6. The main cause of mortality is a changing, mildly
warm, moist and cold weather during wintering and
the entomophytic fungus Beauveria bassiana Bals.,
which attacks exhausted wintering adults. The tachi-
na fly Anthomyiopsis nigrisquamata Zett. (Larvae-
voridae) was reared from about 5% of oak flea be-
etle larvae.

7. In the course of their development, the larvae dama-
ge about 840 mm? leaves, 58 g/m2 average weight
in dry matter (of this 98, 247 and 495 mm? are being
damaged by larvae of the 1st, 2nd and 3rd instars,
respectively). The adults in laboratories damaged
before winlerin% on average 4,274 and after winte-
ring 3,340 mm~ leaves. However, feeding of the
young beetles before wintering takes a relatively
short time and is very much dispersed across the
stands. This means that the damage caused by young
beetles is less significant when compared with con-
centrated feeding of the larvae. Spring feeding of the
beetles is less significant with regard to the high
mortality rates during the wintering period.

8. The greatest trophic affinity of the pest is shown to
pedunculate oak (Quercus robur), distinctly lower
trophic affinity is then exhibited towards other oak
species, European hazel (Corylus avellana) or Euro-
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pean beech (Fagus sylvatica). The beetle does not
cause any damage to leaves of black alder (Alnus
glutinosa) and white willow (Salix alba).
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K VYSKYTU, BIONOMII A SKODLIVOSTI DREPCIKA DUBOVEHO
(ALTICA QUERCETORUM QUERCETORUM FOUD.) (COLEOPTERA, ALTICIDAE)

J. Urban

Mendelova zemédélskd a lesnickd univerzita, Fakulta lesnickd a drevarskd, Lesnickd 37, 613 00 Brno

V disledku mimorddné teplého a suchého pocasi
doslo v poslednich letech k ndristu pocetnosti cel€ fa-
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dy druhti hmyzich $kidci. Znacné pfemnoZeni spojené
se silnymi Ziry aZ holoZiry bylo zaznamendno také
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u dfepéika dubového (A. g. quercetorum) ve mnoha
porostech s dubem letnim (Quercus robur L.) na jiZni
Moravg, ve vychodnich Cechdch a jinde. Kalamitné se
pfemnoZil i v dubové pafeziné na Palackého vrchu
v Brng, kde byl v letech 1993 a 1994 podrobnéji sle-
dovidn hlavné jeho vyvoj a Skodlivost.

Dfepéik dubovy zimuje ve stadiu dospélct prede-
v38im na zemi mezi opadlym listim. Od druhé poloviny
kvétna a7 do zacdtku Cervence se brouci vyskytuji na
drevindch, kde z adaxidlni strany vyziraji do mladych
listd drobné dirky o priméru 0,2 az 0,9 mm. Po sedmi
aZ deseti dnech dZivného Ziru zainaji samicky kldst
vaji¢ka na abaxidlni stranu listd. Umisfuji je naleZato
vedle sebe do jedné aZ (i nepravidelnych fad. V jedné
ucelené skuping byvd 2 aZ 15 (pramérné 7,5) vajicek.
Na 78,9 % pokladenych listd byvd jen jedna skupina
vajiek, na 13,0 % dvé, na 5,7 % tfi, na 1,6 % Ctyfi
ana 0,8 % pét skupin vajicek. Plodnost je kolem 186
(maximdlné 248) vajicek.

Embryondlni vyvoj trvd kolem osmi dnt. Pies cho-
rion se larvy prokusuji nepravidelné ovdlnym otvorem
o rozmérech 0,25 x 0,35 mm. Vajicka ve stejné skupiné
jsou vykladena vzdy jednordzové, a proto jejich lihnuti
probihd spontdnné. Brzy po vylihnuti za¢nou larvy oZi-
rat listovy parenchym aZ ke svrchni epidermis, kterd
zlstdvd neporu$ena. Jednotlivé poZerky tvofi jamky
o priméru 0,15 az 0,30 mm. Asi po deviti (v laboratofi
po Sesti az sedmi) dnech se larvy svlékaji. VétSina
(77 %) larev pokracuje v Ziru na abaxidlni strané listu,
mensi ¢dst (23 %) larev prelézd na stranu adaxidlni.
PoZerky dosahuji priméru az 0,6 mm a v 90 % nepro-
nikaji celym listovym profilem. Po deseti dnech se lar-
vy svlékaji podruhé. Larvy tohoto tietiho instaru se po
drevindch ddle rozlézaji a jiZz 60 % z nich oZird listy
z licni strany. VyZranymi poZerky o praméru az 0,9 mm
jsou listy z 50 % dérovany a z 50 % poskozovdny tzv.
Skrabavym Zirem; pfitom listové Zilky nejsou larvami
dotéeny. Ve druhé poloviné ¢ervna a zaCdtkem cerven-
ce Zir larev vrcholi. Celkové obdobi od vykladeni vaji-
¢ek do ukonéenf pifjmu potravy trvd 1,5 mésice (v la-
boratofi mésic). Dorostlé larvy zalézaji do
povrchovych vrstev pudy, kde se prevdzné ve druhé
poloviné cervence kukli. Kukly se tvofi po sedmi az
deviti (v laboratofi po péti az Sesti) dnech od skoncCenf{
Ziru a stadium kukly trvd deset (v laboratofi sedm) dnu.

Cerstvé vylihli brouci setrvdvaji nékolik dnéi (v la-
boratofi jeden az dva dny) v misté vylihnuti. Od konce
Cervence az do poloviny zaii se vyskytuji na dfevinach,

kde poskozuji listy vZdy z adaxidlni strany; pritom bud
ponechdvaji spodni epidermis listd neporusenou, nebo
listy déruji, aniZ by poSkozovali listové Zilky. VyZrané
jamky a dirky dosahuji praméru 0,18 az 0,78 mm.
I pres urcité tendence k pospolitému Ziru se brouci za
piiznivého pocasi rozptyluji po dieviné a do okolf
a pak Zerou obvykle samostatné. S ndstupem chladnéj-
$tho obdobi se uchyluji do zimovist v povrchové vrstvé
hrabanky nebo ve $térbindch kury. Proti larvdam maji
niZ8i ndroky na vlhkost prostiedi a vyssi ndroky na pro-
vzdu$néni substrdtu. Samecci jsou v populaci Altica
quercetorum s. str. velmi fidcf a ve vlastnich sbérech
a chovech dokonce zcela schdzeli. MoZnost partenoge-
netického vyvoje pfitom nebyla chovy potvrzena.

K pfirozenym nepidtelim diep&ika dubového patii
kuklice Anthomyiopsis nigrisquamata Zett. (syn. Pti-
lopsina nitens Zett.), kterd na zkoumané lokalité napad-
la kolem 5 % larev. Hlavni pri¢inou mortality je vSak
mirné a vlhké pocCasi béhem zimovdni broukt a ento-
mopatogenni houba Beauveria bassiana Bals., kterd
Casto hromadné napadd vysilené brouky.

Larvy viech tif instarti diepéika dubového zniéf pri-
mérné 840 mm? listh o hmotnosti 58 g.m"2 v suiné
(z toho larvy prvniho instaru 98,2 mm?, larv;' druhého
instaru 247 mm? a tfetiho instaru 495 mm~). Brouci
chovani v laboratornich podminkdch poskodili od 9. 7.
do 25. 10. 1994 primérné 4 274 mm? listové plochy
(obr. 19). Po ¢tyfech tydnech Ziru ¢dst broukt pfistou-
pila ke kladenf vaji¢ek a jesté ve stejném roce hynula,
mensi ¢dst (47,6 %) pieZila do piistiho roku. Po pfezi-
movini brouci poskodili primémé 3 340 mm? listové
plochy. Celkové je viak moZné konstatovat, Ze posko-
zeni pilisobené dospélci je vzhledem ke znaéné disperzi
brouktl po porostech a pomérné krdtkému obdobi pfij-
mu potravy pied zimovdnim i vzhledem k vysoké mor-
talité¢ béhem zimovini méné nebezpecné nez poskozeni
plisobené soustfedénym Zirem larev.

Larvy i brouci diepéika dubového (A. q. querceto-
rum) nejcastéji poskozuji dub letni (Quercus robur L.),
daleko méné pak ostatni druhy dubu. Uréitou trofickou
afinitu §kidce projevuje k lisce obecné (Corylus avel-
lana L.) a buku lesnimu (Fagus sylvatica L.). V rozpo-
ru s literdrnimi ddaji nekonzumuje listy olSe lepkavé
[Alnus glutinosa (L.) Gaertn.] a vrby bilé (Salix alba 1..).

Altica quercetorum quercetorum Foud.; hostitelské die-
viny; vyvoj; nepfitelé; Skodlivost

Contact Address:

Doc. RNDr. Ing. Jaroslav Urban, CSc., Mendelova zemédé&lskd a lesnickd univerzita, Fakulta lesnickd a dievafskd, Les-

nickd 37, 613 00 Brno, Ceskd republika
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MULTIRADIOMETRICKA DIAGNOSTIKA SAZENIC

LESNICH DREVIN

C. Rumler', E. Gregorovél, Z. Turzikl, M. Re§étk02, M. Mazinek’

lMEA, Bazovského 1115, 163 00 Praha 6

2Ministerstvo zemédélstvi CR, Tésnov 65, 110 06 Praha 1
3Ceské vysoké uceni technické, Fakulta elektrotechnickd, Technickd 1, 106 00 Praha 6

V ¢ldnku je uvedena puvodni aplika¢ni metodika multi-
radiometrického méreni jasovych teplot a emisivit ruz-
nych druhu sazenic lesnich dievin pomoci infracerveného
radiometru v pdsmu 2 aZ 35 pm a mikrovinného radio-
metru v pdsmu 3 cm. Vysledky méfeni umozni rychlou
diagnostiku zdravotniho stavu sazenic lesnich drevin.

radiometrie v mikrovinném pdsmu; radiometrie v infra-
¢erveném pdsmu; korelaéni multiradiometrie; emisivita;
termodynamika; stresory sazenic lesnich dfevin

UvoD

Jednim ze zdkladnich predpokladt dspésné obnovy
a zakldddni lesii, zabezpeeni ekologické stability les-
nich ekosystémii, udrZovdni a popf. i zvySovéni pro-
dukéni schopnosti lesnich dievin a porosti je disledné
pouZzivani kvalitniho stanovistné, druhové i geneticky
vhodného reprodukéniho materidlu. ZavaZznym problé-
mem je vyloucit pouZivani nekvalitnich semendckd
a sazenic lesnich dfevin. Jednim z perspektivnich zpu-
sobli ov&fovdni kvality semendCkid a sazenic je multi-
radiometrickd metoda, kterd byla usp&$né aplikovidna
pfi provenienéni a zdravotni diagnostice osiva lesnich
dfevin (Rumler etal., 1992; Rumler etal., 1993).

Soucasné vyuZivané radiometrické pfistroje a meto-
diky jsou aplikovdny pouze v tzkych spektrdlnich pds-
mech, nevychdzeji z biotermodynamického modelu,
takZe neumoZiiuji kvalitativni ani kvantitativni diag-
nostiku a identifikaci v takovém rozsahu jako predpo-
klddd navrZend metodika. Méfeni napf. v infracervené
(IC) nebo viditelné oblasti umoZiiuji diagnostikovat
pouze naruseni rostliny bez bliZ§iho stanoveni kvalita-
tivnich pficin naruSeni Mazdnek, 1987; Grego-
rovd, Rumler, 1988).

Pri aplikovanych korelacnich multiradiometrickych
méfenich charakteristik semendlkt a sazenic lesnich
dfevin je uréujici pro jasovou teplotu v IC oblasti tep-
lota prostiedi, povrchovd struktura a transpirace.
V mikrovinné (MV) oblasti jasovd teplota zdvisi na fy-
zikdlnich veli¢indch (permeabilité, permitivité, vodi-
vosti), na geometrickém uspofdddni povrchovém
a vnitfnim, na morfologickém a chemickém sloZeni.

LESNICTVI-FORESTRY, 41, 1995 (11): 511-516

ZAKLADNI PRINCIPY DIAGNOSTIKY SAZENIC
LESNICH DREVIN

Sazenice predstavuji termodynamickou soustavu,
kterd pfijimd a vyddvad tepelnou energii. Pf{jem a vydej
tepelné energie je imérny relativnim pfirastkiim, resp.
libytkiim jasovych teplot v IC aMV pasmech. Podrob-
nd specifikace termodynamické soustavy pro tento pfi-
pad je popsdna v prici Rumler et al. (1993). Stano-
venim relativnich rozdili jasovych teplot nebo emisivit
méfeného a kontrolniho vzorku je moZné v souladu
s termodynamickym modelem soustavy definovat Ctyfi
zdkladni kvalitativni piiznaky: N — normdln{ stav, A —
autoregulovany stav, S — vldhovy deficit, I — zhorSeny
zdravotni stav. Vyslednd termodynamickd kiivka tyto
kvalitativn{ pifiznaky sazenic specifikuje i kvantitativ-
ng.

Podle zplisobu korekce a normovdni jsme uplatnili
Ctyfi zpusoby urceni termodynamického prubéhu:

1. EPSS — normovdni jasovych teplot na vné&jsi tep-
lotu,

2. EPSN - stanoveni relativnich odchylek emisivity
méfeného vzorku od emisivity kontrolniho vzorku,

3. TNS - stanoveni relativni odchylky jasové teploty
méfeného vzorku od jasové teploty piedchoziho
kontrolniho vzorku,

4. TND - stanoveni relativni odchylky jasové teploty
méfeného vzorku od aritmetického primeéru predchozi

a ndsledujici jasové teploty kontrolniho vzorku.

KVALITATIVNI DIAGNOSTIKA SAZENIC
LESNICH DREVIN

Kvalitativni diagnostika se realizovala podle bodu 1
aZ 4 pro sazenice smrku, borovice a buku. Byly stano-
veny relativni odchylky emisivit, resp. jasovych teplot
méfenych a uméle stresovanych sazenic vaci kontrol-
nim sazenicim. Pfi méfenich byly navozeny ndsledujici
stresory: 1,5, resp. dva mésice bez zdlivky na zdhonu
a ve féliovniku, 1,5 mésice kyseld zdvlaha, zkracovani
kofenového systému (24 hodin pfed méfenim) a expo-
zice jedna, dvé a tfi hodiny voln€ na vzduchu po vy-
jmuti sazenice pfed Skolkovdnim. Soubory méfenych
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sazenic byly stejného pilivodu a stejné technologie pés-
tovdni. Vizudlni odliSnosti nebyly patrné.

Jako piiklad je uvedeno multiradiometrické méfent
20 stresovanych zdhonti o minimdlnich rozmérech
40 x 40 cm sazenic smrku ztepilého. Grafické zndzor-
néni jasovych teplot a numerické hodnoty jsou zazna-
mendny na obr. 1. Na obr. je uvedena mikrovinnd a in-
fraCervend jasovd teplota, ddle vnitini teplota MV
radiometru a vnéjsi atmosférickd teplota.

Termodynamické grafy s kvalitativnimi piiznaky,
které byly vyhodnoceny podle bodl 1 aZ 4 pfedchozi
kapitoly, jsou zndzornény na obr. 2 aZ 5 a kone¢né
kvalitativni vyhodnoceni v tab. I. V tab. znaci zesileny
symbol 100% shodu, standardni symbol 75% a kurziva
50% shodu. Identické vyhodnoceni pro stejné stresory
a pro borovici lesni je obsaZeno v tab. II. Porovndnim

tabulek je moZné konstatovat, Ze borovice lesnf je vici
stejnym stresovym stavim odoln&j¥i neZ smrk ztepily.

KORELACE MULTIRADIOMETRICKYCH MEREN{
STRESOVANYCH SAZENIC LESNICH DREVIN
S MERENIM RELATIVNI VITALITY

Piistrojem MERVIT je mozné€ zjistit relativni vitali-
tu sazenic, kterd je rovna elektrickému odporu sazeni-
ce. Elektricky odpor pletiva sazenice je zdvisly na ob-
sahu vlhkosti a mnoZstvi iontii nékterych litek. Cim je
vyS§i relativni vitalita (ohmicky odpor), tim je mens$i
vitalita sazenice. U sazenic buku, stresovanych napf.
1,5 mésice bez zdlivky na zdhonu, zji§téné kvalitativn{
pfiznaky N, A, I, S odpovidaly vzestupné relativni vi-

30 1. Pribéh nekorigovanych jasovych
teplot v mikrovinné a infradervené
oblasti (v&etné atmosférické a vnitini

o Tvnitrni’ teploty mikrovinného radiometru)

25 o méfenych a kontrolnich sazenic —

. Graph of nonadjusted luminance
“ mfro temperatures in the micro-wave and
20 5 infra-red regions (including the
atmospheric and inner temperature of
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talité od 7,65 kQ do 11,31 kQ. Kontrolni vzorek vyka-
zoval hodnotu 6,87 kQ.

Meéfenimi bylo zji§téno, Ze korelacni zdvislosti mezi
kvalitativnimi hodnotami multiradiometrickych méfeni
a relativni vitalitou jsou vyraznéj§i u sazenic listnatych
dievin (buk) neZ u sazenic jehli¢natych dievin, kde jsou
opét vyraznéjsi u borovice ve srovndni se smrkem.

PROGRAMOVE A TECHNICKE VYBAVENI

Programové vybaveni zaji$tuje vlastni méfeni (sbér
a zdznam dat), kvalitativni diagnostiku zdravotniho sta-
vu sazenic lesnich dievin v souladu s termodynamic-
kym modelem, statistické a grafické vyhodnoceni mé-
fenych souborti sazenic v numerickém a grafickém

emisivita ()

normovana

S S S 1 1 s

S A S S S A S S

(IS 1 O O 0 0 T T W T O U O O O T V5 8 Y U 15 [ 1 O 50 O 0 O o

modu. Program je sestaven v programovacim jazyku
TURBO PASCAL pod operaénim systémem DOS 3.3
a zaujimd 111 kb paméti.

Prenosnd multiradiometrickd sestava md pfimou nd-
vaznost na polita¢ a je koncipovdna v moduldrnim
uspofdddni. UmoZiiuje terénni méfeni a budouci ko-
meréni vyuZiti.

ZAVER

Multiradiometrickou metodou byly promé&fovdny
uméle stresované sazenice jehli¢natych a listnatych les-
nich dievin na zdhonech ve Skolkdch a porovndvany
s kontrolnim zdhonem. Vysledky multiradiometrickych
méfeni, vyhodnocené riiznymi vypoétovymi postupy,

3. Zdvislost relativnich odchylek

emisivit mé&fenych vzorkii sazenic

smrku od emisivit kontrolnich

vzorkdi. Prib&h termodynamické

kfivky s kvalitativnimi pfiznaky —

Dependence of relative deviations of

___EpsM—EpsMN  emissivities of measured samples of
spruce seedlings upon emissivities of
control samples. Thermodynamic
curve with qualitative characteristics
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niho vzorku. Priib&h termodynamické
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Dependence of relative deviations of
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1. Vyhodnoceni kvalitativnich pfiznaki stresovanych sazenic lesnich dfevin na zdkladé termodynamického modelu — Evaluation of qualitative
characteristics of stressed seedlings of forest tree species on the basis of a thermodynamic model

Smrk obecny, soubor BO1S09C3 — Norway spruce, BO1S09C3 population
Kontrolni zdhon ¢&. 153 — Control seedbed no. 153

Stresor! S1 S2 S3 S4 S5 S6 S7

Z4hon? 156 155 154 21 23 56| 63 74 75 78 79| 80 89 93| 94 95 99| 16 17 18
Normovini® EPSS S N N| N N S I S A S S S N S S S I A A A
Normovini® EPSN S S I I N 1 S A S S S A S S A S S A A
Normovini® TNS S8 S| N 1 S I S A S S| 8 A 8|8 A S| 8§ A A
Normovini® TND S S 1 N N S 1 S A S S S A S A S S S A A
Prevlddajici pfiznak* | § S S| N N S| I S8 A S S| S A S|S AS S| S A A

Istressor, 2seedbed, “standardization, dprevailing characteristic

Stresor:

Normovini:

Prevlddajici pfiznak:

Stressor:

Standardization:

Prevailing characteristic:

(°C)

.

s .
normovanc jasova teplota

NSNS NN |

S s |

N N S |

S1 - dva mé&sice bez zdylahy na zdhonu

S2 - Zkolkovini, bez zkracovini kofenového systému a osychdni

S3 - Skolkovdni, kofenovy systém zkrdcen na délku 3 aZ 4 cm

S4 - skolkovini, po vyzvednuti jednu hodinu volné exponovin na vzduchu
S5 — $kolkovdni, po vyzvednuti dvé& hodiny volné exponovdn na vzduchu
S6 — Skolkovini, po vyzvednuti tfi hodiny volné exponovin na vzduchu
S7 - $kolkovini, rostlina zcela bez kofenového systému

EPSS - na stiedni emisivitu

EPSN - na emisivitu kontrolniho zdhonu

TNS - na piedchdzejici jasovou teplotu kontrolniho zdhonu

TND - na pfedchdzejici a ndsledujici jasovou teplotu kontrolniho zdhonu
tuény symbol — 100% shoda

standardni symbol - 75% shoda

kurziva - 50% shoda

S1 - two months without irrigation applied to the seedbed

S2 - transplanting, without shortening the root system and letting dry in the air
S3 - transplanting, the root system was shortened to a length of 3-4 cm
S4 - transplanting, after lifting one-hour exposure in the air

S5 — transplanting, after lifting two-hour exposure in the air

S6 - transplanting, after lifting three-hour exposure in the air

S7 - transplanting, plants without root system

EPSS - to medium emissivity

EPSN - to emissivity of control seedbed

TNS - to preceding luminance temperature of control seedbed

TND - to preceding and subsequent luminance temperature of control seedbed
bold symbol — 100% fitness of good

standard symbol — 75% fitness of good

italics — 50% fitness of good

N\ . Tmikro

* 5. Zdvislost relativnich odchylek ja-
sovych teplot v MV a IC pismu
méfenych vzorkli sazenic smrku od
aritmetického priméru predchozi a
ndsledujici jasové teploty kontrol-
niho vzorku. Priib&h termodynamické
kfivky s kvalitativnimi pfiznaky -
Dependence of relative deviations of
luminance temperatures in the MW
and IR regions in measured samples
of spruce seedlings upon the arith-
metical mean of the preceding and
subsequent luminance temperature of
control sample. Thermodynamic
curves with qualitative charac-
teristics

S A g .8 A-S A S-8S-8 A A
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1. Vyhodnoceni kvalitativnich pfiznaki stresovanych sazenic lesnich dfevin na zdkladé termodynamického modelu — Evaluation of qualita-
tive characteristics of stressed seedlings of forest tree species on the basis of a thermodynamic model

Borovice lesnf, soubor BOIB09A3 — Scotch pine, BOIBO9A3 population

Kontrolni zdhon &. 203 — Control seedbed no. 203

Stresor' S1 S2 S3 S4 S6 S7
Zghon? 200 201 202 ( 100 101 102 | 103 104 105 | 106 108 109 | 110 111 112 113 114 115
EPSS S S S N N N A N N I N 1 I S S I S S
EPSN S N N N N N N I N N A A A N 1 N
TNS N S S N N N N N N N N N N A A N I A
TND I S S N N N N N N N N N A A A N N A
Prevlddajici pﬁznak“ S S S N N N N N N NI N N A A A N 1 A

For 1, 2, 4 see Tab. I

dokazuji korelaci mezi stanovenymi kvalitativnimi cha-
rakteristikami a uméle vyvolanymi stresory, které
ovlivnily kvalitativni a zdravotni stav sazenic. Byly
stanoveny relativni odchylky emisivit, resp. jasanovych
teplot méfenych a uméle stresovanych sazenic smrku,
borovice a buku vZdy stejného pavodu a technologie
péstovan{ viidi nestresovanym kontrolnim sazenicim na
51 zahonech a kvantitativné byly vyhodnoceny zdklad-
ni kvalitativni charakteristiky. Vizudlni odli$nosti ne-
byly patrné.

Vysledky multiradiometrickych méfen{ v zdvislosti
na stoupajici stresové zdtéZi vykazuji nésledujici hod-
noty kvalitativnich stavi: N (17 %), A (28 %),
S (41 %) al (14 %). Nepfiznivy stav S a I v 55 % pfi-
padl se projevuje zejména u sazenic stresovanych su-
chem, tj. bez zélivky ve féliovniku a po delsi expozici
vyzvednutych sazenic na vzduchu. Vysledky méfeni
rovnéZ dokumentuji, Ze borovice lesni je vii¢i stejné
stresové zdtéZi odolnéjsi neZ smrk ztepily.

Byly rovnéZ prokdzdny koreladni zdvislosti mezi
kvalitativnimi charakteristikami multiradiometrickych
méfen{ a relativnf vitalitou sazenic, stanovenou méfe-
nim relativni vitality. Zji§téné kvalitativni hodnoty
v pofadi N, A, S, T odpovidaji také sestupnym hodno-
tdm vitality sazenic méfenych listnatych dievin (buk),
stanovenym méfi¢em relativni vitality. Korelaénf zdvis-
losti byly prokazatelnéjsi u sazenic listnatych dfevin
(buk) neZ u sazenic dievin jehli¢natych.

Seznam pouzitych symbola

MYV — mikrovinny radiometr
IC - infraderveny radiometr

Kvalitativnf priznaky:

N - normdlni stav

A - autoregulovany stav

S - vldhovy deficit

I - zhorSeny zdravotnf stav

Typ pisma: tuéné — 100% shoda viech méfeni
standard - 75% shoda vSech méfenf
kurziva - 50% shoda viech méfeni

Korekce a normovdni termodynamického pribéhu:

EPSS - normovdni jasovych teplot na vn&jsi teplotu
Tmik.norm - normovand jasovd teplota MV-radiometru

LESNICTVI-FORESTRY, 4/, 1995 (11): 511-516

Tinf.norm - normovand jasové teplota IC-radiometru
Tthermdyn = Tinf.norm —-Tmik.norm, termodynamickd jasovd
teplota

EPSN - rozdil emisivity m&feného a kontrolniho vzorku:

EpsM — EpsMN, rozdil mikrovinnych emisivit méfeného
a kontrolnfho vzorku

Epsl - EpsIN, rozdil infraervenych emisivit méfeného
a kontrolnfho vzorku

EpsThmdyn = EpsI - EpsIN - (EpsM — EpsMN),
termodynamickd emisivita

TNS — rozdil jasovych teplot méfeného a pfedchoziho kontrolnfho
vzorku:

Tmik.norm, Tinf.norm, Tthermdyn — symboly jsou totoZné
s EPSS ’

TND - rozdil jasovych teplot méfeného vzorku a aritmetického
priméru predchozi a ndsledujici jasové teploty kontrolniho
vzorku

Tmik.norm, Tinf.norm, Tthermdyn — symboly jsou totoZné
s EPSS

Stresor:

S1 - 2 mésice bez zdvlahy na zdhonu

S2 — bez zkracovéni kofenového systému a osychdn{
S3 — kofenovy systém zkrdcen na délku 3 aZ 4 cm
S4 — po vyzvednutf 1 h expozice na vzduchu

S5 - po vyzvednuti 2 h expozice na vzduchu

S6 — po vyzvednutf 3 h expozice na vzduchu

S7 - rostlina zcela bez kofenového systému
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MULTIRADIOMETRIC DIAGNOSTICS OF FOREST TREE SEEDLINGS

C. Rumler!, E. Gregorova!, Z. Turzik', M. ReSitko?, M. Mazanek®

IMEA, Bazovského 1115, 163 00 Praha 6

ZMim'stry of Agriculture of the CR, Tésnov 65, 110 06 Praha 1
3Czech Institute of Technology, Faculty of Electrotechnology, Technickd I, 106 00 Praha 6

The article reports on the original methodics applied
to the diagnostics of the qualitative state of seedlings
of forest tree species using detection of electromagnetic
radiation in the infra-red region (range 2 to 35 pm) and
the micro-wave region (range 3 cm).

The evaluation of the qualitative characteristics and
their quantitative course was calculated in accordance
with the thermodynamic model of the biothermical sys-
tem. The healthy condition of controlled different
stressed seedlings of beach, Norway spruce, and Scotch
pine (the same origin and growing technology with no
visible deviations) was identified. The investigation

demonstrated the correlation between the measured
values using multiradiometric method and the con-
trolled stressed conditions of the seedlings in the labo-
ratory and pilot conditions.

The advantage of the multiradiometry diagnostics is
the mobility and expeditions acquisition of the applica-
ble results for forestry activities.

radiometry in micro-wave region; radiometry in infra-
red region; correlation multiradiometry; emissivity;
thermodynamics; stressors of seedlings of forest tree
species

Kontaktni adresa:

Ing. Ctirad Rumler, CSc., MEA, Bazovského 1115, 163 00 Praha 6, Ceskd republika

Atteia, O.: Major and trace elements in precipitation on Western Switzerland (Hlavni a stopové prvky ve

srdazkdch v zdpadnim Svycarsku)

Atmospheric Environment, 1994, 28, ¢. 22, s. 3617-3624 — 6 obr., 4 tab., lit. 41

V rdmci integrované studie se analyzuje sloZeni vody v celém ekosystému. Jde o zprivu o dvouletém vyzkumu sloZeni srdZek providéném
v slabé& kontaminovanych ekosystémech. Cilem studie bylo urfeni primérnych koncentraci pro uvedenou oblast, upiesnéni piivodu téchto
prvkl a soustfedéni se na vyznam atmosférickych depozici v biogeochemickych cyklech. Viechna zkoumand stanovisté jsou v horskych
oblastech a jsou umisténa daleko od vysoce zprimysinénych zén. Hlavnimi prvky zde jsou Na, Cl, NO;, SOy, K, Si, Ca a Mg. Naméfend
koncentrace a toky jsou typické pro mirné kontaminované venkovské oblasti. Bylo zji§téno, Ze oblast je pomé&rn& homogenni, pokud se jednd
o atmosférické depozice, i kdyZ se stanovidté lisi nadmofskou vySkou a vlivem &innosti ¢lovéka. Prvky vypousténé v disledku lidské Einnosti
jsou dopravovdny na dlouhé vzddlenosti. Pfedpoklddd se, Ze doasny vyvoj v koncentracich a rozdilech mezi sloZzenim desté a snéhu miize
pochdzet z obecné atmosférické cirkulace. S atmosférickym vkladem stopovych prvki se musi poéitat v kazdé geochemické studii i ve
studiich chemie vodonosnych vrstev. - M. Pagac
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REGENERACIA LESNYCH POD PO ZHUTNENI

J. Demko

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

Regenericia lesnych pdd po predchddzajicom zhutneni
znameni postupné pribliZovanie sa fyzikdlnych vlastnosti
pdd k jej povodnému nezhutnenému stavu. Priebeh rege-
nerdcie lesnych pdod prebieha rozdielne rychlo v jednotli-
vych vrstvdach pody. Najrychlejsi priebeh ma regenerscia
vo vrchnej vrstve pody 15 cm. Po troch rokoch dochiddza
k vyznamnej regenerdcii aj v hlbSich vrstvich pody
(20 aZ 30 cm) tak, Ze v priebehu piatich rokov dochddza
k vyrovnaniu priebehu regenericie v Setrenej hibke pody
0 aZ 30 cm. Priemerné rofné tempo zniZenia objemovej
hmotnosti pody v danych podmienkach predstavuje
26 kg.m™>.rok™. Piifrotné obdobie regenerscie bolo po-
stalujiice, aby sa povodne zhutnend pdoda dostala do
povodného stavu.

lesné pody; zhutfiovanie; regenerdcia

UvoDp

TaZbovo-vyrobny proces bezprostredne vplyva na
les a jeho prostredie. Pri spilovani stromov, ale najmi
pri vytahovani dreva z porastov — pracovnych poli,
zostavovani ndkladu a pribliZzovani vznikd nevyhnutne
kontakt stroja a ndkladu s jednotlivymi stromami v po-
raste a prostredim lesa, najma vSak s pédou, dosledkom
¢oho vznikaji Skody na lesnych porastoch a prostredi
lesa. Zavedenie do praxe Specidlnych lesnych koleso-
vych traktorov znamenalo vyznamny posun v technizdcii
tazbovo-vyrobnych prdc a produktivite prace. Ndsledné
prispdsobenie lesopestovatelskych a ochrandrskych
opatreni viedlo k zhorSeniu stavu naSich lesov, ¢oho
svedkom sme dnes. Teda vyrobnd innost Eloveka v le-
se spolu s vplyvom priemyslu a jeho neZiadicich tcin-
kov sa v rozhodujiicej miere podielala na postupnom
zhorSovani zdravotného stavu lesov.

Stcasny trend biologizdcie a ekologizdcie v lesnic-
tve je len priamym désledkom predchddzajiceho vyvo-
ja. Ale aj pri opodstatnenom preferovani biologizdcie
a ckologizdcie sa nesmie zabudniif na rozvoj takej tech-
niky a technolégie, ktord spifia ekologické kritérid pri
dosahovani priaznivych ekonomickych vysledkov.

Nazddvam sa, Ze schodnd cesta spociva v rovnovihe
uplatiiovania ekologickych a technicko-ekonomickych
kritérif pri vyrobe dreva. Pre uplatnenie uvedenych kri-
térif je vSak potrebné objektivne poznanie vplyvu les-
nej techniky na les a jeho prostredie.
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Za ostatné obdobie niekolkych rokov sa rozsiril roz-
sah prdc zaoberajicich sa vplyvom lesnickych mecha-
nizaénych prostriedkov na les a jeho prostredie, najma
viak préc, ktoré sledujui vplyv lesnych strojov na lesni
podu.

Chybajii vSak sibornejsie prdce, ktoré venuji pozor-
nost komplexnym vplyvom zhutnenia na fyziologické
procesy drevin, ako aj prdce zaoberajiice sa procesom
regenerdcie lesnych pod.

Nidsledne sa dd len sthlasif s Korefiom (1994),
ktory konStatuje, Ze zatial ¢o je problematika tolerova-
tefnych pddnych strdt spdsobenych eréziou pomerne
dobre prepracovand, nepostacujiice st ddaje o pripust-
nom zhutneni pddy, odvodené z poznatkov o reakcii
lesa na stupefi zhutnenia a o regeneraénych schop-
nostiach lesnych p6d. Najmi z tychto dovodov sa ve-
nujem regenerdcii lesnych péd po predoslom zhutneni
ako o vyznamnom ukazovatefovi stavu a vyvoja les-
nych péd v obhospodarovanych lesoch pod vplyvom
lesnickej technologickej zdtaZe.

PROBLEMATIKA

Najzdvaznej$imi pri¢inami neustéle sa zhor¥ujticeho
stavu lesov su imisie a neZiadice u¢inky faZbovo-vy-
robnej ¢innosti na les a jeho prostredie. Najvyznamnej-
Sou siicasfou lesného prostredia je lesnd pdda, ktord
popri samotnych lesnych porastoch je najviac zafaZo-
vand a poSkodzovand. Medzi vyznamné fenomény po-
§kodenia pody patrf jej zhutfiovanie, ktoré ndsledne ov-
plyviiuje najmid vodno-vzdusny reZim, ale aj celkovy
fyzikdlny, chemicky a biologicky stav pod.

Plo$ne vyjadreny rozsah poskodenia lesnych pod
(obnaZenie a zhutnenie minerdlneho horizontu) z titulu
vyrobnej ¢innosti ¢loveka je zna¢ne rozdielny a pohy-
buje sa v rozsahu 90 aZ 95 % rozlohy ribane pri tech-
nologicky nepripravenej faZbe, zatial o pri predom
pripravenych linkdch spravidla nepresahuje jednu treti-
nu plochy rdbane (Danilik, 1979; Jakovlev,
Uvakin 1985; Sakunas, Bistrickas, 1985).

Najvicsi rozsah poskodenia je na holoruboch, a to
z dovodu manipuldcie s najvac§im objemom dreva, kde
mdZe dosiahnuf aZ 96 % plochy ribane (Belenko,
1977). Ak sa viak obmedzime iba na zdvaZné linedrne
porusenie, menf{ sa v rozsahu od 0 — lanovkové sistre-
dovanie v plnom zdvese — po 50 % pri bezsystémovom
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pozemnom spd§tani Megahan, Kidd, 1972; Pol-
jakov, 1965).

Pri najobvyklejSich traktorovych technolégidch si-
stredovania je rozloha vdZznejSieho linedrneho poskode-
nia v rozsahu 7 aZ 35 %. Pojazd traktorov po roz¢lefio-
vacich linkdch sposobuje linedrne poskodenie, ktoré
podla Rica, Datzmana (1981) md rozhodujici
vyznam pre priebeh erdzie. Lesnd poda je primdrne
poskodzovand jednak zhutfiovanim, jednak taZbovo-
-dopravnou erdziou a ndslednou vodnou eréziou. Nd-
sledny povrchovy odtok potom zdvisi od miery zhutne-
nia, povrchu rozélefiovacej linky, celkového stavu
pody, sklonu svahu a intenzity zrdZok. Z titulu uvede-
nych zmien vsakovacia schopnost sa zniZuje a vo
vicSine pripadov je men$ia ako mnoZstvo vody privd-
dzané k pédnemu povrchu zrdZkami a vytvdra sa sivis-
ly povrchovy odtok (Sach, 1988). Na rozélefiovacich
linkdch moZe povrchovy odtok dosiahnut aZ 95 %. N4-
sledny povrchovy odtok je pri¢inou vodnej erézie
pody, ktord mdZe za istych podmienok dosiahnuf aj
nickolko sto metrov’ p()dy.ha'l.rok".

Teda najmd od rychlosti regenerdcie lesnych pdd
bude zdvisiel rozsah §kdd na lesnych pddach. Regene-
rdcia lesnych pdd z titulu zhutnenia bude znamenat po-
stupné pribliZovanie sa fyzikdlnych vlastnosti pod —
a to najmi jej objemovej hmotnosti — k povodnému
stavu. PocCas regenerdcie lesnych pod zniZuje sa jej ob-
jemovd hmotnost, zvySuje sa pérovitost, najmi hrubé
nekapildrne péry, meni sa orientdcia horizontdlnych p6-
rov na vertikdlne. Postupnou penetrédciou korienkov do-
chddza k vytvdraniu volnych kandlikov, ktoré umoziu-
ju priesak vody, zlepSuje sa vymena plynov. Celkove
sa zvy3uje prevzdudnenost, zvySuje sa biologickd akti-
vita pody, zlepSuje sa pddny chemizmus.

UZ z nacrtnutého je zrejmé, Ze regenerdcia lesnych
pdd, resp. schopnost pddy vyrovnaf sa s komprimac-
nym stresom je vyznamnym ukazovatefom stavu pdd,
jej regenera¢nej a produktivnej schopnosti. Na jednej
strane vSak konStatujeme, Ze Skody z titulu zhutnenia
jednak vo forme erdzie, jednak v zniZovani prirastku si
zdvazné, na strane druhej takmer tplne absentuji do-
mice povodné poznatky o regenericii lesnych pod
a jednotlivé tdaje o diZke regenerdcie sa podstatne Ii-
§ia. Takmer vSetky udaje tykajice sa regenerdcie su
zahrani¢nej proveniencie; napr. uddvaji, Ze stopy po
pribliZovacich mechanizaénych prostriedkoch v nd-
sledne prirodzene obnovenom poraste douglasky holo-
rubom boli znatené po 30 rokoch (Murphy, 1982),
Munns (1947) si v8imol viditeIné stopy stlaenia na
prickopnickych cestich naposledy pouZitelnych pred
100 rokmi.

Z dal§ich autorov Slivka (1990) uvddza, Ze pri-
rodzend regenerdcia naruSenej pody trvd pomerne
dlho — asi 40 rokov.

Naprotitomu Shishiuchi (1988) piSe, Ze v prie-
behu Styroch az siedmich rokov nastalo zlep$enie rastu
semendcikov a vzrastlo na 70 % a pérovitost pody do-
siahla 95 aZ 100 %. Autori Hildebrand, Wie-
bel (1982) informujd, Ze na znacne ojazdenych plo-
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chdch nepostaci ani 10 rokov na evidovateIné zlepse-
nie.

UZ z krdtkeho prehladu ndzorov je jasné, ze udaje
tykajiice sa regenerdcie st pomerne rdéznorodé a takmer
nepouZitelné v lesnickej vede a praxi v naSich pod-
mienkach. Preto difam, Ze prispevok aspon nacrtne
problém regenerdcie lesnych pdd na Slovensku.

MATERIAL A METODA

Setrenie zamerané na regenerdciu lesnych pdd bolo
realizované v ramci vyskumu na Katedre lesnej faZby
a mechanizicie Lesnickej fakulty Technickej univerzi-
ty vo Zvolene.

Setrenie regenerdcie lesnych pod vychddza z po-
drobnej analyzy modelovych jdzd vykonanych v roku
1988 traktorom LKT 81.

Experimenty boli uskutonené v lesoch Skolského
lesného podniku TU Zvolen, ktorych podstatnd Cast
patri do orografickej jednotky Kremnickych vrchov.
Kremnické vrchy maji stratovulkanickd stavbu a si
mladotrefohorného veku.

Setrenia boli vykonané na hnedej lesnej pode (kam-
bizem) mezotrofnej typickej, huméznej, stredne hlbo-
kej. Sd charakteristické pre Zivny rad B (podrla Zlatni-
ka). Zo stanovistného hladiska st povazované za dobré
az velmi dobré lesné pddy, dostatoéne hlboké s priaz-
nivym fyzikdlnym stavom, vyhovujicou az velmi dob-
rou humusovou formou s postadujiicou zdsobou Zivin.

Modelové jazdy na Setrenie regenerdcie pody sa
uskutocnili v zmieSanom poraste (buk, dub, jedla), vek
55 rokov, v 2. bonite, sklon svahu 20 %, pri vychovnej
tazbe.

Zhutnenie pody a ndsledni regenerdciu pody sme
sledovali vzhladom k neporusenej (nezhutnenej) pode.
Analyza zhutnenia bola vykonand po prvej, druhe;j
a tretej jazde. Po takto vykonanych modelovych jaz-
ddch a ich analyzach sa miesta merani stabilizovali,
aby sa predislo chybdm z moZnosti zmeny miesta me-
rania.

Regenerdciu lesnych péd sme zisfovali nedeStruk-
¢nou metddou — pristrojom, ktory je konStruovany pre
meranie objemovej hmotnosti (OH) a vlhkosti pody.
PouZity pristroj 3411 B md zabudovany pocitac, v kto-
rom su zakédované vietky kalibraéné udaje a vypocto-
vé postupy k vykonaniu koneéného prepoctu; tym je
eliminovand moZnost vypoctovej chyby operdtora.
Okrem toho je pristroj schopny kompenzovat vplyv vo-
dika, ktory je obsiahnuty v skiimanej zemine v inej for-
me ako vodnej. Presnos( pristroja pri OH materidlu
2 000 kg.m_3 v rezime SLOW je = 1,92 kg.m_3: ten
sme pri experimentdlnych zisfovaniach pouZivali. Pri-
stroj 3411 B je vybaveny zdrojom Ziarenia Cs 137 pre
meranie objemovej hmotnosti. Pre meranie vlhkosti je
zdrojom neutrénov Am 241 Be.

Pre Setrenie regenerdcie lesnych pod sme zistovali
Styri zdkladné charakteristiky pody. S to:

— objemovd hmotnost ,,mokrej* zeminy (OH, kg.m—3).
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— objemovad hmotnost ,,suche}“ zeminy (S-OH, kg. m"3),
— obsah vody (OV, kg.m™ )
— vlhkost (W, %).

Snimanie danych veli¢in sme vykondvali v jednotli-
vych hibkach pddy, a to v hibke 0, 5, 10, 15, 20, 25
a 30 cm. Z pohladu korefiovej penetrécie a vyZivy rast-
lin je najvyznamnejia hibka pody 0 aZ 30 cm.

Vo vedeckej a odbornej literatire sa Casto piSe
o dlhej dobe regenerdcie lesnych pdd po predo§lom
zhutnen{ ako désledku faZbovo-vyrobnych technolégif.
Z tohoto dovodu sme stanovili Gasovy sled Setrenia re-
generdcie po troch, piatich, desiatich a pripadne viac
rokoch, a to v zdvislosti od ¢asového priebehu regene-
récie.

Po pifroénom Setreni sme viak podla nasho ndzoru
dospeli k zaujimavym vysledkom; preto sme sa rozhod-
li vedeckej a odbornej verejnosti tieto vysledky prezen-
tovat.

Celkove sme Setrenia vykonali na n = 24 miestach,
na ktorych boli vykonané opakované merania v kazdej
hibke pody podra opisanej metodiky.

Experimentilne tdaje boli spracované pomocou ma-
tematicko-§tatistickych metéd programu STATGRA-
PHICS. Regresnou analyzou boli vypocitané rovnice
pre regenerdciu pddy po troch a piatich rokoch, pre
nezhutneni pddu a modelové jazdy.

VYSLEDKY

Pri¢ina vzniku zhutnenia pdd nie je len v jednostran-
nom vplyve faZzkej mechanizdcie, ale predstavuje pre-
dovSetkym sihrnny negativny dopad sicasnej sistavy,
intenzifikdcie lesného hospodarstva na pddne vlastnosti.

Ak vo vSeobecnosti plati, Ze pri OH pddy nad
1,8 g.cm™ prestﬁva korefovd penetrdcia, potom expe-
rimentdlne zistené hodnoty po troch prejazdoch trakto-
ra LKT 81 s ndkladom sa bliZia k tejto hranici a méZu
znamenaf vyrazné nebezpelenstvo pre korefiovy sys-
tém stromov a stromy samotné. Priebeh objemovej
hmotnosti pddy po troch modelovych jazdach traktora
je zndzorneny na obrdzku symbolom RM. Tri modelo-
vé jazdy traktora sme zvolili z toho dévodu, Ze z pred-
chddzajicich vyskumov, ale aj literatiry vychddza, Ze
prvd jazda traktora (pripadne prvé tri jazdy) sposobuji
najvys§i prirastok zhutnenia.

Ndrast OH po troch jazddch je zrejmy taktieZ z ob-
rdzku, kde nezhutneni pddu predstavuje krivka RN,
zatial ¢o priestor nad touto krivkou predstavuje priras-
tok zhutnenia po modelovych jazdédch (po krivku RM).

Z vykonanych Setreni vyplyva, Ze po troch vegetac-
nych obdobiach (krivka R3) dochddza k Ciasto¢nému
vyrovnaniu sa pddy po predo$lom zhutneni tak, Ze ob-
jemové hmotnost pédy v hibke do 15 cm klesla prie-
merne o 83 kg. m> a pri porovnani OH s pdvodnou
nezhutnenou pddou v horizonte pody 0 az 15 cm bola
viak stdle vysSia priemerne o 68 kg. m™. Po daliich
dvoch vegetaénych obdobiach, teda celkove po piatich
od vykonania modelovych jdzd, poklesla OH pody
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v sledovanom horizonte pddy priemerne o dalSich
42,5 kg.m_3 a do vyrovnania k povodnej objemovej
hmotnosti ostdva rozdiel uZ len 25,5 kg.m™, &o pri
priemernej OH (1 550 aZ 1 650 kg.m™) v horizonte
hibky pédy 0 a% 15 cm predstavuje podiel 1,6 %.

Teda pif vegetaénych obdobi (rokov) stacilo na to,
aby regenerdcia pody vyjadrend postupnym klesanim
OH zniZila povodny prirastok zhutnenia o 83 %. Uve-
deny stav mdZeme charakterizovat ako velmi priazni-
vy, nakolko vysledky Setrenia dokazuji, Ze po piatich
rokoch dochddza v hibke pody 0 aZ 15 cm, ktord je
z hladiska rozloZenia korefiov najdoleZitejSia, k vyrov-
naniu fyzikdlneho stavu pddy vyjadreného objemovou
hmotnostou, ktord je zdkladnym parametrom ulahnu-
tosti alebo zhutnenia pody.

Mierne odli$ny priebeh regenerdcie lesnych pod sle-
dujeme v hibke 20 az 30 cm. Po troch vegetainych
obdobiach (rokoch) klesla priemernd objemovd hmot-
nost pddy v uvedenej hibke o 49 kg.m™ z povodného
prirastku zhutnenia. Po dalSich dvoch vegetacnych ob-
dobiach (teda celkove po piatich od vykonania mode-
lovych experimentdlnych jdzd) sa zniZila objemovad
hmotnos( pddy priemerne o 81 kg.m‘3 a do vyrovnania
k povodne 31 objemovej hmotnosti ostdva rozdiel uz len
24 kg.m™, o pri priemernej OH (1 620 kg.m'3)
v hibke 20 aZ 30 cm predstavuje 1,5 %. Za pifro&né
regenera¢né obdobie pddy bez ndsledného zafaZenia sa
zniZila OH p6dy z absolitneho priemerného prirastku
v uvedenej vrstve o 82 % z pdvodného ndrastu zhutne-
nia.

Priebeh regenerdcie lesnych pdd moZeme dalej hod-
notif tak, Ze v prvych rokoch po zhutneni pody docha-
dza k intenzivnej regenerdcii vrchnych vrstiev pody
v hibke do 15 cm a proces regenerdcie je v prvych
troch rokoch v tejto hibke pady priblizne dvakrat rych-
lej§i ako v hibke pody 20 aZ 30 cm.

Priemerny roény pokles OH pdody, teda regenerdcia
lesnej pddy po zhutneni vo vrchn l] (0 aZ 15 cm) vrstve
pody, predstavuje 25 kg.m™ 3 rok™!, zatial &o vo vrstve
20 az 30 cm je v prvych troch rokoch priemerny roény
pokles o 16 kg.m‘3.rok_l. Z uvedeného je moZné usu-
dzovaf, Ze predpokladom regenerdcie hlbSich vrstiev
(20 az 30 cm) pody je po€iato¢nd regenerdcia vrchnych
vrstiev s postupnou regenerdciou hlbsich vrstiev pody.

Po troch rokoch sa vsak situdcia mierne meni tak, Ze
pokial sme sledovali vyrazni regenerdciu v prvych
troch rokoch v hibke pody 0 aZ 15 cm, tdto sa uZ len
postupne bliZi k hodnotim OH nezhutnenej pddy,
v horizonte pédy 20 aZz 30 cm sledujeme vyznamny
postup regenerdcie tak, Ze v priebehu piatich rokov do-
chad7a k vyrovnaniu priebehu regenerécie lesnych pod
v sledovanq hibke pody 0 aZ 30 cm. Priemerné roéné
tempo zniZenia objemovej hmotnosti pody v hibke 0 a7
30 cm pri danom pédnom type a prirodnych podmien-
kach predstavuje 26 kg.m'3.rok'I v pifroénom regene-
ratnom obdobi. Na zdklade tychto vysledkov moZeme
konStatovat, Ze péfrodné regenerainé obdobie bolo posta-
Cujice k tomu, aby sa zhutnend pdda takmer pribliZila
k hodnotdm nezhutnenej — prirodzene uloZenej pddy.
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Na uvedeni priaznivi skutoénost md najvacsi vplyv
organickd hmota, ktorej podiel z celkového objemu
predstavuje okolo 5 %. Zivd zlozka pady (mikroedafén
a makroedafén) spolu so Zivnymi orgdnmi vysSieho
rastlinstva (korene, ktoré si zvicSa v pode dokladne
pospdjané s pddnou hmotou — ,armovacia sief*) si
hybnym faktorom regenerdcie pdd a spolu s vlastnos-
fami lesného rastlinstva, zloZenia geobiocenoz a klimy
zohrdvaji rozhodujicu tlohu tak pri podnej regenerd-
cii, ako aj v pddotvoreni. Proces regenericie lesnych
pdd moZe zdvisiel od kombindcie mnoZstva faktorov,
pri¢om nemozZno vytrhavat z celého komplexu iba je-
den faktor a pripisovat mu absolitny vplyv.

Vztahy medzi pojazdom traktora, objemovou hmot-
nostou pddy a priebehom regenerdcie sa preukdzali ako
tesné, pri¢om index koreldcie sa pohybuje od 0,90 do
0,99.

Pre zachovanie priaznivého stavu pdd, ktoré sd vy-
stavené zdfazi z titulu hospoddrskej Cinnosti ¢loveka
v lese, a to najmi aZbou a sdstredovanim, je nevyhnutné
zabrdnit strhdvaniu nadloZného humusu a ¢iastoénému
alebo tdplnemu splavovaniu jemnozemného pddneho
materidlu. Dal§im doleZitym faktorom je zachovanie
opadanky, ktord je (S41y, 1978) hlavnym energetic-
kym materidlom potrebnym pre rozvoj mikroorganiz-
mov, hmyzu a inych Zivocichov, ktoré ju pocas svojej
Zivotnej ¢innosti premienaji na humus a md velky vy-
znam aj pri regulovani vodného a tepelného reZimu
pdd. Opadanka okrem tychto biologickych funkcif pln{
aj funkciu mechanicki a spolu s nadloZnym humusom
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1. Priebeh regenerdcie lesnej pody po zhutneni — The progress of
forest soil regeneration after compacting

Legenda — Legend: krivka RN — priebeh objemovej hmotnosti
nezhutnenej pddy — curve RN - volume weight of uncompacted soil;
krivka RM - priebeh objemovej hmotnosti po vykonanych mode-
lovych jazddch — curve RM - volume weight after model drives;
krivka R3 — priebeh objemovej hmotnosti po troch rokoch rege-
nerdcie — curve R3 — volume weight after three-year regeneration;
krivka R5 — priebeh objemovej hmotnosti po piatich rokoch rege-
_ nerdcie — curve RS — volume weight after five-year regeneration
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a s vrchnymi horizontami pdsobi ako ndraznik pre pre-
ndSanie tlaku z titulu pojazdu lesnickeho mechanizac-
ného prostriedku po pdde do spodnejSich vrstiev a ho-
rizontov pody.

Tieto fakty potvrdzuje aj to, Ze zatial ¢o fyzikdlny
stav pody (objemovd hmotnost) na roz&lefiovacich lin-
kdch po modelovych jazdach a uplynuti piatich rokov
modzeme hodnotif ako velmi uspokojivy, uplne odlisni
situdciu sme sledovali na zbernych priblizovacich lin-
kdch, kde za Setrené obdobie sme nezaznamenali vyraz-
nejSie zmeny smerom k zlepSeniu fyzikdlneho stavu
pody, vyjadrené zniZovanim objemovej hmotnosti pod;
objemové hmotnosti pdd vo vietkych hibkach stdle vy-
kazuji znacny stupeii zhutnenia.

Pri analyze uvedeného experimentu treba podotkniit,
Ze na povrchu liniek bola tplne strhnutd vrchnd opado-
vd vrstva spolu so surovym humusom a korefiovd su-
stava bola znacne narusend.

DISKUSIA A ZAVER

Ekologizdcii fazbovo-dopravnych a vyrobnych tech-
nolégii musi predchddzal spozndvanie vzfahu lesnic-
kych mechanizaénych prostriedkov k prostrediu lesa
a k lesu samotnému, lebo len na zdklade takychto poz-
natkov mdZeme dospiel k zdverom, ktoré mdzu byt
smerované jednak ku konStrukénym a technickym zd-
sahom, jednak k zdsahom technologickym a organizad-
nym.

Dosiahnuté vysledky su uréitym pozitivnym prekva-
penim, nakolko publikované vysledky (spravidla zahra-
ni¢né) spominaji niekolko desatrodni regenerdciu les-
nych pod po zhutneni, ktord sme aj my pri zakladani
experimentov predpokladali. Pritom je potrebné podo-
tknit, Ze uvedené vysledky sa pravdepodobne nedaji
zovieobeciioval na iné podne a prirodné podmienky, si
vSak ale prikladom, Ze aj napriek pomerne vysokému
zhutneniu dobre vyvinuté pody s vysokou biologickou
aktivitou sa pomerne rychlo vyrovndvaji s technolo-
gickou zdfazou vo forme zhutnenia.

Na druhej strane treba taktieZ uviest, Ze okrem dob-
rého stavu pdd sa na uvedenych vysledkoch podiela aj
relativne Setrny sposob vykonania modelovych jdzd.

Predkladané vysledky opal potvrdzuji fakt, Ze pri-
stup ¢loveka k lesu je rozhodujici pri zniZovani §kod
na lese a jeho prostredi. Postupné zniZovanie $k6d na
lese a jeho prostredi sa musi diaf s vyuZitim synergic-
kého efektu v systéme konStrukénych, technickych,
technologickych a organizacnych zdsahov a zmien.

Technologické a organiza¢né zmeny z hladiska ope-
rativnosti a pruZnosti je mozné relativne najlahsie rea-
lizovat do daného systému. Odhliadnic od inych sku-
toénosti si Castokrdt aj jediné, ktorymi moZeme dany
stav zmeni(, nakolko konStrukéné a technické opatrenia
st ndro¢né tak z hladiska ¢asového, ako aj finan¢ného.
Okrem toho je to miera uc¢innosti vynaloZenia financ-
nych prostriedkov k trovni zlepSenia ocakdvanych
vlastnosti.
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K dal$im opatreniam, ktoré vyraznym sposobom ov-
plyviiuji priebeh regenerdcie lesnych pdd po zhutnent,
je treba pocitaf zabrdnenie strhnutia opadanky a suro-
vého humusu, a to sprdvnym roz¢lenenim porastov
a volbou faZbovej met6dy. Ak pocas sistredovania
dreva ddjde k strhnutiu opadanky a surového humusu,
odporticame tieto miesta sanovaf jednoduchym nanose-
nim kondrového materidlu z tazby na poskodené miesta.

Pre zniZenie erdzie tazbovo-dopravnej a vodne;j tre-
ba netolerovat hibku kofaji vacSiu ako 10 aZ 15 cm
a tito hodnotu legislativne stanovif.

Pléanovanie vychovnych zdsahov treba vykonat tak
(resp. prijal zdsadu), aby vychovné taZby, ich pldnova-
nie a realizdcia sa vykondvali jedenkrdt za desaf rokov
a pokial je to moZné, nie Castejsie, a to preto, aby zhut-
nend poda mala dostatocny Cas na regenerdciu ¢i rekon-
diciu.

K prezentovanym vysledkom sd najbliZSie ndzory
Sacha (1992), ktory konstatuje, Ze samotné zniZenie
zhutnenia nastdva pri hrubozrnnych pddach po niekol-
kych rokoch a pri jemnozrnnych po nickolkych desat-
rociach.
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REGENERATION OF FOREST SOILS AFTER SOIL COMPACTING

J. Demko

Technical University, Faculty of Forestry, T. G. Masaryka 24, 960 53 Zvolen

The regeneration of forest soils from previous com-
pacting means the successive return of physical pro-
perties of soil to the previous state. During regeneration
porosity mostly of thick pores is resumed, the growth
of roots causes an increase in empty pores and substan-
tially the water seepage and the exchange of gases im-
prove.

The progress of regeneration differs in speed in the
different layers of forest soil. The fastest regeneration
was observed in the layer of 0-15 cm (during the first
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three years), where the process is twice faster than in
the layer of 20-30 cm. After the first three years there
is a significant growth in the speed of regeneration in
the layer of 20-30 cm which causes the equalisation of
regeneration within the first five years in the observed
layer of 0-30 cm. The observed average speed of a de-
crease in volume weight of soil for the given soil type
(brown earth - Cambisol) and the given conditions is
26 kg.m‘3.year'l. It means that after five year period
the compacted soil returned to the previous state.
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The forest soil was compacted by drives of a skidder
LKT 81 and the average increase of compacting after
three sample drives was 151 kg.m'3 in the layer of
0-15 cm.

Finally we can say that the five vegetation periods
were sufficient to regenerate the soil compacting to its
previous state when the observed compacting, was re-
duced by 83%. We evaluate this as very reasonable,
because in the layer of 0-15 cm, which is the most
important layer with respect to the location of the roots,
after five years there is a return to the previous state.

Intensive regeneration takes place in the upper layers
of soil at the depth of up to 15 cm. This favourable fact
is influenced mostly by organic matter, the content of
which represents about 5%. The living parts of soil
(micro- and macro-edaphon) together with high plants
(roots, which are usually well joined with soil matter)
are the motive power of soil regeneration. Together
with the features of forest plants, the content of geo-
biocenosis and the climate, they play the most impor-
tant role for soil regeneration and soil formation.

The already started regeneration of the upper layers
is a presumption of the regeneration of the lower layers
of soil (20-30 cm).

In order to preserve reasonable conditions of soils
under human attack (felling, logging), there is a neces-
sity to protect the humus against unwanted removing
and against the washing away of the smallest parts of
soil material. The forest litter must be preserved too,
because it is the main source of energetic material ne-
cessary for the development of micro-organisms, insect
and other living creatures in soil. The forest litter plays
an important role also for the regulation of water con-
tent and temperature of soil.

The experiments were carried out at Forest Enterprise
of Technical University of Zvolen, which orographi-
cally belongs to Kremnické vrchy Mts. (Slovakia), on
typical brown earth (Cambisol).

forest soils; compacting; regeneration
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Ing. Jaroslav Demk o, CSc., Technickd univerzita, Lesnicka fakulta, T. G. Masaryka 24, 960 53 Zvolen, Slovenskd republika

Fjeld, D. E.: Time consumption for selection and patch cutting with one-grip harvester (Srovnavaci studie
spotieby ¢asu p¥i vybérné seci a kotlikové se¢i téZebnim strojem Valmet 901)
Meddelelser fra Skogforsk, 1994, 47.4, 27 s. — 9 obr., 8 tab., lit. 18

Zprdva o &dsti projektu Technika a metody péstovdni lesii ve viceicelovém lesnim hospoddrstvi. Pokusy se realizovaly jak v soukromém,
tak ve stdtnim lese. T€Zba probihala v nestejnovékych porostech, kde dominoval smrk ztepily, v nadmofské vysce 400 az 600 m. Vysledky
vyzkumu ukazuji, Ze proménlivost spotieby Casu je urovdna predeviim rozdflem velikosti téZenych stromii. Priim&rny objem téZeného stromu
byl pfi vybéru jednotlivych stromill o 31 % v&si neZ pii kotlikové seci. Kotliky mély rozlohu 0,063 ha a 0,250 ha. Pfi kotlikové seéi, kdy
kotlik mél 0,063 ha, byla spotfeba Casu nepatrné niZsi neZ pfi vybéru jednotlivych stromii. NejniZ§{ spotfeba asu byla pfi seci, kdy mél
kotlik plochu 0,250 ha. Vy3§i intenzita t&€Zby vedla obecné k niZ3i spotfeb& asu. Vyb&rnd se za pouZitf t&Zebniho stroje Valmet 901
predpoklddd kromé jiného hustou sit kolejovych cest. V¥zkum tohoto projektu byl zaloZen s ohledem na tlak vefejnosti, zaméfeny na zvyseny
podil vybérného hospodifstvi a pfirozené obnovy v komerénim obhospodafovdni lest v jehli¢natych porostech boredlniho lesa. - M. Paga ¢
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STUDIUM GEOMETRIE NASTROJA PRE ODVETVOVANIE

M. Mikles

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

Prédca sa zaoberd rozborom silového pésobenia na odvet-
vovaci néz a uréenim tangencidlnej a normailovej vysled-
nej sily, ktord posobi na ndz. Za ticelom minimalizdcie
energetickej ndrocnosti na odvetvovanie boli vykonané
experimenty pre optimalizdciu geometrie odvetvovacich
nozov pri zabezpeceni kvality odvetvovania. Vysledkom
je minimdlny rezny odpor pri odvetvovani a zniZené na-
roky na vykon pohonnej jednotky. Skusky boli vykonané
na Specidlnom stende na Katedre lesnej fazby a mechani-
zdcie. Bolo testovanych 15 noZov odlisnej geometrie. Pri
vyhodnoteni bol pouzZity programovy systém STAT-
GRAPHICS. Na zaklade skisok a ich vyhodnotenia bol
urleny ndz s optimdlnou geometriou pre odvetvovanie.

lesnd fazba; odvetvovaci stroj; odvetvovaci noz; geomet-
ria ndstroja

UvVOD

Pri beztrieskovom deleni dreva klinovym noZom
v smere, ktory nestihlasi so smerom vldkien dreva,
vznikajui znacné rezné sily. Z toho vyplyva aj znacnd
energetickd ndroCnost procesu rezania. Preto tieZ nie-
kedy proces beztrieskového delenia dreva klinovym
noZzom v smere, ktory nie je totoZny so smerom vld-
kien, sa nazyva silovym rezanim. Jednym zo $pecific-
kych pripadov tohto spdsobu je silové rezanie vetiev.
Pri silovom rezani vetiev sa pouZivaji noZe zloZitej
konstrukcie. Zvl4dstnosfou noZov urenych pre zrezdva-
nie vetiev silovou metédou je nevyhnutné spojenie
efektivneho rezania s kopirovacou schopnosfou nozov
v procese premiestiiovania po povrchu obridbaného
kmeria.

PROBLEMATIKA A DOTERAJSIE POZNATKY

Odvetvovanie klinovym noZom bez tvorby triesky je
sprevddzané zna¢nou deformdciou dreva v rovine reza-
nia, t. j. v mieste kontaktu s ¢elom nozZa ako aj v zéne,
ktord susedi s touto rovinou. V teérii beztrieskového
rezania je zndme, Ze hlavnou zloZkou odporu pri vni-
kani noZa do dreva je predovSetkym odpor vldkien dre-
va vocli deformdcii. Pritom trecia zloZka (zloZka
odporu) na plochdch noZa je funkciou sily odporu de-
formdcii, jej velkosf je zdvisld od velkosti koeficienta
trenia.
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Velicina reznej sily, ktord posobi v smere vektora
rychlosti, je vyslednicou vSetkych zloZiek sil odporu,
pdsobiacich na rozli¢né Casti noZa tvoriace jeho rezny
profil (Celo, chrbdt, ostrie — fazetka).

Publikované praice MacDonald, 1993; Voro-
nicyn, Gugelev, 1989; Golod, 1987; Soko-
lov, Leonov, 1987; Radocha et al., 1986)
z problematiky odvetvovania neddvaji odpoved z hla-
diska minimalizdcie reznych odporov pri odvetvovan{
nozovou odvetvovacou hlavicou.

SILOVA ANALYZA PRI PRACI
ODVETVOVACIEHO NOZA

Pre urcenie sil, pésobiacich na pracovny povrch od-
vetvovacieho noZa, ktory je v kontakte s drevom, v si-
lade s obecne prijatou metodikou Voskresenské-
ho (1955) a Prelovského (1974) rozdelime ndz
na rad zén (i-dsekov) a ndjdeme vyslednice mernych
tlakov na povrch noZa N; v kaZdej zéne samostatne.

Pracovny povrch noZa rozdelime na osem usekov
(obr. 1): KL - ¢elo noZa, LS - vypoctovy Celny tsek
ostria, SA — vypoctovy chrbtovy usek ostria, AB — ne-
gativna ast chrbta noZa, BC — sek sp4jajici negativnu
ast chrbta (AB) s opornou plochou noza (CD), CD —
opornd Gast chrbta noZa, DE — tsek spdjajici opornd
plochu chrbta noZa (CD) s pozitivnou &astou (plochou)
chrbta noZa, EF — pozitivna ast chrbta noZa.

Reznd rovina MN deli pracovny povrch noZa na cel-
nd a chrbtovi st noZa. Celnd &ast noa pozostdva
z Celnej plochy KL a &elného dseku ostria LM. Chrb-
tovd Cast noza MABCDEF pozostdva zo Siestich tse-
kov. Usek chrbtovej plochy AB so zdpornym reznym
uhlom &, je sicasne zdpornym uhlom chrbta o.

Povrch ostria MA, ktory sa nachddza medzi reznou
rovinou MN a zdpornou chrbtovou plochou, je chrbat
ostria.

Vo vypoctoch je vyhodnejsi nie geometricky povrch
ostria — iseky LM a MA, ale vypo&tovy povrch ostria —
useky LS a SA.

Povrch ostria je tvoreny radiusom p so stredom kri-
vosti v bode 0. Rovina OS, ktord prechddza cez stred
krivosti ostria bod 0, deli ostric LSA na Celni a chrb-
tovi Cast. Pre zjednoduSenie vypoctov za smer vldkien
je moZné brat smer pozdiinej osi zrezdvanej vetvy.

Celn4 &ast ostria je povrch ostria, nachddzajuci sa
medzi ¢elom noZa a rovinou, ktord prechddza cez stred
krivosti ostria kolmo k smeru vldkien.
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1. Pracovny povrch noZa — The active surface of the tool

Chrbtovou &asfou ostria je povrch ostria, ktory sa
nachddza medzi negativnou chrbtovou plochou a rovi-
nou, prechddzajicou cez stred krivosti ostria kolmo
k smeru vldkien.

Opornd ¢ast chrbta odvetvovacieho nozZa je usek
chrbta noZa, ktory sa dotyka povrchu kmeta.

Pozitivna chrbtovd plocha je tsek chrbta s kladnym
uhlom chrbta.

Chrbdt noZa pozostdva v podstate z troch Casti — zo
zdpornej a kladnej chrbtovej plochy, ktoré prechddzaji
s polomerom krivosti ps a p; do opornej Casti chrbta;
ta je v kontakte s povrchom kmeiia.

Dizka oporného tiseku (povrchu) noZza CD sa stano-
vuje z podmienky dovoleného merného tlaku noZa na
povrch kmefia. Ak n6Z nemd oporni plochu alebo jej
dsek je maly (minim4lna diZka), siasne s odvetvova-
nim dochddza tieZ k ¢iastoénému odkoriiovaniu.

KaZdému z udsekov pracovného povrchu noZa zod-
povedd vyslednica mernych tlakov:

N, — posobi na Cele noza
N, — na vypoctovej Celnej ploche ostria

N; — na i-tom tseku pracovného povrchu noZa.

Trecie sily, ktoré pdsobia na drevo v procese reza-
nia, pre zodpovedajice pracovné zony noZa sa budu
rovnat:

Ti=1; . N; M

kde: y; - koeficient trenia medzi drevom a i-tym dsekom pra-
covného povrchu noZa.
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Ked rozloZime vyslednicu mernych tlakov na kaz-
dom iseku noZa N; a treciu silu 7; na zlozky Fp, para-
lelné s reznou rovinou MN a na normdlové 'zloiky
k tejto rovine Q;, potom dostaneme

Fg=%N;.sin 3, F'g =+T;.cos ;£ ;. N;. cos §
z toho vyplyva, Ze:
FR‘_=F”Ri+F"R‘=Ni(isin 8+ ;. cosd), )
Q;=%N,;.cos8;, Q";=%T,.sin§;=% ;. N;.sin§;
z toho vyplyva, Ze:
Q;=0;+Q";=N, (xcos §;+;.sin §) 3)

Tangencidlna reznd sila F sa bude rovnal sume jej
zloZiek v kaZdej zéne noZa:

Fp=Y Fy (4)

i=1

Normalova sila Q, ktord pdsobi na drevo, je taktieZ
rovnd algebraickej sume jej zloZiek:

n
0= 0; (5)
i=1
kde: n — pocet dsekov (z6n), na ktoré je rozdeleny pracovny povrch
noZa, ktory je kontaktne s drevom (v sledovanom pripade
n = 8).
Pri posudzovani optimdlnej geometrie ako kritérium
sliZila veliCina reznej sily (Fp).

MATERIAL A METODY

Pre rieSenie tychto problémov bolo postavené ¥peci-
dlne zariadenie dovolujice sledovaf proces rezania ve-
tiev v laboratérnych podmienkach a merat pritom rezné
sily, z ¢oho vyplyva energetickd ndro&nost procesu re-
zania. Stend je rdmovej konstrukcie, pohon ndstroja —
odvetvovacieho noZa zabezpecuje priamociary hydro-
motor. N6Z je vymenitelny, pohybuje sa vo vedeni voci
pevne uchytenej vzorke, ktorou je neodvetveny klatik
dreva. Pohon a zmenu rychlosti hydromotora zabezpe-
¢uje hydraulicky agregadt (obr. 2). Meraci refazec pre
meranie sily pozostdval z tenzometrického snimaca,
tenzometrickej aparatiry M-1000, osciloskopu OPD-
600, sicasne pri pouZiti CORREVITU a zapisovaca
BAK 5T bola registrovand rychlost (obr. 3).

Pre poznanie silovych pomerov rezania bol ako za-
kladnd drevina pouZity smrek, pretoZe jeho rezny odpor
z drevin, ktoré prichddzaji do dvahy pre strojné odvet-
vovanie, sa javi ako maximdlny. Rezné odpory vetiev
sa merali u éerstvo zribaného dreva s vlhkosfou 40 aZ
70 %. VzhTadom na roznorodost vetiev pred kazdym
pokusom (rezanim) sa zmeral priemer vetvy v rovine
rezania (v kore i bez kory), uhol sklonu jej osi od nor-
mdly k vektoru reznej rychlosti a urobila sa charak-
teristika votknutia, ak nebolo obvyklé. Pri rezani sa
pouZivali noZe s geometrickymi parametrami uvedenymi
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2. Hydraulicky agregdt — Hydraulic unit

v tab. I, vyrobenymi v ZTS VVU Martin, ich geometria
je zrejmad z obr. 4, rychlost rezania bola 4 em.s™h

Uloha spocivala v stanoveni optimdlnej geometrie
ndstroja. Za rovnakych reznych podmienok sa urcila
veli¢ina maximdlnej reznej sily (resp. mernej reznej
sily).

Maximdlna hodnota reznej sily Fr , ako je zndme

4. Geometria ostria
odvetvovacich
noZov — Geometry
of the cutting edge
of delimbers
a‘ -
a,
’\/'
o 8 o» 8
. A
a e
h,
h R,

2
Fp, =a-D* M)
kde koeficient imernosti a| zdvisi od parametrov noZa,
dreviny a uhla vrastenia vetiev. Tento vztah je moZné
vyjadrit, Ze FRMAX je priamo timernd reznej ploche vet-
vy S:

] = MA! Fie: ¥ F =k.S
z literatiry podla Zacharenkova )61963), Sipi- Ryax
lina (1967), Pre _1‘0 vskéh 0' (1?74)’ C' ol (?d a kde: k = F-‘f’mx - koeficient imernosti zodpovedajiici maximdlnej
(1987) - a potvrdzuji to urobené skisky —, je priamo mernej reznej sile, ktord zahriiuje vElyv geomet-
timernd Stvorcu priemeru zrezdvanej vetvy D v kore rickych charakteristik noza (N.mm™).
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3. Zapojenie meracieho refazca — Connection of the meauring chain
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1. PouZité noZe pri skiSkach — Tools used for the tests

o(° h
P%‘}:ﬂ?l"é (§) B l( ) B " AR ( "fm) Polomer ostria?®
1 15 30 k] 15 0,012-0,025
2 20 4 3 15 0,012-0,025
3 15 7 30 7 35 15 0,012-0,025
4 0 30 8 15 0,012-0,025
5 15 5 15 5 2,5 15 0,012-0,025
6 15 4 2 15 0,012-0,025
7 15 7 2 15 0,012-0,025
8 15 15 2 15 0,012-0,025
9 15 30 2 15 0,012-0,025
10 20 4 2 15 0,012-0,025
11 20 2 15 0,012-0,025
12 20 15 2 15 0,012-0,025
13 20 30 2 15 0,012-0,025
14 15 30 1 15 0,012-0,025
15 30 30 2 15 0,012-0,025

'tool no., 2cutting edge radius

Maximdlna mernd reznd sila Fg, _ z uvedenych do-
vodov bola vybrand ako parameter pre vyber optimal-
nej geometrie noza.

Vymedzenie zdkladnych pojmov: maximdlna reznd
sila F, ;- (N) je maximdlna hodnota reznej sily v prie-

F,

M(Aﬁ) B = 60°
13000 7
12000 J
11000 B =35°
10000
9000 ﬂ = 19°
- p=24°
To00
8000
3000 1
4000
2009 >

Lia

20 as 0 3% 40 45 ]
priemer vetvy (mm)
5. Zdvislost maximdlnej reznej sily od uhla ostria ndstroja — Relation

between the maximum cutting force and the angle of the tool cutting
edge
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behu rezania vzorky dreva, t. j. najvicSia sila, ktorou
musel rezny ndstroj pdsobit na drevo, aby prekonal naj-
VACsi rezny odpor vzorky daného prieCneho prierezu.
Maximdlna mernd reznd sila F P (N.mm‘z) je da-
nd podielom maximdlnej reznej sﬁ’y FRMAX a prierezu

prerezdvanej vzorky — reznej plochy.

VYSLEDKY

VPLYV UHLA OSTRIA REZNEHO NASTROJA
NA VELKOST MAXIMALNE] REZNEJ SILY

Vplyv uhla ostria rezného ndstroja na rezni silu bol
sledovany u noZov & 6 aZ 15 pri konStantnej hribke
noza s = 15 mm a rychlosti 4 cm.s™h. Udaje ziskané
meranfm boli spracované a Statisticky vyhodnotené.
Priebehu danych zdvislosti na zdklade vypoctu na po-
¢itaci najlepSie vyhovuji rovnice vyrovndvajicich po-
lynémov; spolu so zdkladnymi Statistickymi charakte-
ristikami sd uvedené v tab. II. Kvoli prehladnosti sii na
obr. 5 zndzornené len niektoré regresné krivky. Po-
rovnanie hodndt Fg,vax podra zvdZeného aritmetického
priemeru pri jednotlivych skimanych uhloch je v tab. III.

Z tab. II a III vyplyva, Ze najlepSie vysledky sa
dosiahli pri uhle ostria B = 27°. V porovnani napr.
s uhlom ostria p = 60° poklesla mernd sila u f = 27°
0597 N.mm™.

VPLYV UHLA CHRBTA A REZNEHO UHLA
REZNEHO NASTROJA NA VELKOST
MAXIMALNEJ REZNEJ SILY

Tento vplyv bol sledovany u noZov ¢. 6, 7, 8 a 9

aunozov 11, 12, 13, teda u noZov o konstantnej hrib-
ke a o konStantnom uhle rezu.
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I1. Koeficienty regresnych kriviek — Coefficients of regression curves

2 Statistickd charakteristika?
Culn it Rezndu:ilny Index
il (N .n?:m‘z) A 4 43 A3 rozptyl® koreldcie*
6 5,86 207,17 .169,65 842 096 0,90
7 5,67 4 737,31 -18,51 2,13 454 684 0,97
8 6,32 -8 786,35 1 087,24 -25,58 0,21 961 735 0,92
9 7,04 5619,11 -183,50 6,35 1221910 0,95
10 4,98 540,29 171,03 203 456 0,98
11 4,70 -4 600,27 437,89 -2,77 1 361 280 0,94
12 7,39 -95.40 220,00 884 933 0,95
13 7,95 -3 851,35 352,33 857 831 0,97
15 10,67 714,81 281,66 3 440 660 0,83

Iregression curve no.,

I11. Vplyv uhla ostria na hodnotu
edge angle on the value F

F, — The effect of the cutting

Py

SPMAX
Hodnota F na | mm? podfa zvdZeného
Uhol ostria! ammeuckého priemeru?
(N.mm~?) (%)
19 5,86 54,92
22 5,67 53,14
24 4,98 46,67
27 4,70 44,05
30 6,32 59,23
35 739 69,26
45 7,04 65,98
50 7,95 74,51
60 10,67 100,00

'cutting edge angle, ZF-v'mx
arithmetical mean

value per | mm? according to weighted

Vplyv uhla chrbta na velkos{ maximdlnej mernej

reznej sily je zndzorneny na obr. 6.

Z porovnania jasne vyplyva vyhodnost uhla chrbta
o = 7°. Pri zvicSovani, resp. zmenSovani jeho hodnoty
sa zvySuje i hodnota reznej sily aZ po uhol chrbta

Fop max
(N.mm?)
13
12
1
10
9
8
7 a=7°
8
5 o=15°
a=4°
4
>
Ay
20 25 3 35 40 45 50

priemer vetvy (mm)

6. Vplyv uhla chrbta na velkost maxim4lnej reznej sily pri konStantnom
uhle rezu § = 20° - The effect of the back edge angle on the magnitude
of maximum cutting force at a constant cutting angle & = 20°
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%statistical characteristics, “residual variance, *correlation index

a=30°%atopria=15°0137 N.mm™2, & je 19,46 %,
a pri & = 20° 0 3,25 N.mm™2, &o je 40,88 %.

Z obr. 6 vyplyva, Ze najvyhodnejsi je uhol chrbta

= 4°, avSak je to skreslené tym, Ze u noza ¢. 7
(ot = 7°) boli odvetvované hrubsie kondre ako u noza
€. 6 (o = 4°); preto smerodajné si udaje v tab. IV.

U noZov €. 3 a . 5 sa uhol chrbta rovnd o = o) +
oy, pritom sa dosiahli u noZa ¢. 3 pomerne dobré vy-
sledky, ale kvalita odvetvovania bola velmi zl4. TakZe
tento spOsob rieSenia neprindsa oCakdvané vysledky.
Vplyv rezného uhla na velkost Fg,  jenaobr.7.

Statistické vyhodnotenie nameranych hodnét (rez-
nych sil) pre jednotlivé skiSané noZe bolo vykonané
tieZ v programovacom systéme STATGRAPHICS na
osobnom poéitaci.

VYHODNOTENIE V PROGRAMOVACOM SYSTEME
STATGRAPHICS

Statistické vyhodnotenie nameranych hodnét (rez-
nych sil) pre jednotlivé skiSané noZe bolo vykonané
tieZ v programovom systéme STATGRAPHICS na
osobnom poéitaci 386 Copam.

F,

SP MAX
(N.mm?)

13 ¢
12 t

§=15%°
5=20°

40 45 50
priemer vetvy (mm)

35

7. Vplyv rezného uhla na velkos maximdlnej reznej sily pri kon§tant-
nom uhle chrbta & = 7° - The effect of the cutting angle on the mag-
nitude of maximum cutting force at a constant cutting angle o = 7°
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IV. Vplyv uhla chrbta na F-"I’MAx

~ The effect of the back edge angle on F,

PMAX

Uhol rezu? § = 15° Uhol rezu? § = 20°
Uhol chrbta! Fopax Priax
(N.mm2) (%) (N.mm~?) (%)
4 5,86 83,24 4,98 62,64
7 5,67 80,54 4,70 59,12
15 6,32 89,77 7,39 92,96
30 7,04 100,00 7,95 100,00

"back edge angle, zcutting angle

Bola pouZitd jednofaktorovd analyza rozptylu (One-
-Way Analysis of Variance). Procedidra analyzuje
vplyv jedného kvalitativneho faktora (maximalna mer-
nd reznd sila Fw ) na jednu vysvetfovani premennu
(¢islo noza). Do procediiry do pofa Data panelu One
Way Analysis of Variance vstupuje numericky vektor
pre vysvetfovani premennd. V poli Range test je moz-
nost zadaf nasledovné druhy testov: Conf. Int. — inter-
valy spolahlivosti, LSD — najniZ8§i vyznamny rozdiel,
Tuky - test Tukeyho, Scheffe — test Scheffeho.

V Standardnej tabulke analyzy rozptylu sa zobrazi:
— suma S§tvorcov odchylok (Sum of squares) medzi

skupinami (Between groups), vo vniitri skupin (Wit-

hin groups) a v celom siibore (Total),

— pocty stupiiov volnosti (d. f.),

— priemerné odchylky (Mean square) pre jednotlivé
variability,

— Statistika, ktord md F — rozdelenie (F-ratio) s po¢tom
stupiiov volnosti k-1 a n-k,

— spolahlivost (Sig. level) pre test o vyznamnosti roz-
dielov medzi jednotlivymi skupinami STATGRAP-
HICS umoZituje zobrazif tabulku a graf.

1. Means table — tabulka priemernych hodnét (Aver-
age) vysvetfovanej premennej podla hodnét fak-
torovej premennej spolu s pocetnostami (Count),
hodnotami $tandardnych chyb vnitornych (Stnd.
Error, Internal) a spolo¢nych [Stnd. Error (pooled
S)] s intervalmi spolahlivosti pre priemery
(95 Percent Confidence intervals for mean) —
spoTahlivost 95 % bola zadand v poli Confidence
level.

2.Means plot — zobrazi sa graf irtervalov
spolahlivosti pre priemerné hodnoty podsiborov
podra faktorov so spolahlivosfou zvolenou v poli
Confidence level a pre zvoleny druh testu v poli.

V tab. One-Way Analysis of Variance (graficky mo-
nitor) je moZné so spolahlivostou 95 % konStatovat, Ze
rozdiely v priemernej hodnote maximdlnej reznej sily
Fg, . st Statisticky vyznamné.

VA jva:

tabulky vyplyva:

— priemernd variabilita medzi skupinami, vysvetlend
faktorovou premennou cismes, bola 24,824700,

— priemernd variabilita v skupindch bola 13,739152,

— kritickd hodnota F — Statistiky s poctom volnosti 14
a 110 na hladine vyznamnosti 0,05 (resp. 95 %) je
v tabulkdch kvantilov F rozdelenia ¢islo menSie ako
2,0. Prijimame alternativnu hypotézu, lebo vypoéi-
tand F - Statistika (F-ratio) md vicéSiu hodnotu,
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t. zn., Ze priemerné hodnoty mernych reznych sil si
vyznamne rozdielne,

— tento zdver potvrdzuje aj hodnota Sig. level

(0,0461). Plati, Ze alternativnu hypotézu o vyznam-

nosti rozdielov medzi priemermi skupin prijimame

vtedy, ked Sig. level je &islo menSie ako zvolend

hladina vyznamnosti, v danom pripade 0,05.

V tabulke priemernych hodndt (graficky monitor)
v prvom stipci mame &fslo nozov, v druhom stipci po-
et nameranych hodnét, vo Stvrtom a piatom stipci
§tandardné chyby a v Siestom a siedmom stipci dolné
a horné hranice intervalov spoflahlivosti pre priemery
podTa zvoleného druhu testu (Range test = Conf. Int.)
a zadanej spoTahlivosti (Confidence level = 95 %).

Po prezreti tabulky bol z ponuky vybrany graf
Means plots (graf intervalov spolahlivosti) — obr. 8. Na
grafe si vykreslené 95% intervaly spolahlivosti maxi-
mdlnych mernych reznych sil Fx,, pre jednotlivé no-
Ze ¢. 1 aZz 15. Z grafu je zrejme, Ze ndZ s najlepSou

15
i

~ 12

:

E

E

z

N

s

w

6_

3

e R e e B e
12 34 56 78 9101112131415

gislo noza

8. Maximdlne merné rezné sily pre noZe &. 1-15 — Maximum specific
cutting forces for tools no. 1-15

LESNICTVI-FORESTRY, 41, 1995 (11): 523-530



9. Maximdlna reznd sila

F, v zdvislosti na type

S
noza pri hribke vetiev

— e b d ek

30 mm - Maximum cutting

F, as depending upon

SPMAX

the type of tool at branch

diameter of 30 mm

. 1(,_

[:
l:

/
/
/
/

Fsp max (N/mm.mm)
DODNNNODO OOOOOO =~

Y

OWHONUID= A NEUWRNONUID—H

1 2 3 4 5 7 8 9
typ noza

10

geometriou je &. 10, ktory md nasledovné parametre:
8=20°% 0=4° h=2mm,s =15 mm, p = 0,02 mm.

VyuZitie programového systému STATGRAPHICS
umoznilo dal§ie grafické spracovanie nameranych ida-
jov. Graf na obr. 9 vyjadruje zdvislos{ maximdlnych
mernych reznych sil F, A N2 type noZa pri hribke
vetiev 30 mm. Je moZné Konstatovat, a graf to potvrd-

zuje, Ze n6z €. 10 md optimdlnu geometriu.

ZAVER

Odvetvovanie klinovym noZom bez tvorenia triesky
je sprevadzané znacnou deformdciou dreva v rovine re-
zania, t. j. v mieste kontaktu s ¢elom noZa ako aj v z6-
ne, ktord susedi s touto rovinou. Z teérie beztrieskové-
ho rezania je zndme, Ze hlavnou zloZkou odporu pri
vnikani noZa do dreva je predovSetkym odpor vldkien
voli deformdcii. Pritom trecia sila (zloZka odporu) na
plochdch noZa je funkciou sily odporu deformdcii, jej
velkost je zdvisld od velkosti koeficientu trenia.

Veli¢ina reznej sily, ktord pdsobi v smere vektora
rychlosti, je vyslednicou vsetkych zloZiek sil odporu,
ktoré posobia na rozli¢né Casti noZa tvoriace jeho rezny
profil (Celo, chrbat, ostrie — fazetka).

Zvl4Stnostou noZov uréenych pre zrezdvanie vetiev
silovou metédou je nevyhnutné spojenie efektivneho
rezania s kopirovacou schopnostou noZov v procese
premiestiiovania po povrchu obrdbaného kmefia. Vel-
kost energetickych strét je vdZnym faktorom pri vybere
optimdlnej hodnoty uhla na chrbtovej strane noZa, ale
nemdZe sa povaZovat za rozhodujici v konstrukcii od-
vetvovacich strojov. Ako ukdzali vyskumy, zdporny
uhol chrbta o zvidcsSuje deformdciu vldkien dreva, na-
chddzajicich sa pod reznou rovinou, a tym ndsledne
rastie reznd sila a energetickd ndro&nost. Preto odporu-
¢ujeme uhol o, =4°, pokial sa eSte tento vplyv vy-
razne neprejavuje.

LESNICTVI-FORESTRY, 41, 1995 (11): 523-530
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Experimenty ukdzali a vyhodnotenie potvrdilo, Ze
najvyhodnejSia geometria sa javi u noza ¢. 10 — o = 4°,
8=20°%h=2mm,s =15 mm, p=0,02 mm, preto
vyrobcom odvetvovacich strojov odporudujeme pouZit
dand geometriu néstroja.
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STUDY OF GEOMETRY OF A DELIMBER

M. Mikles

Technical University, Faculty of Forestry, T. G. Masaryka 24, 960 53 Zvolen

In the course of chipless cutting of wood with
a wedge tool in a direction against the fiber texture
large cutting forces come into being. Hence the cutting
process requires great energy consumption. Chipless
limbing is one of the specific cases of this cutting proc-
ess. Tools of complicated design are used for limbing.
A specific feature of tools to be used for limbing by
the static method is a necessary linking of efficient cut-
ting with the feeling ability of tools in the course of
their movement on the surface of the stem treated.

Limbing with a wedge tool as a chipless operation
is accompanied by a large deformation of wood in the
cutting plane, i. e. at the spot of contact with the tool
face as well as in the zone adjacent to this plane. The
theory of chipless cutting says that the resistance of
wood fibers to deformation is particularly the main
component of resistance to the tool penetration into
wood. The friction component (resistance component)
on the tool surfaces is a function describing resistance
to fiber deformation, its magnitude depending upon the
value of friction coefficient. The magnitude of cutting
force acting in a direction of the velocity vector is a re-
sultant of all resistance component acting on the par-
ticular parts of the tool which make up the cutting
profile (face, back edge, cutting edge). In the present
paper force analysis is presented for the operation of
a delimber.

A special equipment was assembled for experimen-
tal tests making it possible to study a limbing process
in laboratory conditions and to measure cutting forces,
which shows up the high energy requirement of the
cutting operation. A framework stand was used, the
cutting tool — a delimber was driven by a straight hy-
draulic motor. The tool is replaceable, it moves in the
guide against the fixed specimen, an unlimbed block of
wood. The drive and change in the hydraulic engine
speed are provided by a hydraulic unit. The measuring

chain consisted of a tensometric sensor, tensometric
apparatus M-1000, oscilloscope OPD-600.

Spruce wood was used as a basic tree species to
study the force relations in the course of cutting. Cut-
ting resistances of branches were measured in fresh-cut
wood with a moisture content of 40 to 70%. With re-
spect to branch diversity, before each experimental
operation (cutting) these characteristics were determi-
ned: branch diameter in the cutting plane (outside and
inside bark), angle between the branch axis and the
normal to the cutting speed vector, and the branch set-
ting was described if irregular. Fifteen tools of different
geometry, characterized in the paper, were tested in the
course of cutting. The goal was to determine optimum
geometry of the tool. The magnitude of maximum cut-
ting force (or specific cutting force) was calculated un-
der identical cutting conditions.

As part of research, we investigated the effect of the
angle of tool cutting edge on the magnitude of maxi-
mum cutting force, the effect of the back edge angle
and cutting angle of the cutting tool on the magnitude
of maximum cutting force. Statistical processing of re-
corded values (cutting forces) for the different tools
tested was also done applying the program system
STATGRAPHICS on a personal computer. The use of
this program with a graphic output has indicated that
the tool with the most appropriate geometry has the
following parameters: cutting angle & = 20°, back edge
angle = 4°, edge height # = 2 mm, edge radius =
0.02 mm at tool thickness s = 15 mm.

The objective of these experimental tests was to
minimize energy requirement for limbing through de-
termination of optimum geometry of delimbers while
providing for the good quality of limbing.

forest harvest; delimber; delimbing tool; tool geometry
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REFERAT

MEDZIDRUHOVA HYBRIDIZACIA LESNYCH DREVIN
V MENIACICH SA EKOLOGICKYCH PODMIENKACH

L. Greguss

Lesnicky vyskumny dstav, Vyskumnd stanica, 969 23 Banskd Stiavnica

Prica sa zaoberd dvahami o moznostiach pouzitia med-
zidruhovej hybridizicie lesnych drevin ako ndstroja na
zmiernenie negativneho dopadu sicasnych drastickych
zmien prirodného prostredia na lesné ekosystémy. Des-
truktivne antropogénne zdsahy do biosféry a do prirod-
ného prostredia nadobidaji v poslednom obdobi v glo-
bidlnom meradle takych hrozivych rozmerov, Ze ich
negativne ucinky hrozia kolapsom vyssich foriem rastlin-
ného Zivota na nasej planéte. DeStrukcia lesnych ekosys-
témov prebieha takou rychlostou, na ktoru rastliny nie st
schopné v ramci svojich prirodzenych evoluénych moz-
nosti adekvitne reagovaf. Zastavenie alebo prinajmen-
Som spomalenie deStrukcie je moZné iba za predpokladu
aktivneho zdsahu do evoluénych procesov. Hybridizdcia
- predovsetkym medzidruhova — je v sii¢asnosti relativne
najpristupnej§im a metodicky najrozpracovanej$im po-
stupom vedicim k rozsireniu genetickej diverzity potom-
stiev. Tieto disponuju v porovnani s vychodiskovymi
druhmi zvySenou flexibilitou a adapta¢nou schopnostou
k zmenenym ekologickym podmienkam.

hybridizicia; SPachtiteFské metddy; premenlivost; odol-
nost; evolicia; adaptdcia; diverzita

UvVOD

Medzidruhova hybridizécia je jednou zo $Tfachtitel-
skych metéd, ktord mdZe byt pouZitd bud samostatne,
alebo (najéastej$ie) v spojeni s inymi $Tachtitelskymi
metédami. Okrem toho sa hybridizdcia ¢asto pouZiva
aj k inym dcelom, ako je napr. §Tachtenie lesnych dre-
vin. Je to uZitony ndstroj pre taxonomicky vyskum,
pretoZe fylogenetické afinity sa mdZu odrdzaf v pro-
dukcii semien a v Zivotnosti a zdatnosti potomstiev
(Critchfield, 1967, 1988; Hawley, De
Hayes, 1965; Kormutdk, 1984, 1985;
Wright, 1955).

AKk je hybridizdcia zaradend do §Tachtitefského prog-
ramu, moZe poskytnif prileZitost k vyhodnej kombind-
cii vlastnosti, akd sa u Cistych druhov nevyskytuje, ako
je napr. tolerancia a odolnost voci abiotickému a bio-
tickému ohrozeniu spolu s aspoii priemernym rastom.
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V inych pripadoch sa od hybridizacie ocakdva heterdz-
ny rast.

Medzidruhovd hybridizdcia ako $lachtitelskd met6-
da v mnohych ohfadoch vyvoldva medzi $fachtitelmi
lesnych drevin sny o pozoruhodnych tdspechoch. Zdd
sa to opodstatnené, ked uvdZime napr. rozsah genetic-
kej premenlivosti, ktord je v rodoch Pinus a Populus.
Okrem toho nové techniky sliZiace na prekonanie ba-
riér nekriZiteInosti medzi druhmi umoziiuji lahsi pris-
tup k fantastickému mnoZstvu génovych kombindcii.

Napriek takémuto zrejmému potencidlu na pretvore-
nie nadich hospoddrskych drevin sa medzidruhovd hyb-
ridizdcia iba zriedka uplatiiuje v §fachtiteIskych prog-
ramoch. Podfa Fowlera (1978) je viac dovodov, pre
ktoré hybridizdcia neplni predpokladané ciele. Najdole-
Zitej$i z nich je, Ze mdme aj lepSie alebo ekonomickej-
Sie sposoby vedice k dosiahnutiu tych istych cielov.
Heteré6za alebo hybridnd zdatnost{ medzidruhovych ale-
bo medziproveniennych hybridov je skér vynimkou
ako pravidlom. Genetickd diferencidcia medzi druhmi
ako aj medzi oddelenymi populdciami jedného druhu
vznikd obycajne evolu¢nou adaptdciou k lokdlnym
podmienkam (Falconer, 1975). KriZenie tychto dru-
hov alebo populdcii naru$uje vysoko vyvinuté, aviak
rozdielne adaptivne systémy a tak sd &asto vysledkom
hybridy, ktoré si menej spdsobilé ako oba rodi€ovské
druhy. Tdto redukovand fitnes sa Casto prejavuje v zni-
Zenej semenivosti, vo zvySenej frekvencii abnormal-
nych alebo podradnejSich semendcikov a v zniZenej vi-
talite.

Dalsi argument proti hybridizacii ako alternative
k inym STachtitelskym pristupom je vicsia komplex-
nost hybridizaénych 3lachtitelskych stratégii (Shel-
borne, 1969) a niZia moZnost predvidal vysledky
ako dosledok nedostatku overenej genetickej tedrie ty-
kajicej sa medzidruhovych hybridov (Stuber, 1970).

ZAKLADNE PREDPOKLADY
Lester (1973) sa pokusil o uceleny prehlad teore-

tickych poznatkov hodnotiacich vysledky medzidruho-
vej hybridizdcie. KonStatuje, Ze vysledky kriZenia je
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fazko predpovedal a priori. Poznatky vzorcov dedic-
nosti a genetickej premenlivosti ziskané z vniitrodru-
hového $Tachtenia si asto mdlo platné, ked vznikaji
nezvyklé nové génové kombindcie. Okrem toho stibor
genotypov F; ziskanych $Tachtitefom méZe byt reduko-
vany gametickou alebo genotypickou selekciou voci
ur¢itej kombindcii génov. Redukcia tvorby semien pri
medzidruhovom kriZenf je iste beZnd, ale uvedeny autor
nemohol uviest priklad vyskumu lesnych drevin, ktory
by pojedndval o tom, & skuto&ny sibor Zivotaschop-
nych genotypov je ndhodnym alebo posunutym vzorom
potencidlneho siboru. Grant (1967) vyslovil hypoté-
zu, Ze je zdkladnd vizba medzi génmi ovlddajicimi mor-
fol6giu rastlin a génmi zodpovednymi za rast a vitalitu.
MozZno Ze vaCSi zdujem zo strany $fachtitefov o detaily
morfologickej premenlivosti F hybridov by prispel k jas-
nejSiemu obrazu, aké genetické kombindcie skiiSame.

V schémach viacgenerainého ¥fachtenia vo vzfahu
k velkosti potomstva F, je doleZitd otdzka vyberu. F,
sa tradi¢ne povaZuje za relativne geneticky uniformni.
Zatial ¢o tento predpoklad plati pre silne homozygotné
pofné plodiny, vSeobecne predpokladdme, Ze lesné dre-
viny si heterozygotné a Ze znaky, ktoré nds zaujimaju,
sa dedia polygénne, pricom mnohé lokusy sa pravde-
podobne rekombinuji v rdmci vézbovych skupin. Preto
u lesnych drevin od kaZdého rodi¢a mdZu pochddzat
pocetné geneticky rozdielne gamety a tak je moZny
velky pocet hybridnych genotypov. Za tychto okolnosti
pre adekvdtnu vzorku genotypov F sa budi pravdepo-
dobne poZadovat ovela vicSie potomstvd F| ako navr-
huje Wright (1964). Publikované tdaje dokazujd
rozsiahlu premenlivost medzidruhovych hybridnych
potomstiev F| Picea omorika x jezoensis (Langner,
1970), Populus deltoides x alba (Knox et al., 1972),
Ulmus rubra x pumila (Lester, Smalley, 1972)
a Abies sp. (Greguss, 1988, 1992, 1994). Pokusy
zamerané na odhad komponentov variancie medzi po-
tomstvami a v rdmci potomstiev F| by umoznili upres-
nit vyber podtu rodi€ov a volbu velkosti potomstiev
potrebnych pre medzidruhové §fachtitelské hybridizac-
né programy.

F, HYBRIDY

Ked sa pozerdme na hybridy F, predovietkym ako
na produkty STachtenia pre hospoddrske vyuZitie v les-
nictve, mdZeme konstatovat, Ze po¢et medzidruhovych
kombindcii povaZovanych za cenné pre bezprostredné
zlepSenie je ndpadne maly. MoZno Ze §Tachtitelia prili§
zdo6raziuji jednostranné hodnotenie hybridov. Heterd-
za potomstva, presahujiica vykonnost oboch vnitrodru-
hovych potomstiev, nebyva beznym vysledkom me-
dzidruhovej hybridizdcie. Hoci genetickd diverzita
medzi rodi¢mi je predpokladom pre heterézu, predpo-
ved heter6zneho prejavu ostdva prinajlepSom vysoko
Spekulativna. V niektorych pripadoch hybridny prejav
mdZe byt dokonca hor3i ako prejav vnitrodruhového
potomstva, ako to ilustruje vzfah k Hypoxylon pruina-
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tum (Klotzsch) Cke. u potomstiev Populus tremuloides
x grandidentata (Lester, 1973).

Ked sa uvaZuje s viacerymi vlastnostami, vtedy sa
Castd intermediarita F| hybridov javi v odli¥nej per-
spektive. Idedlne by bolo, keby v hybridoch dominova-
li najZiaddcejSie vlastnosti kaZdého rodicovského dru-
hu. Dokonca pri intermediarite vSetkych znakov ich
siihrn mo6Ze vyistit do vynikajiceho zlep3enia. Klasic-
kym prikladom si kérejské skisenosti s Pinus x rigi-
taeda, u ktorej intermediarita rychlosti rastu, tvaru
kmefia a mrazuvzdornosti predstavuje velki prednost
v kvalite porastu (Hyun, 1972). Naproti tomu inter-
mediarita dekorativnych znakov a odolnosti brestovych
hybridov ddva potomstvd bez praktického hospodar-
skeho vyznamu (Lester, Smalley, 1972).

VIACGENERACNE SILACHTENIE

Ked posudzujeme vyhlady medzidruhovej hybridi-
zdcie v dalSich generdcidch, tie si ovplyvnené genetic-
kou Struktirou rodicov. Klasickd predstava formulova-
nd Mendelom je, Ze pofas mei6zy F; hybridov sa gény
rekombinuji a mieSaji nezdvisle a v generdcii F, dd-
vaju Sirokd Skdlu genotypov. Teoreticky by sa v prime-
rane velkej generdcii F, mali objavif vietky mozné gé-
nové kombindcie, hoci umiestnenie adekvitnej F,
populdcie dostatocne diverznych rodi¢ov méze vyzado-
vat vi&siu plochu, ako je k dispozicii na povrchu zem-
skom. Klasicky obraz volnej kombinovatelnosti je
prakticky modifikovany vizbou a pdsobenim génov.
Mechanizmus meiézy zniZuje rekombindciu génov na
zlomok mnoZstva predpokladaného pre ndhodni kom-
binovatelnost kazdého lokusu. Vysledkom je nendhodné
rozdelenie genotypov, ¢o bolo popisané ako rekombi-
nacné vreteno (recombination spindle) vo viacrozmer-
nom priestore potencidlnych génovych kombindcii.

Ako modelovy pripad predpokladajme, Ze sa dva
druhy odlisuji v 100 génoch. Potom F, populdcia z F;
medzidruhovych hybridov by obsahovala iba tri roz-
dielne genotypy, ak sa vyskytuje iba jedna nekombinu-
juca vizbovd skupina a 3100 (=5,154 . 1047) genotypov,
ak kazdy rozdielny gén bol na rozdielnom chromozé-
me. Iny pohfad na mechanické obmedzenie genetic-
kych rekombindcii predstavuje kalkuldcia s haploid-
nym poctom chromozémov 12 a priemernym poctom
chiazmat na chromozém dve aZ tri (predpoklad celkom
zhodny s disponibilnymi informdciami o ihli¢nanoch).
SudrZnd tendencia viacfaktorovej vizby so 100 géno-
vymi rozdielmi medzi druhmi zniZi rekombindcie na
menej ako 1/500 000 mnoZstva potencidlnych volnych
kombindcii (= 1,0308 . 10*%) (Anderson, 1949).
(Wright porovndval u smrekov 32 rozdielnych znakov:
332 21,853 . 10'3, resp. 3 706 040 378.)

Pleiotropia — alebo vplyv jedného génu na viac zna-
kov — mdZe tieZ komplikoval tvorbu poZadovanych
kombindcii znakov. Predpoklady testov, ktoré by
umoznili rozli§if viizbu a pleiotropiu pre vi&Sinu génov
u lesnych drevin, by boli azké, ak nie nemoZné.
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Nendhodnd elimindcia gamet alebo genotypov je
dal3i obmedzujici faktor. Inkompatibilita alebo gene-
tickd nerovnovidha zahriiujica chromozémy, gény, cy-
toplazmu, plastidy a vzfahy medzi embryom a endo-
spermom u F; hybridov mdZu blokovaf realizdciu
niektorych génovych kombindcii. Asi 50 % jedincov
ziskanych kriZzenim napr. Populus deltoides x alba boli
popisané ako nanizmy alebo mdlo vitdlne (Knox et
al.,, 1972). Aj medzi nanizmami sa mdZu vyskytovat
uZitoéné kombindcie génov, ale asi by bolo fazké ich
rozoznat.

Hoci je sterilita F; hybridov prekdZkou dalSieho
§Tachtenia, mdZe by( uZitoénym vysledkom, ak je cie-
Tom 3Fachtenia F|. Na3fastie nebyva vizba medzi steri-
litou a zniZenou Zivotnosfou alebo vegetativnym ras-
tom. Tento jav mdZe by( zvlds{ doleZity, ak je
potencidlnym problémom genetickd kontamindcia su-
sednych porastov alebo kultir.

Vypadok hybridov F, mbZe dalej obmedzif pristup
k Ziadanym kombindcidm génov. Nedostatok hybridov
mbZe byl opif vysledkom vegetativnej slabosti alebo
sterility. Vyskyt genetickej nerovnovahy v nasleduji-
cich generdcidch viedol k pocetnym genetickym inter-
pretdcidm. Tieto interpretdcie umoZiiuji sumarizovat
predstavy o stavbe dedi¢nej hmoty a nadrtnif obrysy
désledkov pre medzidruhovi hybridizdciu drevin. Tre-
ba uvaZovat s tromi droviiami organizdcie: génovou,
chromozomdlnou a genomickou. Vrdtiac sa najprv
k principu volnej kombinovatelnosti, hovorime, Ze ne-
zdar F, je vyrazom alebo disharmonickej interakcie
medzi génmi v novych kombindcidch vzniknutych pri
meiéze, alebo medzi génmi a cytoplazmou F, hybridov.
Tidto interpretdcia kladie doraz na gény a moZe zahriio-
vaf 3pecifické lokusy sposobujice nezdar F,. V inych
pripadoch nezdaru F, pdrenie nehomologickych chro-
mozémov je ddsledkom druhovych rozdielov v uspo-
riadani chromozémov a zddraziiuje sa chromozomadlna
droveii organizdcie. Tretia drovefi interpretdcie, ktorej
sa venuje v hybridizaénych $tididch najmensia pozor-
nost, je predstava, Ze u vic§iny druhov je geném silne
integrovany koadaptivnymi génovymi komplexami.
NeZivotnost hybridov je potom désledkom naruSenia
Zivotne ddleZitych génovych komplexov.

K ilustrdcii potencidlneho vyznamu koadaptivnych
génovych komplexov predpokladajme, Ze dva druhy sa
lisia alelicky v piatich neviazanych génoch zodpoved-
nych za preZitie na danych stanoviStiach. Ak si alely
koadaptované na tvorbu sidrZznych génovych komple-
xov, predpokladd sa, Ze 97 % segregantov F, bude ge-
neticky nevyrovnanych a iba 3 % budi maf zachované
kombindcie rodicovské alebo F|, potrebné pre primerany
vyvoj na hybridnom stanovisti alebo na oboch rodicov-
skych stanovistiach (Grant, 1971). Vizba a oslabend
stidrZznost medzi génovymi komplexami bude zniZovat
stratu F,, zatial ¢o zvySené pocty génovych rozdielov
zvy$ia stratu F,. Vysledky medzidruhovej hybridizdcie
velkého mnoZstva rastlin boli interpretované ako dékaz
pre koadaptované génové komplexy (Clausen, Hie-
sie, 1960; Nielson, Smith, 1968; Grant,
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1967). Bohatstvo tdajov o ekotypickej premenlivosti
naznaCuje mozZnost, Ze adaptivne génové komplexy sa
vyskytuji u vicSiny lesnych drevin, ale F, populdcie,
ktoré by to potvrdili, si mdlo pristupné.

Genetické dosledky obmedzeni siborov génovych
kombindcif moZno zhrnif v zmysle zmien rozdelenia
pocetnosti predpokladanych v generdcii F,. Obycajne
predpokladdme relativne uniformni generdciu F; a vel-
ki diverzitu v F, a nasledujiicich generdcidch. Pri vol-
nej kombinovatelnosti je objavenie sa rodi¢ovskych ty-
pov v F; mozné, hoci nepravdepodobné, iba ak by bol
pocet rozdielnych génov maly alebo populdcia velmi
velkd. Vizba a pleiotropia zniZuji ostrost rozdelenia
pocetnosti a ddvaji transgresivne rozdelenie. Nendhod-
nd elimindcia gamét alebo genotypov md menej pred-
povedatelné efekty, hoci pri nendhodnom rozdeleni za-
hriiujicom génové, chromozomadlne alebo genémové
drovne organizdcie moZno predpokladaf zvySenie fre-
kvencie genotypov, ktoré sa vernej§ie podobaji rodi-
¢ovskym druhom. MozZno, Ze zvySeny stupeii vypadku
hybridov sa prejavi najprv v plochom (platykurtic) roz-
deleni pocetnosti, potom v bimoddlnom rozdeleni, az
v extrémnom pripade sa mdZu objavoval iba typy
(Lester, 1973).

SCACHTITEESKE METODY

Pre lesné dreviny je mdlo publikovanych detailnych
$tidif, z ktorych sa dd usudzoval na moZnosti rdznych
metdd STachtenia v dal$ich generdcidch. Teoreticky
predpokladdme velki premenlivost v F, populdcii, ur-
Cité zniZenie heterézy, ak sa heteréza vyskytla v F|,
a nendhodné sibory genotypov v pripade genetickej
nerovnovdhy. NeoCakdva sa, Ze by F, populdcie mohli
byt prili§ uZito&né pre lesné hospoddrstvo, hoci nege-
netické dévody — ako ndklady na produkciu semena F,
hybridov — mdZu zvysif pritazlivost zberu semena F,
z hybridnych porastov. Prikladov na aktudlne vyuZitie
F, je mdlo. Pre Pinus x rigitaeda v Korey relativna
vykonnost rodi¢ovskych druhov, F hybridov, spitnych
kriZencov a populdcii F, je tesne viazand ku klime sta-
novidfa. Heter6za sa spomina v F, populdcidch iba
v juznej Korey, kde mierne podnebie pravdepodobne
dovoluje rozvoj segregantov podobnejsich Pinus taeda,
citlivejSich k mrazom (Hyun, 1972). TakZe prostre-
die, v ktorom majui by{ hybridy pouZité, moze diktovat
stratégiu hybridizdcie.

Ak je potencidlne mozZné vegetativne rozmnoZova-
nie, viacgeneracné kriZenie sa stdva bezprostredne
atraktivnej$im. Vyvoj a vyuZitie poZadovanych génovych
kombindcii je potom limitované iba obmedzeniami ge-
notypovych stiborov, ktoré md $Fachtitel k dispozicii.
Pri hybridnych kombindcidch vhodnych pre vegetativ-
ne mnoZenie mdZe by{ jednou z moZnosti §Tachtenie
pre transgresivnu segregdciu.

Ind metéda viacgeneraéného $Tachtenia, azda pouZi-
tefnd v $lachteni lesnych drevin, je prenos génov
spitnym krizenim. Metdéda je najicinnejSia vtedy, ked
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znak, ktory md by( preneseny, ma vysoki heritabilitu.
Ako to ilustruje dspech prvych spitnych kriZeni Pinus
x rigitaeda s P. rigida, netreba poZadoval rozsiahle
spitn€ krizenia (Hyun, 1972). Naopak — prvé spitné
kriZenia Castanea sp., u ktorych je odolnost voci chorobe
znakom, ktory mal byf preneseny, nedali hospodarsky
vyuZitelné potomstvd, hoci sa nasli sTubné jedince
(Clapper, 1952). Tu je znovu zjavnd uZito&nost ve-
getativneho mnoZenia ako prostriedku vyuZitia hodnot-
nych kombindcii génov z prechodnych stupiiov hybri-
dizdcie.

MozZno by ndm detailné $tidium introgresivnej hyb-
ridizdcie pomohlo prezradil niefo z potencidlu pre
spitné kriZenie. Zial, je mdlo Gdajov o detailnom sle-
dovani smeru toku génov v prirodzenych hybridnych
itvaroch. Analyzou borovic na jednom mieste v Loui-
siane Namkoong (1963) zistil, Ze obmedzenim po-
§kodzovania stanovi$fa (obmedzenie pastvy a zlepSenie
ochrany pred poZiarmi) sa zniZilo zastipenie medzi-
druhovych hybridov a Ze tok génov prebiehal od hyb-
ridov k obom rodi¢ovskym druhom.

Kafidk (1983, 1984) prisudzuje vznik ndhorného
ekotypu borovice lesnej v pohoriach strednej a juznej
Eurépy (,,stoZeckd lokdlna populdcia™) (Hladilin,
1982) introgresivnej hybridizdcii Pinus sylvestris s ta-
x6nmi komplexu Pinus mugo. Divergenciu variability
pripisuje dlhodobej stabilizdcii ndsledkov introgresie
oboch druhov edaficky podmienenou disruptivnou se-
lekciou. UdrZanie ndpadne Sirokej Skdly genotypov
z medzidruhovej hybridizdcie bolo zaznamenané pre
duby v strednej Kalifornii, hoci nie ako dosledok zre-
telnej adaptdcie (Benson et al., 1967). V danom pri-
pade zachovanie Sirokej $kdly genotypov bolo podmie-
nené vysokou variabilitou prirodnych podmienok,
pristupnych v relativne malych vzdialenostiach, ktoré
zrejme poskytli vhodné stanoviSte pre vicSinu genoty-
pov. Pre medzidruhové hybridy cerveného a Cierneho
smreka bolo zaznamenané viacgeneraéné prirodzené
kriZenie, ale sndd’s men$im tokom génov smerom k ro-
dicovskym druhom ako v pripade dubov a borovic
(Manley, 1972).

Z uvedeného je zrejmé, Ze akdkolvek pausdlna inter-
pretdcia vysledkov hodnotenia tej alebo onej hybridne;j
kombindcie bez prihliadnutia ku konkrétnym podmien-
kam prostredia, v ktorych sa overuje, by bola hrubou
chybou a mohla by viest k nesprdvnym zdverom.

KVANTITATIVNA GENETIKA V MEDZIDRUHOVE]
HYBRIDIZACII

Doteraz sa venovalo mdlo pozornosti tedrii, odhadu
alebo prospeSnosti parametrov kvantitativnej genetiky
v medzidruhovej hybridizdcii. Zdkladnou praktickou
otdzkou je stanovenie celkovej genetickej variancie
a jej rozdelenia medzi aditivne a neaditivne typy. Do-
teraz chybaji Stidie medzidruhovej hybridizdcie,
v ktorych by boli publikované podobné odhady. Kri-
Zence proveniencii §kandindvskych a stredoeurépskych
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smrekov mali $pecifickd kombina¢ni schopnost od vy-
sokej pre hmotnost rastlin po nulovi pre zakladanie
pucikov (Nilsson, Andersson, 1970). Sprivy
o vykone F; hybridov z proveniencnych a medzidruho-
vych kriZeni u lesnych drevin vSeobecne naznacuji in-
termediaritu pre vacSinu znakov. IbaZe termin interme-
diarita nie je nevyhnutne synonymom pre termin
rodiovsky priemer. Publikované diagramy priemer-
nych hodnét napr. pre rodiCovské druhy a F, eukalyp-
tov (Mergen et al, 1966) a borovic (Mergen,
Furnival, 1960) poukazuji na prevdZne interme-
didrne hybridné prejavy, avSak pre znacny pocet vlast-
nosti aj mnohé odchylky od rodi¢ovského priemeru.
Priemery z takychto $tidii nemoZno interpretovat
v zmysle parametrov genetickej variancie a tak ostdva-
me bez odhadov variancie.

Prospesnost odhadov genetickej premenlivosti sa ty-
ka volby STachtite[skych met6d. Ked je STachtitelskym
ciefom produkcia hybridov F|, pre predpovedanie po-
kroku kazdej z opakujicich sa selekénych schém sa po-
zaduju odhady aditivnej variancie v rdmci kazdej rodi-
Covskej populdcie. Pre takéto STachtitel'ské pristupy je
k dispozicii rozsiahla literatira o rdéznych rysoch eko-
nomického zdujmu u mnohych lesnych drevin. Pre se-
lekciu v rdmci F; sa daji odvodif odhady aditivnej
variancie, ale tie mdZu by( silne odklonené uzavrenou
dominantnou varianciou (Stuber, 1970). Lester
(1973) usudzuje, Ze odhady potencidlneho selekéného
pokroku medzidruhovych hybridov F; neboli dosial ro-
bené. [’Idaje o tom, ¢o mdzu §lachtitelia ocakdvat od
aditivnej genetickej variancie alebo realizovanych ge-
netickych ziskov v hybridizaénych programoch, by bo-
li uZitoéné ako voditko k hodnoteniu alternativnych
$Tachtitelskych pristupov.

HYBRIDY A PROSTREDIE

Po dspe$nom objasneni potencidlnych problémov
reprodukénej biolégie medzidruhovej hybridizdcie sa
$Tachtitel moZe zameraf na tvahu o prostredi, v ktorom
by mohli by{ hybridy uZitofné. Vi&ina ndzorov na
tento problém pochddza z predstavy, Ze hybridy vyZa-
dujui hybridné prostredie. Z hladiska odpovede na pri-
rodzend selekciu pre vlastnosti fitnes je hypotéza hyb-
ridného prostredia plne opodstatnend. DalSie dve
hladiskd mdZu modifikoval pouZitie hybridov vo vzta-
hu k prostrediu, v ktorom sa maji pouZif. Za prvé:
v mnohych pripadoch, v ktorych sa odporica medzi-
druhovd hybridizdcia, mdZe by( prevlddajicim zdme-
rom pre hybridizdciu genetickd ochrana proti jednému
vSeobecne rozSirenému Cinitelovi. Ak je Skodca alebo
klimaticky faktor nebezpecny, moZno je obetovanie
inych znakov oprdvnené. Za druhé: mdZu vzniknit si-
tudcie, v ktorych si kultirnymi zdsahmi eliminované
podstatné zloZky prirodného selek¢ného tlaku, takZe sa
hybridy mdZu dobre uplatnil v novom, ale nie nevy-
hnutne hybridnom prostredi. Hybridy medzi druhmi
rozne schopnymi tolerovaf napr. konkurujicu vegetd-
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ciu mdZu byl velmi dspesné tam, kde bola odstranend
pévodnd vegetatnd kompeticia. Ako priklad moZno
uviest niektoré smrekovce. Podobne hybridnd zdatnost
Pinus monticola x strobus, ktord sa uvddza ako istd
v Placerville (California) a Spokane (Washington), sa
pokladala za neistd v kultirach v centrdlnom Wiscon-
sine a v severnom Idahu (Bingham et al., 1956). To
mdZe odrdZaf nepritomnost ur¢itych klimatickych ob-
medzeni na lokalitdich dalekého zdpadu. Zimny thyn
ihlic vo Wisconsine a §kody snehom v severnom Idahu
boli vdZznymi problémami pre hybridy. Naopak tlaky
hybridného stanovisfa sa mozu lepSie vyuZif tam, kde
genetické diferencie medzi druhmi dovoluji adaptdciu
k hlavnym rozdielom v klimatickych a pédnych &inite-
Toch, ktoré sa vobec nedaji ovplyvnif pestovnymi opat-
reniami. Experimentdlne dokazy v tejto otdzke by boli
zvI48( uZitocné, pretoZe rozumieme tak mdlo z toho,
aké stanovistné Cinitele vyvoldvaji silné selekéné tlaky
na druhy a hybridy.

SLACHTITELSKE STRATEGIE

Brown (1972) zdoraziiuje potrebu udrZiavat gene-
ticky diverzné vychodiskové populdcie, i ked' tdto po-
treba u vietkych druhov nemusi by vZdy zrejmd. Odol-
nosl vo¢i chorobe mdZe by{ dosiahnutd jedinym
krizenim, &o zvddza uZivat produkty jedného alebo m4-
la takychto kriZeni pre tvorbu ndslednych generdcif,
zvldst ked nie su problémy s hromadnym vegetativnym
mnoZenim selektovanych jedincov (napr. topolov). Ta-
kyto pristup mdZe byt uspokojivy, ak je ciefom vege-
tativna heter6za a ak chorobu alebo in€ pridavné stano-
vi§tné Cinitele moZno bezpeéne zanedbal. Z dvoch
dovodov viak treba k takymto programom pristupovat
opatrne:

1. U mnohych rodov je postavenie $kodcov dynamické
ariziko prenosu patogénov a hmyzu medzi povodne
izolovanymi oblastami sa bude zvySovafl s rastom
dopravy a obchodu.

2. Hoci predpoklad, Ze choroba prekond odolnost, je
pri polygénne zaloZenych rezistentnych systémoch,
ktoré (zdd sa) Ze prevlddaji u lesnych drevin, nepa-
trny, predsa treba pocitat aj s touto moZnosfou.
Hoci je moZnd ochrana proti niektorym hmyzim

$kodcom biologickymi metédami a proti nicktorym pa-

togénom ekonomicky a ekologicky prijatelnymi che-
mickymi prostriedkami, nddej na efektivnu prevenciu
chordb sa v mnohych pripadoch vkladd do lesnickej

genetiky (Zobel in Heybroek, 1982).

Zvolend $Tachtitelskd stratégia musi preto poskytnit
adekvidtnu genetickd rezervu a byt dostatocne flexibil-
nd na to, aby zdolala nové problémy, ktoré sa mozu
vyskytni¢ moZno skor, ako boli dosiahnuté pévodné
ciele. Pri medzidruhovej hybridizdcii preto zvolend
stratégia musi vyustif do geneticky diverzného konec-
ného produktu.

UZito¢nost hybridnych stromov pre priemyselné vy-
uzitie zdvisi od vlastnosti dreva ako aj od zdravotného
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stavu a vzrastavosti. NaStastie vlastnosti dreva hybri-
dov st obycajne intermedidrne voci rodiCovskym dru-
jom rozsahu, ako si medzi priemermi oboch rodi¢ov.
Neistota, ktord je ¢astd vo vzfahu k inym vlastnostiam
hybridov, sa v tomto ohlade nevyskytuje.

ALTERNATIVY HYBRIDIZACIE

Brown (1972) vidi hlavni alternativu medzidru-
hovej hybridizdcie lesnych drevin vo vyskume a vyuZi-
ti vnitrodruhovej premenlivosti. Uvddza, Ze zatial ¢o
existencia diferencii medzi provenienciami je v lesnic-
tve ddvno zndma, vnitrodruhovej premenlivosti sa
v plnom rozsahu zacala venovat pozornosf ovela ne-
skor. Tvrdi, Ze zisky, ktoré sa kedysi pokladali za do-
siahnuteIné iba hybridizdciou, dajd sa &asto dosiahnutl
selekciou vniitri ¢istych druhov. V rdmci Populus del-
toides bola zistend vysokd vitalita a rezistencia k Me-
lampsora medusae, o poskytlo alternativu hybridizacii
P. deltoides s inymi topolmi (napr. P. nigra). K podo-
bnym zdverom dospel Fowler (1978).

REALIZACIA HYBRIDIZACNEHO
SCACHTITELSKEHO PROGRAMU

Wright (1964) rozozndva v procese zavedenia

tspesnych hybridov F; do uZivania Styri Stadid:

1. stanovenie krizitelnosti,

2. produkcia a testovanie nieckolkych vzoriek z kazdej
kombindcie,

3. vyvoj metéd masovej produkcie sadbového mate-
ridlu,

4. stanovenie, ktoré stromy si najvhodnejsie za rodi-
cov.

1. KriZiteTnost bola v rdmci niektorych rodov rozsiahle
skimand. Pociato¢ny neidspech pri ziskavani kliCi-
vych semien nie je spolahlivym doékazom nekriZitel-
nosti. Velkd variabilita v G¢innosti izolaénych me-
chanizmov na drovni jednotlivych stromov je Castd
(Wright, 1964), zatial ¢o v niektorych pripadoch
boli zistené velké rozdiely medzi provenienciami
a varietami (Brown, 1972).

2. Ak je pozadovand kombindcia vlastnosti zriedkavi,
moZze byt dolezité ziskanie a testovanie vzoriek kaz-
dej hybridnej kombindcie.

3. Velké pokroky sa dosiahli v rieSeni problému maso-
vého mnoZenia vysTachteného materidlu rezkovanim
a explantdtovymi kultdrami. Zdroven vsak sa kon-
Statujd pri oboch spdsoboch mnoZenia zna¢né roz-
diely v genetickej dispozicii jednotlivych hybridov
k rizogenéze (Kobliha, Pokorny, 1990;
Krajndkovd, Greguss, 1992). Hybridné
smrekovce sa ziskavaji spontdinnou medzidruhovou
hybridizdciou. Hoci Tahkost vegetativneho mnoZenia
topofov by poskytovala idedlnu moZnost pre pouZi-
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tie selektovanych heter6znych jedincov, zranitelnost
uniformnych porastov je takd vysokd, Ze pracovnici
sa vracaju k pouZitiu semien z vysadieb, zaloZenych
k tomuto téelu, alebo zo semennych sadov. Treba
spomenif masové pouZitie kontrolovaného opelova-
nia, ako bolo praktizované v Kérey (Hy un, 1974).
Pomerne vysoké ndklady na ziskanie semena touto
metddou sa viac ako vynahradia hodnotou vysledne;j
vysTachtenej produkcie. Je nepochybné, Ze lepSie
techniky vegetativneho mnoZenia a lepsie pochope-
nie a moZnos( usmernenia sexudlnej reprodukcie
mdZu podstatne zlepsif vyhlady rozsiahleho vyuZitia
hybridov. Pokroky v tychto oblastiach si podla nd-
zoru Browna (1972) vyznamnejSie pre hybridi-
zané programy ako pre programy vyuZivajice vnit-
rodruhovid premenlivost.

4. Mnohé z hybridov, ktoré boli doteraz pouZité, po-
chddzali z neselektovanych rodi¢ovskych stromov.
Hoci tento postup mdZe byt dostatocny, ak sa hyb-
ridizdcia vyuZiva k taxonomickym alebo fylogene-
tickym $tididm, je nevhodny, ak sa kriZenie robf za
ucelom dosiahnutia zlepSenia v lesnom hospoddr-
stve. Zdrzanie zavinené skiSkami predchddzajicimi
hybridizdcii, ako st provenien¢né testy, bude spra-
vidla viac ako nahradené lep§imi vysledkami nasle-
dujucej intenzivnej a ndkladnej price. PouZitie prog-
ramu ako je recipro¢nd rekurentnd selekcia by
v dlhodobej perspektive zabezpetilo zlepSenie vy-
chodiskového materidlu pre hybridizdciu (Brown,
1972).

EKONOMICKE HLADISKA

Vyznaénym rysom hybridizacnych programov je ich
dlhodobost. Hybridné topole je moZné ziskal a dal
k dispozicii pre komerc¢né vyuZitie uZ v priebehu Sies-
tich rokov, ale CastejSie sa povaZuje za minimum 10-15
rokov, pre borovice sa pocita s 20-40 rokmi (Brown,
1972). Lesterov (1973) program pre bresty pocita
s 12 rokmi. Hoci obohatenie poznatkov mdZe viest ku
skrdteniu trvania realizdcie §Tachtitelskych programov,
problém ostdva vazny. Nielen prijmy z uZitkov plyni-
cich zo §Tachtitelskej prdce sa oneskoruju, ale rasti aj
rizikd spojené s dlhodobosfou programov. Vysokd ne-
istota spojend so vSetkymi $Tachtitelskymi programami
je zvld§t vyraznd v hybridizanej prdci a preto treba
ciel zameral na minimum vlastnosti, o ktorych sa dd
predpokladat, Ze sa nestani zbyto&nymi. ZvySenie po-
dielu celulézy a odolnost sa pokladaji za spofahlivé
ciele.

Ked je ciefom heteréza, mozZe byt vhodné analyzo-
val ndklady a vynosy pre odhad, aky velky prirastok je
potrebny na vyvdZenie ndkladov $Tachtenia. Analyzy
rentability vnitrodruhovych §lachtitelskych programov
vieobecne ukdzali, Ze malé aZ mierne zlepSenie rastu
nahradi ndklady $Pachtenia (Carlisle, Teich,
1970). Podla Lestera (1973) je pravdepodobné, 7e
mierny rast zisku zo semenného sadu pre vone opelené
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hybridné semeno by podobne nahradil ndklady. MoZno
by bolo rentabilné dokonca zaloZenie semenného sadu
z neselektovanych rodicov. NeistejSia je moZnost ren-
tability pri komplexnejSich $Tachtitefskych programoch
zahriiujicich opakovani selekciu. Hoci pre mnohé dru-
hy a pre vSetky komplexnejsie selekéné schémy chyba-
ju ddaje, z ktorych sa dd odhadnif uZitok, odhad pred-
pokladanych ndkladov by umoznil stanovif pribliznu
hodnotu poZadovaného zlepSenia. Niektoré Slachtitel-
ské programy méZu byf vysoko rentabilné. Van der
Meiden (in Brown, 1972) predpokladd, Ze §fach-
tenie topolfov v Holandsku, ktoré stoji ro¢ne 100 000
guldenov, poskytne materidl, z ktorého sa ziska ro¢nd
hodnota pridavného zitku 5,5 miliénov guldenov.

Podla Browna (1972) by sa k programu hybridi-
zdcie malo pristipit vtedy, ked vyhTady dosiahnut po-
Zadované ciele pestovnymi opatreniami alebo vyuZitim
vniitrodruhovej premenlivosti boli vyski$ané a skla-
mali. Iba vtedy méZe byf uspe$nd moZnd interakcia
Ziadicich zmien genetickych vlastnosti a stanovistnych
Cinitefov.

EVOLUCNE HLADISKA

DoterajSie dvahy o uplatneni medzidruhovej hybri-
dizdcie boli zaloZené na ekonomickych $pekuldcidch
platnych za predpokladu nenarusenej ekologickej rov-
novihy alebo aspon rovnovihy naruSenej iba v nepatr-
nej miere, alebo lokdlne.

Evolicia lesnych drevin prebiehala az doneddvna
vylu¢ne pod vplyvom prirodnych evoluénych faktorov.
Domestikaéné faktory vplyvali na evoliciu domdcich
zvierat, uzitkovych a plevelnych rastlin a samotného
¢loveka. Pripadné antropogénne tlaky na zloZenie po-
puldcii lesnych drevin v§ak madvali iba docasny alebo
lokdlny vplyv, takZe evoliciu lesnych drevin podstatne
neovplyviiovali.

S rozvojom Zelezni¢nej dopravy dochddza k rastu
domestikaénych tlakov aj na lesné dreviny a antropo-
génny vplyv sa postupne stdva — hlavne v negativnom
zmysle — evoluénym faktorom.

Prvy varovny signdl o netinosnosti tohoto vplyvu
vysiel v r. 1919 z Tylburgu v Holandsku, odkial sa za-
ala 3iri¢ dovtedy nezndma choroba, grafiéza brestov,
sposobend parazitickou hubou Ophiostoma ulmi (Bu-
ism.) Nannf., ktord sa tam objavila za doteraz nie tplne
objasnenych okolnosti. Nezdvisle na tom, ¢i bola cho-
roba dovletend z Azie, ako predpokladd Heybroek
(1966), alebo vznikla mutdciou dovtedy neskodnej hu-
by (Holmes, 1965), alebo dokonca hybridizdciou
(Kadrik, 1960), faktom ostdva, Ze prvii vol'ni ekolo-
gicki niku pre svoje kalamitné premnoZenie nasla v po-
rastoch brestov oslabenych vojnovymi udalostami.

Odtialto sa epifytdcia prehnala najprv celou Euré-
pou aZ do strednej Azie priemernou rychlostou 240 km
zarok (Heybroek, 1966). Vyhubila pri tom najviac
bresty rastice v povodiach vicSich riek, ktoré boli uz
predtym oslabené zmenami vodného reZimu zapri¢ine-
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nymi reguldciami vodnych tokov. Neskdr bola choroba
zavleCend do Severnej Ameriky, odkial sa do Eurépy
vrétil virulentnej$i kmeii patogéna, ktory zasiahol zbyt-
ky brestov, ktoré preZili prvi vinu epifytécie. M6Zeme
konstatovaf, Ze grafiéza brestov spdsobila prvi inter-
kontinentdlnu ekologickd katastrofu takého rozsahu, Ze
bresty sa stali najohrozenej$im rodom drevin mierneho
pdsma severnej pologule.

Heybroek etal. (1982) odhaduju, Ze prirodzenou
evoldciou by mohli vzniknif odolné bresty v Eurépe
a Severnej Amerike najskor za 10 000 rokov. ,,Tento
prirodzeny proces sa dd drasticky skrétif umelou selek-
ciou a $lachtenim a dlhodobo je toto jedind redlna od-
poved na problém grafiézy brestov."

Po rode Ulmus nasledoval rod Castanea, ktory za-
siahla podobnd epifytdcia, sposobend hubou Crypho-
nectria parasitica (Murr.) Barr.

Rozne negativne vplyvy sa v druhej polovici ndsho
storoCia stupiiovali do tej miery, Ze sme v sticasnosti
svedkami najrozsiahlej§ieho masového vyhladzovania
druhov v biologickej histérii nasej planéty. Knoll od-
hadol, Ze v priebehu poslednych 400 miliénov rokov sa
vyskytlo asi 10 aZ 15 miliénov druhov cievnatych rast-
lin. Z nich asi 98 % vyhynulo. To znamend priemerni
stratu jedného druhu za 40 rokov. V nasledujicich 30
az 40 rokoch hrozi vyhynutie 60 000 rastlinnym dru-
hom, to znamend asi 1 700 druhov ro¢ne. To je 68 000-
-krdt rychlej§ie ako kedykolvek predtym (Leiva,
1989). Takdto prudkd akcelerdcia deStrukcie je pred-
zvestou kolapsu vysSich foriem Zivota na nadej planéte,
ktory mdZe nastal v dohladnej dobe. Tdto katastrofa
postihuje najviac pdsmo tropickych lesov, ale je evi-
dentné, Ze zasahuje aj do mierneho pdsma. Prdve tu,
obzvlast v Eurdpe, kde je biodiverzita dokonca v po-
rovnani s inymi vegetaénymi oblastami mijerneho pds-
ma najchudobnejsia, je nebezpecie kolapsu lesnych
ekosystémov mimoriadne akitne.

Na Slovensku ekosystémy 1. aZ 3. vegetaéného les-
ného stupiia (vls) po ich predchddzajicom oslabenf na-
sledkom skoro tpIného vyhynutia bresta poIného stoja
na pokraji kolapsu spdsobeného oslabenim ich edifikd-
torov — dubov. Od 8. vls nadol sa zase zvieraji klieste
odumierania lesov zavineného kontinentdlnym znecis-
tenim ovzdusSia a globalnymi klimatickymi zmenami.
PoSkodenie zasahuje aZ do bu¢in, uZ predtym ochudob-
nenych chronickym oslabenim jedle a akdtnym ustu-
pom bresta horského. Bukové porasty si tu v poslednej
dobe zasiahnuté rozsiahlou kalamitou rakoviny spdso-
benej hubou Nectria ditissima Tul. (Surovec, osobné
ozndmenie). Hrozbu zndsobuje skuto&nost, Ze takymto
sposobom st postihnuté porasty vSetkych vekovych
tried. Pritom fyziologickému kolapsu predchddza re-
produkény kolaps. NavySe enormné prezverenie — po-
pri inych zdvaZnych $koddch — podstatne staZuje aki-
kolvek obnovu lesa vritane umelej. K tomu pristupuji
elte lokdlne zamorené tizemia, na ktorych deStrukcia
ekosystémov prebicha bez ohladu na vls. Synergizmus
nepriaznivych faktorov — vrdtane predchddzajiceho
oslabenia lesnych ekosystémov ndsledkom $tyri desat-
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rodia trvajiceho uplatiiovania exploataénych principov
v lesnom hospodarstve (Kon o6 pka, 1992) — sposobu-
je neustdlu akcelerdciu deStrukcie lesnych ekosysté-
mov. Ignorovanie latentného naruenia stability les-
nych ekosystémov v minulosti md za ndsledok, Ze
sti¢asné tempo ich deStrukcie predstihuje vetky skorSie
prognézy. Za danej situdcie na velkej Casti Gzemia sa
stdva iluzérnym hospoddrenie podla decendlnych les-
nych hospoddrskych pldnov.

Na takto atakovanych tzemiach aj pri¢inenim dote-
rajSich spdsobov hospoddrenia, ale najmé v dosledku
prezverenia, vznikaji vegetaéné formdcie pripominaji-
ce savany, buSe, v extrémnych pripadoch polopiste az
puste. Na lesnom podnom fonde dochddza k eréznym
javom charakteristickym pre bezlesie ako krasovatenie,
zosuvy pddy, soliflukcia, laviny a iné.

Je evidentné, ako to uZ bolo ilustrované na priklade
brestov, Ze spontdnna evolicia za danych pomerov ne-
stadi drzaf krok s tempom dedtruk&nych procesov vy-
volanych &lovekom. Preto sa nedd predpokladat adap-
tdcia sicasnej dendrofléry na také podmienky
prostredia, aké sa pocas ich doterajSej evolicie vobec
nikdy nevyskytli. Clovek sa preto stdva priamo zodpo-
vednym za zastavenie alebo prinajmen$om zmiernenie
tempa deStrukcie. To znamend aktivne pozitivne zasa-
hovat do evoluénych procesov lesnych drevin.

Aké prostriedky na pozitivne ovplyvnenie evolicie
lesnych drevin mame k dispozicii?

Konzervdcia in situ je prvym krokom, ktory je i¢inny
spravidla iba po ur€itd hranicu de§trukénych vplyvov.

Konzervdcia ex situ je spojend s rizikom, Ze evolud-
né procesy v ndhradnych podmienkach budd prebiehat
inym smerom ako na pévodnom stanovisti, o ndsledne
sposobi problémy pri retrodukcii.

Vo vyuZiti vniitrodruhovej premenlivosti smerova-
nou selekciou v oblasti posobenia stresového faktoru
boli zaznamenané pozoruhodné vysledky (Kandk,
1988a,b). Otvorenym problémom ostdvaji rizikd spo-
jené so zniZenim genetickej diverzity.

Introdukciou sa prekondvaji migraéné bariéry bra-
niace zvySeniu biodiverzity. VyuZitie introdukcie je
perspektivne v pripade pouZitia dostato¢ne flexibilného
materidlu, ktorého evolicia prebiehala v podmienkach
analogickych zmenenym podmienkam nového stano-
vidta (Kafidk, 1988c). Introdukcia je spojend s rizi-
kom dovledenia chorob, ktoré méZu ohrozit aj auto-
chténne druhy. Na druhej strane introdukovand drevina
mdZe byl vdZne ohrozend chorobou alebo $kodcom,
ktoré pre domdce dreviny neznamenaji podstatnejSie
nebezpedie.

V hierarchii nasleduje hybridizdcia, o ktorej bude-
me informovat na zdver.

Mutacéné $lachtenie prebieha v troch tdrovniach.
Z nich iba bodové — génové mutdcie obohacuji gene-
tickd informdciu. U lesnych drevin, ktorych znaky sd
prevéZne polygénne zaloZené, budi mat asi obmedzené
vyuZitie. Chromozémové mutdcie maji spravidla nega-
tivne dosledky. Okrem toho aj v pripade, Ze by mutanty
boli Zivotaschopné, tieto byvaji neplodné, pretoZe pri
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pdrovani nehomologickych chromozémov dochddza
k poruchdm meiézy. Genémové mutdcie vedd u les-
nych drevin k pozoruhodnym vysledkom, zvI43 pri tri-
ploidizdcii. Triploidy v§ak moZno mnoZif vyluéne ve-
getativne, pretoZe pri meiéze dochddza k nepravidelne;j
segregdcii chromozémov.

Génové manipuldcie hypoteticky otvdraji nevidané
perspektivy, a to transferom génov zvysujicich odol-
nost voci chorobdm a pesticidom alebo zniZujicich at-
raktivitu pre $kodlivych Zivoéichov po¢niic hmyzom aZ
po pofovni zver.

Fizia protoplastov alebo somatickd hybridizdcia hy-
poteticky umoZiiuje nepredstavitelné rekombindcie
vlastnosti. Doteraz sa vSak iba vynimoc¢ne podarilo pre-
konat pomocou somatickej hybridizicie sexudlnu inkom-
patibilitu (Grosser et al.,, 1990). Pokusy o zfskanie
medzirodovych somatickych kriZencov ihli¢natych les-
nych drevin doteraz skoncili netdspechom (von Kris-
ten et al., 1986). Zapojenie somatickych hybridov do
sexudlnej reprodukcie a tym do evolu¢nych procesov
predpokladd ich predchddzajicu autopolyploidiziciu.

Medzidruhovd hybridizdcia sice neobohacuje ge-
netickd informdciu, ale umoZziiuje zvySenie flexibility
potomstiev tym, Ze prekonanim reprodukénych bariér
brédniacich toku génov umozZiiuje vzniknit novym kom-
bindcidm vlastnosti, ktorych nositelia si adaptabilnejsi
k ndhlym zmendm podmienok prostredia ako vychodis-
kové druhy, adaptované v priebehu evolicie k pod-
mienkam, ktoré boli ¢innosfou &loveka &asto nendvrat-
ne zmenené. Realizdcia hybridizdcie je zaloZend na
technologicky relativne nendrocnych postupoch a je
preto v Sirokom rozsahu aplikovateInd.

Kon&im parafrdzou: R. Geschwind vo svojej préci
Hybridation der Forstgehdlze v roku 1864 napisal:
»Preto k ¢inu, ved Cas plynie a oci sveta sa na nds
upieraji s ofakdvanim...“ V jeho &asoch i§lo o &esf les-
nictva a o zvySenie jeho spolofenského ocenenia pro-
strednictvom zvy$enia vynosovosti lesného hospodarstva.
Dnes ide o viac: nesieme zodpovednost za zachovanie
lesov a tym aj za budiicnost celého Tudstva.
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HYBRIDIZATION OF FOREST TREES UNDER THE CHANGING

ENVIRONMENTAL CONDITIONS

L. Greguss

Forest Research Institute, Research Station, 969 23 Banskd Stiavnica

The paper is dealing with application of interspecific
hybridization of forest trees as a tool capable to miti-
gate the negative impact of ongoing drastic changes of
natural environment on forest ecosystems.

Hybridization is one of the techniques which may
be used alone or in association with other methods for
forest tree improvement. Besides this, hybridization
may be carried out for purposes other than tree breed-
ing. It is, for example, a useful tool for taxonomic in-
vestigations, as the phylogenetic affinities may be re-
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flected by the viable seed yield, viability and vigour of
hybrid progeny.

A survey of theoretical knowledge about interspeci-
fic hybridization, focused on problems linked with re-
production biology, is presented. The author evaluates
applicability of F;-hybrids and advanced-generation
crossing in the breeding programs.

Having succesfully negotiated the potential prob-
lems of reproductive biology in interspecific hybridiza-
tion, the tree beeder may turn to consideration of envi-
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ronments in which the hybrids are useful. Much of the
outlook on this point derives from the idea that hybrids
require a hybrid environment. Two thoughts occur yet
that might modify the utility of hybrids in relation to
environments available for planting. First, in many
cases where interspecific hybridization is proposed, the
predominant purpose for hybridizing may be genetic
protection against a single ubiquitously distributed fac-
tor. If a pest or climatic factor is severe, perhaps some
sacrifice in other traits is justified. Second, there may
be situations in which major elements of natural-selec-
tion pressure are eliminated by cultural practices so that
hybrids can perform well in a new but not necessarily
hybrid environment. As an example, hybrids between
the species of differing ability to tolerate competing
vegetation might be successful where early vegeta-
tional competition is removed.

The breeding strategy selected must provide an ade-
quate genetic reserve and be sufficiently flexible to
cope with new problems which might arise, possibly
before the initial objective is attained. In interspecific
hybridization work the strategy chosen must result in
a genetically diverse final product.

The utility of hybrid trees for industrial purposes
depends upon their wood characteristics as well as
health and vigour. Fortunately, the wood properties of
hybrids are normally intermediate to those of the pa-
rental species, which moreover may exhibit greater dif-
ferences within their range than those between the spe-
cies means. The uncertainty which is frequently present

in regard to other attributes of hybrids is therefore
largely absent in this respect.

A salient feature of programs involving hybrids is their
great time scale. A hybrid breeding program should be
undertaken only when the prospects of achieving the de-
sired objectives by cultural methods or by the exploitation
of intraspecific variation have been examined and found
unpromising. Even then, the possible interaction of the
hoped-for changes in genetic characteristics and environ-
mental factors should be fully appraised.

When considering the present applicability of the
hybridisation breeding, it should be taken into account
that the recent destructive human intervention to bio-
sphere and natural habitat has assumed a global dimen-
sion. The destruction of forest ecosystems is assuming
so wide dimensions that the natural evolutionary strug-
gle of plants with this enormous new selection pressure
cannot be successful. The only promising tool to pre-
vent this threatening mass plant extinction seems to be
the active intervention into the evolution process. At
the present time the hybridization, mainly interspecific,
is relatively easiest and to the largest extent developed
breeding method providing an opportunity to release
progenies with increasing genetic diversity. These
progenies usually express higher flexibility and adapt-
ability to changed environmental conditions in com-
parison with their parent species.

hybridization; breeding methods; variability; resis-
tance; evolution; adaptability; diversity
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I. F. J. EHRENWERTH (1740-1834)

V 18. stoleti vznikaly prvni odborné lesnické $koly pod
vlivem zvy3ovdn{ vyznamu lesnictvi na velkych soukromych
a cirkevnich velkostatcich. Toto prvni, staré a némecko-Ces-
ké obdobf lesnického Zkolstvi v éeskych zemich ohraniéené
léty 1773 a 1850 inicioval obecny pokrok piirodnich véd,
prosazovdni systemizace lesd, piiklad vyspélych okolnich ze-
mf a zdsah stdtu v podob& pomalu se prosazujicfho a osvojo-
vaného lesniho patentu cisafovny Marie Terezie z r. 1754
s pozdéjsimi novelami o zkouskdch a zpisobilosti lesniho
persondlu. Zcela prvnf lesnickd $kola vznikla v &eskych ze-
mich a shodou okolnosti i v Rakousku, jednoletd, soukromd,
nesborovd, oviem v pravém slova smyslu prikopnicky a no-
vétorsky kurs okolo mistra ve venkovském sfdle velkostatku.
Mistrem, tzn. pokrokovym lesmistrem, byl v tomto pfipadé
I. F. J. Ehrenwerth, jehoZ 255. vyro&i narozenf si letos pfi-
pomindme, a sidlem jeho Skoly se stalo zfejmé od roku 1773
Blatno u Chomutova na velkostatku Cerveny Hrddek hrabéte
Rottenhanna. Jeho tsp&ch nebyl pouze doCasny a mistnf, ale
znamenal dalsi Sifeni pokroku v lesnim hospodafstvi pros-
tiednictvim jeho Zdki z éeskych zemi a ze zahrani&i. Vycho-
val prvnf generaci §kolsky vzdé&lanych lesnfku, z nichZ n&kte-
i rovnéZ zaklddali ucilisté. Ehrenwerth se za dobu sluZby na
velkostatku Cerveny Hradek vypracoval nejen ve vyhldSené-
ho pedagoga, ale i erudovaného praktika v méfeni, taxaci
a ocefiovanf lesq, tj. v jednu z nejvyznamné&jsich postav les-
nictvi na prelomu 18. a 19. stoleti.

Ignaz Franz Johann (Hynek Franti§ek Jan) Ehrenwerth se
narodil dne 1. srpna 1740 ve VySovicich u Pferova (Wei-
schowitz bei Prerau) na statku pavldnského kldstera ve Vra-
nové u Brna v roding mfstnfho lesmistra.” Dne 7. 10. 1761
ho po dvou letech uceni prohldsili myslivcem v hdjovné ci-
safského velkostatku Hodonin na Moravé. Do konce r. 1769
plsobil na c. k. lesnfm ifadé v Hodoning jako pfsaf a revirn{
sprdvce a je symbolické, Ze prdavé v této dobé dokoncili tam-
ni lesnici prvnf lesn{ elaborét. Potom Ehrenwerth pfijal misto
polesného ¢i pojezdného obory (Gehegbereiter), od 1. 5.
1771 pak misto nadlovéiho (Oberjéger) na velkostatku Cer-
veny Hrddek (Rottenhaus &i Rothenhaus) pfi saské hranici
v Kru$nych hordch. Hrab& Alexandr Rottenhann (Rothen-
hahn), nejvy3si hofmistr kniZete — biskupa v Bamberku, ho
neddvno ziskal (v r. 1771) koupi za asi milion zlatych od
fiSského kniZete Johanna Adama von Auersperga. )

Po smrti ¢ervenohrddeckého lesmistra Habranka (Havré-
nek ?) jmenoval hrab&é Ehrenwertha dne 1. 5. 1772 lesmis-
trem s té€mito ro¢nimi poZitky: 1 336 zlatych konvenéni min-
ce, deputdt v podobé 23 sudl a 2 véder piva, pil védra (asi
28,3 1) patokd (Potocken) z kaZdé vdrky piva v pivovaru
Seufershaus, ddle 8 méfic (asi 492 1) pSenice, 69 méfic (asi
4 242 1) Zita, po 6 méficich (asi 369 1) je¢mene a hrachu,
476 méfic (asi 29 265 1) ovsa, 224 libry (asi 125,5 kg) mdsla,
100 liber (asi 56 kg) syra, 252 Zejdliky (asi 89 1) soli, 44 sdhy
mékkeého dfivi, 4 telata, 2 skopce, 60 slepic &i kufat, 4 kopy
(240) vajec, dva buky na vyrobu loudi a 444 centy sena.
K tomu ndleZela je$té akcidence (akciden¢n{ pausdl) 800 zla-
tych.” Jeho sidlem se stala mald horskd obec na jiznim svahu
Kru¥nych hor Blatno (Platten) u Chomutova. Vy3e poZitkd
nasvédcovala tloze a vyznamu, ktery hrabé priklddal vlast-
nimu lesnimu hospoddfstvi a samotnému Ehrenwerthovi.

JiZz v r. 1773 se Ehrenwerth stal lesnickym examindtorem
Zateckého kraje a v r. 1774 fddnym oprdvnénym lesnikem
v rdmci pfedchiidkyné Vlastenecko-hospodéiské spolecnosti,
totiz Gesellschaft des Ackerbaues und der freien Kiinste
v Praze. Od r. 1786 pusobil v hlavni komisi pro regulaci dani
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jako lesnicky expert pro superrevize lesni ¢dsti josefinského
katastru. Od r. 1787, stdle jako ervenohrddecky lesmistr,
prevzal i funkci revizora lesi velkostatku Tloskov a od
r. 1790 statku Le¥nd hrab&te Pachty a kone¢né v r. 1789 ho
zvolila Vlastenecko-hospodafskd spolegnost v Cechdch svym
korespondujicim a v r. 1791 fddnym ¢lenem. Dne 1. 7. 1791
sloZil u zemské vlddy za predsednictvi hrab&te Heinricha
Rottenhanna pfisahu pro misto komorniho lesmistra v admi-
nistraci stdtnich statkd.” Odegel tedy po 20 letech z privile-
gované sluZby do sluZby stdtnf, kdyZ se ujal funkce byvalého
nejvyssiho krdlovského nadlové&iho, aby pak nékolik desitek
let zasvétil vrchni spraveé stdtnich lest v Cechdch. Pokrokové
formy hospodafen{ v lesich stdtnich, komornich, zrufeného
jezuitského fddu, klasterG apod., uplatiiované za jeho pfed-
stavenstvi, se staly vzorem pro soukromé vlastniky lesii a ne-
dd se fici, Ze by byly typické pro objekty v nucené a pfechod-
né sprave. .

Ehrenwerth platné slouZil lesnictvi skoro 71 let svého &i-
norodého Zivota. V r. 1827, v souvislosti s neddvnym od-
chodem do vysluZzby na zdkladé jeho Zadosti ze dne 28. 12.
1826, obdrZel stiednf &estnou zlatou medaili s ou§kem a pds-
kou (mit Oehr und Band). Byl stary mlddenec a poslednich
20 let se o né&j starala netef Schotulovd. Zemfel v Praze
25. 11. 1834 a 28. 11. byl pochovdn na OlSanskych hibito-
vech.

Na Cervenohrddeckém velkostatku svéfil hrabé Ehrenwer-
thovi vice nez 18 000 jiter lesd, tj. asi 10 358,5 ha.”) M@l
provést jejich odhad, inventarizaci, vypracovat a realizovat
ndvrhy na jejich zvelebenti, systemizaci a tcelnou spravni or-
ganizaci. Ehrenwerth hrabéte nezklamal — brzy mél povést
a vehlas vzorného lesniho hospodife.

Zd4 se, Ze dosud neni uzaviena otdzka, zda byl Ehren-
werth Zdkem Hanse Dietricha von Zanthiera v jeho soukromé
lesnické mistrovské $kole v Ilsenburgu v hrabstvi Wernige-
rode (Stollberg) v sousednim n&meckém Harzu. Christoph
Liebich, pozoruhodny a nedocenény &esky lesnik a vydava-
tel mj. Allgemeines Forst- und Jagd-Journal, nejgrvc soudil
na tuto dochdzku®, po dvou letech ji viak poprel. ) O studiu
v Ilsenburgu psal znovu liechtensteinsky lesnf rada a autor
nékolika schematisml kniZeciho pozemkového vlastnictvi
a jeho persondlu Franz Kraetzl,” ale popfel ji profesor vys-
§tho lesnického ucilisté v BEl€é pod Bezdézem Ferdinand
Mocker, protoZe mj. vychdzel z Ch. Liebicha,” a znovu
i A. Nechleba.

Podle Nechleby byl Ehrenwerth autodidakt, pracujici
a vyudujici soub&Zng, ale nezdvisle na Zanthierovi. Naopak
v prvnich esti letech ptisobeni na Cerveném Hrddku mél
tento pozoruhodny muz po odhadech lesti velkostatku zorga-
nizovat jejich sprdvu tak, Ze ji zasvécen{ vykladaci poklddali
za nejlepsf a nejpokrokovéjsi v celych Cechach. Podle dopisu
hospoddfského feditele Stumpfa na Lanech vlastnfkovi a své-
mu zaméstnavateli kniZeti Karlu Fiirstenbergovi z r. 1775 se
o Ehrenwerthovi dozviddme, Ze ,zmé&fil a mapoval b&hem
6 roki veskeré lesy, rozdé@lil je v reviry a paseky, takZe nikdy
nemuZe nastati nedostatek dfivi... hospodafii se tam s nejvetsi
pfesnostf." Déle chvilil lesmistra za ,uetfené paseky", sbér
SiSek, vysévdni semene, za zavddéni vejmutovky z anglické-
ho semene a zakon¢il vétou: ,Na lesnf kulturu vénuje se kaz-
doro¢né 900 zl. a jakmile byl kus lesa zpasecen, oseje se tato
plocha bez odkladu.*

Podle Josefa NoZicky poslal Ehrenwertha majitel panstvi
v ffjnu 1775 do Zanthierova uciliité, aby ,se zicastnil cvice-
ni v geometrii, chemii a p&stovdn{ lesti i prdce v tdstavnich
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Skolkdch. Zdrovefi tu se Zanthierem probral zdsady pfisti
dpravy lesniho hospodaeni na Cervenohrddecku. Po ndvratu
z Ilsenburku ddle pracoval na hospoddiské tpravé Cerveno-
hrédeckych lest a vyuoval ve své Skole Zetng 7dky... otl)
TotéZ opakoval NoZi¢ka i o nékolik let pozdé&ji. 12) Na j jiném
misté uvddi, Ze Ehrenwerth ,zdhy po svém nastoupeni na
panstvi Cerveny Hridek u Chomutova zacal pipravovat hos-
poddfskou upravu taméj§ich lesd, jeZ byly ve velmi Spatném
stavu, Proto kdyZ zbavil lesy vadného dfivi, zacal v zimé
r. 1775 uvaZovat o novém rozd&lenf revird a jejich taxaci.
Podkladem k tomu mélo byt zjiSténi kvality i kvantity dfivi
v jednotlivych lesich podle vysledki geometrického vyméfe-
nf lesti. Prvni ndvrh t&Zby si vypocéital ... z celkové vyméry
cervenohradeckych lest (4 500 strychi Ilsmatych a 15 500
strychl ]ehllénatich) 3 tim zplisobem, Ze u lesi listnatych
délil plochu na 50 a u jehli¢natych na 80 dili. ProtoZe na
1 strychu (jen necelych 0,3 ha — G. N.) listnatého lesa ole-
kdval vynos 50 sdhl tvrdého dfivi a u lesi jehli¢natych
60 sdhti mékkého, vychdzela mu roéni téZba 4 500 sdht diivi
tvrdého a 11 625 sdhi difvi mékkého ... coZ odpovidalo ro¢ni
spotfebé dfivi. Pfi zakldddni pasek, které nemély byt Sirsi nez
312 m, piihliZel ke sméru vétru. KdyZ Ehrenwerth piedloZil
své pldny tehdej$imu majiteli, ... poslal jej tento v fijnu
r. 1775 k Zanthierovi. Tomu vyloZil poméry v Cervenohri-
deckych lesich i své pldny na jejich hospoddfskou tpravu
a zucastnil se cvifeni v geomeltrii, chemii a péstovdni lesi...
Zérovefi si Ehrenwerth prohlédl lesy, které spravoval Zan-
thier a v nichZ se po 30 let hospodafilo podle jeho zdsad.
Zanthier nadiktoval za tifnedéIniho pobytu Ehrenwerthovi
ob3frné pojedndn{, v némZ vyklddd své zdsady v souvislosti
s pldnem na hospoddfskou dpravu Cervenohradeckych lest.
Pro jehli¢naté lesy se spokojoval s obmytni dobou 50-60le-
tou v mirn&j§fm klimatu a v chladn&j§im s 90letou. Tam
viak, kde bylo tfeba vypéstovat kmeny na fezivo a vibec
silngj§i stromy, doporuéoval v mirn&j§im podnebi obmytnou
dobu 90-100letou a v drsné&jsim 120-130letou, kdeZto listna-
té porosty, urené na stavebni diivi, se mély rozdélit na
150 dila. <!

J. NoZi¢ka v li¢eni taxacnich snah pokracuje: ,V dalsi
&4sti Zanthierova vykladu jsou vysvétleny péstebnf zdsady se
zfetelem k porostnim pomérim v jednotlivych revirech, je-
jich vyméie a bonit& piidy, komunikaénim pomé&riim, zafizen{
k plavbé dfivi, vyrobni kapacité pil a k odbytovym moZnos-
tem. V zdvéru uvedl Zanthier ndvrhy t&Zby i zalesiiovdni.
KdyzZ se Ehrenwerth vrétil domi a Zanthierovy smérnice pro
hospoddiskou tpravu Cervenohrddeckych lest byly schvile-
ny, pustil se do organisace pffpravnych pracf, t. j. zméfen{
a zmapoviani viech lesti, rozdéleni na hlavni oddéleni a téch
na paseky, jez byly oznaCeny Cisly. TéZbu se snaZil upravit
podle spotieby a hlavné chtél omezenim pastvy zlepSit piiro-
zenou obnovu lesd. O tom napsal Ehrenwerth obSirnou zprd-
vu, kde li¢i vSechny své piipravy, pobyt v Ilsenburku a dalsi
obtiZe pii uskute¢fiovdni smérnic Zanthierovych. St€Zuje si
tu, jak nesnadné bylo spravné zaklddani pasek, protoZe die-
vaii chtéli pracovat blizko svych obydli. Tim se stalo, Ze
krdsné rostouci porosty byly kdceny, zatim co staré jiZ se
kazicf stromy zistdvaly nedotéeny. O dal$im provddén{ zafi-
zovacich praci na Cervenohrddecku jsme informovini jen
z Ehrenwerthovy zdvére¢né zprdvy z 15. srpna 1789 ... pofi-
zenf taxalnich elabordtd trvalo celych 11 let (1777-1788).
Podle nového vyméieni lesti celkovy rozsah skuteéné lesni
pidy &inil 27 241 strychd (tzn. asi 7 837,23 ha — G. N.).
Reviry byly v elabordtech rozdéleny do 2-5 hlavnich oddilt
a ty opét na roni paseky podle fidici pifmky, probihajici od
severovychodu k jihozdpadu. V polohové niZ$ich revirech
byla pro listndCe stanovena 40letd a pro jehli¢nany 70letd
obmytni doba, jeZ u obou druhii byla v horskych polohdch
zvySena o dalSich 10 let. Pfi rozdélovani lest byl vzdy vy-
brédn jeden hlavn{ oddil, v némZ se ponechdvaly porosty pro
péstovan{ uZitkového dfivi az do 120 let.* Generdlni taxa¢ni
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odhad zjistil ve vSech revirech skoro 1,2 milionu sdhi dfivi.

.V Cervenohrddeckych lesich se podle tohoto pldnu, sestave-
neho podle zdsad imérné soustavy lénove[.shospodanlo jen
do r. 1794, kdy tu nastala hmyz{ kalamita." ) Predtim, jizod
roku 1776, zaklddal Ehrenwerth na velkostatku lesni Skolky.

Pro tplnost doddvdm, Ze S. Juklik dokonce napsal, Ze

w~Ehrenwerth ... vstoupil po dosaZeni mistrovstvi a ukonceni
svého dalsiho na Skole ilsenburkské do spravni sluZby v Ho-
doning&" a Ze , \gchovéval své Zdky methodou pfinesenou
z llsenburku... Nasel tak spole¢ny t6n s Emilem Hos-
kem, ktery soudil, Ze Zanthier oteviel $kolu v Ilsenburgu jiZ
kolem r. 1750 a mél na ni studovat n€kdy do r. 1771 i Eh-
renwerth.'” Bohumil Walter vyfesil otdzku dochdzky Ehren-
wertha do Zanthierova udilisté skute¢n& $alamounsky, kdyZ
napsal: ,Jsou tedy obé& tvrzenf oprdvnénd, ponévadZ Ehren-
werth sice nav§tévoval 3kolu, ale nebyl jejim Zikem.*
J. Safrének soudil, Ze Ehrenwerth ,si své zkusenosti konfron-
toval v fijnu r. 1775 krdtkodobou ndv§tévou Zanthierovy les-
nické Skoly v Ilsenburku. To mél jiZ dvouleté pedagogické
zkuSenosti s vlastnim u¢ebnim pldnem a vlastni metodou vy-
uky. Byl to samouk . vyucen u mistra a nenavstévoval Zan-
thierovu Skolu.*

Jak je z dosavadni rekapitulace vidét, nelze jednou pro-
vidy vyfesit otdzku piesného data narozeni, dochdzky do
Skoly v Harzu, zahdjeni méfi¢skych a taxaénich praci v Cer-
venohrddeckych lesich, ani nelze zjistit rok povySeni Ehren-
wertha do rytifského stavu (,,z VySovic*). Pomoci by bylo
objeveni Ehrenwerthova vysvédCeni z r. 1761 s jeho Zivoto-
pisem, peclivé studium akt cisafského velkostatku Hodonin
ve videfiskych archivech a jeho autobiografie. NejdileZit&jsi
je skutecnost, Ze zaloZil ve starém loveckém zdmecku v Blat-
né v r. 1773 prvni lesnickou mistrovskou $kolu (Meister-
schule) jak v Ceskych zemich, tak i v Rakousku. Baroknf
zdmecek postavil po r. 1707 tehdej$i majitel Blatna kniZe
Jachym Ondfej Liechtenstein na mist€ hradu a zdmku vypd-
leného za tficetileté vilky. Mé&l v ném bydlet i vrchni lovei
¢ervenohrddeckého velkostatku. Padorys budovy tvofil pis-
meno L; v del§im kifdle byly obytné mistnosti, mensi sdl
a kaple, krat§i kiidlo slouZilo hospoddfskym ucelim. Cely
objekt s prostornym nddvoifm obepinal stary hradebnf pfi-
kop. Studenti naSli ubytovdni v prvnim poschodi zdmku,
v pfizem{ mé&l Ehrenwerth byt.2 )

Predstavujeme si, Ze dopoledne probihala teoretickd a od-
poledne praktickd ¢dst vyuky Skola vychov4vala roéné 20 az
30 adepti lesnictvi, ¢asto i z Némecka a odjinud. 2D Celkem
tedy mohla vychovat od r. 1773, kdy s nejvétsi pravdépodob-
nosti vznikla,”? do r. 1791, kdy zanikla Ehrenwerthovym
odchodem do stdtni sluzby, za 19 let 380 aZ 570 Zdka.

Na podzim r. 1779, ziejm& po 23. zdfi, navstivil sidlo
velkostatku a blatenskou 3kolu cfsaf Josef II. s doprovodem.
Nechal si predloZit Ehrenwerthovy vypocty a taxacni operdty
a vyjddfil obdiv a velkou spokojenost. Obdaroval ho 100 du-
kdty a prikdzal, aby dva mladf muZi z < k. lesnfho dfadu ve
Vidni studovali na jeho $kole v Blatné.™

Ehrenwerth mé&l vzdcnou moZnost poznat na zdkladé vy-
sledki josefinského katastru skutecnost, Ze nedostatek dfivi
v lesich na tizem{ Cech nebyl tak hrozivy, jak se li¢ilo v riiz-
nych dobovych memorandech, ale lesni hospodifstvi prece
jen potiebovalo naléhavou reformu. Dojmy a zkuSenosti
z dvouletého projizdéni ¢eskymi lesy a z vlastniho hospoda-
feni na Cervenohrddeckém velkostatku, pak kontroly pfizndni
a vysledky josefinského katastru dovolovaly pravé jemu zdi-
raznit v memorandu z 28. 10. 1789 skutecnost, Ze pfestoZe
se pro téely piizndni pro josefinsky katastr lesy vyméiovaly
a odhadovala se roéni té€Zba, skutecné t&Zzby byly vétSinou
daleko vy38i — v duchu zdsady, Ze s lesy mohl kaZdy vlastnik
naklddat libovolné. S tim se oviem Ehrenwerth nechtél smifit
a psal, Ze stdt md pustosen{ lesti zabrafiovat a vS§emoZzné pod-
porovat jejich zvelebovdni. Mélo se v nich ro¢né téZit pouze
tolik hmoty, kolik ji pfirostlo. Trpéni nebo nafizovini nad-
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mérnych téZeb mnohymi majiteli bez péce o fddné zalesiio-
van{ vedly jak k pustoSeni lesi, tak k poklesu celkové t&zby
dfivi a ke vzestupu jeho cen. Ddle Ehrenwerth vidél ndpravu
v zaméstndvédni odborné vzdélaného lesniho persondlu. Mél
se nejprve vyudit u zkuSenych lesniki, jak bylo dosud zvy-
kem, a ddle absolvovat tfimési¢ni kurs, béhem ného prokdzat
potiebné teoretické a praktické védomosti a na zdvér se ne-
chat vyzkouSet od zvl4§té ustanoveného lesnického kolegia.
Nedostatky a prohfesky vic¢i fddnému lesnimu hospodareni
a patentu lest a difvi Marie Terezie z r. 1754 méla odhalovat
pétice uréenych stétnich lesnikd, tzn. v kazdé étvrti zemé po
jednom a jeden vedouci, V rdmci dozoru nad viemi lesy mél
kazdy z lesnikid prohlédnout ,.kaZdoro¢né z jara i na podzim*
lesy ve svém veleokrsku, nafidit potiebnd téZebni a péstebni
opatieni a postarat se o odstranéni viech zdvad. Mél mit pie-
hled o tom, zda produkce dfivi postacuje kryt potfebu, zda
jsou ponechdvdny vystavky, a mél kontrolovat i vyvoz dfivi
do ciziny. Ehrenwerth ddle doporucoval zaklddani{ pasek jeh-
li¢natych porostd od severovychodu k jihozdpadu, odsuzoval
hrabdni lesniho steliva a pastvu ovci, zdliraziioval fddnou pé-
& o obnovu porostil, zajiténi dostate¢ného mnoZstvi dob-
rych lesnich semen vhodnych pro 4;ednotliv"t stanovisté a vy-
kazovdni pastvy mimo mlaziny.2 V memorandu z r. 1789
Ehrenwerth popsal jak zplisob uchovévéni semen i zkou$en{
jejich kvality tzv. vodni zkouSkou, pfi které nevyhovujici
semena vyplavala na hladinu, tak ludtirenské zafizenfi (,,bu-
bertu* &i ,,pupertu’), které sam sestrojil koncem osmdesdtych
let 18. stoleti.>

V r. 1790 zatizoval Ehrenwerth lesy na velkostatku Ce-
miny (byvaly kraj Plzeii). Tento vzorny elabordt mj. podrob-
né popsal zafizovaci prdce: zjifovdni pfesnych hranic lesa,
uréovdni stanovisté lesnich dievin, stanovenf rozd€lovaci sité
i obmytni doby pro kazdé oddéleni, vyméfeni a vyznaCeni
jednotlivych trati, prosekdvéni fidicich piimek, rozdéleni lest
na stejné paseky a jejich vykolikovini, odhad zdsob, staro-
veni doby myceni, zhotoveni vykazli o vysledcich taxace
a mapovych snimki. Ndvod mél v piiloze ukdzky z hospo-
dafské upravy Ceminskych lesti na rozloze asi 15 413 jiter
(asi 8 869 ha), rozdélenych do péti hlavnich oddili. Vykaz
A o geometrickém vyméfeni Ceminskych lesd soustfedil vy-
méru, staf{ porostil, zkuSebni vypolet hmoty i pfirlist na jitro
a celkovy odhad hmoty v lese, popis pidy, zastoupeni die-
vin; vykaz B pak tdaje o vyméfe kaZdé paseky, stdif porostu,
roku smycenf, odhadu ro&nfho pfiristu, ofekdvané vytéZi
v sdzich. Elabordt neopomnél ani opisy rejstiiku prodeje dfi-
vi a piehledné vykazy o vysledcich taxace. Tyto vysledky
sumarizovaly pojmenovéni paseky, druh a stdif dfeviny, od-
had hmoty, rok kdceni, pfedpoklddanou a skute¢nou tézbu,
predpis tézby pro pfiSti rok a pokyny pro lesni meliorace
a zalesflovdni. NejdileZit&j3f oviem byl generdlnf vykaz sou-
stiedujici stav zdsob dfivi pro kaZdy rok, pfedepsanou a sku-
te&nou t&2bu, predpis &by pro pifsti rok a vysadbu kultur.>®)

Ehrenwerth v3ak zafizoval lesy i jinych velkostatkti —
napf. Prasily na Sumavé (1796) a mésta Kasperské Hory.”
Dile kontroloval a oponoval piedloZené operdty mj. schwar-
zenberskych lesnich kondominii. Povoldvali ho jako udfedni-
ho poradce, odbornika a experta k feSeni dileZitych lesnic-
kych otdzek a jeho dobrozdén{ také mivalo rozhodujicf vliv.
Z literdrni Cinnosti jmenujme alespoii jeho pfispévky do ka-
lenddfi Vlastenecko-hospoddiské spolecnosti z let 1796
a 1808 aZ 1811. Pfedpokldddme, Ze se zaslouZil o sepsdnf
velmi cenného spisu a ucebnice Prvni zaklady umeéni poles-
ného pro zacdtecniky v hospoddrstvi lesnim od Franti¥ka
Duska (12. 1. 1769 - 20. 5. 1827). VySel v Praze ndkladem
Cisarsko-krdlovské spole¢nosti hospoddiské v Krdlovstvi
Ceském roku 1800.% Nemdme viak tusent, jaky mél Ehren-
werth postoj k rozprodeji stitnich, komornich, cirkevnich
a nada&nich lesti v Cechdch, ktery probihal od r. 1800. Po-
kud by existovaly né&jaké jeho zdpisky a dobrozddni, umoz-
nily by jisté uzaviit tento badatelsky problém.
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Od Ehrenwerthovych soudasnikii vime, Ze byl muZem
spravedlivym, shovivavym, jemnym a vzdélanym. Spolupra-
covnici ho obdivovali. Byl to poctivy erudovany praktik
a vykonny, nedplatny, v nejlep§im slova smyslu véci a stdtu
oddany byrokrat, ktery sluZzb& stdtu vénoval i sviij osobni
Zivot a §t&€sti. Svymi vlastnostmi miZe lesmistr Ehrenwerth
poslouZit jako piiklad dne$nim stdtnim Gfednikiim, spravuji-
cim a rozhodujicim o osudech nemovitosti a pfirodnfho bo-
hatstvi v hodnoté mnoha desitek milionli, ¢asto vytvorenych
nebo udrZovanych s nejvétsi ndmahou na3imi predchidci.

Poznimky

1) Matrika zemielych pry uvddi, Ze k r. 1834 byl Ehrenwerth stdr
97 let, takZe se musel narodit r. 1737. Ch. Liebich piSe (Allge-
meines Forst- und Jagd-Journal 4, 1834, s. 200 - Todesanzeige): ,....
schied von uns Ignatz von Ehrenwerth ... im 97. Jahre seines stets
heitern Lebens.” Srov. J. Safrdnek, Jan Hynek Ehrenwerth a je-
ho lesnickd Skola v Blatng, Praha, MZe CR 1991, s. 18. Totéz
ulJ. NoZitky, Piehled vyvoje naSich lesl, Praha, SZN 1957,
s. 224, Podle E. HoSka (Ke sto padesdtému vyro&i zaloZeni prvni
lesnické Skoly na Moravé, in: JiZni Morava 1971, sv. 7, s. 148) mél
byt synem feznika. Podle jiného zdroje (J. Fri& a kol., Velké vzory
naseho lesnictvi, Praha, CSAZV-SZN 1958, 5. 23) mél byt Cech po
matce rozené Tomanové a VySovice se mély nachdzet na liechten-
Stejnském velkostatku Plumlov na Moravé.

2) Alexander Rottenhann pochizel ze starého franského $lech-
tického rodu. Hrab¥ ziskal v Cechdch velkostatky Rottenhaus, Eid-
litz, Platten, Neusablitz a Bielenz. Neoby&ejny véhlas ziskal jeho
syn Heinrich Franz. Srov. C. von Wurzbach, Biographisches
Lexikon des Kaiserthums Oesterreich... 27, 1874, s. 162-163.

3) Srov. Ch. Liebich, Aus Bohmen. 1. Nekrolog des jubilirten,
am 25. November 1834 verstorbenen ersten k. k. Cameral-Forst-
meisters Herrn Ignaz Johann Ehrenwerth, Allgemeines Forst- und
Jagd-Journal 6, 1836, 1, s. 1-3. Soupis poZitkii ddle uvddi F. Moc-
ker, Die erste Forstschule des Kaiserthums Oesterreich zu Platten
bei Komotau, Forst- und Jagd-Zeitung 16, 1898, ¢. 828/45 z pitku
I1. 11. 1898, 5. 357-358; J. Fri¢ a kol., Velké vzory, s. 25, a nej-
novéji J. Safrdnek, Jan Hynek Ehrenwerth, s. 13-14. V textu
jsou prepolty na dolnorakouské jednotky. Podle J. Safrdnka
(c. d., s. 18) by se jednalo asi 0 5 646 1 piva, 115 kg mdsla, 51,4 kg
syra, 123 | soli a 227 m® mékkého divi rocn. Napf. v r. 1740 prisel
korec (asi 93,6 1) Zita na 2 zlaté 3 krejcary, pSenice 3 zlaté, slepice
na 6 krejcarti, kufe 3 krejcary, husa 24 krejcary a kachna na 7 krej-
carti; v r. 1756 stdla kopa vajec 20 krejcard, libra masa 4 krejcary,
méfice pSenice 135 krejcard, Zita 75 krejcard, hrachu 120 krejcard,
16 precliki krejcar, v r. 1781 stdla krdva 10 aZ 15 zlatych, v r. 1800
stievice 5 zlatych a husa 26 krejcarii. Srov. J. E. Chadt, Dgjiny
lesti a lesnictvi (Hospoddistvi lesniho a hospoddiského lesniho zii-
zeni & tipravy lesa — soustav) v Cechdch, na Moravé a ve Slezsku,
Pisek, ndkl. vl. 1913,s.802aJ. Sejbal, DEjiny penéz na Moravé,
Brno, Blok 1979, s. 179-199.

4) Heinrich Franz Rottenhann (14. 10. 1737 Bamberg - 14. 2.
1809 Videri), vynikajici cisafsky dfednik. V r. 1776 se stal guber-
nidlnim radou v Cechdch a cisaf Josef II. ho v r. 1782 jmenoval
dvornim radou Ceské dvorské kanceldfe ve Vidni. V r. 1786 se stal
vlddnim prezidentem a vedlej$iho zemského prdva, v r. 1791 nejvys-
§im purkrabim a gubernidlnim prezidentem v Cechdch, v r. 1792
kancléfem dvorského tfadu ve Vidni. Dile plsobil jako prezident
dvorskych komisi pro justi¢ni (od 7. 9. 1801) a politické (od 2. 3.
1808) zdleZitosti. Byl oblibencem cisaiského dvora a kniZete Karla
Egona Fiirstenberga, nadSenym kameralistou a fyziokratem, zakla-
datelem priimyslovych podniki na svych velkostatcich; spoluorgani-
zitor zemské primyslové vystavy v prazském Klementinu v r. 1791,
nositel velkého kiiZe Rddu sv. St€pdna. Srov. C. Wurzbach,
Biographisches Lexikon, tamtéZ, a J. NoZic¢ka, Promény lest
a vyvoj lesniho hospodafeni v Krunohofi do r. 1848, Rozpravy
CSAV (fada matematickych a pfirodnich véd, ro¢n. 72, ses. 3), Pra-
ha, Nakladatelstvi CSAV 1962, s. 66.
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5)J. Safrdnek (c. d., s. 7) uvddi 40 000 pruskych jiter, tzn. asi
10 213 ha, zdroven viak (c. d., s. 17) i 27 241 strychd, tzn. asi
7 837,2 ha k r. 1780. Rozdil je tedy zna&ny.

6) Srov. Ch. Liebich v Allgemeines Forst- und Jagd-Journal 4,
1834, s. 166.

7) Srov. Ch. Liebich, Aus Bohmen, s. 2.

8) Srov. A. Bernhardt, Geschichte des Waldeigenthums, der
Waldwirtschaft und Forstwi haft in Di hland, 2, Berlin, J.
Springer 1874, s. 166; R. Hess, Ehrenwerth: Ignaz Franz E., All-
gemeine deutsche Biographie 12, Leipzig, Duncker a Humblot 1877,
s. 712-713 a R. Hess, Lebensbilder hervorragender Forstmiinner
und um das Forstwesen verdienter Mathematiker, Neturforscher und
Nationaldkonomen, 2, Berlin, P. Parey 1885, s. 76.

9) Srov. F. Mocker, Die erste Forstschule,"s. 358.

10) Srov. A. Nechleba, Pogdtky lesni kultury na Kiivokldtsku.
Prispévek k d&jindm lesnictvi v Cechdch, in: Sbornik Ceskosloven-
ské akademie zem&d&lské 3, 1928, s. 765-766. Velkostatek Cerveny
Hréddek povaZuje Nechleba ,,za kolébku upraveného lesniho hospo-
ddstvi v Cechdch.” O J. G. Stumpfovi srov. V. Cern§, Hospodaf-
ské instrukce, Praha, CAZ 1930 (rejstiik) a L. Skala, Maly slov-
nik biografif, 3 (P - §), Sbornik CSAZ &. 138, Praha, CSAZ 1990,
s. 225.

11) Srov. J. NoZicka, Prehled, s. 224, a tyZ, Piehled vyvoje hos-
poddiské tipravy naich lest, in: V. Korf, Taxace lesd, 2., Hospo-
ddfskd prava lesl, Praha, SZN 1955, s. 19-21.

12) Srov. J. NoZi¢ka, Z historie naSeho lesnického Skolstvi, in:
Sbornik lesnické fakulty Vysoké $koly zemédé&lské v Praze S, 1962,
s. 162-163.

13) Asi 1 295 ha (22,5 %) a 4 459 ha (77,5 %), celkem tedy jen asi
5 754 ha (koef. 0,2877). Srov. pozn. 5.

14) Srov. J. NoZi&ka, Prehled, s. 280-281.

15) TamtéZ, s. 281-282. TotéZ takika doslovau J. NoZicky, Pfe-
hled vyvoje hospoddfské tpravy, s. 19-21. NoZicka mél vychdzet
z archivu byvalého panstvi Cerveny Hradek, v jeho dob& uloZeného
v Zemé&d&lsko-lesnickém archivu Libochovice, a z vyli¢enf historie
hospodadfské pravy Eervenohrddeckych lesi ve Spolkovém Easopisu
Ceské lesnické jednoty (Vereinschrift fiir Forst-, Jagd- und Natur-
kunde) 1860, s. 77-78. V Piehledu vyvoje naich lesii uvddi ddle na
s. 281 obr. ¢. 33 Zanthiertiv podpis na jeho ndvrhu dpravy hospoda-
fenf v &ervenohrddeckych lesich (ze 23. 10. 1775). Dal3i poznatky
o lesmistru Ehrenwerthovi srov. u J. NoZicky, Promény, s. 67—
69, 71-72, 74-75, 78-80, 95-96 aj.

16) Srov. S. Juklik, Ndstin vyvoje lesnického Skolstvi a vyuco-
véni lesnictvi viibec na dzemi naSeho stdtu v udobi predprevrato-
vém, Lesnickd prdce 12, 1933, 5. 39,
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17) Srov. E. Ho$ek, Ke sto padesdtému vyro¢i, s. 142 a 148.

18) Srov. J. Fri¢ a kol., Velké vzory, s. 23.

19) Srov. J. Safrdnek, Jan Hynek Ehrenwerth, s. 3.

20) TamtéZ, s. 19-20.

21) Srov. K. Schindler, Schematismus und Statistik der Staats-
forste, der forstlichen Lehranstalten und Vereine des dsterreichis-
chen Kaiserthums, Wien, W. Braumiiller 1864, s. 157; Nauény slov-
nik lesnicky, Vybér lesnicky diileZitych hesel zpracovanych
odborniky, vyd. J. Konsel, 11 (M-Z), Pisek, Matice lesnickd 1940,
s. 1709; F. Zuman, Po&dtky lesnické Skoly v BEI€, in: Od Jestéda
k Troskdm. Vlastivédny sbornik Ceského severu 6, 1927, s. 82;
S. Juklik, Néstin, s. 39-40; F. Stamm, Verhiltnisse der Volks-,
Land- und Forstwirthschaft in Bohmen, Prag, F. Rohli¢ek 1856,
s.292-293; F. von L6 ffelholz-Colberg, Forstliche Chresto-
matie, 2, Berlin 1966, s. 317-318; Der aufmerksame Forstmann oder
das Neueste und Bemerkenswertheste aus dem Forst- und Jagdfache,
1828 (Zasopis vyddvany Ch. Liebichem v Praze); H. Reuss, Fest-
schrift zur Feier des 50jihrigen Bestandes der méhr.-schles. hheren
Forstlehranstalt Aussee — Eulenburg — Mihr.-Weisskirchen, Briinn,
Miihr.-schles. Forstschulverein 1902, s. 81-82; H. Gréschl, Ga-
lerie vyznamnych osobnosti Chomutovska. Jan Igndc Ehrenwerth
a prvni lesnickd $kola v Blatné u Chomutova, Pamdtky, pfiroda, Zi-
vot 1963, s. 59-63; L. Skala, Maly slovnik biografif, 4 (T - Z),
dodatky, Sbornik CSAZ &, 140, Praha, CSAZ 1990, 5. 195-196 aj.
22) V medailonu o Ehrenwerthovi (J. Fri& a kol., Velké vzory,
5. 25) se uvddi rok zaloZenf — napf. 1763, 1764, 1767, 1770 a 1772.
Podle F. Mockera se jednalo o rok 1770 (!).

23) Srov. Ch. Liebich, Aus Béhmen, s. 2, a F. Mocker, Die
erste Forstschule, s. 358.

24) Ehrenwerth napsal je§t€ dalSi zndmd vyjddfeni. Srov. J. No-
Zi&ka, Pichled vyvoje nadich lest, s. 201-202 a 303. Ehrenwerth
povaZoval lesy za velky poklad kaZzdé zemé a soudil, Ze nejlepsi
ucitelkou lesnikil je sama pfiroda.

25) TamtéZ, s. 258.

26) TamtéZ, s. 294 a 296.

27) Srov. J. Fri¢ a kol,, Velké vzory, s. 25 a E. JanouS$ek,
N4ért vyvoje lesniho hospoddfstvi na panstvi prasilském na Sumavé,
Lesnickd prdce 17, 1938, s. 128-155.

28) Srov. J. NoZicka, Prehled, s. 215-216.

29) Srov. G. Novotny, Vlastnické a uZivaci vztahy k lesnf pidé
a lesu v Ceskych zemich v letech 1620-1918, Lesnictvi-Forestry, 38,
1992, &. 9-10, s. 893-905.

PhDr. Gustav Novotny, CSc., Historicky istav AV CR, Brno
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Pokyny pro autory

Obecné pokyny

Casopis Lesnictvi-Forestry uvefejiuje pivodni védecké price ze viech oboril lesnictvi, které maji vztah k lesnim ekosystémiim
rostoucim ve stfedni Evropé. Autor price je odpovédny za plivodnost pifspévku; prace nesmi byt publikovdna nebo zasldna
k publikovini do jiného ¢asopisu. Rozsah zaslaného piispévku nemd presdhnout 25 stran (A4 formdtu, psanych obrddek) vcetné
tabulek, obrazki, literatury, abstraktu a souhrnu. K publikovéni jsou pfijimany price psané v Cedting, slovenstiné nebo angli¢ting.
Zaslané rukopisy musi obsahovat anglicky souhrn o rozsahu 2-3 strany. Autor odpovidd za spravnost anglického textu. Rukopisy
maji byt napsény na papife formdtu A4 (60 tihozl na fadku, 30 fadki na strance). Usporddani ¢lanku musi odpovidat formé, ve které
jsou Eldnky v Casopisu Lesnictvi-Forestry publikovany. Je tieba zaslat dve kopie rukopisu na adresu vedoucf redaktorky: Mgr. Radka
Chlebeckovd, Ustav zemédélskych a potravindtskych informaci, 120 56 Praha 2, Slezskd 7. O uvefejnéni price rozhoduje redakéni
rada &asopisu se zfetelem k lektorskym posudkiim, védeckému piinosu a celkové kvalité price a s piihlédnutim k vyznamu ¢linku
pro lesni hospodafstvi.

ﬂprava textu

Rukopis ma obsahovat titulni stranu, na které je uveden ndzev ¢ldnku, jméno autora (autoril), ndzev a adresa instituce, kde prace byla
vypracovina, a &islo telefonu a faxu autora. i

Kazdy ¢lanek by mél obsahovat abstrakt, ktery neméd mit vice nez 120 slov, a kli¢ovd slova. Uvod by mél byt struény, s uvedenim
zaméfeni a cile price ve vztahu k dosud provedenym pracim. Nemél by v ném byt uvddén rozsdhly prehled literatury. V kapitole
Materidl a metody by mél byt uveden popis pouzitych experimentélnich metod tak, aby byl postacujici pro zopakovini pokust. Mély
by byt uvedeny obecné i védecké ndzvy rostlin. Je-li zapotiebi pouZivat zkratky, je nutné pfi prvnim pouZiti zkratky uvést i jeji plny
ndzev. Je nezbytné nutné pouzivat jednotky odpovidajici soustavé mérovych jednotek SI. V Cdsti Vysledky by méla byt presné
a srozumitelné prezentovina ziskand data a tdaje. V kapitole Diskuse se obvykle ziskané vysledky konfrontuji s vysledky diive
publikovanymi. Je piipustné spojit ¢dst Vysledky a Diskuse v jednu kapitolu. Citovinf literatury v textu se provddi uvedenim jména autora
a roku vydani publikace. Pfi vétSim poctu autori se uvadi v textu pouze prvni z nich a za jeho jméno se doplni zkratka et al.*.

V &ésti Literatura se uvddéji pouze publikace citované v textu. Citace se fadi abecedné podle jména prvniho autora: pifjment, zkratka
jména, rok vydani, plny ndzev préce, tfedni zkratka Casopisu, rocnik, prvni a posledni strana. U knihy je uvedeno i misto vydani
a vydavatel,

Tabulky
Tabulky jsou ¢islovany pribézné a u kazdé je uveden i nadpis. Kazdd tabulka je napsdna na jednom listu.

Obrazky

Jsou piiloZeny jen obrdzky nezbytné pro dokumentaci vysledkt a umoZiiujici pochopeni textu. Soucasné uvidéni stejnych vysledki
v tabulkdch a na grafech neni pfijatelné. VSechny obrdzky musi byt vysoce kvalitni, vhodné pro reprodukci. Nekvalitni obrazky
nebudou piekreslovidny, budou autorovi vriceny. Fotografie musi byt dostate¢né kontrastni. VSechny obrizky je tieba ¢islovat
priubézné arabskymi Gislicemi. Jak grafy, tak i fotografie jsou oznacovény jako obrézky. Jestlize mé byt nékolik fotografii publikovéno jako
jeden obrizek, je tieba je vhodné usporadat a nalepit na bilou podlozku. U kazdého obrizku je nutné uvést jeho stru¢ny vystizny popis.
Separdty.Z kazdého ¢lanku obdrzi autor 40 separiti zdarma.

Instructions to Authors
General

The journal publishes original results of fundamental and applied research from all fields of forestry related to forest ecosystems of
Central Europe. An article submitted to Lesnictvi-Forestry must contain original work and must not be under consideration for
publishing elsewhere. Manuscripts should not exceed 25 double — spaced typed pages (A4 size) including tables, figures, references,
abstract and summary. Papers should be clear, concise and written in Czech, Slovak or English. Each manuscript must contain two
or three pages of English summary. Correct English is the responsibility of the author. Manuscripts should be typed on standard paper
(A4 size, 60 characters per line, 30 lines per page). They must fully conform to the organization and style of the journal. Two copies
of the manuscript should be sent to the executive editor: Mgr. Radka Chlebeckovi, Institute of Agricultural and Food Information,
120 56 Praha 2, Slezskéd 7, Czech Republic.

Text

Manuscript should be preceded by a title page comprising the title, the complete name(s) of the author(s), the name and address of
the institution where the work was done, and the telephone and fax numbers of the corresponding author, Each paper must begin
with an Abstract of no more than 120 words, and key words. The Introduction should be concise and define the scope of the work
in relation to other work done in the same¢ field. As a rule, it should not give an exhaustive review of literature. In the chapter
Materials and Methods, the description of experimental procedures should be sufficient to allow replication of trials. Plants must be
identified by taxonomic and common name. Abbreviations should be used if necessary. Full description of abbreviation should follow
the first use of an abbreviation. The International System of Units (SI) and their abbreviations should be used. Results should be
presented with clarity and precision. Discussion should interpret the results. It is possible to combine Results and Discussion in one
section. Literature citation in the text should be by author(s), and year. If there are more than two authors, only the first one should
be named in the text, followed by the phrase et al.“. References should include only publications quoted in the text. They should be
listed in alphabetical order under the first author’ s name, citing all authors.

Tables
Tables should be numbered consecutively and have an explanatory title. Each table, with title, should be on a separate sheet of paper.
Figures

Figures should be referred solely to the material essential for documentation and for the understanding of the text. Duplicated
documentation of data in figures and tables is not acceptable. All illustrative material must be of publishing quality. Figures cannot
be redrawn by the publisher. Photographs should exhibit high contrast. All figures should be numbered consecutively with arabic
figures. Both line drawings and photographs are referred to as figures. If several separate line drawings or photographs are to be
incorporated in a single figure, they should be sticked on a white card with a minimum of space left between them. Each figure
should contain a concise, descriptive legend.

Offprints. Forty (40) offprints of each paper are supplied free of charge to the author.
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UPOZORNENI PRO ODBERATELE

Vesgkeré sluzby spojené s distribuci asopisu Lesnictvi-Forestry vyfizuje vydavatel — Ustav zemé&dél-
skych a potravinarskych informaci Praha.

Objednavky na pfedplatné posilejte na adresu:
Ustav zemédélskych a potravinarskych informaci
referat odbytu
Slezska 7
120 56 Praha 2

LESNICTVi — FORESTRY 1995, No. 12, uvefejni tyto pFispévky:

Kanécka P.: Parasitoids of false spruce webworm [Cephalcia abietis (L.)] — findings obtained during
larvae dissection — Parazitoidi ploskohibetky smrkové [Cephalcia abietis (L.)] — poznatky z pitvy housenic

Chlebek A., Jafabac¢ M., Tolasz R.: Méfeni sraZek pro bilanci vody v lesnatych vyzkumnych
povodich — Precipitation measurements for water balance in forested research watersheds

Kohan $.: Vyskum intenzivneho pestovania topolov v $pecidlnych kulttirach s kratkou rubnou dobou
v ekologickych podmienkach Vychodoslovenskej niziny — Research into intensive tending of poplars in
special cultures with a short rotation period in ecological conditions of the East Slovakian Lowland

‘Linderova R.: Ekonomické zhodnotenie hospodarenia v Tatranskom narodnom parku pri zohladneni
poZiadavek Statnej ochrany prirody — Economic evaluation of management in the Tatras National Park
including the requirements of State-controlled environment conservation

Ulrich R.,, Schlaghamersky A.: Aplikace lanového systému pfi integrovaném kaceni — Applicati-
on of cable system during integrated felling

Kristafek V.: Interakce mezi mikroorganismy a bezobratlymi Zivocichy v pudé (Literarni studie) — In-
teractions between microorganisms and invertebrate fauna in soils (Review)

Védecky ¢asopis LESNICTVI - FORESTRY @ Vydava Ceska akademie zemédélskych véd — Ustav zemédélskych
a potravinarskych informaci @ Vychazi mésicné @ Redaktorka: Mgr. Radka Chlebeckova @ Redakce: Slezska 7, 120 56
Praha 2, tel.: 02/25 75 41, fax: 02/25 70 90 @ Sazba: Studio DOMINO - ing. Jakub Cerny, Bii Nejedlych 245, 266 01 Beroun,
tel.: 0311/22 959 @ Tisk: UZP| Praha ® © Ustav zemédélskych a potravinarskych informaci, Praha 1995
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