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THE RELATION OF LOCAL STAND STRUCTURE
TO PHOTOSYNTHETIC CAPACITY IN A SPRUCE STAND:

A MODEL CALCULATION

VZTAH LOKALNI POROSTNI STRUKTURY K FOTOSYNTETICKE
KAPACITE VE SMRKOVEM POROSTU: MODELOVA KALKULACE

J. Pfreundt, B. Sloboda

Abteilung fiir Forstliche Biometrie und Informatik und Forschungszentrum Waldokosysteme
der Universitit Gottingen, Biisgenweg 4, D-37077 Géttingen

ABSTRACT: We set out to examine the question whether, or how, the three-dimensional distribution of the annual photo-
synthetic capacity in a stand can be deduced from the local structure of the stand. For this purpose the spatial distribution of
photosynthetic production was calculated for a model spruce stand on the basis of a geometric radiation model and a simple
shoot photosynthesis model, as well as two year’s radiation data. A close relationship could be shown between photosynthetic
production at one place in the stand and the corresponding shading needle area, by which we mean, the mean projected needle
area index above this point. Prerequisites are a suitable weighting of the directions of incidence when finding the average and
also the inclusion of variation in the projected needle area index over the directions. This idea could be put to use in individual
tree-based growth models and in the evaluation of hemispherical photographs of the canopy.

spruce; photosynthetic capacity; spatial distribution; photosynthesis; radiation model; stand structure model

ABSTRAKT: Rozhodli jsme se zkoumat otdzku, zda nebo jak Ize odvodit z lokalni struktury porostu trojrozmérné rozloZeni
ro¢ni fotosyntetické kapacity v porostu. Pro tento ucel jsme vypoditali pro modelovy smrkovy porost prostorové rozloZeni
fotosyntetické produkce na zdkladé geometrického radiaéniho modelu a modelu fotosyntézy jednotlivého vyhonu, jakoZ i na
zdkladé dajl radiace za dva roky. Prokézali jsme t&€snou zavislost mezi fotosyntetickou produkci na jednom misté v porostu
a odpovidajici stinici plochou jehli¢i, ¢imZ minime index stfedni projektované plochy jehli¢i nad timto bodem. Pfedpoklady
tvofi pfifazeni vhodnych vah smérim dopadu pfi hledani priméru a také zahrnuti variace indexu projektované plochy jehli¢i
nad t€mito sméry. Této myslenky by bylo moZné vyuZit v modelech rustu pro jednotlivé stromy a pii vyhodnocovani hemi-

sférickych fotografii porostu.

smrk; fotosyntetickd kapacita; prostorové rozloZeni; fotosyntéza; radia¢ni model; model struktury porostu

INTRODUCTION

Numerous models have been developed to describe
the radiation regime in stands of crops as dependent on
stand architecture (Monsi, Saeki, 1953; Le-
meur, Blad, 1974; Ross, 1981). When coupled
with a model of leaf photosynthesis, they can be used
to deduce estimates of the photosynthetic production of
the stand, thereby enabling the integration of various
separate results. With the help of this sort of model it
is also possible to examine in what way changes in
stand characteristics, such as leaf distribution or leaf
orientation distribution, or in the radiation regime
above the stand affect the stand photosynthesis (Ver-
hagen et al., 1963).
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An important characteristic of stand architecture is
the degree of grouping of the individual leaf organs
(Oker-Blom, Kellomiki, 1983). In forests, the
development of individual crowns, especially in the up-
per canopy layers, leads to a very heterogeneous radia-
tion climate which makes the use of one-dimensional
models questionable. If production is to be calculated
for a longish period of time — e.g. for a year — then the
seasonal variation in radiation regime must also be
taken into consideration. Correspondingly, extensive
measurement series will be needed, or have to be simu-
lated, for the input.

The question thus arises whether not only the mo-
mentary irradiance or photosynthesis rate at one place
in the stand can be deduced from the (local) stand struc-
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ture, as happens in such models [e.g. see Koppel,
Oja (1984) for a model for a single spruce crown], but
also the annual production resulting from this by inte-
gration. This question is important for the development
of casual individual tree-based growth models, but is
also of interest as regards the examination of the struc-
ture of actual stands on the basis of fish-eye photo-
graphs.

This question was investigated by Kellomiki et
al. (1980) whereby they disregarded the horizontal va-
riation (Hari et al., 1985). They defined the photosyn-
thetic light ratio by

'I
[ Fu vy a
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in dependence on the height z, where the integration
was carried out for one growing season, and tried to
state it as a function of the needle mass above z:

F(z) = HB())

There I(1,2) is the irradiance at height z at time ¢, I()
the corresponding value above the stand and B(z) the
needle mass above z. The rate of photosynthesis de-
pendent on irradiance shall be given by F(J). Clearly,
this formulation would also be possible with B(z) de-
fined not as the needle mass, but as the leaf area index
or projected leaf area index above z.

We now intend to examine just how far this concept
can be transferred to the three-dimensional case in non-
-homogeneous stands. The model conceived for this
purpose is based on a Norway spruce stand which is
built up of individual crowns, and uses climate measur-
ing data from two consecutive years with rather differ-
ent radiation regimes. The positions and sizes of the
individual trees are fixed — the model is therefore not
statistical in this respect. However, statistical supposi-
tions are made for the positions of individual shoots
within a crown.

THE MODEL STAND

The subject of investigation is a model plot 10 x
10 m in size (Fig. 1) which is meant to represent the
inner part of a 25-year old spruce stand. The allround
leaf area index is 21.0 m%.m™2 and thus roughly in ac-
cordance with values found by Droste zu Hiil-
shoff (1970), the height of the individual trees varies
from 7.0 to 10.8 m with a mean height of 9.0 m, and
the stand density is 2,200 ha™'.

Seven needle age-classes are represented, whereby
the last two are no longer complete (mortality is as-
sumed to be 0.05 in the fifth age-class, 0.15 in the sixth
and 1.0 in the seventh). The needle mass is, however,
assumed to be constant throughout a vegetation period,
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i.e. simplified, the flush is imagined as taking place in
a concentrated manner at the beginning of the vegeta-
tion period and the loss of needles at its end. The can-
opy is in a state of equilibrium, which may be seen in
the uplifted lower limit of the younger age groups.
The spatial distribution of a needle age-class of
a tree is established by two assumptions (Fig. 3): the
vertical distribution of the leaf area is described by a
beta(3,3)-distribution, i.e. by its density

py(h) =M g (h—hg)* (hy~h)> (m’m™),hg<h<h, (2

whereby M represents the total needle surface of the
respective year and hy or h; the lower or upper limit
respectively; g is a standardizing factor Johnson,
Kotz, 1970). The needles are concentrated in a crown
shell that is circumscribed on the outside by a para-
boloid of rotation. The radius of the (year’s) crown is,
therefore

NDRD
rth)=r, h‘—ho=a,~lh,—h.h05hsh, ©)
=

whereby 7 is the same as the radius of the total crown
(Fig. 1), i.e. each year’s crown shell of one tree has the
same maximum radius. On the inner side an un-leafed
crown centre is delimited [again by a paraboloid with
radius r;(h)]. The radius of this centre at height h, and
its height (measured from h) are proportional to the
corresponding values of the outer paraboloid (with
a proportionality factor of 0.6). The vertical density (2)
and the area of cross section of this shell supply the
spatial needle surface density in dependence on the he-
ight. By superimposing the separate needle-age classes
one arrives at the needle distribution for the whole
crown (Fig. 3c).

1. Model stand with the radii of the crowns, including the projections .
of the observation points on the x—y-plane
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2. Vertical needle area distribution and density, the latter also sepa-
rately for each needle age class. The observation levels are marked
with the respective downward cumulative LAI

A grid of 85 points was established in this trial stand
(Fig. 1); with six observation heights (Fig. 2) a total of
510 observation points P = (x,y,z) is obtained within
the stand.

METHOD OF CALCULATING RADIATION REGIME

In order to describe the radiation regime for an ob-
servation point, a net of directions was set up: the ho-
rizon was divided into 36 equal-sized intervals and the
quarter circle from horizon to zenith into 18 of the
same. The combination of the centres of these intervals
produces 648 directions (ot,-,Bj) defined by the azimuth
angle o; and the angle of elevation Bj, which were
evaluated.

Points of intersection with the crowns

In order to determine, for a given direction [say
(a;B)], which crown shell layers must be crossed by
a photon at what height to reach the observation point
P, one should start with equation (3) for a particular
crown shell paraboloid. The direction of the tree centre,
seen from P, shall be @, d shall be the horizontal dis-
tance between the observation point and the tree. If
there is an intersection point of the paraboloid with the
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3. Crown model. a) Vertical needle area density, as a whole and
separately, according to age class. b) A cut through the shell surfaces
of the 1st and 7th age class. c¢) A cut through the total crown; density
of the hatching proportional to the spatial needle area density (with
random variation in order to avoid interference due to superimposition)

path of the photon at height 4 then the relation [ = (h — z)/
/tan B is true for its horizontal distance from P. When
the projection is considered from above, the cosine law
gives us

P+d®-2dlcos|o—@l=1*

so that with (3) the following necessary condition for
an intersection point at height 4 holds true:

(h-2)°
tar’p

If real solutions exist for this quadratic equation,
then they supply the intersection heights looked for (va-
lues smaller than h are to be replaced by k), otherwise
this shell area will not be traversed.

If the same calculation is carried out for the inner
crown shell paraboloid, then one obtains the distance
through the inner needle-less crown centre, which must
be subtracted from the interval obtained above.

As it is not sufficient, with small B or z, to follow
the path of a photon within the relatively small experi-
mental plot, an appropriate plot edge bias correction
method must be used. In these cases the path was sent
across the area repeatedly (from left to right with ran-
dom y-coordinates) until the maximum height of the
stand was reached. However, for calculations near the
edge, a deterministic method such as the translation
method or the linear expansion method (Martin et
al., 1977; Pfreundt, 1988) is more suitable.

2_2dcos|a—(pl(h—z)_

+d P a?(hy—h)
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Gap frequencies

Let it be assumed that a photon coming from a given
direction (o,) must traverse a total of K shell layers in
order to reach the observation point; the intersection
point shall be given by #'| ; and k', 4, the respective
spatial needle area density by p; (). The mean number
of needle contacts on this route is then equal to the
projected leaf area index in this direction (Nilson,
1971):

K Wy
Lp(@. B)=Gl‘T[§ S [ dh (mily @

s- ’
k=1K,,

Here G(B) is the so-called G-function (Ross, 1981)
which determines the relation of the mean projected
surfaces of a shoot to the total needle surface of a shoot
when regarded from the angle of elevation p. As no data
is as yet available for Picea abies, for the time being,
we had to fall back on the work of Norman,
Jarvis (1974) on Sitka-spruce (Fig. 4).

0.24r

L L g i L L L L L )
0:09% 10 20 30 40 50 60 70 80 90

angle of incidence, B (degree)

4. G-function (relation of the projected shoot area to the total needle
surface area of the shoot, dependent on the angle of incidence B):
The curves given by Norman, Jarvis (1974), Fig. 10, were
taken, their angles converted to B and their projected needle areas to
all-round needle areas, whereby a factor of 2.7 was used. The result-
ing regression line is used as the G-function

Let it be assumed that every needle contact leads to
absorption of the photon (scattering is disregarded) so
that the probability of O contacts is of sole interest. The
poisson model (Nilson, 1971), which describes the
case of randomly and independently distributed shoots,
will be used here as a basis. The probability of a gap in
the direction (ct,) is then

tp (o, B) =exp (-Lp (o, B)) (5)

g shall be the average taken over the azimuth with
fixed B.

Transmission of diffuse radiation

The diffuse radiation climate is calculated on the
assumption that the distribution of sky brightness ac-
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cords with a standard overcast sky (SOC). In this case
sky brightness is given as

Ly, (1 +sinB)
Lp=—

3 (Em™%572sr7) )

whereby Ly, is the brightness at the zenith Moon,
Spencer, 1942), i|3 = Lﬁ 27 cos B is the zonal bright-
ness. The photosynthetic photon flux density (PPFD) of
the diffuse radiation through a horizontal surface is
then

w2 2
Tdo=,[l'ﬂ Si.nﬂdB=ILp2ucosBsinﬂ dB:.;.an
0 0

However, in the following we intend to work with
the photosynthetic photon flux fluence rate (PPFFR)
(Li-Cor, 1979), which takes all directions of inci-
dence into consideration in a uniform way:

» %
ld°=IinB=IL521tcosBdB=§1t'Lm

0 0
In the case of a standard overcast sky, therefore

In=5 I M

can be used to convert the PPFD-values measured into
PPFFR.

The fractional penetration of diffuse radiation for P
can now be given as

]
I
14P) =",(ff="m— @®
Jigap
0

Strictly speaking (8) is the expected value of the
proportion transmitted — for every T can be regarded as
the expected value of a random variable — that is almost
normally distributed on account of the central limit
theorem but whose variance may, however, be disre-
garded for these purposes (compare Gutschick,
1984). 1, is thus treated as a constant.

For the characterisation of diffuse radiation it is also
useful to define its ,,mean angle of incidence*

0

Above the stand (tp = 1) we find B = 39.7° for the
standard overcast sky. For the calculations t; and B
were approximated on the basis of the direction grid

(o, By)-
Transmission of direct radiation

When the position of the sun is given by (o, B), the
probability of a sunfleck in P (with the same direct
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PPFFR as above the stand) would be given by tp(a.,B),
if the penumbra were disregarded. With coniferous tree
species, however, the penumbra effect may no longer
be disregarded completely: the fineness of the foliage
often leads to only a partial shield from the solar disc
and thus to sunflecks of varying irradiances. An analy-
tical treatment of penumbra is only possible in greatly
simplified suppositions (Denholm, 1981) so that the
simulation method is all that is left here. On the other
hand, since it is not feasible to carry out a simulation
for each observation point and each possible position of
the sun, the following method was chosen:

A simulation, based mainly on the method of
Oker-Blom (1985b), was carried through for a cer-
tain number of standard situations in order to determine
the empirical distribution of the fractional penetration
of direct radiation Tg which is now regarded as a ran-
dom variable. It was assumed that a shoot layer with
a projected leaf area index W is situated at a distance d
above the point of aim, and that the individual shoots
are orientated horizontally, measure 9 . 2.5 cm and have
a gap fraction between the needles of 0.4. The empirical
distribution of T obtained from 2,500 experiments [for
details see Oker-Blom (1985b) and Pfreundt
(1988)] was approximated by a beta(p, g)-distribution.

It was seen that when d is constant the parameter g
as a function of [ is approximately a straight line whose
gradient can, on the other hand, be stated as a function
of d so that the parameter g of a beta-approximation can
be determined for any number of pairs (d, p). The parame-
ter p then results from the claim that the expected value
of the approximating beta-distribution, that is p/(p + g),
must be equal to the expected value of T, i.e. exp (- p).

The varying distribution of projection areas of
a horizontally orientated shoot in dependence on the
angle of elevation have not yet been taken into consid-
eration in this connection. This method can be adapted
accordingly when more knowledge is available on the
morphology and orientation of shoots.

If several shoot layers have to be penetrated the
product of the individual proportions transmitted is, due
to its independence, the resulting proportion: The prod-
uct of two beta-distributed random variables is, it is
true, beta-distributed again only in exceptional cases,
but extensive numerical experiments have shown that
the product can, as a rule, be very well approximated
again by a beta-distribution. The final distribution of
the transmission of direct radiation for a given observa-
tion point and a given direction was now determined as
follows: with the calculation of (4) successively, the
corresponding beta-density was determined for every
needle shell layer found and to be crossed and then
,»multiplied* with the density obtained until then.

Position of the sun

In order to determine the solar position for a particu-
lar hour in the year the calculated positions at the mid-
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dle of the hour (after Ehrhardt, 1988) were interpo-
lated linearly. A position was then chosen at random on
the sun’s path for an hour obtained in this way. The pair
of angles (c;, B;) nearest to this position was then taken
to be the sun’s position for this hour.

Climate data

As data basis we used radiation data from the ,,Got-
tinger Wald* in northern Germany (51.5° N and 10.0° E)
after Ehrhardt (1988). Hourly mean values or sums
of PAR (direct and diffuse separately), respectively, of
the duration of sunshine and the temperature above the
stand were used. The data covers the years 1983 and
1984; data gaps were filled with typical values for the
season to enable us to form yearly sums (this concerns
only a few days). The PPFD-values of the diffuse ra-
diation were converted according to (7) into PPFFR, the
direct PPFD accordingly by

Iso

Iso= sinf
whereby B is the sun’s position at the middle of the
hour.

All days with a mean air temperature of at least
3 °C, excepting the months from December to Februa-
ry, were attributed to the vegetation period.

CALCULATION OF PHOTOSYNTHETIC PRODUCTION
Shoot photosynthesis

If the supply of nutrients and water is assumed to be
given and sufficient, the photosynthesis rate of a needle
age class depends in the first place on the irradiance and
in the second place on the temperature (Fuchs et al.,
1977).

It is difficult to register the dependence on radiation
because very varying irradiances can occur within
a shoot due to the mutual needle shading, and also be-
cause there is a strong dependence not only on the
shoot structure, but also on the geometry of the radia-
tion field (Carter, Smith, 1985; Leverenz,
Jarvis, 1979; Oker-Blom, 1985a; Smolan-
der etal., 1987). If the rate of photosynthesis is given
as dependent on the mean PPFD through the needle
surface of the shoot, curves will result which show the
same initial slope (photosynthetic efficiency) independ-
ent of the angular distribution of the incident radiation
(Oker-Blom, 1985a). If one also takes into consid-
eration the fact that radiation always contains a propor-
tion of diffuse radiation, then one can further assume
that the same maximum value will also be reached.

In order to describe shoot photosynthesis (defined as
net photosynthesis) we shall, therefore, use the non-rec-
tangular hyperbola (Thornley, 1976) in dependence
on the mean PPFD through the needle surface (Iy):
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oy + Fpay=1)
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oly+ Fpax=1)  ly+ Fr—1) 4
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Here i‘*‘max is the maximum rate by light saturation,
o the photosynthetic efficiency, r(< 0) the dark respira-
tion rate and 6(r,) the parameter of convexity which
should depend on the proportion of diffuse radiation on
I N> Ta

It proved difficult to make use of published photo-
synthesis rates in order to fix the parameters in (9), for
one reason because of the necessity of converting the
radiation units used into I and for another, because of
the great variation among such measurements (Pisek,
Tranguillini, 1954; Pisek, Winkler, 1959;
Fuchs et al, 1977; Matyssek, 1985). In the end
we used the values ., = 0.60 gﬁCOz)m_zh 1 g=
0.01 g (COym~2h~!/ (uEm2') and r = -0.04
g(COZ)m"2h". For completely diffuse radiation 6 is set
at 0.92; I, shall be the mean PPFD through the needle
surface by which 99% of the maximum rate will then
be reached. With mixed radiation, 6 will then be deter-
mined on the basis of equation (9) on the supposition
that the same rate will be reached when the diffuse
proportion alone is, in the mean, equal to I, i.e. when
Iy = Is4/r4 is true. If the equation is not soluable (when
ry is too small), 8 will be set at 0 (Fig. 5).

T T T
0.6F -l
__0.5F
q 6=0.920
&r.0.4 ra=09 6=0910
g ra=08 8=0897
“N0.3 ra=07 6=0.881 -
8 ra=06 6=0.860
=8 rg=05 0=0830 |
—~ ra=04 6=0.785
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0.1 ra=02 0=0.560 -
ra=01 6=0.109
0.0ff----==mmeme e cceeeceeeeeaae
0 100 200 300 400

In (BEm~2%s7)

5. Photosynthesis rate of a shoot, dependent on the mean PPFD
through the needle surface and on r, (eq. 9). See text on calculation
of 6(r,)

Very contradictory information is also to be found
in published material on the temperature and age de-
pendence of photosynthesis (Larcher, 1969; Neil-
son et al, 1972; Krzak et al,, 1988; Freeland,
1952). Temperature dependence (with air temperature
as input) is described here by fi{f) = 0.1 + 0.1073 ¢ —
0.0032 72 [e.g. f1(5) = 0.56, f(17) = 1, f(30) = 0.44],
the relative photosynthesis rate of the j-year-old needles
is given by p; with iy = L and p; = 0.8 . p; y (j=2,...7).
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Calculation of Iy

First let us suppose that direct radiation enters P at
the elevation angle Bg with PPFFR Ig(=Tlg). If p is
the needle surface density in the surroundings of P, ds
the length of a small part of the light beam’s path after
reaching P, then the needle surface in a cylinder en-
closing this section of path with sectional area A is
given by A ds p. The radiation absorbed in the cylinder
is then [following (6) and (5)] A Ig(1 — exp(-ds p G(Byg))),
the mean PPFD through the needle surface in P is,
therefore

Alg
IP) =lim —= (1 - PGPy
W ds—0 Adsp

Ig &0 — PGBy
=lim ———————

ds—0 P ds

Is 4 1
=34 (_ PGBy = o PG(By)
_Pds( i W0 pPG(Bs)e“ 2l

=I5G(By) = Tsl5oG(Bs)

For pure diffuse radiation one obtains, when each
direction of incidence is treated accordingly and the
linearity of G(B) is made use of:

INP) = 1,GBP) = 1,1 oG Bp)

The photosynthesis capacity of the observation points
and stand photosynthesis

F’ is over Iy and r4 a function of I, B,Ig = Tglg, and
Bs (eq. 10). The hourly photosynthesis rate of a j-year-
-old shoot is thus

1
F = pfy0) [ BUMI B ¥l Bl ril B ¥lsor Bs) ) dy (10)
0

whereby f(y) is the probability density of Ts. The annual
rate of a 1 year-old shoot in P, viz. the sum over (10)
with j = 1 over one year’s vegetation period is now
meant to be understood by the photosynthesis capacity
of the point P, F (P). Needle respiration during the
night is disregarded in this connection.

In order to calculate the photosynthesis rate of the
stand, the mean rate of each height class was calculated
on the basis of (10) and the corresponding needle sur-
face densities. These values were interpolated linearly
over the entire crown length of the stand and their pro-
duct was successively integrated with the vertical leaf
area density of the stand.

SHADING NEEDLE AREA

We started from the projected leaf area index in or-
der to generalize the idea of shading needle mass on a
non-homogeneous stand. This expression can be gene-
ralized in a natural way to a ,mean* projected leaf area
index for P, whereby the average is taken over all di-
rections within a cone with point in P and cone angle
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(i.e. angle between the horizontal and the flank of the
cone) Py. The different directions of incidence are
weighted according to their importance for the radiation
climate or for the photosynthetic capacity of the point.
Here we use, two independent weighting functions for
the azimuth and the angle of elevation respectively,
from the form (Fig. 6):

o = -
@

o
&

N

o

weighting factor
o
o

0.2r A

1 A,

. 1 i 1 a A L
0:-?80 -140 -100 -60 -20 20 60 100 140 180
azimuth, o (degree)
l 2 T T T T T T T T
1.0F —

weighting factor
(=]

o.ob—t 1 1o 1 1. i

L
0 10 20 30 40 S0 60 70 80 90
angle of incidence, 3 (degree)

6. Weighting functions for the azimuth angle o (top; south is given
here by o = 0) and the elevation angle B (bottom) (eq. 11; the
optimized functions to Fig. 9 are shown)

_ |1 whenlal€a, —-n<os<m
@y, 0(0) = {a, otherwise,
BBy n
mh,ﬁ"(B)'—'h+(1—h)m_Boy Bo< 55‘ (11

For an observation point P in the stand let the shad-
ing needle area, i.e. the mean projected leaf area index,
be defined by

n 2
B(P)=C [w, 4 (@ [w,p(B)cosB Lp (@ B) dB do
E Po m’m™) (12)

with the standardizing factor

T w2
C= _[ O, a, (0) I oy, ﬂo(B) cosp df da
- Bn

Lp is given here by (5). In addition, let the variance of
the projected leaf area index be defined by
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T 2
SP=C [0, , @ [w,q®) cosp(Lp (@)
-B(P)” dB dat

To optimize the free parameters in (11), equations
(12) and (13) were approximated on the basis of the
direction grid (o, Bj) and the respective Lp-values.

(13)

RESULTS AND DISCUSSION
The radiation climate in the stand

For the vegetation period 1983, a total of 3,216
hours were counted, with sunshine for 1,356 hours; in
1984 the total was 3,160 hours with sunshine for only
1,065 of them. Irradiation for a point above the stand
(PPFFR, i.e. all directions of incidence rated equally)
was 9,852 Em™> in 1983, of which 43.8% fell to the
direct PAR; in 1984 it was 8,436 Em2 (38.7% direct).

Transmission of diffuse radiation shows a great va-
riability, especially in the upper to middle crown layers
(Fig. 7). The spaces between the crowns show up
clearly against the crown interiors. This pertains to both
the amount of radiation that can pass through and also
its angular distribution. The proportion of radiation en-
tering from the sides (especially within the crown)
which decreases quickly with increasing depth in the
stand is, for example, expressed here by the increasing
B. Underneath the crowns an average of 3.2% of the
diffuse radiation entering is still present, which accords

- N
T

height (m)
N WS O ) N O W o
T

T
1

o

7. Fractional penetration of diffuse radiation, #, and mean angle of
incidence, B, separately according to crown interiors (dashed lines)
and spaces between crowns. The mean values are given for the height
levels with standard deviation
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* well with corresponding measured values (Vézina,
1961; Mitscherlich et al., 1967).

Direct radiation, with a mean proportion transmitted
of 0.025, penetrates slightly less well into the stand than
diffuse radiation. This has often been reported (Mit-
scherlich et al., 1967), but the transmission is, of
course, greatly dependent on the particular position of
the sun (Anderson, 1966). Due to the seasonal dif-
ferences in the sun’s position, this dependence also has
an effect in the seasonally varying significance of direct
radiation in the lower stand layers [beneath the crowns,
its proportion per month is between 49% (Juli 1983)
and 9% (November 1983)]. The distribution of the pro-
portion transmitted of direct radiation is, moreover,
very different from that of diffuse radiation, which
leads in short measurement periods to the two peaks
often found in irradiance distribution during sunshine
(Sinclair, Knoerr, 1982). The penumbra effect
is seen here in the occurrence of intermediate values,
even though the extreme values predominate here more
than in the simulation of Oker-Blom (1985b) for
pine.

Photosynthetic production

The photosynthetic capacity above the stand was
1.11 in 1983, in contrast to 1.02 kg(COz)rn_2 in 1984.
This means a difference of 8.7%, while the sum of
radiation was 14.4% lower in 1984 than in 1983. In
1983, the photosynthetic production of the stand was
4.26, in 1984 only 3.72 kg(COz)m‘2 (ground area)
(-12.7%). The production takes place mainly in the up-
per crown layers, while for the lower third of the needle

Fs (g(CO2)m=%h~?)

-0.3_ 0.0 0;3 0:6 0;9 1.2 1.5
11
10F
g_
8_
g7t
= -
.?96
& 5F o:h<200
o : Iy <400
4+ A:§<600 1
+ : Ip < 800
3+ x i Iy <1000
o:f,‘?<1zoo
o + il <140
x : Ip < 1600
1 z:In<1800
1+ : ¢ I > 1800
" 1 L 1 L A 1 'y i 2
-0.1 0.0 0.1 0.2 0.3 0.4 0.5

Fy (g(CO2)m~=2h7?)

8. Mean annual photosynthesis rate of the needles (Fy) and photo-
synthetic production per volume element (Fg) dependent on height,
stratified according to PPFFR incidence
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mass the radiation is not sufficient to achieve a produc-
tion worth mentioning, judged over the year (Fig. 8).
This also means that a light saturation is not reached by
the stand on the whole.

Although it is known that the growth increase of
a tree is only slightly influenced by the removal of the
lower branches ( Ladefoged, 1946), a fact which
points to the low production of these branches, no tree
should, however, be allowed to keep unproductive leaf
mass to such an extent. Pisek, Transquillini
(1954) and Schulze et al. (1977) thus found that
photosynthesis was indeed reduced, but still clearly
positive in the shade crown of a spruce tree.

This finding indicates unrealistic suppositions in (at
least) one part of the model. The radiation model does
not take the grouping of shoots within the crown into
consideration. More intense grouping would reduce ra-
diation absorption in the upper crown layers, but could
increase it in the lower layers, while the total absorption
is reduced (Oker-Blom, Kellomidki, 1983). If
the scattering on the needle surfaces was taken into
account, it would probably show a similar effect. A de-
terioration in the situation for the lower needle layers
would result from taking radiation absorption by
branches and trunk into account. A somewhat different
distribution of production altogether could be the result,
but the cause for the production distribution found is
more likely to be found in the photosynthesis model.
The blame here might be laid primarily on disregarding
the morphological and physiological adaptation of the
shoot. Many conifer species exhibit marked morpho-
logical differences between ,;sun* and ,shade* shoots
(Carter, Smith, 1985); it has also been long since
known that the latter generally show a higher photosyn-
thesis rate under lower irradiance than the former, with
a lower light saturation rate (Leverenz, Jarvis,
1980; Kull, Koppel, 1987). The results empha-
size the importance of this adaptability to the prevailing
radiation regime.

The shading needle area and its relation to
photosynthetic capacity

An attempt was now made to relate the observation
points situated within the crowns to the respective mean
projected leaf area index as a characteristic of the local
stand structure. Two formulations were used,

F,=1-0,B-0,B%+¢, (14)

disregarding the variance in the projected leaf area in-
dex, and

F,=1-0,B—0,B% 08,55 — 0,55+¢, (15)

which takes the variance into account. F, = F(P) =
F(P)/F, is the relative photosynthetic capacity of an
observation point, €;, €&, are random variables with an
expected value of 0, whose variance should be ,,as small
as possible®. As the calculation of B depends on the
four parameters of the weighting functions (11), the
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optimum parameters of regression, as well as the esti-
mated variances of error of the regression formulations,
s% and s% are also a function of these weighting parame-
ters.

In using the relation (14) the best result obtained
when these weighting parameters were optimized was
a s% of 1.29 . 107, The optimum weighting parameters
here are B = 0.40, h =0.16, a; = 0.72, a; = 1.13. Small
elevation angles are thus given much less consideration
than large angles. If all directions are weighted equally,
and only the cone angle B, optimized, then with B, =
0.59, 52 of 1.78 . 10 results.

A considerably better adaptation could be achieved,
if the variation in the projected leaf area index was also
taken into account (15): The optimization of the cone
angle alone, without weighting, produces, with an opti-
mum B, of 0.4, 53 of 0.66 . 107>, When B, = 0.4 is held
constant, an optimum weighting of the angles of inci-
dence with h = 0.56, produces s% of 0.60 . 10'3, an
optimum weighting of the azimuth with a; = 0.72 and
a, = 1.38 produces and s% of 0.44 . 107. The weighting
of both the angle of incidence and the azimuth produces
s% =041.1073 (Fig. 9). The optimum weighting pa-
rameters here are h = 0.66, a¢; = 0.73 and a, = 1.36
(Fig. 6).

The findings of 1984 differ mainly in the optimum
value of a;. With a; = 0.77 there is less marked signifi-
cance in the southern directions for the differences in
photosynthetic capacity, which accords with the shorter
duration of sunshine.

In all regressions the residuals exhibit a systematic
dependence on the height class: in the two upper height
classes the mean F, is underestimated by the formula-
tion, in the medium height class it is overestimated,

1.0 ®:1p=6 6, = 0.5094 1.0 — - . , —r——
B{ X:in=5 g, =_0.0514 I | |
tim=4 e _0.0823 |
0.8 a:ip=3 0.8F | |
_ iy 9;=—o.0330 a _ ' “ ]
s2 = 0.409 - 10~
0.6 ’ O ¥ i
x%*+ Bo =040 I
i oy h = 0.66 | et T
&Y 0. 41 ¢ §) a =073 K 0. 41 ' ¥ 1
FLa !
I ﬁ# a3 = 1.36 ! | ]
|
|
|

while there is scarcely any systematic divergence in the
lower regions. Even the optimized model can, therefore,
not be regarded as a complete description of the relation
between stand structure and photosynthesis capacity for
the whole stand. The optimum weighting parameters for
differentiating photosynthetic capacity show, on the
contrary, a clear dependence on height level, as is seen
in the results of separate optimizations: the greater the
depth in the stand the less the small angles of incidence
are considered, just as southern directions are less and
less favourably weighted.

CONCLUSIONS

In spite of the qualifications of the last paragraph,
one may speak of a relatively close connection between
shading, expressed by the mean projected leaf area in-
dex and the annual photosynthetic capacity. The model
calculation has clarified two points here:

1. The importance of direct radiation for the produc-
tion of the stand is not as great as would correspond to
the proportion of radiation entering, which is expressed
in the relatively low preference of southern directions
in the weighting. The cause of this is, in conclusion, the
unfavourable distribution of direct radiation on the nee-
dle surface of a shoot. However, sky brightness is not
distributed according to a ,,standard overcast sky“ when
the sky is clear but with a maximum in the vicinity of
the sun, so that the preference given to southern direc-
tions in the model will probably turn out rather too
small.

2. The heterogeneity in the spatial distribution of the
shading needle area must be taken into consideration.

9. a) Relationship between B and F, when the directions of incidence are optimally weighted (see Fig. 6). b) Relationship between F, and

its estimate according to eq. 15, F,,
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The reason for this lies in the non-linearity in the rela-
tion between projected leaf area index and gap fre-
quency and between irradiance and photosynthesis rate.

The idea presented could be used in two ways: the
simulation of the distribution of radiation and produc-
tion for longer periods in a larger, 3-dimensional model
stand requires intensive calculation and, even on a large
computer, much time. A relation such as (15) which
would have to be deduced once for a given climatic
course, can therefore, help to save computing time if
one wants, for example, to estimate the influence of
different stand structures (spatial distribution of the
trees, distribution of sizes) on stand production.

Of course, it is not the projected leaf area index that
is decisive for shading, but the gap frequency deduced
from it. It would, therefore, be just as conceivable to
connect the photosynthetic production in one place with
the accompanying distribution of gap frequency. As this
can be established for a real stand by fish-eye photo-
graphs of the canopy (Anderson, 1964), an estima-
tion of the distribution of photosynthetic capacity in
a stand would thus be conceivable. Measurements of
radiation and photosynthesis combined with a similar
model to the one presented here would, however, be
necessary to calibrate this method.
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VZTAH LOKALNI POROSTNI STRUKTURY K FOTOSYNTETICKE KAPACITE
VE SMRKOVEM POROSTU: MODELOVA KALKULACE

J. Pfreundt, B. Sloboda

Ustav lesnické biometrie a informatiky a Vyzkumné centrum pro lesni ekosystémy Univerzity v Géttingenu,

Biisgenweg 4, D-37077 Gottingen

Pokus o mechanistické modelovani rastu jednotli-
vych stromu v lesnické ekologii vede k problému ma-
tematického popisu a parametrizaci prostorového roz-
déleni fotosyntetické produkce v porostu.

V prici je formulovana otazka, jestli se ro¢ni i fotosyn-
tetickd produkce na daném misté a uvnitf korunni vrstvy
neda vysvétlit a vypocitat pomoci lokalnich strukturnich
parametrii. K tomu je nutna konstrukce modelu pro foto-
syntézu s vysokou rezoluci, ktery musi byt sklouben s od-
povidajicim prostorovym modelem radia¢niho transportu.
K tomuto t¢elu byl také zkonstruovian modelovy porost,
ktery ma reprezentovat 25lety smrkovy porost.

Pomoci radiatniho a fotosyntetického modelu a za
pomoci ¢asové souvislych klimatickych méfeni pro ob-
dobi dvou let bylo modelovdno Casové a prostorové
rozdéleni fotosyntetické produkce (zde se tim rozumi
netto-fotosyntéza s hodinovym taktem). Ro¢ni produk-
ce na uritém bodé€ byla pak déna do relace ke stinici
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plose jehlic, ktera se nachazi nad timto bodem v poros-
tu (pozdéji uvniti specidlniho kuZele).

Modelovy porost obsahuje 22 jednotlivych stromi
(obr. 1), jejichZ koruna mé sedm vrstev plasti koruny,
pfiCemZ kaZda vrstva, ohraniena paraboloidnimi plo-
chami, reprezentuje jeden ro¢nik jehlic (obr. 3). Pfed-
pokladalo se, Ze prostorova hustota jehlic byla ve stejné
vySce horizontilné konstantni (nikoliv vertikalné) a Ze
jednotlivé ro¢éni vyhonky maji vodorovnou orientaci
a jsou na sobé& nezédvisle a nahodné rozdélené. Radia¢ni
intercepce jednoho vyhonku byla reprezentovéana jeho
projekéni plochou, pfi¢emZ se pfedpokladalo, Ze ta je
line4rné nezavisld na vySkovém thlu vzhledem k dopa-
dovému smé&ru. Modelovéni radiaéniho reZimu bylo
provedeno pro trojrozmérnou sit pozorovacich bodi.
Casovy takt byl hodinovy a materidlovy podklad tvofi-
lo méfeni PAR a doba sluneéniho svitu v gottingen-
ském lese v letech 1983 a 1984.
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Pro kalkulaci radiaéniho reZimu byla urena koinci-
dence sitovych bodu s korunami, resp. jejimi vrstvami,
a také poCetnost mezer v korunni vrstvé. Ta byla pie-
poétena pro azimutni a elevaéni thly. Transmise pfimé,
resp. difuzni radiace byly simulovany podle metodiky
uvedenych autorit (Oker-Blom, 1985b, resp. Li-
-Cor, 1979) v jednotkach PPFFR.

Vypodet fotosyntetické produkce byl proveden za
pfedpokladu, Ze Zivin a vody je dostatek a Ze davka
(rate) fotosyntézy vyhonku je dostate¢né determinovana
jeho vékovou tfidou, mnoZstvim radiace (kompozice
pfimé a difuzni) a teplotou. Hodinova fotosyntéza j-té
vé&kové tfidy vyhonku byla kalkulovana pomoci rovnice
(10) pro kaZdy bod prostorové tfirozmérné sit€. Ro¢ni
fotosynteticka kapacita pro jednoro&ni vyhonky v bodé
P, tj. F(P) se vypotitad sumaci rovnice (10) pro celou
roéni dobu.

Vypocet ro¢ni fotosyntetické davky (rate) se provede
pomoci stfedni roéni davky pro kaZdou vyskovou tfidu
vézenou hustotou jehlicové povrchové plochy. Pro kaz-
dy bod sité¢ P byl zkonstruovan kuZel s vrcholovym

ihlem P a byla také kalkulovana velikost plochy jehlic,
ktera se nachazi uvnitf kuZelové plochy. Tato plocha se
nazyva ,stinici plocha* pro bod P, oznateni B(P).
V dal$im byl pouZit koncept relativni fotosyntetické

. kapacity F,, pfi¢emZ ta byla vysvétlena regresni rovni-

ci pomoci proménné ,stinici plocha B“. Tato velifi-
na umoZziiuje v praxi snadno kalkulovat ro¢ni fotosyn-
tézu.

V ramci Elanku byly provedeny kalkulace hodinové
a ro¢ni fotosyntetické produkce modelového porostu
v jednotkach kg (COZ).m'z. Podobny koncept pro pro-
storové homogenni porosty byl realizovan Kellomakim
s tim rozdilem, Ze mnoZstvi stinici plochy jehlic pro
urdity prostorovy bod P bylo u Kelomikiho celkové
mnoZstvi jehlicové plochy (LA) ve vrstvé nad bodem
P a ne pouze v kuZeli. Tim se dos4hlo lep3ich regres-
nich vztahi mezi relativni fotosyntetickou kapacitou
a stinici plochou povrchu jehlic nad body. Tento kon-
cept svételného kuZele je vyhodnéjsi pro prostorové ne-
homogenni (napf. riznovéké) porosty.

Contact Address:

Prof. Dr. Dr. h. c. Branislav Sloboda, Abteilung fiir Forstliche Biometrie und Informatik der Universitit Géttingen, Biisgenweg 4,
D-37077 Géttingen, Bundesrepublik Deutschland

Woodcock, H. — Vollenweider, P. — Dubs, R. — Hofer, R. M.: Crown alterations induced by decline: a study of
relationships between growth rate and crown morphology in beech (Fagus sylvatica L.) (Zmény koruny
zpisobené chiadnutim: vyzkum vztahu mezi tempem riistu a morfologii koruny u buku /Fagus sylvatical L.)

Trees, 1995, s. 279-288 — 7 obr., 2 tab., lit. 38

Termin decline — chfadnuti — popisuje syndromy chorob, které se nedaji vysvé&tlit jednoduchym vykladem jako jsou kauzlni patogeny.
Jednim z prvnich pfiznaki chfadnuti je sniZeny rust tlouStky kmene a sniZeny rust vy$kového pfiristu. Konkrétni vyzkum v tomto sméru
u buku probihal u Lausanne ve Svycarsku. Pro charakterizovani hlavni osy a morfologie v&tvi prvniho ¥4du bylo vybréno est stromi. MoZnost
vztahu mezi vySkovym pfiriistem a wroviiovou probirkou se zkoumala za pomoci tvorby poéitatového modelu pro simulaci sché vétveni
prvniho fadu vrcholkovych dvou metri u stromi starych 70 aZ 100 let. Vysledky vyzkumu nasv&d&uji tomu, Ze nékteré pfiznaky chfadnuti
buku jsou pfimo spojeny s kvantifikovatelnymi zm&nami v morfologii v&tveni pravdépodobnou reakci na predisponované stresy. Tyto stresy
zahrnuji podle pofadi vyznamu: vék porostu, opakovani suché obdobi, zménéné hydrologické podminky v disledku celkové urbanizace ploch
obklopujicich les, zneci$téni ovzdusi, zvlasté vysoké hladiny No, a O;. Nebezpeti Skod na kife se zvy¥uje v disledku vy3Sich teplot
a desikace. Je snaha najit dikaz limitu tempa ristu. - M. Paga¢
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GENOVE ZDROJE BUKU LESNIHO (FAGUS SYLVATICA L.)
V CESKE REPUBLICE - OPATRENI K ZACHRANE
A REPRODUKCI

GENETIC RESOURCES OF EUROPEAN BEECH (FAGUS SYLVATICA L.)
IN THE CZECH REPUBLIC — MEASURES AIMED AT CONSERVATION
AND REPRODUCTION

J. Sindelar

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

ABSTRACT: The European beech was one of the woody species with largest distribution in the autochthonous forests of the
Czech Republic in hilly regions, in highlands and in mountainous regions. It is estimated that its share in natural forests was
about 40% of their area (Sindel4f, 1994). The current share of the beech in forests of the Czech Republic, 5.5% of their
area, is critical. A long range outlook relies on an approximately threefold increase in beech distribution in the CR forests, to
about 18%. Measures aimed at conservation and reproduction of genetic resources and creation of the basis for reproduction
material are extraordinarily urgent. These measures should involve particularly the establishment of gene pools, certification
of crops for seed harvest, planting of reproductive (seed) stands, natural regeneration.

Fagus sylvatica L.; genetic resources; conservation; reproduction

ABSTRAKT: Buk lesni patfil v piivodnich lesich Ceské republiky v pahorkatinich, vrchovinach a horskych polohdch k nej-
rozdifendj$im dfevinim. Odhaduje se, %e jeho plosné zastoupeni v pfirozenych lesich bylo asi 40 % (Sindelaf, 1994).
Souasny podil buku v lesich CR — 5,5 % plochy — je kriticky. V dlouhodobém vyhledu se m4 zastoupeni buku v lesich Ceské
republiky vice neZ ztrojndsobit, a to asi na 18 %. Opatieni k zdchrané a reprodukci genovych zdroji a zabezpeceni zdkladny
pro reprodukéni material jsou mimoradné aktudlni. K t€mto opatfenim patfi zejména zfizovani genovych zakladen, uzndvani

porosti ke sklizni osiva, zakladani reproduktivnich (semennych) porosti, pfirozend obnova.

Fagus sylvatica L.; genové zdroje; zachrana; reprodukce

UVOD

Buk lesni patfil v pivodnich lesich Ceské republiky
v pahorkatinach, vrchovinach a horskych polohich
k nejroziifenéj§im dfevindm. Odhaduje se, Ze jeho
plosné zastoupeni v pfirozenych lesich bylo asi 40 %
(Bindelaf, 1994). Soucasny podil buku v lesich CR,
5,5 % jeho plochy, je kriticky (obr. 1).

V dusledku orientace na dfeviny jehli¢naté, asto ve
form& monokultur, buk v nékterych oblastech (zejména
v Cechach) téméf vymizel. Zachoval se lokalné ve vét-
§im podilu v druhové skladbé lesnich porosti pouze
v nékolika maélo oblastech, nékde pfevazné ve formé
nesmiSenych bukovych porosti, jinde v porostnich
smésich zejména se smrkem ztepilym, v niZSich polo-
héch s dubem zimnim. Disledkem tstupu buku miiZe
byt na nékterych stanovistich zhorSovani urodnosti les-
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nich pud, jinde sniZena stabilita nesmiSenych jehli¢na-
tych — prevazné smrkovych — porosti.

V ponékud vétsi mife se udrZel na Moravé, s ohle-
dem na odli$né prirodni a ekologické poméry, vyznam-
néjsi podil smiSenych porostl z pfirozené obnovy. Buk
v karpatskych oblastech Moravy ma vétSinou relativné
znacnou vitalitu a dokazal se proto i pfi monokulturnim
a holose¢ném hospodafstvi v konkurenci se smrkem
cestou pomistného pfirozeného zmlazeni ponékud vice
prosadit (Sindel4af¥, 1983).

V dlouhodobém vyhledu se ma zastoupeni buku
v lesich CR pfibliZzné ztrojnasobit, a to asi na 18 %.
Zvyseni plo$ného podilu buku v lesnich porostech se
planuje prakticky u v3ech lesnich zavodu, kde buk pfi-
chazi (s ohledem na stanovistni podminky) v tivahu ja-
ko slozka lesnich ekosystému. Jde o vSechny lesni ob-
lasti a lesni zdvody s vyjimkou objekti v Polabi
a Moravskych uvalech.
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1. Zastoupeni buku v lesich Ceské republiky — European beech proportion in the forests of the Czech Republic

I kdyZ se kaZdoro¢né planuje relativné zna¢na plo-
cha buku v rdmci obnovnich a zalesfiovacich praci,
zpravidla se nedosahuje uspokojivych vysledku. Limi-
tujicim faktorem je nedostatek osiva a sazenic. V pos-
lednich letech se ponékud intenzivnéji vyuZivd moZnos-
ti sklizné semen i pfi primérnych a slabich drodich
a riiznymi zpusoby se zajiftuje dovoz osiva ze Sloven-
ska. Tato aktivita se ale zatim vyraznéji neprojevila.

Vysledky skladovani a predosevni piipravy bukvic
v mnohych provoznich lesnich §kolkdch nejsou jesté
uspokojivé a pocet sazenic, ziskanych z hmotnostni
jednotky osiva, je maly. Dal§im limitujicim faktorem
pfi uplatiiovani buku v lesnich porostech je zvéf, ktera
znatné poskozuje az likviduje vysadby, pokud nejsou
chranény oplocenim. Podobné jsou ohroZeny nalety
a nérosty z pfirozené obnovy.

Jednim z nejvétich nedostatki soucasného lesniho
hospodafstvi, ktery je tfeba fesit, je skuteCnost, Ze se
v naprosto nedostate¢né mife vyuZiva pfirozené obnovy
buku. Reprodukce timto zpiisobem je v pfevazné vétsi-
né bukovych porostii a ve smiSenych porostech s bu-
kem moZné a redlnd. Opomiji se moZnost cestou pfiro-
zené obnovy reprodukovat genové zdroje pivodnich
populaci buku, které se aZ dosud zachovaly.

S ohledem na uvedené skutenosti — soucasny Kritic-
ky stav zastoupeni buku v lesich CR na stran& jedné
a tkoly zvysit v dlouhodobé perspektivé zastoupeni bu-
ku na vice neZ trojndsobek soucasného stavu na strané
druhé — jsou opatieni k zdchrané a reprodukci genovych
zdrojii a zabezpeceni zakladny pro reprodukéni materidl
mimoradné aktualni. K opatfenim patii zejména zfizo-
véani genovych zikladen, uzndvani porosti ke sklizni
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osiva, zakladani reproduktivnich (semennych) porostu.
Ur¢ity vyznam mohou mit do budoucna i néktera dalsi
opatfeni, jako jsou semenné sady zakladané pro speci-
fické ucely, autovegetativni mnoZeni fizkovanim a kul-
turami in vitro, dlouhodobé skladovani osiva aj.

PRIRODNI REZERVACE SE ZASTOUPENIM BUKU

Buk je zastoupen ve zna¢ném poétu narodnich pfi-
rodnich rezervaci a pfirodnich rezervaci v lesnich eko-
systémech. Jde celkem o témé&f 200 objektu, z toho vice
neZ v poloviné buk pfevlada ve druhové skladbé lesnich
porosti, v ostatnich je ve vétSi ¢i mensi mife pfimiSen
(obr. 2). Stejné tak jako u dalSich dfevin jsou pfirodni
rezervace s bukem riizné velikosti — od vyméry znaéné
pres 100 ha do pouhych nékolika mélo hektart (Sin-
delar, 1991).

Existuji urcité oblasti, kde se ve vét§im méfitku za-
chovaly zbytky dospélych a piestarlych bukovych po-
rosti. Jednim z center, kde je vétSi pocet rezervaci
s touto dievinou, je lesni oblast 11 — Cesky les. K nej-
vyznamné&j$im objektim v této oblasti patfi napf. rezerva-
ce Bystfice v obvodu Lesni spravy Lest Ceské repub-
liky (LS LCR) Domazlice (lokalita pod Cerchovem),
déle Ples (Lesni sprava HorSovsky Tyn) a Diana v bliz-
kosti Pfimdy.

Znacny pocet rezervaci s bukem je registrovan v Ji-
zerskych horach, pfedev§im v ramci LS Détfichov. N&-
které z téchto rezervaci jsou jiZ vyraznéji naruSeny imi-
semi, vétSinou jsou vSak Zivotaschopné a jeSté dnes se
buk na t&chto plochich pfirozen& zmlazuje.
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Vétsi pocet rezervaci s bukem existuje déle na Kii-
voklatsku, v Zapadoceské pahorkatiné a v Brdech. Jde
napi. o objekty, jako je rezervace Kohoutov, déle, po-
kud jde o Brdskou vrchovinu, napf. o rezervaci Getse-
manskd zahrada v oblasti LS RoZmital a Chyninské bu-
ky (LS Spalené Pofiti).

K nejvyznamngj§im objektiim ve stfednich Cechich
patfi Vodéradské bu€iny v oblasti Skolniho lesniho
podniku Kostelec nad Cernymi lesy.

Relativné maly pocet rezervaci se zastoupenim buku
je na Sumavé (Boubinsky prales), v Blanském lese
(Klet — s pfevahou smrku, ale se zna¢nou piimési buku
i javoru horského). Pokud jde o Novohradské hory,
jsou vyznamnymi objekty Zofinsky prales a rezervace
Hojna Voda s vyraznou prevahou buku v porostech.

Na Moravé jsou pfirodni rezervace s bukem soustie-
dény zejména ve tfech centrech; jsou to Moravskoslez-
ské Beskydy v&etné Javorniku a Vsackych Beskyd, déle
oblast Hrubého Jesenika a Drahanska vrchovina (pfe-
vazné v podoblasti Moravsky kras). Z vét§iho poctu
pfirodnich rezervaci v Moravskoslezskych Beskydech
a prilehlych oblastech 1ze jmenovat napf. Mazik a Ma-
zacky grinik v oblasti LS Ostravice, Mionsi (LS Jab-
lunkov), kde vyvoj sp&je postupné k viceméné listna-
tym, pfevazné bukovym porostim (jedle postupné
odumira a reprodukce smrku je nedostate¢nd). Z dal-
§ich je moZné se je$té zminit napf. o objektech Nofi¢i
(LS Frenstat pod Radho§tém), Razula (LS Velké Kar-
lovice) a fadé dalSich.

Pokud jde o Hruby Jesenik, k nejvyznamnéj$im patii
rezervace Mald Kotlina, kde buk tvofi znacnou piimés
ke smrku.

Mimotadné zajimava je pfirodni rezervace Ptaci hora
v oblasti LS LCR Bruntal, kde buk roste ve smési s au-
tochtonnim sudetskym modfinem.

V oblasti Stiedomoravskych Karpat je vyhla$ena pii-
rodni rezervace Holy vrch v oblasti LS Buchlovice.
Spolu s prilehlou genovou zakladnou tvofi komplex
pievdZné bukovych porosti o vyméfe asi 700 ha.
V tomto piipadé jde o objekt ve vegetatnim lesnim
stupni dubobukovém, kde jako pfimés v porostech pie-
vazné bukovych prichazi dub a habr.

Nelze opomenout objekty v Bilych Karpatech v oblasti
LS StraZnice, zejména Javorinu, pfirodni rezervace na
Ceskomoravské vrchoving, predevsim Zakovu horu, dile
nékteré objekty na LS Jihlava (napf. Velky Spi¢ak) a Telc.

Celkovy stav piirodnich rezervaci s bukem je vétsi-
nou dobry, a to i v nékterych pfipadech s vyraznym
imisnim zatiZenim (napf. Nacetin v Krusnych horach).

Buk se ve vétSiné pfirodnich rezervaci dobie zmla-
zuje a narosty, i kdyZ jsou brzdény ve vzristu zvéfi, se
prosazuji, zatimco jehli¢naté dfeviny (pfedevsim jedle,
ale i smrk) ustupuji.

S ohledem na tyto skute¢nosti je moZné konstatovat,
Ze piirodni rezervace, pokud jde o buk, pfedstavuji —
véetné svych ochrannych pasem — velmi cenné objekty
z hlediska zachrany genovych zdroji. Je pochopitelné,
Ze jejich lesnicka vyuZitelnost je omezena obecnym re-
Zimem ochrany téchto objekta.
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GENOVE ZAKLADNY

Buk lesni je zastoupen ve vétsiné genovych zékladen
navrzenych v CR. Jde asi o 140 komplexi lesnich po-
rostli o vyméfe kolem 60 tisic ha (Sindel4f, 1990).
V genovych zdkladnéich tvoii buk vétSinou pouze veétsi
¢i men3i pfimés, jinde je jen vtrouSen. Pfesto se viak
pocitd s tim, Ze i v genovych zakladnach s velmi ma-
lym podilem buku by se tato dfevina méla obnovovat
pfirozenou cestou.

Jen v malém poctu pfipadi jsou genové zakladny
zfizovéany v lesnich &astech, které jsou vyhradné buko-
vé nebo kde buk vyrazné prevladd. K objektim tohoto
typu patii napi. nékteré genové zdkladny v Krudnych
horach, v Jizerskych horach, dile napf. v Kfivoklatské
oblasti. Z jednotlivych dalSich konkrétnich objekta lze
jmenovat napf. Vodéradské budiny v oblasti Skolniho
lesniho podniku Kostelec nad Cernymi lesy, genové zé-
kladny ve Chfibech a Zdanském lese, v Bilych Karpa-
tech (objekt Vldra v oblasti LS Brumov) aj.

Z mapky (obr. 3) je patrné, Ze genové zékladny, kde
je v druhové skladbé lesnich porosti zastoupen buk,
jsou navrZeny v ramci vSech lesnich oblasti. Ve stred-
nich Cechéch se jedn4 zejména o objekty v lesni oblasti
8A — Kiivoklatsko, 3 — vhodné soubory lesnich porosti
byly vyhledany v Brdské vrchoving, jeden objekt v ob-
lasti Hfebenu (LS Dobiis, lokalita Obora). Vyznamnym
objektem jsou Vodéradské buciny, kde doSlo k vazbé
pfirodni rezervace a genové zakladny, dile bukové po-
rosty a smiSené porosty s bukem na Blaniku v oblasti
LS Vlasim.

VEtsi pocet porostnich soubori se zastoupenim buku
(jde vesmés o porosty smrku, jedle a buku nebo smrku
a buku) byly vyhledidny na Sumavé v oblasti LS Pra-
chatice a Vimperk. K tomu pfistupuje jest€ nékolik
komplexi, které jsou lokalizovdny v oblasti Vojen-
skych lest a statkti Horni Pland. Na pfirodni rezervace
navazuji dva pomérné rozsahlé komplexy vesmés smi-
Senych porosti se zastoupenim buku v Novohradskych
horich. V provenienénich pokusech s bukem se osvéd-
¢ily dil¢i populace z obvodu LS Hluboka nad Vltavou
(Ponésice) a Vodnany (Vsetec). Genové zakladny pro
zachranu a reprodukci genovych zdroji buku byly proto
zfizeny na téchto lokalitich. Mensi &i vétsi komplexy
prevazné bukovych lesnich porostd v severnich Ce-
chéich se zachovaly zejména v Kru$nych horach, v Ji-
zerskych horich a v LuZické piskovcové vrchoving.
V Krus$nych horich je jako genové zédkladny se zastou-
penim buku navrZeno celkem pét objektd. K nejvy-
znamnéj§im patfi zdkladna v oblasti LS Janov v Kru§-
nych horach (Nacetin).

Ve vychodnich Cechach je nékolik genovych zakla-
den, kde je zastoupen buk, navrZeno piedevs§im v Or-
lickych horach (napf. na LS Rychnov nad KnéZnou,
navazujici na narodni pfirodni rezervaci Tr&kov, na LS
Opocno, Luisino ddoli).

Pokud jde o jiZni Moravu, je né€kolik soubori lesnich
porosti s bukem navrZeno jako genové zdkladny v lesni
oblasti 16 — Ceskomoravska vrchovina. Z t&chto objek-
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2. Pfirodni rezervace se zastoupenim buku v lesich Ceské republiky — Nature preserves with European beech occurrence in forests of the
Czech Republic

3. Genové zikladny se zastoupenim buku v lesich Ceské republiky — Gene pools with European beech occurrence in forests of the Czech
Republic
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ti patii k nejvyznamnéjsim zakladna Cikhdj. Zahrnuje
i pfirodni rezervaci Zékova hora. Pozoruhodny je déle
vybrany soubor lesnich porosti Jihlava s kvalitnim
a dobfe se zmlazujicim bukem v nesmiSenych poros-
tech a ve smésich buku a smrku. V oblasti Stfedomo-
ravskych Karpat (LS Buchlovice a Buéovice) jsou jako
genové zdkladny navrZzeny Ctyfi objekty, v Bilych Kar-
patech dva soubory s vysokym zastoupenim buku, a to
na LS Brumov nad Vlarou a na LS StraZnice.

Co do poctu je nejvice genovych zikladen se zastou-
penim buku navrZeno na severni Moravé a ve Slezsku.
Jak je patrné z mapky (obr. 3), jsou tyto objekty kon-
centrovany jednak do oblasti Moravskoslezskych Bes-
kyd, jednak Javorniki a Vsatskych vrchi. Dalsi sou-
stiedéni je pak v Hrubém Jeseniku a predhofi, nékolik
objekti je v Nizkém Jeseniku a v Rychlebskych ho-
rich. VSechny navrZené objekty jsou vyznamné, i kdyz
se vesmés jedna o soubory porosti o spiSe menSich roz-
lohé4ch. Z hlediska jakosti buku patii ke zvlasté pozoru-
hodnym napf. tyto zakladny: Usov (LS Litovel), Hos-
tejn (LS Zabfeh na Moravé), Karlovice sever (LS
Karlovice), Bild (LS Ostravice), Karolinka (LS Velké
Karlovice) aj.

POROSTY UZNANE KE SKLIZNI OSIVA

K 1. 1. 1995 bylo v Ceské republice evidovano
12 338,66 ha uznanych porosti buku lesniho, z toho
2 447,87 ha kategorie A, coZ je asi 20 % z celkové
rozlohy.

Pokud jde o jednotlivé oblasti, vykazuje nejvétsi
plochu porosti uznanych ke sklizni osiva jiZzni Morava
a dale oblasti severni Moravy a Slezska. V oblasti by-
valych Jihomoravskych stitnich lest je dnes registrova-
no 3 944,50 ha uznanych porosti buku. V Cechach je
nejveétsi plocha porosti uznanych ke sklizni osiva pro
buk registrovdna v byvalém JihoCeském a déle v byva-
lém Severoceském kraji. Vychodoceska oblast vykazuje
relativné malou plochu uznanych porosti (1 060 ha).

Plocha porostii uznanych ke sklizni osiva je nedosta-
te¢n4, dosahuje asi 70 % kalkulované potfeby (Sin-
delat, 1987, 1989b). Pocita se proto se Zadoucim zvy-
Senim celkové plochy uznanych porosti buku.

Konkrétni navrhy pro plochy uznanych porostl (mj.
i buku) pro jednotlivé lesni zdvody byly zpracovany ve
Vyzkumném dstavu lesniho hospodafstvi a myslivosti
Jilovi§té-Strnady (Rambousek, 1989a, b; Sinde-
14F, 1989a).

Celkova plocha uznanych porosti buku by méla byt
podle vyhledového planu 17 466 ha, z toho porostu ka-
tegorie A 5 566 ha. K nejvét§imu narustu by mélo dojit
na severni Moravé, kde je zna¢né plocha porostii buku
star§ich 60 let a moZnosti uznavani na fadé lesnich hos-
podaiskych celkd nejsou zdaleka vyuZity. Jako priklad
Ize jmenovat Lesy Ceské republiky, LS Jablunkov, Ja-
vornik, Ostravice, Velké Karlovice.

Je nutné vyvinout usili, aby se co nejvétsi podil buku
v rdmci obnov lesnich porostl zaji$toval pfirozenou ob-
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novou. Pro pfirozenou obnovu jsou — pfes postiZeni
lest §kodlivymi vlivy prostiedi, zejména imisemi — sta-
le relativné priznivé podminky. Lze poéitat s tim, Ze
v podstatné ¢asti bukovych porostii a v porostech s pfi-
mési buku by bylo moZné (pfi vhodnych biotechnic-
kych opatfenich) Zadouci podil buku v obnové zajisto-
vat cestou prirozeného zmlazeni.

OSTATNI DILCI OPATRENI K ZACHRANE
A REPRODUKCI GENOVYCH ZDROJU BUKU

K 1. 1. 1994 je evidovano 168,45 ha semennych
porostl buku. Nejvétsi vyméry pripadaji na jizni Mora-
vu (61,68 ha) a severni Moravu (56,36 ha). Semenné
porosty buku vznikly aZ dosud vesmés z pfirozené ob-
novy (Sindelaf, 1985a, b). Pokud jde o jednotlivé
lesni spravy, jsou nejvétsi plochy semennych porosti
buku zaloZeny v oblasti LS Brumov nad Vlarou, Velké
Karlovice a Buchlovice. Podle vyhledového plinu do
r. 2000 se pocita s dal§imi reproduktivnimi porosty bu-
ku o vymére nékolika set hektaru.

Pfevazna vétSina semennych porosti by méla — jak
se to délo doposud — vznikat z pfirozené obnovy. V n&-
kterych pripadech se vSak nevyhneme zakladani poros-
th uméle ex situ, budeme-li chtit zajistit dal§i existenci
genovych zdroju populaci vyrazné ohroZenych imisemi
(Sindelaft, 1989a, b, 1991).

AZ dosud bylo zaloZeno osm semennych sadi buku
o celkové vyméfe 10,99 ha, a to na LS Zbraslav nad
Vitavou, Nové Hrady, Pisek, KaSperské Hory, Ceska
Lipa, Broumov, Lede¢ nad Sazavou a Skolni polesi
Hirka. Semenné sady jiZz kvetly (napf. semenny sad
v Led¢i nad Sazavou, lokalita Ceriidk) a bylo sklizeno
malé mnozstvi bukvic. Jakost osiva byla vesmés ne-
uspokojiva (velky podil semen hluchych) zejména
s ohledem na malou produkei pylu v sadech. V r. 1995
se dostavila i v nékterych semennych sadech plné droda
a jakost sklizeného osiva byla vesmés dobra. Podobné
jako u dubii neni problematika semennych sadii buku
zatim dostatené ujasnéna zejména po strdnce ekono-
mické. Problémy pusobi i nékteré dalsi skuteénosti,
napf. zna¢néa inkompatibilita podnoZe a roubu a Casto
se vyskytujici nasledné odumirani i vzrostlejSich roubo-
vancu.

Malému poétu a ploSe semennych sadii buku odpo-
vida i celkem nevelky podet aZz dosud vyhledanych
a uznanych vybérovych stromu buku (celkem 343 je-
dinct).

Jednim ze souboru opatieni vyuZitelnych mj. i pro
reprodukci genovych zdroji vybranych populaci les-
nich dfevin jsou vyzkumné plochy proveniencni a ové-
fovaci. I kdyZ zakladani t€chto ploch sleduje specifické
cile (ziskani informaci o promé&nlivosti, testovani popu-
laci), 1ze biologicky material vyuZit i pro dalsi dcely
§lechtitelského charakteru, mj. i k reprodukci dil€ich
populaci zastoupenych na plochich. V tvahu prichézi
predev§im odbér rostlinného materialu pro vegetativni
mnoZeni (roubovdani, fizkovani, kultury in vitro). AZ
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dosud bylo v CR zaloZeno devét provenien&nich a ové-
fovacich ploch s bukem lesnim. Jedna z ploch pochazi
z 1. 1972, ostatni z r. 1984. Na plochach je soustfedéno
asi 50 potomstev riznych dilich populaci, vesmés
uznanych jednotek z CR i ze Slovenska. Pro porovnani
jsou vysézeny i nékteré dil¢i populace z Madarska. Plo-
chy jsou zaloZeny na LS Pelhfimov, Milevsko, Brou-
mov a na byvalém vyzkumném objektu VULHM Iilo-
visté-Strnady. Stav ploch je velmi dobry, plochy jsou
hodnoceny a dil¢i vysledky jsou k dispozici. Plochy
jsou jiZ natolik vzrostlé, Ze je moZny odbér rostlinného
materidlu pro vegetativni mnoZeni.

V1. 1995 zalozil V. Hynek v ramci mezinarodni-
ho projektu dals§i vyzkumnou plochu proveniencni se
49 vybranymi proveniencemi z aredlu buku v Evropg.
Navic bylo vysazeno dal§ich 14 ploch akcesorickych
celkem se 24 proveniencemi z Ceské republiky. A% do-
sud zaloZené vyzkumné plochy provenien¢ni s bukem,
na nichZ je zastoupena i fada provenienci ze Slovenské
republiky, by mély pfinést mj. vyznamné informace
o geneticky podminéné proménlivosti buku v podmin-
kéch stfedni Evropy, zejména viak Ceské republiky.

Statické metody pouZivané nebo uvaZované pro za-
chovani genovych zdroju rostlin, tedy i lesnich dfevin,
predstavuji v podstaté konzervaci rostlinnych organa,
pletiv. K témto metoddm patii zejména banky lesniho
osiva, banky pylu lesnich dfevin, banky rostlinnych ex-
plantiti. Teoreticky se uvazuje i o skladovani extraho-
vané DNK a o skladovani organel dfevin, které jsou
nositeli extranukledrnich genetickych informaci. Patfi
k nim mitochondrie a plastidy.

Podobné jako u dubi nelze semena buku lesniho
v bankich osiva dlouhodobé skladovat. UloZeni v chla-
dirnach umoZiiuje podle dostupnych informaci udrZeni
pfijatelné Zivotnosti osiva zatim maximélné na dobu
péti let. Toto obdobi je dostate¢né dlouhé z hlediska
praktického lesniho semenéafstvi, avSak pfili§ kratké,
jestliZe posuzujeme problematiku z hlediska zachrany
a reprodukce genovych zdroji. Dlouhodobé skladovani
pylu buku v bankéch pylu je redlné (podobné jako u fa-
dy dalich vétrosnubnych rostlin), zatim v$ak neni z do-
stupné literatury znamo, Ze by se tento postup pro buk
ve vét§sim rozsahu vyuZival. Banky rostlinnych explan-
tath v laboratornich podminkach (in vitro) pfedstavuji
perspektivni metodu ke konzervaci genovych zdroju
lesnich dfevin. Pocitd se mj. s tzv. kryokonzervaci, tj.
uchovéavanim rostlinnych explantéti pfi velmi nizkych
teplotach. Tyto metody jsou v souasné dobé na nékte-
rych pracovistich pfedmétem zikladniho vyzkumu.

ZAVERY

Celkova vyméra porostii buku lesniho v lesich CR
poklesla na kritickou uroveii pouhych 5,5 % podle plo-
chy. V né€kterych lesnich oblastech buk v disledku hos-
podafeni fady minulych desetileti aZ do sou€asnosti té-
méf vymizel. Zikladna porosti buku, vhodnych pro
sklizefi osiva i pfirozenou obnovu, je zatim je$té nedo-

166

stateCna se zretelem na cil zvySit podil buku v druhové
skladb& lesnich porostd v CR na vice ne# trojnasobek
sou¢asného stavu. Porosty buku jsou — podobné jako
ostatnich lesnich dfevin — ohroZovany $kodlivymi vlivy
prostfedi, zejména zneCiSténim ovzdusi a ve zvy3ené
mife nékterymi jeho slozkami (oxidy dusiku, ozon aj.).

Mnohé dospélé a prestérlé porosty, vyznamné z hledis-

ka lesniho semenafstvi a §lechténi lesnich dfevin, jsou

postupné té€Zeny, aniZ by v né€kterych pripadech docha-
zelo k jejich Zadouci pfirozené obnov&. Kultury, nalety

a nérosty buku lesniho, pokud nejsou dostate¢n& chra-

né&ny oplocenim, poSkozuje a nici zvef, ktera se tak sta-

la jednim z limitujicich faktorii disp&¥né obnovy a re-
konstrukce lesnich porostii. Genové zdroje buku lesniho

v CR jsou vazné& ohroZeny. S ohledem na tyto skuted-

nosti je tfeba povaZovat za aktudlni zejména tyto tkoly:

— Posoudit stav pfirodnich rezervaci se zastoupenim
buku a v dohodé€ s organy ochrany pfirody stanovit
a realizovat takovy reZim ochrany a hospodafeni
(management), ktery by zajiStoval kontinuitu popu-
laci lesnich dfevin v zastoupenych rezervacich do
budoucna.

— Dokoncit realizaci projektu genovych zakladen, do-
drZovat a rozvijet navrZeny reZim hospodafeni pre-
dev§im se zfetelem k reprodukci genovych zdroji
buku a dalSich dfevin cestou pfirozené obnovy.

— Uskuteciiovat programy na zvySeni plochy porosti
buku uznanych ke sklizni osiva a soucasné realizo-
vat plan dal§iho zakladani semennych porostl buku.

— Vylou¢it holose¢nou obnovu v bukovych porostech
a v porostech smiSenych se zastoupenim buku.
Orientovat se z4sadné na pfirozenou obnovu buku
cestou podrostni a naseéné formy pasedného zpiso-
bu hospodareni s vyuZitim vSech vhodnych pésteb-
né-technickych opatieni a ochrany lesti (ochrana pred
Skodami zvéfi aj.).

— Ve smiSenych porostech s pfimési buku, zvlasté v po-
rostech pfevaZné smrkovych, vénovat v ramci vychovy
pozornost pfimiSenym a vtrouSenym bukim, vhodny-
mi a dislednymi vychovnymi zdsahy vytvéfet podmin-
ky pro fruktifikaci a pfirozenou obnovu.

— Uplatiiovat v praxi vhodnou pfedosevni pfipravu se-
men buku tak, aby pocet vypéstovanych semenacku
z hmotnostni jednotky osiva byl vyrazné zvysen.

— V ramci lesnického vyzkumu pokracovat v experi-
mentilnich a ovéfovacich pracich spojenych s auto-
vegetativnim mnoZenim buku. Pokracovat v pracich
orientovanych na moZnost dlouhodobého skladovani
semen buku.

Literatura

RAMBOUSEK, J., 1989a. Objektivizace kritérii pro zafazo-
véni bukovych porosti do kategorii fenotypové klasifikace.
Zpravy lesn. Vyzk., XXXIV, 1: 6-9.

RAMBOUSEK, J., 1989b. Promé&nlivost hospodéisky vy-
znamnych morfologickych znaki populaci buku moravskych
Karpat. Zprévy lesn. Vyzk., XXXIV, 4: 7-12.

LESNICTVI-FORESTRY, 42, 1996 (4): 161167



SINDELAR, J., 1983. Inventarizace genofondu buku lesniho
jako zéklad opatfeni pro jeho udrZeni, reprodukci a vyuZiti.
Price VULHM, 63: 9-47.

SINDELAR, J., 1985a. K otézce reprodukce buku lesniho na
Slechtitelském zdkladé. Lesn. Prace, 64: 251-256.
SINDELAR, J., 1985b. Ptehled sou¢asnych poznatkii o geo-
grafické proménlivosti buku lesniho se zvl4$tnim zietelem
k podminkdm CSSR. Stud. infor. Lesnictvi, 1, VULHM Jilo-
vi§té-Strnady, ODIS: 66.

SINDELAR, 1., 1987. Praktické zévéry z vyzkumu promén-
livosti buku v CSR. Zpravy lesn. Vyzk., XXXII, 1: 1-5.
SINDELAR, J., 1989a. Ramcové projekty k realizaci opatfeni
k zichrané a reprodukci genofondu lesnich dfevin. Les. pru-
vodce VULHM, 1: 36.

SINDELAR, J., 1989b. Vyhledovy plan semenfskych zdroji —
uznané porosty kategorie A, B. Les. privodce VULHM, 3: 54.
SINDELAR, J., 1990. Genové zdkladny lesnich dievin v Ces-
ké republice. Les. privodce VULHM, 2: 45.

SINDELAR, J., 1991. Nastin opatfeni k zichran& a reproduk-
ci genovych zdroju lesnich dfevin listnatych v Ceské repub-
lice. II. Buk lesni (Fagus sylvatica L.). Zpravy lesn. Vyzk.,
XXXVI, 2: 1-6.

SINDELAR, J., 1994. MoZnosti optimalizace druhové sklad-
by lesti v CR. [Zavére¢na zpriva.] VULHM Jilovi§té-Strna-
dy: 82 (rukopis).

Dodlo 18. 8. 1995

GENETIC RESOURCES OF EUROPEAN BEECH (FAGUS SYLVATICA L.)
IN THE CZECH REPUBLIC - MEASURES AIMED AT CONSERVATION

AND REPRODUCTION

J. Sindelar

Forestry and Game Management Research Institute, 156 04 Jilovisté-Strnady

European beech area in the Czech Republic de-
creased to the critical level of 5.5% of the total forest
area. Forest management of several last decades almost
caused beech disappearance in some forest regions. The
base of beech stands suitable for seed gathering and
natural regeneration is insufficient from the viewpoint
of our silvicultural aim — to improve the present beech
percentage in Czech forests composition more than
three times. Beech stands, similarly like stands of other
tree species, are threatened with harmful environmental
factors, particularly with air pollution by nitrogen oxid-
es, ozone, etc. Many mature and superannuated forests,
valuable from the viewpoint of forest seed-production
and breeding, are continually felled without their desir-
able natural regeneration. European beech plantations,
natural seedings and young stands without protection
by fence are damaged and destroyed by game. Game
became a limiting factor in successful regeneration and
reconstruction of forest stands. Gene resources of Euro-
pean beech in the Czech Republic are seriously threat-
ened. Due to these facts, the following tasks should be
considered as very topical:

— Condition assessment of national nature reserves
with European beech, and (in cooperation with An-
cient Monument Department and Nature Conservati-
on) protection and management regime establish-

ment and realization for continual survival of forest
woody species there in the future.

— Implementation of gene pool projects, keeping and
developing proposed regime of management (first of
all with respect to gene resources reproduction of
beech and other tree species by means of natural
regeneration).

— Implementation of projects on increase and estab-
lishment of beech certified seed stands area.

— Elimination of clear felling system of regeneration
in beech stands and mixed stands with beech. Prefe-
rence of beech natural regeneration by means of
shelterwood management system with application of
all appropriate silvicultural measures and protective
means (browsing protection, etc.).

— Support of beech trees fructification and natural re-
generation in mixed stands (mainly with Norway
spruce superiority) by means of proper tending
(stand improvement).

— In the scope of forest research, experimental and pi-
lot works connected with autovegetative propagation
of beech would be continued. Works devoted to
problematics of long-term beech seed storage would
be continued as well. Problematics of suitable pre-
-sowing preparation (increase of seedlings number
per mass unit of seed) should be solved and verified.
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THE EFFECTS OF EXTERNAL AND INTERNAL FACTORS
ON ROOTING OF CURLY BIRCH (BETULA PENDUILA,
VAR. CARELICA) SHOOTS IN VITRO

UCINKY VONKAJSICH A VNUTORNYCH FAKTOROV
NA ZAKORENENIE VYHONKOV BREZY SVALCOVITEJ
(BETULA PENDULA, VAR. CARELICA) V PODMIENKACH IN VITRO

J. Durkovié¢

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

ABSTRACT: The experiments described in this report were undertaken in order to optimize external and internal requirements
for high efficient rooting of curly birch shoots in vitro. Adventitious shoots established from 20 years old tree designated as
Bpcl1-1/92 were cultured on basal WPM medium with half concentration of Ca(NO;), and rooted on rooting medium
supplemented with 0.1 mg.l'l NAA. Enhanced percentage frequency of rooted shoots was observed when stem base was
removed and shoots were grown actively. 24 h photoperiod significantly decreased rooting in comparison with the standard
16 h one. Both high concentration of organic compounds and the absence of sucrose in the medium reduced root initiation.

Betula pendula, var. carelica; in vitro rooting; medium components

ABSTRAKT: Cielom 3tidie bolo zistenie a optimalizacia vonkajSich a vnitornych faktorov na dosiahnutie zvy3enej kapacity
zakorenenych vyhonkov brezy svalcovitej v podmienkach in vitro. Na zaloZenie kultiry adventivnych vyhonkov boli pouZité
dormantné pigiky a nodélne segmenty odobraté z 20-roéného genotypu BpclI-1/92. Explantity boli kultivované na zaklad-
nom nutri¢nom médiu WPM s polovi¢nou koncentraciou Ca(NO;), a na stimulédciu rizogenézy bolo doplnené o 0,1 mg,l'l
NAA. Kultiiry boli pravidelne pasdZované v 3tvortyZdiiovych intervaloch po dobu troch rokov. Zvy3ené percento zakorenenia
vyhonkov bolo pozorované, ked sa zrezali 1-2 mm stonkovej bazy pred prenosom na zakorefiovacie médium, pri¢om vyhonky
boli predtym pravidelne pasaZované. 24-hodinové fotoperioda Statisticky vyznamne zniZila zakorefiovanie v porovnani so
Standardne zauZivanou 16-hodinovou fotoperiédou. Vysoké koncentricie organickych komponentov WPM média a absencia
sachar6zy ako zdroja uhlohydréitov mali negativny dc¢inok na rast korefiov.

Betula pendula, var. carelica; zakoreiiovanie in vitro; komponenty média

INTRODUCTION

Forest tree breeding is affected by several problems
such as prolonged juvenility, irregularity in flowering,
poor seed set, dormancy, large size, etc. Since an elabo-
rated program of breeding with successive generations
of trees becomes impracticable, selection is a very
useful method to obtain genetically defined clones
for propagation. A genetic gain depends on vegeta-
tive propagation for maintaining desirable traits. In
many cases, however, vegetative means are not quite
convenient and successful as cuttings from many use-
ful trees are recalcitrant to rooting. If plantlets could
be regenerated through cell and tissue culture techni-
ques, their mass propagation could be significantly
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improved (Srivastava et al., 1985). In vitro ap-
proaches have rendered trees to an appropriate size
for experimentation and manipulation for various ge-
netic purposes. It is now becoming possible to
achieve clonal propagation of even older trees
(Bonga,von Aderkas, 1992).

The genus Betula is very useful in afforestation as
a nurse and a pioneer tree for the improvement of raw
material soil (Srivastava, Steinhauer, 1981).
Betula pendula Roth. (European birch) is an important
timber tree in Europe, Betula pendula, var. carelica
(curly birch) is a wanted decorative tree exploited in
horticulture. Regeneration techniques of the genus
Betula are also elaborated by means of in vitro ap-
proaches (Ditmar, 1991; Durkovié, Ditmar,
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1994; Chalupa, 1981, 1989; Ryynidnen,
ninen, 1986; Sarkilahti, 1988, 1989).

The aim of experiments described in this paper was
to investigate the effects of shoot growth rate,
daylength and medium components of sucrose and or-
ganic compounds, and thereby to optimize initiation
and growth of curly birch roots in vitro.

Ryy-

MATERIAL AND METHODS

Adventitious shoot cultures represented by the vig-
orous genotype Bpcl1-1/92 were established from win-
ter dormant buds of 20 years old tree of Betula pendula,
var. carelica using the technique described by Dur-
kovi¢, Ditmar (1994). The basal WPM medium
(Lloyd, McCown, 1980) was medium (M) con-
centrations of minerals and organic compounds [Tab. I,
modification only in half concentrzmon of Ca(NO3),],
supplemented with 20 g17! sucrose, 6 g1 agar and
0.1 mg. I"! NAA. The pH of all media was adjusted to
5.6 — 5.8 with 1 M KOH before autoclaving at 121 °C
for 20 min. Shoots were cultured at a day temperature
of 25 °C and a night temperature of 19 °C with 16 h
light/6 h dark lighting regimes using cool white fluo-
rescent Iam?s providing the light irradiance of
62.5 uEm_ s~ , unless otherwise specified. Shoots were
sub-cultured every four weeks and the percentage fre-
quency of shoots which initiated roots was recorded. Four
experiments were carried out in order to investigate the
effects of external (shoot growth rate, and daylength)
and internal factors (sucrose and medium organic com-
pound concentrations) on rooting of curly birch shoots.
Actively growing adventitious shoots, length more than

1 cm, were used in all experiments except for two treat-
ments in the first experiment. Since shoot growth rate
may be affected by exhausting nutrient components
from the medium after a certain period or decreasing
the uptake of these components through basal callus
tissue, which often occurs on stem base as a wounding
reaction, four treatments were tested in this experiment:

I. actively growing shoots, which were excised ad-
ventitious shoots from the multiple shoot culture, main-
tained by regular transfer to fresh WPM medium
[half concentratlon of Ca(NO,),, supplemented with
0.5 mgl BAP] at four week intervals using optimal
culture conditions as described by Durkovi&, Dit-
mar (1994), with removal of 1 to 2 mm of stem base
prior to culture on basal medium supplemented with
0.1 mg. I NAA;

II. actively growing shoots with stem bases left;

III. slow-growing shoots, which were excised adven-
titious shoots from the multiple shoot culture, growing
for eight weeks on WPM medium [half concentratlon
of Ca(NO3),, supplemented with 0.5 mg. 1! BAP] with-
out being transferred, with removal of 1 to 2 mm of
stem base prior to culture on basal medium supple-
mented with 0.1 mg.l'I NAA;

IV. slow-growing shoots with stem bases left.

Three different day/night regimes including 12/12,
16/8 and 24/0 h ones were used in the second experi-
ment to explore the effect of daylength on root initia-
tion. The effects of sugar component and its concentra-
tion were tested usm% basal medium supplemented with
0, 10, 20 and 30 g.I"" sucrose, respectively. Three vari-
ants of basal medium with medium, high and nil con-
centrations of the myo-inositol, glycine, thiamine-HCI,
nicotinic acid and pyridoxine as medium organic com-

. Components and concentrations of minerals and organic compounds used in WPM medium (Lloyd, McCown, 1980)

Concentration range Concentration range

Components Components

Medium (M) Medium (M) High (H)
Macronutrient elements (mg.I™") Organic compounds (mg.I™") (mg.I™) |
NH4NO; 400 myo-Inositol 100 200
CaCl,.2H,0 96 Glycine 2.0 20
Ca(NO,),.4H,0" 556 (278)" Thiamine-HCI 1.0 20
MgS0,.7H,0 370 Nicotinic acid 0.5 1.0
KH,PO, 170 Pyridoxine 0.5 1.0
K,80, 990
Micronutrient elements (mg‘l")
H;BO; 6.2
MnSO,4.H,0 223
ZnS0,4.7H,0 8.6
Na,EDTA 37.3
FeS0,4.7H,0 27.8
Na,Mo0O,.2H,0 0.25
CuS0,.5H,0 0.25

* Modification of Ca(NO,),.4H,0 concentration, since half concentration of this component improved shoot multiplication (Durkovig,
Ditmar, 1994).
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1. Percentage of shoots which initiated roots as affected by the
growth rate of shoots and removal of 1-2 mm of stem base

= actively growing shoots, bases removed

4 actively growing shoots

& slow-growing shoots, bases removed

# slow-growing shoots

pounds (Tab. I) were prepared in order to test the ef-
fects of various concentration ranges of the above com-
pounds. Differences between the individual treatments
were tested by Wilcox’s test, however, Mann-Whit-
ney’s test was used in the first experiment to test dif-
ferences between the treatment of slow-growing shoots
and other treatments in this experiment because of un-
balanced design.

RESULTS AND DISCUSSION
EFFECT OF SHOOT GROWTH RATE

Four treatments were used to evaluate the effects of
shoot growth rate and removal of 1 to 2 mm of stem
base on root initiation. The highest rate of root initia-
tion was obtained on actively growing shoots with stem
base removed (Fig. 1, Tab. II). Shoot growth deterio-
rates if shoot cultures are not sub-cultured regularly,
usually at three or four week intervals. The majority of
roots initiated on a small amount of the callus tissue

100

. percentage of shoots which initiated roots out of
30 replicates
8
1
T

0—-;—

m—.—

m_—

lo_._

0 l I 1 l | PA— |
5 10 15 2 2 30

time (days)

2. Percentage of shoots which initiated roots as affected by photo-
period during cultivation

- 16 h photoperiod

4 12 h photoperiod

& 24 h photoperiod

which was produced on the section surface. As root
initiation was poor in some treatments, this experiment
continued for 40 days. Removal of 1 to 2 mm of stem
base probably removes a suberized tissue and thereby
allows better absorption of medium components and
promotes root initiation. In addition, the callus growth
at the section surface may be a reaction to wounding
and this may stimulate root production.

EFFECT OF DAYLENGTH

Optimizing daylength during cultivation is an impor-
tant step when we work with mature tissues which are
more difficult to root than juvenile ones. Shoots were
cultured with 12/12, 16/8 and 24/0 h day/night regimes
and enhanced root initiation was observed by decreas-
ing daylength (Fig. 2, Tab. III) with the largest respon-
ses occurring on days 8 to 15. During 24 h days in vitro
plantlets produced less callus than other treatments. The
use of darkened bases on culture vessels enhanced root
initiation with apical tips of Carica papaya seedlings

II. Wilcox’s and Mann-Whitney’s tests of differences between the particular treatments in dependence on the shoot growth rate and removal

of stem base
Treatment Activg‘yzm g;owing Slo:/;f;:vxv‘::ﬁ) 3:gots. Slovsvl-lgzc:;ving
Actively growing shoots, bases removed 225" Y 261D 2912
Actively growing shoots 261" 1 -3.03"2
Slow-growing shoots, bases removed -223"?

_S.igniﬁcnnce labels:
0.999 > P> 0.99, " 0.99 > P > 0.95

DWilcox’s test, 2)Mamn-Whimey‘s test

170

LESNICTVI-FORESTRY, 42, 1996 (4): 168-173



100

90+

7204+
60+
50
0+

percentage of shoots which initiated roots out of
30 replicates

0 ! ! I ! |
] 10 15 2 2 %
time (days)

3. Percentage of shoots which initiated roots as affected by sucrose
concentration

- sucrose concentration 20 g.l"
4 sucrose concentration 10 gJ"l
& sucrose concentration 30 g.l"
# nil sucrose

by reducing light to the basal region of the shoot
(Drew, 1987). That report is consistent with the ef-
fects of increased daylength reducing root initiation in
these experiments.

EFFECT OF SUGAR COMPONENT
AND ITS CONCENTRATION

Four treatments with different final concentrations
(0, 10, 20 and 30 g.l‘l) of sucrose in the basal medium
were carried out. Root initiation was significantly re-
duced without the sucrose (Tab. IV), however, varying
concentrations of this component in the medium did not

III. Wilcox's test of differences between the particular treatments in
dependence on the photoperiod

Treatment 12 h photoperiod 24 h photoperiod
16 h photoperiod 1.78 NS 211"
12 h photoperiod 1.01 NS

§igniﬁcancc labels:
0.99 > P > 0.95, NS not significant

perceatage of shoots which initiated roots out of
30 replicates
2
1
T

SR T T N il B
time (days)

4. Percentage of shoots which initiated roots as affected by organic
compounds

- M (medi

4 nil organic compounds

) organic pound concentration

& H (high) organic compound concentration

affect the root initiation process substantially (Fig. 3).
Roots on 10 g.l_1 sucrose were whiter and of better
quality compared with those on higher concentrations
which were thickened. This was similar to auxin (IBA)
effects reported on papaya in vitro culture (Drew,
1987). Thus sucrose concentration may affect the up-
take or assimilation of auxin.

EFFECT OF MEDIUM ORGANIC COMPOUNDS

Shoots were cultured on basal medium with medium
(M), high (H) and nil concentrations of organic com-
pounds. On the medium containing H organic com-
pounds, root initiation was significantly reduced
(Fig. 4, Tab. V). For some medium organic compounds
as vitamins it was shown to photooxidize auxins in the
presence of light (Gorst et al., 1983). Thus, with H
organic compounds containing vitamins the rapid pho-
tooxidation of auxins may reduce in vitro rooting.
There was a small difference in root initiation between
nil and M organic compounds. Without organic com-
pounds in the medium, resultant roots were dicolored,
short, thick and had necrotic tips.

IV. Wilcox's test of differences between the particular treatments in dependence on the sucrose concentration

Treatment Suc_rose o Suc.rose £ Nil
concentration 10 g.I concentration 30 g.1 sucrose
Sucrose concentration 20 g.I~! 2.28" 2.28° 2.28*
Sucrose concentration 10 g.I-! 1.89 NS 2.28"
Sucrose concentration 30 g.I"! 2.28"

§igniﬁcance labels:
0.99 > P > 0.95, NS not significant
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V. Wilcox's test of differences between the particular treatments in d

A4

on the medium organic compound concentration

Treatment

Nil organic compounds

High organic compound concentration

Medium organic compound concentration

Nil organic compounds

2.28°

2.28°
2.28"

Significance label: *0.99 > P> 0095

5. Comparison of root developmental stages of young seedling
adapted to in vive conditions (left) and shoot just rooted in vitro
(right)

The commercial application of curly birch tissue cul-
ture techniques requires high root initiation rates and
repeatibility of results. Experiments described above
were carried out with an attempt to optimize external
and internal factors for root initiation process. An im-
portant factor is the effect of auxin component and its
concentration (Schiefelbein, Benfey, 1991),
however, this effect was reported previously (Dur-
kovié¢, Ditmar, 1994). With optimal conditions
described in these experiments — a basal WPM medium
with half concentration of Ca(NO3),, medium concen-
trations of minerals and organic compounds, 20 g.l']
sucrose, 0.1 mg.l‘l NAA, 16 h photoperiod, and regular
sub-culture — high root initiation rates were achieved.
Fig. 5 shows developmental stages of root systems of
several weeks old seedling adapted to in vivo conditions
and rooted shoot cultured under the above stated con-
ditions. The application of results presented here to
achieve consistently high rooting percentages would fa-
cilitate a curly birch commercial practice.
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UCINKY VONKAJSICH A VNUTORNYCH FAKTOROV NA ZAKORENENIE
VYHONKOV BREZY SVALCOVITE] (BETULA PENDULA, VAR. CARELICA)

V PODMIENKACH IN VITRO

J. Durkovié

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

Stidium bolo zamerané na zistenie vplyvu vonkaj-
gich (dl#ka fotoperiédy a rastova rychlost vyhonkov)
a vnitornych faktorov (koncentricie sacharézy a orga-
nickych komponentov média) pri zakoreiiovani adven-
tivnych vyhonkov kultiry brezy svalcovitej, Betula
pendula, var. carelica, genotyp Bpcll-1/92. Ako za-
kladné kultivaéné médium bolo pouZité WPM s proto-
kolarnou koncentriciou mineralov a organickych latok
(Tab. I). In vitro kultiry boli pasaZované kazdé Styri
tyZdne, vynimkou je len prvy pokus, v ktorom sa sle-

dovalo percento rizogenézy aj pomaly rasticich vyhon- .

kov, ktoré boli pred sledovanym pokusom kultivované
osem tyZdiiov bez pasidZovania. Teplota bola nastavena
na kons$tantné hodnoty 25 °C cez deii a 19 °C cez noc,
intenzita osvetlenia bola 62.5 uEm_Zs'l.

Rozdiely medzi jednotlivymi variantami pokusov
boli testované Wilcoxonovym testom, iba v prvom pri-
pade sledovania vplyvu rastovej rychlosti a odstranenia
stonkovej bazy na proces rizogenézy bol pouZity aj
Mann-Whitneyov test, a to pri testovani varianty poma-
ly rasticich vyhonkov so zvy$nymi tromi sledovanymi
variantami, kedZe tito varianta sa vyznacovala nerov-
nakym poétom pozorovani.

Pri sledovani u¢inku rastovej rychlosti bolo najvys-
§ie percento zakorenenia vyhonkov pozorované pri va-

riante optimalne kultivovanych vyhonkov s pravidel-
nym pasdZovanim, ktoré mali stonkové bazy odstrane-
né. Nepravidelné pasdZovanie, t. j. in vitro kultivicia po
dobu dsmich tyZdiiov bez paséaZe, $tatisticky vyznamne
zniZilo percento rizogenézy (obr. 1).

Ako najvhodnejSia pre zakorefiovanie sa ukazala
16-hodinova fotoperiéda (86,67 %), pri 24-hodinove;j
fotoperiéde bolo percento zakorenenych vyhonkov naj-
niz§ie (obr. 2).

Absencia sacharézy ako zdroja uhlika §tatisticky vy-
znamne zniZila percento zakorenenych vyhonkov a jej
pritomnost v kultivaénom médiu je nepostradatelni. Na
druhej strane vSak koncentricia tohto komponentu
nebola rozhodujica pre uspeSny priebeh zakorenenia
(obr. 3).

Protokoldrna koncentricia organickych komponen-
tov WPM média sa osvedcila ako najvhodnejsia. Vyso-
ké koncentricie tychto organickych latok mali negativ-
ny Géinok na rast korefiov (obr. 4).

Udaje prezentované v praci poskytuji ddleZity po-
hlad na nutriéné a kultivaéné poZiadavky v procese in
vitro rizogenézy brezy svalcovitej. Vysledky je moZné
zuZitkovat na dosiahnutie zvySenej kapacity in vitro
mikropropagovanych rastliniek (obr. 5) tejto dreviny.

Contact Address:

Mgr. Jaroslav Durkovi&, Technicka univerzita, Lesnicka fakulta, T. G. Masaryka 24, 960 53 Zvolen, Slovenska republika
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PUDA A PUDNI MIKROFLORA NARODNI PRIRODNI
REZERVACE VELKY SPICAK

SOIL AND SOIL MICROFLORA OF THE NATIONAL NATURE
PRESERVE VELKY SPICAK

B. Grundal, J. Vorel®

! Milénova 9, 638 00 Brno
2 Mendelova zemédélskd a lesnickd univerzita, Fakulta lesnickd a drevarskd, Lesnickd 37,
613 00 Brno

ABSTRACT: The soils of Velky Spi¢ék National Nature Preserve were formed on cordierite-biotitic gneiss. The soil type
Cambisol was formed during the process of brown soil formation, and it was discriminated into four varieties on the preserve
area. In one of the varieties, the Cambisol formation process is combined with Gleysol formation process. The soils are gravelly
to stony, with loamy to clay-loamy fine soil, loose to slightly compacted, with a good supply of available mineral nutrients
except phosphorus. The soil varieties also have different vegetation cover: Fraxineto-Aceretum, Fageto-Aceretum, Abieto-
-Fagetum with Fageto-Abietum (according to Zlatnik). Litter humification is fairly rapid, but somewhat slow in the variety
with gley horizon. Surface humus of the forms mull-moder, moder or mor-moder was formed. Microbial populations in these
soils are poor, with prevailing aerobic bacteria, scare occurrence of actinomycetes, but the portion of fungi is high. Cellulose
breakdown is mostly due to the activity of micromycetes, there are few potential lignin decomposing agents. Air nitrogen
fixing clostridia were found out in all soil varieties. Some micromycetes have been identified.

forest preserve; plant associations; forest types; forest soils; Cambisol; soil microflora; humus forms

ABSTRAKT: Pidy NPR Velky Spi¢ak vznikly na kordieriticko-biotitické rule. Hn&dozemnim procesem se vytvofil pudni
typ kambizem, ktery se na plo3e rezervace vyliil do &tyf variet. U jedné z variet je kambicky proces kombinovan s procesem
glejovym. Pidy jsou $térkovité aZ kamenité s hlinitou aZ jilovitohlinitou jemnozemi, kypré aZ mirné slehlé, dobfe zasobené
dostupnymi mineralnimi Zivinami s vyjimkou fosforu. Pudni variety se odliuji také vegetainé, je tu zastoupeno Fraxineto-
-Aceretum, Fageto-Aceretum, Abieto-Fagetum a Fageto-Abietum (podle Zlatnika). Humifikace opadu probiha pfiznivé, u va-
riety s glejovym horizontem mirné zpomalen&. Vytvofil se povrchovy humus forem mull-moder, moder nebo mor-moder.
Mikrobidlni osidleni pid je chudé, prevaZuji aerobni bakterie, mélo se vyskytuji aktinomycety, zato Gast hub je vysoka.
Rozklad celulézy uskute&iiuji prevaZné mikromycety, potencidlnich rozkladadi ligninu je malo. Ve viech pidnich varietich
byly zjiStény klostridie poutajici vzdu3ny dusik. Byly identifikovany né€které mikromycety.

lesni rezervace; rostlinna spolecenstva; lesni typy; lesni pudy; kambizem; pudni mikrofléra; formy humusu

UvVOD nych plochich vykopény pudni sondy, jejichZ profily J.
Vorel popsal a pudni vzorky odebral. Z pudnich

vzorkl byly v laboratofich katedry pedologie a geolo-

Narodni pfirodni rezervace Velky Spi¢ék je jednou
z lesnich rezervaci na moravské strané Ceskomoravské
vrchoviny. V letech 1971 a 1972 byl v této rezervaci
proveden geobiocenologicky vyzkum podle metodiky
prof. Zlatnika. Vyzkum provadél poslucha¢ Lesnické
fakulty byvalé VSZ v Brné J. Komzak pod vedenim
Ing. J. Vorla, CSc., tehdejSiho odborného asistenta
katedry lesnické botaniky a fytocenologie na Lesnické
fakult&¢ VSZ v Brné. Pfi tomto vyzkumu byly na pokus-

174

gie LF V3Z provedeny analyzy pedologické a z vybra-
nych profila i analyzy mikrobiologické.

J. Komzék vyuZil svych zji§téni v diplomové prici
(Komzdak, 1972). Podrobnou geobiocenologickou
studii v&etné vyhodnoceni pidnich rozbori napsal
Vorel (1994). Cilem prispévku je nové zhodnotit
pudni poméry s vyuZitim soucasné platné klasifikace
a doplnit charakteristiku téchto pud o &¢ast pidné mik-
robiologickou.
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LOKALITA

Narodni pfirodni rezervace Velky Spi¢ék se nachazi
v Chrénéné krajinné oblasti Jihlavské vrchy, asi 3 km
na severovychod od Tie$té. Rezervace mé rozlohu
44,96 ha a tvori ji lesni komplex kolem vrcholovych
bodii Velky Spigak o nadmotské vyce 733 m a Velké
Javofi s nadmoiskou vySkou 679 m. Plochu zachycuje
mapka (obr. 1).

Plocha patii ke katastrdlnimu tzemi Trest, parcela
&. 2954/1, a je soudasti Lesniho zavodu Hencov, polesi
Trest s &isly porostii 10c, 10c, (Sast), 11c, 11g, 14d, 14f,
15a, 15b, 15¢, 15d (East), 19 (Cast), 20b (East), 20d (Cast).

Rezervace byla zfizena vynosem Ministerstva $kol-
stvi ze dne 7. 11. 1964, &j. 45171/64-V/2. Navrhovateli
byli prof. Dr. A. Zlatnik, DrSc., Dr. J. AmbroZz
alng.J. Malek, CSc. Divodem ochrany tohoto tze-
mi je zachovani pivodnich lesnich spolecenstev jedlovo-
-bukového vegetatniho stupné s plivodnimi podrosto-
vymi druhy. Navrh navézal na predchazejici floristicky
a fytocenologicky vyzkum (AmbroZ, 1929/30, 1951;
Milek, 1956; Diener, 1958). O rezervaci bliZe in-
formuje Hornik (1965), RuZi¢ka (1970), Ba-
telka (1974) a Mdalek (1978).

Pidotvornou horninou rezervace je kordieriticko-
-biotiticka rula, kterd ve vrcholovych partiich rezervace
tvofi balvanité a kamenité suté s vystupujicimi skalni-
mi bloky. Je to Sed4 vrstevnatd hornina sloZena z kie-
mene, Zived a slid. Pfi zvétravani se z Zivcl uvoliiuji
rostlinné Ziviny vépnik a draslik, z tmavé slidy (biotit)
hoi¢ik a Zelezo. Jako vedlejsi soucast se v rule vysky-
tuje kordierit, coZ je druhotny hlinitokfemicitan se
znaénym obsahem hoi¢iku.

MATERIAL A METODY

Pudni vzorky byly odebrany z kopanych pudnich
sond, jejichZ umisténi i &islovani je shodné s fytoceno-
logickymi zépisy a je patrné z pfipojeného plinku
(obr. 1). Po proschnuti pudnich vzorki na vzduchu byla
pfipravena jemnozem prosetim sitem o priméru otvora
2 mm. Vechny rozbory byly provedeny z jemnozemé.
Zrnitostni frakce byly zjiSfovany vyplavenim vzorkd na
Kopeckého plavicim pfistroji po pfedb&Zném roztfepani
na tfepacce po dobu jedné hodiny.

Obsah uhliku byl stanoven oxidimetricky metodou
podle Tjurina, obsah dusiku kjeldalizaci. Pidni reakce
byla zjisfovéna potenciometricky sklenénou a kalome-
lovou elektrodou v suspenzi H,0 (aktivni pH) a v sus-
penzi nKCl (vyménné pH). Obsah dostupnych mineral-
nich Zivin byl zji¥tovéan z vyluhu 1% kyseliny citronové.
CaO a K,0 byly stanoveny plamennou spektralni foto-
metrii na pfistroji Flapho 4 (C. Zeiss, Jena), obsah P,05
byl zjiStovan kolorimetricky po pievedeni vyluhu na
volnou kyselinu fosforednou a po jeji reakci s roztokem
molybdenanu amonného (vznik fosfomolybdenové
modii). Pfistupny dusik byl zjisfovan podle Pazlera, ob-
sah amoniakélniho dusiku byl stanoven nesslerizaci.
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Uhli¢itan vapenaty byl zjiStovan volumetricky na Jan-
kové vapnoméru.

Pocet pudni mikroflory byl zjistovan zfedovaci me-
todou na agarovych Zivnych médiich. Bakterie aerobni
i anaerobni byly stanoveny na agaru podle Thorntona,
aerobni na Petriho miskéach, anaerobni ve zkumavkach
se zatkou tuSového agaru. Aktinomycety byly stanove-
ny na Skrobovém agaru s pfidavkem huminovych kyse-
lin a mikromycety na agaru podle Jensena s pfidavkem
streptomycinu a bengélské Eervené. Amoniza¢ni mikro-
fléra byla zjiStovana na masopeptonovém agaru (MPA),
Clostridium pasteurianum v tekutém Zivném médiu
podle Fjodorova ve zkumavkach. Rozkladaci celulézy
byli zjistovani podle PuSkinské na agaru s kotouckem
sterilniho filtraéniho papiru, producenti polyfenoloxi-
daz na sladinovém agaru s pfidavkem taninu (test podle
Bavendamma).

Aktivita rozkladu celulézy byla zjiStovdna na pud-
nich vzorcich s prouzky sterilniho filtraniho papiru
(Grunda, 1967), aktivita pidni katalazy byla stano-
vena manganometricky.

VYSLEDKY A JEJICH HODNOCENI
PUDN{ POMERY

Pudni poméry byly posuzovany podle popisu pud-
nich profili a podle vysledki analyz pudnich vzorki.

Piida NPR Velky Spi¢4k se vytvofila na kordieritic-
ko-biotitické pararule, kterd je pomémé bohata na hor¢ik,
jiz méné na vépnik, dobie je zasobena draslem a velmi
malo fosforem. Na této mateéné horniné se vytvoril
klasifikace hnéda lesni pida) v nékolika varietach:

a) humoézni kambizem kysela (ve vrcholové &asti rezer-

vace, plochy a sondy &. 2 a 3),

b) kambizem kysela (horni €ast svahi, plochy a sondy

E.5al),

c) kysela kambizem hluboka (mirné svahy, dolni Cést

svahu, plochy a sondy ¢&. 11 a 13),

d) kysela kambizem oglejena (zamokiené niZsi polohy,

plocha a sonda ¢. 10).

Ve v8ech pudnich varietich probihal hnédozemni
proces, na plo$e ¢. 10 v kombinaci s druhotnym proce-
sem glejovym.

Jemnozem pud je hlinitd aZ jilovitohlinitd a pidni
reakce silné kysela aZ kyseld. V Zadné varieté nebyly
zjistény karbonaty. Ve vSech varietich byl zjistén vy-
soky obsah dostupného dusiku, coZ ma pro rist lesnich
dfevin mimofadny vyznam. U vech variet byla zji$téna
pfizniva &erstva vlhkost pidy, u oglejené variety byla
puda v horni €asti profilu erstvé vlhk4, ve spodiné aZ
mokra. Variety se navzdjem li§i hloubkou prohuméznéni,
obsahem a velikosti skeletu, celkovou hloubkou ptidni-
ho profilu a pfipadnym piisobenim podzemni vody.

Humézni kambizem kysela (plochy a sondy ¢&. 2
a 3, Fraxineto-Aceretum) se nachazi ve vrcholové ¢asti
rezervace s Cetnymi balvany a skalnimi bloky na povr-
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1. Mapka pidnich variet NPR Velky Spi¢ak — A map of soil varieties in the Velky Spi¢ik National Nature Preserve (NNP)

Legenda — Legend:

[ humézni kambizem kysela, lesni typy 51 a 5J4 — acid humic Cambisol, forest types 5J1 and 5J4
EE kambizem kysel4, lesni typ SA1 — acid Cambisol, forest type SA1

[ kyseld kambizem hluboka, lesni typy 5B1 a SH3 — deep acid Cambisol, forest types 5B1 and 5H3
BE= kyseld kambizem oglejend, lesni typ SO1 — pseudogley acid Cambisol, forest type 501

- - - hranice ndrodni pfirodni rezervace — National Nature Preserve boundaries

chu pidy a vyznaluje se zejména znanou hloubkou je vysoky a tento tmavé Sedy aZ Sedohnédy horizont
prohuméznéni pidniho profilu. Humusovou formu po-  zasahuje aZ do 20-30 cm a potom pozvolna pfechazi do
vrchového humusu je moZné oznatit jako mulovy moder.  hnédozemniho kambického horizontu Bv. Pod hnédym
Obsah humusu v moliko-umbrikovém horizontu Amu  horizontem Bv nasleduje horizont zvétraliny matecné
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horniny Cd, ktery je svétlejsi okrové barvy. V pidnim
profilu je vysoky obsah kamenitého aZ balvanitého ske-
letu, jemnozem je jilovitohlinitd (tab. II). Pudni struk-
tura je v horni Casti profilu drobtovitd, hloubéji zrnita.
Piida této variety je v celém profilu kypra nebo v hori-
zontu Bv jen mirné slehla a je velmi dobfe propustna
pro vodu i vzduch. V celém profilu byla zji§téna Cer-
stva pudni vlhkost.

Pudni reakci se tato pida fadi do pud kyselych,
avSak jeji aktivni reakce v povrchovém humusu neziid-
ka pfekraduje pH S a vyménna reakce se této hodnoté
bliZi (tab. III). Je to zpusobeno pfedeviim biologickou
akumulaci bazickych prvki v povrchovém humusu, ze-
jména CaO, patrné i MgO (ten vSak nebyl zjiStovan),
ale i K5O, jak je patrné z hodnot dostupnych mineral-
nich Zivin. Hloubéji do profilu kles4 jak pH, tak i obsah
dostupnych Zivin. Obsah pfistupného dusiku je vysoky
a podil amoniakdlniho dusiku, ktery je produktem roz-
kladu bilkovin, je pomé&rné nizky. To naznaduje, Ze
amoniakalni dusik je pomérné intenzivné oxidovan na
dusi¢nany. Pomér C/N v povrchovém humusu i v hu-
méznim horizontu Amu ¢&ini kolem 22 a dospodu v ho-
rizontech Bv a Cd klesd na 14 aZ 16, coZ svéd¢i o in-
tenzivnim rozkladu organické hmoty ptidni mikroflérou

v horni &asti profilu a nisledné pozvolné&j$im rozkladu
v niZsich &astech pudniho profilu. Prokofenéni pudy je
hluboké, hlavni kofenovy systém zasahuje do 40 aZ
60 cm, jednotlivé kofeny pronikaji do prostori mezi
balvany i pod 70 cm.

Kambizem kysela (plochy a sondy ¢. 5 a 1, Fage-
to-Aceretum) je pudni varietou hornich ¢4sti svaht s ka-
menitym aZ balvanitym skeletem a hlinitou jemnozemi.
Formu povrchového humusu lze oznacit jako moder,
protoZe je pfitomna vrstva opadu a pod ni vrstva humu-
sové drté. Obsah humusu v umbrikovém horizontu Au
je vysoky, ale tento horizont neni pfili$ silny, zpravidla
zasahuje od 6 do 10 aZ 11 cm se zfetelnym barevnym
prechodem do metamorfického horizontu Bv. Hnédy aZz
okrovy horizont Bv je siln& kamenity aZ balvanity, ob-
sah skeletu dospodu prudce stoupé. Pozvolnou zménou
barvy pfechazi tento horizont Bv do svétle okrové zvét-
raliny mate¢né horniny — do horizontu Cd. V horni &asti
profilu je pida jemné drobtovitd a kypra, ve stfedni
&asti zrnitd a dospodu s tendenci k uléhani. Pida je
dobfe propustna pro vodu i vzduch a po vétSinu roku je
Cerstvé vlhka v celém profilu.

Pudni reakce je siln& kyseld aZ kysel4; zna¢ny rozdil
mezi aktivni a vyménnou reakci naznaluje, Ze sorpCni

I. Terénni, porostni a typologicka charakteristika vyzkumnych ploch (podle Vorla, 1994, upraveno) — Terrain, stand and type characteristics

of research plots (according to Vorel, 1994, modified)

Podle Zlatnika* )
Plocha N’admoi‘ské 5 = Lesni typ 3
Sislo! | V¥3ka, expo- | Porost Rada’ . podle Pudni typ
zice, sklon? Skupina Lesni typ Lesoprojektu®
) lesnich typi®
3 725 m, js 60 %, bk, kl, C sn
v, 9° jilm, jd, sm, db 1, Fraxineto- Mercurialis perennis — sufova humézni
hb, -Aceretum Alium ursinum javofina kambizem
110-160 r. jasanovd javofina baZankovéi kysela
2 730 m, js, klen, mlé¢, jilm, | C 5J4
Z,6° bk, jd, sm, Ip Fraxineto- Mercurialis perennis — sufova humézni
malolisté, -Aceretum Lunaria rediviva javofina kambizem
110-160 r. jasanové javofina mésiénicovd kyseld
] 710 m, bk, klen, jilm C 5A1
Z,7 drsny, js, jd, sm, Fageto- Mercurialis perennis — kamenita kambizem
120-140 r. -Aceretum Lamium galeobdolon — klenové bucina | kyseld
bukova javofina Hordelymus europaeus baZankova
1 675 m, bk, Cc 5A1
SZ,7° 170 r. Fageto- Mercurialis perennis — kamenita kambizem
-Aceretum Lamium galeobdolon — klenové bucina | kyseld
bukova javofina Hordelymus europaeus baZankova
11 675 m, bk, vtroudeny jd, B SH3
SSZ, 3° sm, Abieto-Fagetum Asperula odorata - hlinitd jedlova kyseld
170 r. jedlova bucina Oxalis acetosella — bucina kambizem
Impatiens noli tangere mafinkové hluboka
13 665 m, bk, jd, sm, md, B 5B1
ZS8Z, 8° vtrouSen ki, jilm Abieto-Fagetum Asperula odorata - bohatd jedlovd | kyseld
drsny, jedlova bucina Oxalis acetosella — bucina kambizem
120-140 r. Senecio nemorensis ssp. | mafinkovd hluboka
fuchsii
10 655 m, smrk s pfimési jd A/B 501
z7° a bk, 140 r. Fageto-Abietum Petasites albus — sv&Zi bukova kyseld
vtrousen js, jiva, bukovi jedlina Equisetum sylvaticum — | jedlina kambizem
olse Oxalis acetosella Stavelovd oglejend

lplm no., 2height above sea level, exposure, slope, 3stand, 4act:ording to Zlatnik, *series, ®forest type group, Tforest type, Sforest type according

to Lesprojekt, %soil type
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II. Zrnitost a dostupné minerdlni Ziviny v pidé (podle Vorla, 1994, upraveno) — Soil texture and available mineral nutrients in soil

(according to Vorel, 1994, modified)

Sonda | Pidni .3 |Hloubka? Zemitost® (%) Skelet® Dostupné Ziviny’
&islo! 5 Horizont: (cm) (%)
slo' | typ I I I Y Ca0 K,0 P,0s
Amu 3-6 65,9 18,0 7,6 8,5 570 44 73
. mgi"u?‘m Amu 812 | 465 27,6 7.1 18,8 50 14 5 3.1
kyseld Bv 30-35 50,6 19,0 73 23,1 50 6 3 2.
cd 60-65 42,0 21,4 73 29,3 50 4 3 2,9
F 34 690 55 16,9
humézni Amu 47 497 25,7 143 10,3 342 21 74
2 ]‘zﬂmtl’émm Amu 15-20 | 47,0 29,2 7.9 15,9 60 59 10 45
S€|

% Bv 35-40 | 433 27,4 6,5 188 80 16 3 2.9
cd 65-70 | 487 259 48 20,6 90 8 3 5.0
F 5-6 250 34 5.7
{ Au 7-10 | 569 16,6 8,5 18,0 13 20 5,0

kambizem ]
5 kyseld By, 1520 | 427 19,4 8,7 29,2 30 7 8 2,5
Bv, 40-45 37,0 18,1 7.1 378 70 4 2 1,5
cd 65-70 | 38,1 16,4 93 36,2 85 4 2 1.4
F 46 432 62 8.1
- Au 6-10 | 340 29,0 13,9 23,1 40 14 3,6

1zem
1 kyseld By, 15-20 41,0 28,4 6,1 24,5 40 6 6 1,8
Bv, 35-40 | 428 23,1 6,6 27,5 80 6 4 1,2
cd 60-65 40,4 25,3 6.8 27,5 85 13 3 1,0
F 24 206 37 5.2
kysels Au 5-8 382 31,1 13,6 17.1 15 12 10 16
13 ;mzigm Bv 2025 | 417 25,5 6.2 26,6 30 4 4 1.4
Bv 50-55 40,2 24,7 6,4 28,7 30 3 3 1,5
cd 80-85 33,8 29,1 73 29,8 50 8 5 0,7
F 5-6 340 49 52
kysela Au 7-10 | 470 14,9 15,2 22,9 76 25 2,9
1 :f"';bi]f:m Bv, 15-20 | 43,9 154 6,5 342 | " 10 14 8 1,6
ubo
Bv, 40-45 | 40,6 11,2 7.5 40,7 20 10 3 1,2
Cdg 80-85 37,8 13,4 9,1 39,7 30 14 2 1,2
F+H 4-6 33 24 23
kyseld Au 6-10 | 415 14,9 27,6 16,0 12 10 2.2
10 kambizem | gy 15-20 41,6 20,5 7,0 30,9 15 10 5 0,9
oglejend

Bvg 40-45 33,1 24,8 10,1 32,0 30 12 5 1.8
Go 70-75 32,8 26,0 11,2 30,0 50 20 4 2,1

lpit no., 250il type, 3horizon, 4depth. Stexture, Sskeleton, "available nutrients

Pozndmka — Note: Zrnitost — Texture: I = jilnaté &4stice — clay particles; II = prach - silt; III = praSkovy pisek — silty sand; IV = pisek —
sand; dostupné Ziviny v mg na 1 g pidy — available nutrients in mg per 1 g soil

komplex pudy je nenasyceny. Ponékud vysSi hodnoty
pH ve spodiné napovidaji o rezervach bazickych prvku
v mate¢né hornin€ a vys§i hodnoty pH v povrchovém
humusu svéd¢i o biologické akumulaci bazi v opadu
lesniho porostu. To je potvrzeno také hodnotami do-
stupnych minerilii CaO, K,0 a P,O5 v povrchovém
humusu, které sice nejsou tak vysoké jako u humézni
kambizemé, ale pfesto na dobré stfedni urovni, zv14sté
u drasla.

178

Obsah pristupného dusiku je vysoky a podil amonia-
kélniho dusiku je zfetelné vy$8i neZ u predchézejici
pudni variety. To naznaCuje, Ze oxidace amoniaku na
dusi¢nany probiha u této variety pomaleji. Poméry C/N
se svymi hodnotami podobaji stavu v pfedchizejici
pudni varieté, coZ zna¢i neruSené probihajici rozklad
organické hmoty i v této kyselé pudé. Hlavni prokofe-
néni zasahuje do hloubky 35 cm a jednotlivé kofeny
pronikaji az do 90 cm.
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III. Organickéa pidni hmota a reakce pudy (podle Vorla, 1994, upraveno) — Soil organic matter and soil reaction (according to Vorel,

1994, modified)

Sond.;x Horizont? Hloubka® | Humus* C N CIN Pistupny® N pH

tislo (cm) (%) (%) (%) Pézler amon. H,0 KCl
Amu 3-6 51,3 29,8 1,28 232 25,8 04 54 47

3 Amu 8-12 11,4 6,6 0,29 229 9,0 0.2 42 32
Bv 30-35 45 26 0,17 149 44 3,6

cd 60-65 3,0 1,7 0,12 14,5 44 3,7

F 34 63,7 36,9 1,62 229 42,0 14 51 46

Amu 4-7 32,1 186 0,84 22 9,0 0,6 48 4,0

2 Amu 15-20 15,5 9,0 0,63 14,3 44 34
Bv 35-40 55 32 0,20 16,0 44 35

cd 65-70 33 1,9 0,12 15,7 44 3,5

F 5-6 60,3 35,0 1,44 244 34,2 9,0 39 32

Au 7-10 253 14,7 0,65 22,7 143 0,6 35 28

5 Bv, 15-20 6,5 32 0,23 14,2 38 3,1
Bv, 40-45 2,9 17 0,11 156 41 3,5

cd 65-70 2,0 1,1 0,07 157 44 3,5

F 4-6 53,6 31,1 23,0 1,5 44 3,8

Au 6-10 20,0 11,6 11,5 1,7 4,0 3,0

1 Bv, 15-20 5.1 29 4,1 3,1
Bv, 3540 2,0 1,1 45 36

cd 60-65 1,0 0,6 48 34

F 2-4 70,6 44,1 1,27 34,8 31,4 36 39 32

Au 5-8 29,8 17,3 0,63 27,3 11,5 0,5 34 2,7

13 Bv 20-25 39 23 0,16 138 39 35
Bv 50-55 1,6 09 0,09 11,0 42 36

cd 80-85 1,0 0,6 0,05 10,4 46 3,5

F 5-6 49,9 289 25,8 14 49 4,0

Au 7-10 22,7 13,2 11,5 0,6 43 34

1 Bv, 15-20 44 25 4,0 3,0
Bv, 40-45 1.3 0,7 4.6 34

Cdg 80-85 1,0 0,6 4,6 33

F+H 46 67,2 389 0,85 459 25,8 1,5 33 2,6

Au 6-10 44,8 26,0 0,72 36,2 23,0 0,5 3,0 26

10 Bv 15-20 6.2 36 0,16 23,1 3,5 2.8
Bvg 40-45 18 1,1 0,07 16,3 52 35

Go 70-75 1,0 06 0,04 17,1 55 3,7

lpil no., 2horizon, 3d&:pth. *humus, *available N, ammonia

P ka — Note: pf

pny dusik uveden v mg N na 100 g pidy - available nitrogen is given in mg N per 100 g soil

Kysela kambizem hluboka (plochy a sondy ¢&. 11
a 13, Abieto-Fagetum) je pidni varietou roz$ifenou na
mirné sklonitych svazich rezervace. Je to stiedné hlu-
bokéa aZ hlubok4 pida s mensim podilem drobného aZ
balvanitého $térku s hlinitou jemnozemi (tab. II). Povr-
chovy humus tvofeny vrstvou opadu a drti lze oznagit
jako moder. Umbrikovy horizont Au ma vysoky obsah
humusu a je proto zbarven Sedé aZ tmavoSedé, jeho
mocnost ¢ini 6 aZ 7 cm a barevny prechod dospodu je
zfetelny. Kambické horizonty Bv jsou pomérné hlubo-
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ké, zasahuji aZ do 70 cm a jsou zbarveny hnédé azZ
hnédookrové s pozvolnym barevnym pfechodem do-
spodu. Potom nasleduje okrové zbarvena zvétralina ma-
tecné horniny — horizont Cd, ktera je u sondy ¢. 11
oglejena v dusledku ob&asného zamokieni (horizont
Cdg).

Pudni struktura je drobné drobtovita aZ zrnitd, hori-
zont Au je kypry, horizonty Bv jsou mirné slehlé. Pfe-
sto je pida dobfe propustna pro vodu i vzduch a je dos-
tate¢né zdsobena vodou v celém profilu béhem celého
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roku. Humifikace probiha v této pudé dobfe aZ mirné
zpomalené a humus pomérné€ intenzivné prolina do pro-
filu, takZe jeSté v 80 aZ 85 cm bylo zjiSténo kolem
1 % humusu. Pudni reakce je kyseld aZ silné kyseld
a zna¢ny rozdil mezi aktivni a vyménnou reakci nazna-
¢uje, Ze sorpéni komplex pudy je nenasyceny. Ponékud
vy$%i pH ve spodiné pudniho profilu je disledkem uvol-
fiovéani bazickych prvki z matecné horniny; vyssi pH
povrchového humusu je disledkem akumulace téchto
prvki v organickém materidlu opadlém na povrch pi-
dy. Obsah dostupnych mineralnich Zivin je ponékud
niz§i neZ u humdzni kambizemé kyselé, piesto viak pa-
trné zcela dostacujici pro vyZivu lesniho porostu, ktery
je velmi bonitni. Obsah dostupného dusiku je vysoky
a podil amoniakalniho dusiku nizky, takZe oxidace
amoniaku na dusi¢nany probihd v této pidé neruSené.

Vzidjemny pomér C/N je v povrchovém humusu
i v horizontu Au zfetelné §irSi neZ u predchazejicich
pudnich variet, coZ svédc¢i o mirné zpomaleném rozkla-
du opadu. V hlubSich ptidnich horizontech se pomér
C/N vyrazné zuZuje na hodnoty podobné a dokonce
nizsi neZ u ostatnich variet a svéd¢i tedy o dlouhodo-
bém dostatecné hlubokém rozkladu organické hmoty
v této pudé. Prokofenéni zasahuje velmi hluboko do
pudniho profilu vlivem pfiznivych fyzikélnich vlastnos-
ti a stalé pfiznivé vlhkosti pudy. Hlavni kofenovy sy-
stém je rozloZen do 40 aZ 60 cm a jednotlivé kofeny
pronikaji az do 90 cm. Dfeviny tak maji moZnost vy-
uZivat mineralnich Zivin v celém padnim profilu véetné
zvétraliny mate¢né horniny.

Kysela kambizem oglejena (plocha a sonda &. 10,
Fageto-Abietum) je pudni varietou nejniZ§ich, obCas za-
mokienych poloh rezervace, plosné jen malo zastoupe-
nou. Je to stfedné hluboka puda s hlinitou jemnozemi
a men§im podilem drobného aZ kamenitého térku, je-
hoZ obsah dospodu stoupa. Povrchovy humus, tvofeny
vrstvou listnato-jehli¢natého opadu, slehlou vrstvou drti
a slabou vrstvickou méli, je moZné oznacit jako morovy
moder (mor-moder). Umbrikovy horizont Au je bez-
strukturni, jen 4 cm mocny a ma Sedé zbarveni. Precha-
zi do dosti zfetelné barevné odlieného horizontu By,
ktery je hnédookrovy a slehly. Ten pozvolna pfechézi
do svétle okrového a slehlého horizontu Bvg s Sedore-
zivymi skvrnami. Pod nim nésleduje Sedohnédy hori-
zont s modravymi a rezivymi skvrnami, slehly a $tér-
kovity horizont Go.

Puda této variety je bezstrukturni a jen horizont Au
je kypry. Ostatni horizonty jsou slehlé, takZe pro vzduch
je dobfe propustnd jen horni ¢ast pidniho profilu. Tato
cast profilu je Cerstvé vlhka, stfedni a dolni ¢ast vlhka
aZz mokra. Humifikace probihd zpomalené, coZ se
v analyzéich projevuje zejména na poméru C/N, ktery je
v celém profilu nejSirSi v porovnani s ostatnimi varie-
tami; zv1asté je to patrné v humusovych horizontech
(tab. III).

Reakce pudy je silné kyseld, ve spodiné jen kysela.
Sorpcni komplex je nenasyceny, jak je patrné ze znac-
nych rozdili mezi aktivni a vyménnou aciditou. Obsah
dostupnych minerélnich Zivin CaO, K,0 i P,O5 je
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v povrchovém humusu vyrazné niZ§i neZ v ostatnich
pudnich varietich. V dalSich horizontech neni Zadny
rozdil patrny. Pida ma tedy nedostatek dostupnych Zi-
vin v horni &asti profilu. Jen mnoZstvi pfistupného du-
siku je vysoké a odpovida pomérum ostatnich padnich
variet. V horni ¢asti profilu se také rozprostira kofeno-
vy systém dievin, dospodu do 60 cm kofeny pronikaji
jen ojedinéle.

Mapku pudnich variet bylo moZné nakreslit s vyuZi-
tim popisu pudnich profili i mapky lesnich typu (Vo -
rel, 1994). Varieta humo6zni kambizemé kyselé se roz-
prostird na ploSe obou lesnich typl Fraxineto-Acereta,
varieta kambizemé kyselé na ploe Fageto-Acereta, va-
rieta kyselé kambizemé& hluboké na ploSe obou lesnich
typt Abieto-Fageta a kysela kambizem oglejena na plo-
Se Fageto-Abieta (obr. 1).

MIKROBIALNI POMERY

Charakteristika pidni mikrofléry a jeji aktivity
v pudnich varietich je v mnohém ohledu zavisla na
tom, Ze jde o jeden pudni typ na stejné lokalité; je tedy
velmi podobnd. VSem varietim je spole¢né chudé mik-
robidlni osidleni a stfedni biologicky aktivni hloubka.
V mikrofléfe prevazuji aerobni bakterie, mélo se vy-
skytuji aktinomycety, zastoupeni mikromycet je vyso-
ké. Anaerobni bakterie jsou také zastoupeny v pomérné
znatném mnoZstvi. VEétsi ¢ast mikrofléry je schopna
rozkladat bilkoviny (rast na MPA). Rozklad celulozy
v puidé uskute¢iiuji pfevazné mikroskopické houby, po-
tencidlnich rozklada¢t ligninu je pomérné mélo. Ve
vSech pudnich varietich bylo zji§téno Clostridium pas-
teurianum — pouta¢ vzdusného dusiku.

Humoézni kambizem Kysela se vyznauje relativné
nejvys§im celkovym poétem mikrofléry jak v horizontu
Amu, tak i v celém pudnim profilu. Aktivni biologicka
hloubka, tj. hloubka s minimdlné pil milionem mikro-
fléry (v 1 g suché pudy), byla u Fraxineto-Acereta s di-
ferencialnim druhem Alium ursinum daleko nizZsi nez
u Fraxineto-Acereta s druhem Lunaria rediviva, tedy
v prvnim pfipadé mélka a ve druhém stfedni. V mikro-
flore silné prevaZuji aerobni bakterie s hojnou ucasti
ty&inkovitych tvari. Ugast aktinomycet je velmi nizka,
zato zastoupeni mikromycet je vysoké. Druhova boha-
tost mikromycet je zna¢na. VZdy se vyskytuji rody Pe-
nicillium a Aspergillus, bylo zjisténo Gliocladium sp.,
Trichoderma sp., zelené Cladosporium sp., bilé Sporo-
trichum sp., hn&da Alternaria, $edd Humicola grisea
a hnéda Humicola fuscoatra. PoCet anaerobnich bakte-
rii je rovnéZ znany — zejména ve spodnich Castech
pudnich profila (tab. IV).

Rozklada¢i bilkovin tvofi 50 az 60 % celkového
poctu mikrofléry. Rozklad celulézy je stfedné intenziv-
ni aZ pomaly, probihd v huméznich horizontech Amu
a uskuteciiuji ho prevazné houby; kromé& nich rozklada-
ji celulézu také bakterie a aktinomycety. Z mikromycet
je to zejména Humicola fuscoatra a Humicola grisea,
déle druhy rodu Chaetomium, zelenohnédé Cladospori-
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IV. Pocet a struktura pidni mikrofléry (analyzy B. Grunda) — Soil microflora counts and structure (analyses by B. Grunda)

Sonda ., | Hloubka® Potet mikrofléry? (x.10%.g71) Potet mikrofléry® (%)

gslo! | HOR2O | e B s F A sa B s F A
Amu 3-6 3950 13 344 224 | 4531 87,2 03 7,6 49
Amu 812 | 1468 11 134 8 | 1699 86,4 0,6 7.9 5.1
3 Bv 30-35 84 2 4 4 94 89,3 2,1 43 43
cd 60-65 28 0 1 3 32 87,5 0 3,1 9,4
Celkem 5530 26 483 317 | 6356 87,6 08 57 59
Amu 47 4868 15 352 216 | 5451 89,2 03 6,5 4,0
Amu 15-20 | 1492 13 46 49 | 1600 932 08 2,9 3,1
2 Bv 35-40 110 2 12 63 187 58,8 1,1 6,4 33,7
cd 65-70 28 1 2 4 35 80,0 2.9 5.7 11,4
Celkem 6 498 31 412 332 | 7273 80,3 13 54 13,0
Au 7-10 | 2416 31 328 114 | 23889 83,6 1,1 11,4 39
Bv, 15-20 500 4 24 36 564 88,6 07 43 6,4
5 Bv, 40-45 2 1 2 6 31 71,0 32 6,4 19,4
cd 65-70 18 1 1 3 23 78,4 43 43 13,0
Celkem 2956 37 355 159 | 3507 80,4 23 6,6 10,7
Au 5-8 3939 16 136 158 | 4249 92,7 04 32 37
Bv 20-25 746 6 30 40 822 90,7 07 3,7 49
13 Bv 50-55 48 2 2 3 55 873 3,6 3,6 5.5
cd 80-85 17 1 0 3 21 80,9 48 0 143
Celkem 4750 25 168 204 | 5147 87,9 24 26 7.1
AU 6-10 | 2553 32 142 205 | 2932 87,1 11 48 7,0
Bv 15-20 652 4 19 21 696 93,7 0,6 27 3,0
10 Bvg 40-45 57 1 1 2 61 93,5 1.6 1,6 33
Go 70-75 13 03 0,2 1 145 | 896 2,1 1,4 6,9
Celkem 3275 373 162,2 229 | 37035 | 909 1.4 2,6 5.1

For 1-3 see Tab. III, *microflora counts

Poznimka — Note: B = aerobni bakterie — aerobic bacteria; F = mikromycety — micromycetes; S = aktinomycety — actinomycetes; A =

anaerobni bakterie — anaerobic bacteria; Sa = soudet — sum

um sp., Penicillium sp., Sporotrichum sp. V niZ§ich ho-
rizontech je rozklad celul6zy jen velmi pomaly.

MnoZstvi potenciélnich rozkladaca ligninu (sloupec
PP v tab. V) je nizké aZ velmi nizké; rozkladaci byli
zji$téni jen v horni ¢asti pudnich profili. Pouta¢ vzdus-
ného dusiku Clostridium pasteurianum byl zjistén v ce-
Iém profilu, a to ve vy3Si koncentraci ve spolecenstvu
s Lunarii neZ ve spoleenstvu s druhem Alium ursinum.
Nejvyssi aktivita pidni katalazy byla zji§téna v hori-
zontech Amu, niZSi aktivita ve stfedni ¢asti pudniho
profilu.

Kambizem kysela se vyznafuje podstatné niZ§im
mikrobialnim osidlenim v celém puidnim profilu, coZ je
patrné disledkem mél¢iho prohuméznéni a niZsiho ob-
sahu humusu. V bakterialni fléfe bylo zjiSténo silné za-
stoupeni ty&inkovitych organismi. Poget mikromycet je
vysoky. Kromé& obligatniho rodu Penicillium byla zji$-
téna Mortierella nana, Aspergillus sp., Botrytis sp.
a Cladosporium sp. Anaerobni mikroorganismy tvori
zvlasté v dolni &asti pudniho profilu znaénou &ast mik-
rofléry (tab. IV).
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Rozklad celulézy byl v horizontu Au stiedni a v niz-
§ich horizontech velmi pomaly. Byl uskute¢fiovan pre-
devsim druhem Humicola fuscoatra, dile bylo zji§téno
tmavé zelené Chaetomium sp., bezbarvé bakterilni ko-
lonie, Penicillium sp. a Zluta nefruktifikujici mikromy-
ceta. Pocet producentii polyfenoloxiddz byl velmi niz-
ky; koncentrace klostridii také v niZ§ich hodnotéch,
aviak v celém pudnim profilu. Aktivita ptidni katalazy
byla nizka a byla zji§téna jen v horni Casti profilu.

Kysela kambizem hluboka ma ponékud vy$8i mik-
robidlni osidleni neZ pfedchézejici pidni varieta a toto
osidleni se bliZi humé6zni kambizemi kyselé. Pocet
aerobnich bakterii je relativné vysoky, aktinomycet niz-
ky a koncentrace mikromycet je niZ§i neZ v ostatnich
varietach. Byly zji§tény tyto druhy mikromycet: Mor-
tierella ramanniana, Humicola fuscoatra, Verticillium
alboatrum, Aspergillus sp., zelena Alternaria sp., tmavé
Gliocladium sp. a Penicillium sp. (tab. IV).

Vysoké procento mikrofléry prokazalo schopnost
rozkladat bilkoviny. Rozklad celulézy byl v horizontu
Au stfedné intenzivni, v niZ8ich ¢astech profilu pomaly.
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V. Fyziologické skupiny mikroflory a testy mikrobidlni aktivity (analyzy B. Grunda) — Physiological groups of microflora and microbial

activity tests (analyses by B. Grunda)

Sondi\ Horizont? Hioubka® A Rodklaie ooty PP cl RC |Kataliza®
cislo (cm) (poéet(’) (%) S F
Amu 3-6 2736 60,4 04 03 9 1,7 107 3,5 9,6
% Amu 8-12 931 54,8 0 0 9 0,7 107 1,5 1,6
Bv 30-35 49 52,5 0 03 1 0,1 107! 08 0
cd 60-65 18 56,3 0 0 1 0 107! 03 0
Amu 4-7 2 687 493 0,4 0.2 8 09 107 28 56
5 Amu 15-20 803 50,2 0 0,2 3 0,1 107 12 42
Bv 35-40 88 47,1 0 0 3 0 1072 08 1,6
cd 65-70 20 57,1 0,1 0 1 0 107 02 0
Au 7-10 2368 81,9 0 0 8 03 107 23 2,7
. By, 15-20 293 | 520 03 0 3 0 107 0.8 0.8
Bv, 40-45 23 74,2 0,1 0 1 0,1 107! 0,5 0
cd 65-70 12 522 0 0 03 0 1072 03 0
Au 5-8 3795 89,3 0 0 2 07 107 2,9 27
5 Bv 20-25 668 81,3 0,2 0 2 03 107! 1,3 1,8
Bv 50-55 48 87.3 0 0.2 03 0 107! 1,3 1,8
cd 80-85 18 85,7 0 0 0,1 0 0 0.1 0
Au 6-10 | 2446 83,4 0 0 3 0 107 23 6,0
io Bv 15-20 455 65.4 0 0 03 0,1 107! 1,2 2,5
Bvg 40-45 54 88,5 0,2 0 1 0 0 0,9 08
Go 70-75 13 89,7 0 0 0,2 0 107 0.2 0,2

For 1-3 see Tab. III, “cellulose decomposers, Scatalase, Scounts

Pozndmka — Note: rozkladaci celulézy — cellulose decomposers: B = aerobni bakterie — aerobic bacteria; S = aktinomycety — actinomycetes;
F = mikromycety — micromycetes; PP = producenti polyfenoloxidiz — polyphenoloxidase producers; MPA = amonizagni mikrofléra —
ammonification microflora; Cl = Clostridium (bakteridlni titr) — Clostridium (bacterial titer); RC = rozklad celulézy (procento rozloZené
celulézy déleno poétem tydni) — cellulose breakdown (decomposed cellulose percentage divided by the number of weeks)

Poget B, S, F, MPA, PP uveden v tisicich (x.10* .g™"), aktivita katalazy v mg H,0,.g”".15 min™' - The counts of B, S, F, MPA, PP are given

in thousands (x.lOs.g"l), catalase activity in mg Hzoz‘g_l.IS min~!

Celuloza je vSak rozkladana aZ do hloubky 60 cm. Roz-
kladu celulézy se ucastni bledé okrové kolonie bakterii,
hnédé zbarvené aktinomycety se spirdlnymi sporofory,
Penicillium sp. a nefruktifikujici mikromycety (viechny
mikroorganismy na agaru podle Puskinské). Hlubsi bio-
logickou aktivitu do 60 cm indikuje také pudni katala-
za, hodnoty vSak nejsou nijak vysoké (tab. V).

Kysela kambizem oglejend ma nizké mikrobialni
osidleni jako kambizem kyseld s podobnym procentu-
alnim rozloZenim jednotlivych skupin mikrofléry. Ve
skupiné aerobnich bakterii prevladaji tyCinky. Zastoupeni
mikromycet je ponékud niZ§i v porovnani s kambizemi
kyselou. Z druhti kromé obligatniho rodu Penicillium
dominuje Verticillium alboatrum, déle byla zjisténa Ab-
sidia glauca, Aspergillus sp., Sporotrichum sp.

Rozklad celulézy probihd v horizontu Au se stfedni
intenzitou, v niZ§ich horizontech je pomaly. Rozkladu
se zuCastiuji Humicola fuscoatra, zelené Penicillium
sp., Gliocladium sp. a bled€ okrové bakteridlni kolonie.
Producenti polyfenoloxiddz jsou velmi malo pocetni.
Jako jeden z nich bylo zji§t€no Penicillium sp. V nizké
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koncentraci bylo zji§téno Clostridium pasteurianum
poutajici vzduSny dusik. Aktivita pidni kataldzy byla
zna¢nd v horizontu Au a zasahovala i hloubéji do pud-
niho profilu (tab. V).

HODNOCENI

Chceme-li struéné charakterizovat pudni variety, pak
humézni kambizem kyseld se vyznaCuje piedevsim sil-
nou skeletnatosti, hlubokym prohuméznénim pudniho
profilu, kyprosti a dostatkem minerélnich Zivin s vy-
jimkou fosforu. M4 relativné nejvyssi celkovy pocet
pudni mikrofléry, zna&né zastoupeni klostridii poutaji-
cich vzdu$ny dusik a znanou biochemickou aktivitu
v horni €asti pidniho profilu.

Kambizem kysela je silné skeletnatou varietou s po-
nékud niZ§im mnoZstvim minerdlnich Zivin a niZ$imi
hodnotami pudni reakce. Mikrobidlné je nejméné osid-
lena a mé nejsiln&j$i podil pidnich hub. Biochemickd
aktivita je slabsi.
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Kysela kambizem hluboka ma mensSi obsah Stérku,
ktery je také vétSinou drobnéjsi. Jeji pudni profil vyuZi-
telny kofeny dfevin je hlub$i neZ u ostatnich variet.
Mikrobialni osidleni je na relativné stfedni drovni s nej-
niz§im podilem pudnich hub. Biochemicka aktivita je
rovnéZ stfedni a zasahuje hloubéji do pidniho profilu.

Kyseld kambizem oglejend ma rovnéZ méné Stérku,
jeji fyziologicka hloubka je vSak omezena vétsi slehlosti
piudy a podzemni vodou. Obsah dostupnych mineral-
nich Zivin je podstatné niZ$i neZ u ostatnich variet s vy-
jimkou dostupného dusiku. Mikrobialni osidleni je re-
lativné slabé a biochemickd aktivita rovnéZ kromé&
katalazy, jejiz hodnoty jsou stfedné vysoké.

DISKUSE

* DosaZené vysledky je moZné porovndvat predevsim
s vysledky vyzkumii provadénych v NPR Zikova hora
a v lesni rezervaci Mrhatina, které se nachazeji ve stej-
né klimatické oblasti Ceskomoravské vrchoviny. V re-
zervaci Zakova hora (810 m n. m.) je mate¢nou horni-
nou dvojslidnéd rula s vloZkami amfiboliti. Je tedy
svym obsahem mineralii podobna kordieriticko-biotitic-
ké rule NPR Velky Spic¢ak. Také padni typ je stejny —
vytvofila se kambizem se subtypem su$§im a subtypem
vlhéim, nékdy s oglejenou spodinou. Mikrobidlni po-
méry jsou ¢asto podobné nejen v poétech piidni mikro-
flory, ale i v biochemické aktivité. Vyjimku tvori mik-
romycety a producenti polyfenoloxidaz, kterych byl
zji¥t&n na Zakové hofe vyrazng vyssi poet (Klimo et
al., 1985).

Lesni rezervace Mrhatina situovand v Jihlavskych
vr$ich (710 m n. m.) ma pudu chudou na dvojmocné
minerdlni Ziviny CaO a MgO, av$ak s dostatkem drasla
a fosforu, ktera se vytvorila na dvojslidné Zule. Jako
pudni typy se vytvorily kyseld kambizem a humusovy
podzol. Pudni reakce (droveni pH) je jeSté niZSi neZ na
Velkém Spi¢dku. Také podet piidni mikrofléry je vyraz-
né niZ3i a podobné jako u Zakovy hory jsou v povrcho-
vém humusu silné zastoupeny mikromycety. Jinak jsou
mikrobialni poméry velmi podobné (v¢etné biochemic-
kych testi) pidim Velkého Spi¢dku (Hruika,
Grunda, 1990).

Pudy vSech tii rezervaci vznikaly na mineralné chu-
dych aZ stfedn& bohatych mate&nych horninach za pro-
myvného vodniho reZimu. Proto se v téchto kyselych
pidach rozvinul kambicky hnédozemni proces a vznikl
stejny pudni typ — kambizem. V niZSich polohach re-
liéfu miZe byt kambicky proces kombinovédn vlivem
podzemni vody procesem glejovym. Vyznaénou vlast-
nosti pid vSech uvedenych rezervaci, ktera je také pod-
minkou uchovani jejich trodnosti ve vztahu k lesnim
porostiim, je humusem bohatéd horni &ast jejich profilt.
Humus zadrZuje a postupné uvoliiuje sraZkovou vodu,
sorbuje na svij povrch mineralni Ziviny, které jsou
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z opadu mikroflérou postupné uvoliiovdny. Pro hetero-
trofni mikrofl6ru je organicka ptidni hmota nejen zésobar-
nou Zivin, ale také energetickym zdrojem, ktery umoz-
fiuje jeji rozkladnou i syntetickou Cinnost (napf. poutani
vzdu$ného dusiku, syntézu humusovych litek aj.). Hu-
mus je tedy nesmirné duleZitou soucésti té€chto pud.

To se oviem tykéd nejen pud rezervaci, ale i vSech
hospodafskych lesit na Ceskomoravské vrchoving.
Uchovéni humusu v pidé by mélo byt prvnim tikolem
lesniho hospodéie v celé oblasti. Zasahy do porosti by
mély byt Setrné, nikdy velkoplo$né, aby nedoslo
k prudkému rozkladu humusu nebo k jeho splachu do
vodnich toki. VytéZené plocha by méla byt ihned opét
zalesnéna.
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SOIL AND SOIL MICROFLORA OF THE NATIONAL NATURE PRESERVE

VELKY SPICAK

B. Grundal, J. Vorel?

! Milénova 9, 638 00 Brno

2 Mendel University of Agriculture and Forestry, Faculty of Forestry and Wood Technology, Lesnickd 37,

613 00 Brno

National Nature Preserve Velky Spicak is situated in
the Protected Landscape Area Jihlavské vrchy (Central
region of the Czech Republic). The surface area of the
preserve is 45 ha and it is covered with a forest com-
plex at the height of 650 to 730 m above sea level. The
preserved original forest associations of the fir-beech
altitudinal zone area the reason for conservation of this
territory. The parent material consists of cordierite-bio-
tite gneiss.

Soil samples were drawn from soil pits, the location
and numbering of which are identical with phytoce-
nological records, and can be seen in the chart (Fig. 1).
All kinds of analyses were done in fine earth (maximum
size of particles 2 mm). Carbon content was determined
oxidimetrically, nitrogen content by Kjeldahl method.
Soil reaction was determined potentiometrically in H,O
and nKCl suspensions. The content of available mineral
nutrients was determined in 1% citric acid extract.

The parent material of the soils under observation is
relatively rich in magnesium, it has a lesser amount of
calcium, good potash store and very little phosphorus.
The great soil group Cambisol with several varieties
was formed on this rock:

a) acidic humic Cambisol — in the top part of the pre-
serve, plots and pits nos. 2 and 3. Fraxineto-Acere-
tum, forest stand at the age of 110 to 160 years:
ash-tree Fraxinus excelsior, maples Acer platanoi-
des, A. pseudoplatanus, elm Ulmus scabra, beech
Fagus sylvatica, fir Abies alba, spruce Picea abies,
linden Tilia cordata, hornbeam Carpinus betulus,
oak Quercus robur,

b) acidic Cambisol — top part of slopes, plots and pits
nos. 1 and 5. Fageto-Aceretum, forest stands at the
age of 120 to 170 years: beech Fagus sylvatica, map-
le Acer pseudoplatanus, elm Ulmus scabra, ash-tree
Fraxinus excelsior, fir Abies alba, spruce Picea
abies;

¢) deep acidic Cambisol — moderate slopes, bottom part
of slopes, plots and pits nos. 11 and 13. Abieto-Fa-

getum, forest stands at the age of 120 to 170 years:
beech Fagus sylvatica, fir Abies alba, spruce Picea
abies, maple Acer pseudoplatanus, elm Ulmus scabra;
d) pseudogleyic acidic Cambisol — water-logged lower
positions, plot and pit no. 10. Fageto-Abietum, forest
stand at the age of 140 years: spruce Picea abies, fir

Abies alba, beech Fagus sylvatica, ash-tree Fraxinus

excelsior, goat willow Salix caprea, alder Alnus glu-

tinosa.

The process of grey-brown podzolic formation took
place in all soil varieties, combined with a secondary
gleization process on plot no. 10. The fine soil is loamy
to clay-loamy, and the soil reaction is very acidic to
acidic. The carbonates were not found in any of the
varieties. All varieties had high contents of available
nitrogen, which is very important for the growth of
forest tree species. Fresh soil moisture content was
found to be favorable in all varieties, in the variety with
gleyic horizon the soil was wet in the bottom part of
the profile. The differences between the varieties con-
sists in the depth of humus layer, skeleton content and
size, soil profile depth with contingent effects of
groundwater.

Microbial populations in the soils are poor, aerobic
bacteria are prevailing, the occurrence of actinomycetes
is sporadic, but the percentage of micromycetes is high.
The presence of anaerobic bacteria is also relatively
considerable. A major portion of microflora is able to
decompose proteins. Mostly microscopic fungi partici-
pate in cellulose breakdown (frequently Humicola
fuscoatra and Humicola grisea, less frequently the spe-
cies of the genus Chaetomium, Cladosporium, Penicil-
lium, etc.). Potential decomposing agents for lignin are
few. Clostridium pasteurianum — an air nitrogen fixer,
was found to be present in all soil varieties.

A prominent property of the studied soils that is un-
derlying the maintenance of their fertility with respect
to forest stands is the rich-in-humus upper part to their
profiles.

Kontaktni adresa:

Doc. Ing. Blahomil Grunda, CSc., Milénova 9, 638 00 Brno, Ceska republika
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DIFERENCOVANE PESTOVANIE LESOV NA SLOVENSKU
S OSOBITNYM ZAMERANIM NA BUKOVE PORASTY*

DIFFERENTIATED FOREST MANAGEMENT IN SLOVAKIA AIMED
AT BEECH STANDS

L. Stefanéik
Lesnicky vyskumny ustav, T. G. Masaryka 22, 960 92 Zvolen

ABSTRACT: The paper is dealing with differentiated management of forests (especially of beech stands) in Slovakia since
the oldest times until now. Development of differentiated forest management is briefly analyzed under normal ecological
conditions. Special attention is also paid to differentiated management of forests under the current variable ecological condi-
tions resulting from air pollution synergism. The target of forest management in the areas with air pollution is particularly to
increase their longevity. Systematic research into silvicultural and productivity problems in beech stands affected by air
pollution is just beginning. That is why the present knowledge of these urgent problems is very recent in Slovakia for the
time being. Outlooks of differentiated forest management in Slovakia are suggested for the fields of research, science, education
and forest operations.

beech; differentiated forest management; air pollution

ABSTRAKT: Prica sa zaobera problematikou diferencovaného pestovania lesov (najma bucin) na Slovensku od najstarSich
¢ias aZ po siucasnost. Analyzuje sa struény vyvoj diferencovaného pestovania lesov v normélnych ekologickych podmienkach.
Osobitnd pozornost sa venuje aj diferencovanému pestovaniu lesov v si¢asnych meniacich sa ekologickych podmienkach
v dosledku synergizmu imisii. Ciefom obhospodarovania lesov pod vplyvom imisii je najmé predlZit ich Zivotnost. Systema-
tickejsi vyskum pestovno-produkénej problematiky v imisnych podmienkach buéin sa eSte len rozbieha. Preto aj doterajSie
poznatky z tejto aktudlnej problematiky sii na Slovensku zatial kritkodobé. Naznacuji sa perspektivy diferencovaného pesto-
vania lesov na Slovensku v oblasti vyskumu, vedy, vyuky a lesnickej praxe.

buk; diferencované pestovanie; imisie

UvVoD

Buk lesny je povodna drevina horskych lesov Slo-
venska. V minulosti bol a i v si¢asnosti je naSou naj-
zastipenej$ou lesnou drevinou (roku 1994 29,6 %).
K buku sa prejavuje vztah akoby k nérodnej drevine
Slovenska; aj v slovenskych prisloviach je ur€itym sy-
nonymom pre predstavu o nie€om urastenom, silnom
a zdravom.

K emotivnym pohnutiam treba vSak postavit realitu, Ze
— buk tvori rozsiahle nezmie$ané ako aj zmieSané, vy-

soko produktivne porasty: na dolnej hranici roz$ire-

nia (2. bukovo-dubovy lesny vegetainy stupefi)

s dubom, vo vysSich polohéach (po 6. smrekovo-jed-

Tovo-bukovy LVS) s jedlou a smrekom;

— v minulosti, ale prakticky aZ podnes bu€iny predsta-
vuji biologicky najzdrav$iu a teda najstabilnejSiu
zlozku lesného ekosystému.

V ramci monitoringu zdravotného stavu lesov SR sa
zistilo, Ze buk vykazuje zo vSetkych naSich lesnych
drevin najniZ§iu priemerni stratu asimilaénych organov
(defoli4ciu), a to 17 %, kym napr. smrek 29 %. Tento
aj dalSie udaje hovoria o takej skutoénosti, Ze v lesoch
SR uz treba rozliSovat lesné porasty zdravé — normdlne,
ekologicky nenaruSené, a porasty atakované pdsobe-
nim $kodlivych ¢initelov antropogénneho povodu, na-
jmé syndrémom imisii, t. j. choré — imisné, ekologicky
narus$ené.

DIFERENCOVANE PESTOVANIE LESOV

Vecni stranku sa pokisim podat v troch okruhoch,
a to z aspektu zmien ekologickych podmienok v nasich
lesnych ekosystémoch.

*  Referit bol predneseny na seminéri Obhospodarovanie bukovych a zmieSanych porastov s primesou buka, ktory sa konal diia 28. 4. 1994 na

Lesnickom vyskumnom ustave vo Zvolene.
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Struény vyvoj diferencovaného pestovania lesov
v normélnych ekologickych podmienkach

Z vysledkov prieskumov hospodarskej tpravy lesov
vieme, Ze pre lesy SR si charakteristické rozdielne pri-
rodné a porastové pomery. Tato skutoCnost nésledne
vymedzuje prevadzkovo-technické a ekonomické moz-
nosti obhospodarovania lesov a do znaCnej miery pod-
miefiuje aj funkcie lesov.

Na obhospodarovanie naSich lesov koncepéne pri-
chadza do uvahy len cesta prirodzeného, resp. prirode
blizkeho hospoddrstva. V tomto zmysle sa uplatnia se-
lekéné metédy vychovy a obnovy porastov cestou pes-
tovného zasahu (vyberu).

Ale aj uplatiiovanie pestovného zasahu nemoZno
chépat stereotypne. Spominané rozdielnosti prirodnych
a porastovych pomerov i vymedzenych hospodarskych
mozZnosti vyZaduji v intenzivnom lesnom hospodarstve
diferencidciu prevadzkovych cielov, tym v priebehu vy-
voja lesnych porastov diferenciaciu aj pestovnych (po-
stupovych) cielov, ¢im je vlastne dand nevyhnutnost,
a teda potreba diferencovaného obhospodarovania na-
§ich lesov.

Problematika diferencovaného pestovania lesnych
porastov ma v lesnom hospodarstve kaZzdej krajiny ak-
tudlnost a svoju osobitost, pricom prekonava vyvoj od
jednoduchsich foriem diferencicie po zloZitejSie formy.

Ako prvé, z dne¥ného pohladu najjednoduchsie for-
my diferencovaného pestovania lesov mdéZeme povazo-
vat pestovné opatrenia, ktoré sa od seba nutne museli
odliSovat v dosledku rastovej vyspelosti porastu, teda
vlastne vekom (obdobia vychovy a obnovy poras-
tov).

Pri diferencovanom pestovani lesnych porastov je
rad dalSich vyznamnych fenoménov. Je to:

— Hospodarska déleZitost drevin (dobova konjunktira
dreviny); napr. bukové porasty eSte aj pred 30-40
rokmi sa pestovne zanedbdvali.

— Bezpecnost porastov; rozumieme ohrozovanie zdra-
votného stavu, statickej, ale i ekologickej stability.

— Spristupnenost porastov. Vzdialené, nespristupnené
porasty zostdvali nepestované. Aj dnes mame u nis
také pripady.

V tomto zmysle moZno z minulosti uviest ur€ité ten-
dencie ,,diferencovanosti* v pestovani lesa. Za taku tre-
ba oznalif koncepciu nasho nestora pestovania lesa
prof. Ing. S. Kri§ku (napr. 1927a,b) v dvadsiatych
az §tyridsiatych rokoch nasho storo€ia. Zname si jeho
,»Navody* napr. k vychove i k obnove lesnych porastov
z roku 1927. Tu k vychovnym opatreniam zaraduje:
ribane (sece) vycistovacie, vyruby (vyseky), prebierky,
vyvetvovanie. Velmi podrobne rozvadza prebierky
v porastoch jednotlivych drevin, teda aj buka, a ich
zmieSanin.

V pitdesiatych rokoch prichddza prof. Ing. H.
Bezadinsky s kvalitativne novym fenoménom di-
ferenciacie vychovy a obnovy lesnych porastov ako prvy
u nds, a to na typologickom zaklade. Teda stanoviste je
dal$im kritériom diferencovaného pestovania lesov.
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Bezacinsky (1956) vylisil devat tzv. ,hospo-
dérskych typov cielovych skladieb* pre pestovanie po-
rastov dubovej a bukovej oblasti. Tieto zdruZovali ur-
Cité blizke skupiny lesnych typov s predpokladmi
dosiahnutia vyty¢eného hospodarskeho ciela priblizne
rovnakymi pestovnymi opatreniami. V r. 1962 upravil
triediace jednotky na rovnakom typologickom zéklade,
zvysil ich pocet na 15 a nazval ich ,pestovnymi typmi
porastov* (v8eobecny obraz porastu s typickym druho-
vym zloZenim a jednotnou funkciou drevin v poraste,
s typickou vystavbou a dynamikou cyklického vyvoja).

AZ koncom sedemdesiatych a v osemdesiatych ro-
koch diferencované pestovanie, potazZne obhospoda-
rovanie naSich lesov, rozumie sa lesov normélnych
(zdravych), sa stiva predmetom intenzivneho vyskumu
na Lesnickom vyskumnom ustave vo Zvolene. Kazda
z rieSenych iloh vyistila do realizatného vystupu,
v ktorom boli spravidla sformulované hlavné zasady.
Tieto sa zvicSa kniZne publikovali.

Tak Midriak etal. (1981) vypracovali a publiko-
vali zdsady pre uplatnenie funkcii lesa, na ramcové pla-
novanie tvorbou modelov lesnych porastov, dalej na
ramcové pldnovanie pre hospodarske sibory (HS)
v zmysle vyhlasky ¢. 14/1978, planovanie vychovy
a obnovy podla integrovanych funkcii. Zasady si vy-
pracované pre 21 pestovnych typov (Pt) porastov (také
blizke drevinové zloZenie, Ze vyZaduji rovnaké vychovné
a obnovné postupy) a v rdmci nich podla funkéného
zamerania (produk&ného, ekologického, environmen-
talneho).

Zasady pre diferencované obhospodarovanie buéin
podla integrovanych funkcii si podané v ramci Pt 11
dubiny zmie$ané s hrabom alebo bukom, 14 buciny
rovnorodé, 15 bu€iny s dubom, 16 budiny so smrekom
a jedlou, 18 jedliny zmieSané so smrekom, bukom a i.,
20 smre€iny zmie$ané s bukom a jedlou.

Dal3i vyskum, ktory som koordinoval, sa uskutoé-
fioval v rokoch 1978 az 1982 v odbore pestovania lesov
LVU. Klo o riefenie diferencovaného pestovania nor-
maélnych, teda zdravych lesov s produkénou funkciou
v SR. V ramci realizadného vystupu sme vypracovali
velmi podrobné zésady, ktoré vysli knizne (Stefan-
¢ik etal., 1985). Zasady mali charakter pomdcky hos-
podarsko-tpravnického planovania, pracovnikom les-
nej prevadzky mali byt vhodnou odbornou priruckou.

Triediacimi jednotkami tu boli uvedené HS a poras-
tové typy (15 PT). Zakladné rozhodnutia sa spracovali
pre zalesfiovanie a oSetrovanie lesnych kultir, a to di-
ferencovane podla HS; dalej pre vychovu porastov
a obnovné postupy, ktoré sa konkretizovali v kombina-
cii HS — PT. Teda HS ako najSirSia jednotka aplikova-
nej lesnickej typolégie s patri¢nym stupiiom homogenity
prirodnych pomerov (rozumeji sa trvalé ekologické pod-
mienky, pddne a vegetacné pomery) a PT ako jednotka
sicasného stavu, resp. drevinového zloZenia porastu.

Okrem rieSitelov z LVU do vyskumu problematiky
boli zapojeni aj zainteresovani Specialisti z Lesnickej
fakulty Technickej univerzity vo Zvolene, Lesoprojek-
tu vo Zvolene a SeSL v Ziline.
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Doposial najdetailnejSie zasady diferencovanych
opatreni v pestovnej Cinnosti, ktord zahriiuje zalesiio-
vanie a oSetrovanie lesnych kultdr (tzv. 1. fazovy vy-
robok — zabezpefeny mlady lesny porast), predistky
(2. FV — porast po prvej prerezavke alebo Cistke) a pr-
vi prebierku (3. FV — porast po prvej prebierke) sa
spracovali pri rieSeni vyskumnej tlohy Zdokonalenie
riadenia pestovnej cinnosti v LH v rokoch 1983 az
1988 naLVU (Remi§ et al., 1988). Pre kazdy FV sa
vypracovali modely a pestovné (technologické) postu-
py.- Triediacimi, resp. diferencianymi jednotkami boli:
pre 1. FV HSLT, pre 2. a 3. FV sa vypracovali dve
alternativy — HSLT a kombinicia HS — PT.

Zasady pre diferencované obhospodarovanie budin
podla HS — PT sa uvadzaji v ramci kombinacie HS
s PT 15 budina, 16 dubova bucina, 17 bukova dubina,
22 smrekovo-jedlova budina a 23 bukovo-jedlova
smrefina. V ramci HSLT su zésady pre budiny formu-
lované v tychto jednotkach: 202, 209, 216, 205, 208,
211, 213, 302, 316, 305, 310, 311, 313, 402, 416, 502,
516, 405, 410, 411, 413, 602, 616, 505, 605, 606, 511,
513, 611.

Pre uplnost treba povedat, Ze o Ciastkovych problé-
moch diferencovaného pestovania normalnych lesov,
osobitne budin, je v nafej literatire vela prac. O zakla-
dani porastov prina$aju vysledky vyskumu najmi J.
Liptak, A. Loffler, B. Piskun, J. Varinsky; o vychove
porastov S. Korpel, J. Réh, J. Remis, L. Sebik, L. Ste-
fanéik, F. Tokar; o obnove porastov L. Baksa, H. Beza-
ginsky, J. Grék, S. Korpel, J. Mikuska, M. Saniga,
L. Vesely a H. Zajac.

Diferencované pestovanie lesov v sii¢asnych
meniacich sa ekologickych podmienkach
v dosledku synergizmu imisii

Je zname, Ze dlhodoby vyrobny proces lesného hos-
podarstva je zavisly na trvalosti prirodnych pomerov.
Najmi v poslednych dvadsiatich rokoch sme vSak
svedkami narastajucich zmien prirodnych pomerov ¢in-
nostou Cloveka. Deje sa to stile vyraznejSie poskodzo-
vanim aj lesnych ekosystémov i prirodného prostredia
vdbec, najmd znelistovanim ovzdu$ia exhaldciami
a zmenou vodného reZimu pddy zdsahmi do hladin
podzemnej vody. Obidva tieto strategicky vyznamné
faktory majui negativny vplyv na zdravotny stav, rasto-
vé procesy a funk&nost lesov a stali sa preto predme-
tom nasho lesnickeho vyskumu.

Od vyskumu v odbore pestovania lesov sa ofakéava-
ju odpovede na otazky tykajiice sa posiidenia tych pes-
tovnych postupov, ktoré boli vypracované pre normal-
ne, teda neimisné podmienky. Predovetkym ide o to,
aké pripadné zmeny si potrebné pre posilnenie ekolo-
gickej stability lesnych ekosystémov, ktoré su atakova-
né imisiami.

Z hladiska pestovania a produkcie naSich lesov nas
preto zaujima ich zdravotny stav. V praci Racka et
al. (1993) sa uvadza, Ze v zastipeni stromov v stup-
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fioch poskodenia vykazuji lepSie vysledky listnaté dre-

viny ako ihli¢nany. Napr. stupfiom 0, do ktorého sa

zaraduji stromy so stratou asimilaénych organov 0 aZ

10 %, volne oznafované ako ,zdravé stromy“, v ro-

koch 1987 a 1993 sa hodnotilo 26 a 28 % listnacov

alen 11 a 8 % ihli¢nanov.

Prezieravost nés preto niti venovat zvy¥end pozor-
nost pestovaniu listnatych, najméd bukovych porastov,
ktoré v sucasnosti treba povaZovat ako produkéne aj
ekologicky relativne najstabilnejSie lesné ekosystémy.
A to napriek tomu, Ze v ostatnych rokoch pozorujeme
v niektorych oblastiach Slovenska (napr. horna Nitra)
aktivizaciu biotickych a abiotickych Skodlivych Cinite-
Tov uZ aj v bukovych lesoch.

Jednym z hlavnych predpokladov pre tispe$ni reali-
zéciu lesopestovnych opatreni v imisnych oblastiach
okrem fenoménov (vratane stanoviStnych podmienok)
uvedenych pri normalnych lesoch je ich diferencidcia
v ramci novych prvkov imisného t¢inku, ako sd
— Iimisné typy, ktoré si uréené hlavnymi chemickymi

zloZkami imisii (kysly 98,5 %, zasadity 1,2 %,

¢pavkovy 0,3 %);

— pdsma ohrozenia (A az D), t. j. izemné celky, v kto-
rych intenzita imisného zataZenia sposobuje ur€itd
dynamiku poskodzovania lesnych porastov a ovplyv-
fluje ich Zivotnost;

— stupne poSkodenia stromov (Zltnutie — stupne O aZ
3, strata asimilacnych orgénov — stupne 0 aZ 4) a po-
rastov (stupne 0 aZ 4).

Pestovanie i hospodarska tprava lesov na Slovensku
maji v sicasnosti i v dalSom obdobi zohladiiovat stra-
tegicky vyznamny faktor, a to meniace sa ekologické
podmienky lesnych ekosystémov najmé v dosledku sy-
nergizmu imisii. Cielom obhospodarovania imisnych
lesov je predovietkym predlZit Zivotnost lesnych poras-
tov poskodenych alebo ohrozenych imisiami.

Stanovenie zdsad pre cely komplex pestovnej sta-
rostlivosti o lesy v SR sa eSte nemdZe jednoznaCne
opierat o exaktné vysledky. Systematickejsi vyskum
pestovno-produkénej problematiky v imisnych poras-
toch vlastne este len rozbiehame. V imisnych podmien-
kach bu€in na§ vyskum len teraz pristupuje k zaklada-
niu SirSej siete vyskumnych ploch. Niektoré zo starSich
trvalych vyskumnych pléch (TVP) boli v priebehu casu
atakované imisiami. Takou je napr. séria TVP Jalna
(LZ Ziar nad Hronom), ktord sa nachidza v pasme
ohrozenia C/D hlinikarne Ziar nad Hronom.

S rieSenim diagnostickej problematiky zacal uZ
v ¥estdesiatych rokoch Ing. E. Sobocky, CSc., z LVU
vo Zvolene, a to v izemiach s G€inkom imisii z lokal-
nych emisnych zdrojov (Ziar nad Hronom, Jel§ava-Lu-
benik, Hatava, Tahanovce).

Prvy komplexnejsi, ale kratkodoby vyskum obhos-
podarovania lesov pod d€inkom imisii sa robil v ro-
koch 1976-1977 v oblasti hlinikarne Ziar nad Hronom
v koordinécii Ing. Sobockého. Vyskum bol ukonéeny
zavere¢nou spravou (Sobocky et al.,, 1977), ktorej
stiastou boli aj postupy hospodarenia v tejto zaujmo-
vej oblasti; boli uréené pre hospodarsko-tipravnicke
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planovanie. Pestovatelské problémy sme sledovali na

useku zalesfiovania, vychovy a obnovy porastov.

Zvicsa tu i8lo o buliny. Diferenciaénym prvkom tu bo-

li vtedajSie z6ny ohrozenia (A-C).

Systematicky vyskum pestovno-produkénej proble-
matiky sme zacali ku koncu roku 1987 v mojej koordi-
nicii a roku 1990 sme vypracovali sihrnni zévere¢ni
spravu (Stefan&ik etal., 1990), ktord obsahuje rea-
lizany vystup Zdsady pre diferencované pestovanie le-
sov v oblastiach s iicinkom imisii. Zasady si vymedzené
pre 4. az 6. LVS. Si spracované prehladne tabelarnou
formou a umoZiiuji rychlu orientciu a rozhodovanie.
Neboli publikované.

V ramci pestovnej ¢innosti sa na spdsob fazovych
vyrobkov vylisili tzv. stavy lesnych porastov; Styri sta-
vy pre mladé porasty:

1. stav — zabezpeCeny mlady lesny porast, ktory je ob-
dobou 1. fazového vyrobku v normélnych le-
soch,

2. stav — porast po prvej prestrihdvke,

3. stav — porast po prvej prelistke,

4. stav — porast v obdobi prebierok.

Pre rastovi fazu kmefioviny je 5. stav — porast rubny

v obnove.

Vypracovali sa diferencované modely a hlavné za-
sady pestovnych opatreni. Pokial sa jedna o triediace
jednotky, zohladnili sa pasma ohrozenia v ramci urci-
tého imisného typu, stanovistnych podmienok predsta-
vovanych HSLT pri 1. a 5. stave porastu a zdruZova-
nim blizkych hospodarskych siborov pri 2. aZ 4. stave
porastu; dalej podla pestovného typu a stupiia poSko-
denia porastu. V ramci 1. stavu sa vypracovali modely
drevinového zloZenia zabezpecenych mladych lesnych
porastov a zdkladné prvky planovania umelej obnovy.
Doplnenim tych je ndvrh chemickej melioricie pri
umelej obnove. Pre 2. a 3. stav porastu sa vypracovali
modely porastov po prvej prestrihdvke a precistke
a hlavné zasady vychovy pre vytvorenie modelového
stavu porastov do prvej prebierky. Pre 4. stav porastu
sa vypracovali zsady vychovy porastov v obdobi pre-
bierok. Pre 5. stav porastu si vypracované diferenco-
vané tazbovo-obnovné postupy a tie su diferencované
v relacii HSLT a PT, potom podla pasiem ohrozenia
a stupiia poSkodenia porastu.

Na zaklade predbeZnych vlastnych i literarnych po-
znatkov pre prax najmé v hospodarskej uprave lesov
a pestovani lesov Ing. J. Grék, CSc., a kolektiv Spe-
cialistov vypracovali publikaciu Zdsady hospoddrenia
v lesoch Slovenska postihnutych imisiami, ktord vySla
v r. 1991. Sd v nej uvedené aj ramcové diferencované
zasady umelej obnovy podla HSLT a hlavné zéasady
vychovy porastov podla stanovi$ta. Zasady su diferen-
cované aj v ramci imisného typu, pasiem ohrozenia
a stupiiov poskodenia porastov.

Od roku 1991 sa v odbore zakladania a pestovania
lesov LVU pokraduje vo vyskume ziujmovej proble-
matiky, s ktorou sa zacalo v r. 1987. Koordinitorom
ulohy Ekologické sistavy obhospodarovania lesov
v meniacich sa prirodnych a ekonomickych podmien-
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kach SR, ktora sa ukon¢i v roku 1996, je Ing. M. Ka-
mensky, CSc.

Doteraj$ie poznatky z rieSenej aktualnej problemati-
ky pestovania lesov poskodenych alebo ohrozenych sy-
nergizmom imisii na Slovensku si kritkodobé
a skromné. Z toho dovodu sa eSte pomerne malo obja-
vuji publikované price. Pozitivne treba kvitovat, Ze
vacé§ina z nich je timového charakteru (Grék et al.;
Grék, Stefantik, L., Zajac; Grék, Stefanik, L.; Grék,
Zajac, Handinsky; Chlepko, Tomkov4, Krajiidkovi; I§-
tofia, HeSko; Kondpka, Toma; Novotny, Sojik; Obr,
Sojak; Sobocky, Bublinec, Liptdk; Stefan&ik, L., Ste-
fangik, I.; Stefanéik, L., Stefan&ik, L., Cicak; Stefanéik,
I., Cicdk), menej je samostatnych prac (Bublinec,
Chlepko, Loffler, Kamensky, Liptak, Mikuska), ¢o
svedCi o nevyhnutnosti kolektivneho pristupu k riese-
niu tejto naroc¢nej problematiky.

PERSPEKTI[VA DIFERENCOVANEHO PESTOVANIA
LESOV NA SLOVENSKU

Sudiac podla literarnych aj skromnych domécich
poznatkov, prevlada nézor, Ze voci imisiam su tolerant-
nejsie pestované porasty. Uginok pestovnych opatreni
je tym lepsi, ¢im skor a intenzivnejSie sa porast dife-
rencovane pestoval pred nastupom imisii. Zasady pes-
tovania lesov v pasme ohrozenia D sa v podstate neod-
liSuju od zasad pre porasty, ktoré nie si ovplyvnené
imisiami.

Smery vo vyskume a vede

Kratkodobé sledovania ukazujd, Ze uplatiiovanie za-
hrani¢nych poznatkov — véitane poznatkov z Ceskej re-
publiky — nie je celkom moZné. Priebeh poskodzovania
stromov a porastov je tu dost odliSny. Vzhladom na
pestrost a $pecifi¢nost prirodnych aj imisne ekologic-
kych podmienok na Slovensku javi sa nutnost kom-
plexnejieho rie§enia problémov obhospodarovania le-
sov v meniacich sa ekologickych podmienkach v ramci
systematického vyskumu. Bolo uZ skér povedané, Ze so
systematickej$im aj komplexnej$im vyskumom sme len
zadali. Prva Startovacia etapa vyskumu na LVU vo
Zvolene bilancovala vysledky v r. 1990, druha pokra-
Cujica v r. 1993. Vo vyskume sa pokracuje aj nadalej
(1994-1996).

Obhospodarovanie lesov je §ir§i pojem neZ pestova-
nie lesov. Preto vyskum diferencovaného obhospodaro-
vania lesov v meniacich sa ekologickych podmienkach
sa musi robit komplexne. Okrem pestovania lesov sa tu
nezaobideme bez vyskumu ochrany lesa, pedologicko-
-meliora¢ného, ekofyzioldgie, lesnej techniky a ekono-
miky, polovnictva a i.

Je nevyhnutné bezprostredne zapojit do pestovatel-
ského vyskumu Specialistov ekofyziolégov. Proklamu-
jeme to od r. 1986, ale nedari sa to. Je to organiza¢na
zéleZitost vedenia vyskumu. Ulohou tychto $pecialistov
by malo byt néjst, zistit spolahlivé ukazovatele zniZe-
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nej kvality a zdravotného stavu jedincov, ktoré navo-

nok neprejavuji nijaké zdravotne negativne priznaky.

To by umoZnilo pri pestovnych opatreniach uskutoc¢nit

spolahlivejSiu selekciu.

Aké by mala byt koncepcia diferencovaného pesto-
vania lesov v meniacich sa ekologickych podmien-
kach? Domnievam sa, Ze by i$lo o dva ¢&i tri spdsoby,
resp. principy:

1. Zamerat sa na hladanie takych biotechnickych
a technickych prostriedkov, ktoré by viedli k zame-
dzeniu, pripadne k zmierneniu negativnych dosled-
kov pdsobenia exhal4cii na lesné ekosystémy — lesné
stromovie a lesné prostredie.

2. Snazit sa o zachovanie pdvodnych lesnych porastov,
ktoré sa stavaji obefou pdsobenia exhalacii, ale, Zial,
aj chyb lesnych hospodéirov. Uplatiiovat jemnejsie
selektivne spdsoby pri obnove a vychove lesnych
porastov. V zna¢nej miere uZ pdjde o rekonStrukciu
povodnych ekosystémov.

3. Diferencovanym obhospodarovanim lesov sa do-
siahne aj plnenie integrovanych funkcii lesa, ktory
ma byt v dotknutej krajine sicasne zdkladom jej
ekologickej stability.

Smery vo vyuke

Problematika Zdsady diferencovaného obhospoda-
rovania lesov v meniacich sa ekologickych podmien-
kach bola v roku 1990 zaradena do vyuky na Lesnickej
fakulte vo Zvolene ako samostatny predmet. Koncep-
¢ne vychddza zo zédkladnej odbornej discipliny pesto-
vania lesa, ktori dalej prehlbuje ako vedu, niduku
a praktickid ¢innost.

Predmet sa prednasal $tyri roky pre piaty ro¢nik po-
slucha€om, ktori si $tidium o rok predliili. Je Ziaduce
predmet zaradif aj do normalneho Stidia v deviatom
semestri. Osnova by mala obsahovat zikladné prvky
diferencovaného obhospodarovania lesov, zasady za-
chrany a reprodukcie genofondu, obnovné a cielové
zastipenie, pestovanie diferencovaného zalesiiovacieho

materialu, zalesiiovanie a oSetrovanie lesnych kultir, -

vychovu porastov v ich jednotlivych rastovych fazach,
tazbovo-obnovné postupy a obhospodarovanie lesov
v meniacich sa hydrologickych pomeroch.

Smery v lesnickej praxi

— Treba sa snaZit o zachovanie pévodnych, osobitne
prirodzenym spdsobom vzniknutych porastov, ich

genofondu. ZvySeni pozornost venovat listnatym,
najmé bukovym porastom.

— Normalne porasty a porasty v pasme ohrozenia D
obhospodarovat dosledne podla najnovsich zasad di-
ferencovaného obhospodarovania lesov (Stefan-
¢ik et al, 1985; Remi§ et al., 1988). VyuZivat
buk pre vytvaranie spodnej vrstvy najma v porastoch
slnnych drevin. Dbat na disciplinu pri spradvnom
hodnoteni sortimentov a ich d6slednej manipulécii.

— V imisnych porastoch aplikovat predbeZné zasady
diferencovaného obhospodarovania lesov (Ste-
fancéik etal.,, 1990; Grék et al., 1991). Su dife-
rencované podla imisnych typov, stanovista, pasiem
ohrozenia a stupiiov posSkodenia porastov.
Predpokladame, Ze SirSiu realiziciu uvedenych za-

sad diferencovaného obhospodarovania lesov normal-

nych aj imisnych podpori novotvoriaca sa lesnicka le-
gislativa.
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DISKUSE

VYJADRENI ZTRAT JEHLICI SMRKU NA TRVALYCH

ZKUSNYCH PLOCHACH

Kolektiv autori — M. Palat, F. Vasi¢ek, V. HenZlik a H. D.
Kasperidus — uvefejnil v €. 6/1994 obsahlou studii o pokozeni
smrkovych porosti v Ceské republice pod nézvem Condition of
damage to Norway spruce stands in the Czech Republic. Ve
studii autofi uvadéji vysledky sledovéni zdravotniho stavu smrku
na 326 trvalych zkusnych plochach v letech 1981-1984 a 1986
1989. Rozsahly materiél byl zpracovan nejmodernéjsi technikou
a piekvapuje jeho pozdni publikovani.

—

K charakteristice ztrdt jehli¢i autofi pouZili Sesti¢lennou
stupnici, kde stromy bez ztrét jehlic jsou klasifikovany 0,
ztréta jehli¢i do 25 % byla oznadena jako 1, stromy se ztritou
jehli¢i 25-50 % dostaly zndmku 2, index 3 znaéi ztratu 50—
75 %, 4 oznaduje Skody vétsi neZ 75 % a jako 5 byly klasi-
fikovany odumielé stromy. PoCet stromil v jednotlivych stup-
nich po3kozeni byl vyjadfen v procentech pro kaZdou
vyzkumnou plochu a lesni oblast. Ke snadnéj§imu porovnani

. Charakteristiky ztrdt jehli¢i smrku v Ceské republice v roce 1984 a 1989 na trvalych zkusnych plochéch

Lesni oblast Koeficient autorl Zvizeny pramér Ztréty jehlici (%)
Znacné kody:

Zapadni Krusné hory 1,04-1,25 0,78-1,11 11,85-17,95
LuZické hory 1,83-1,88 1,81-1,87 32,60-33,65
Jizerské hory 1,53-1,41 1,03-1,01 17,75-16,90
Krkonose 1,67-2,19 1,18-2,04 21,30-38,10
Orlické hory 1,57-1,95 1,37-1,82 24,05-33,55
Hruby Jesenik 1,97-1,96 1,40-1,55 26,15-28,55
Beskydy 1,67-1,77 1,51-1,63 26,95-29,30
Stredni Skody:

Sokolovské pénev 1,08-1,43 1,05-1,37 16,15-23,80
Slavkovsky les 1,00-2,08 0,05-0,77 0,75-14,25
Ceské stiedohofi 1,33-1,92 0,91-0,75 15,10-13,50
Sudetské mezihofi 1,12-1,61 0,74-1,60 11,50-27,85
Podbeskydska pahorkatina 1,35-1,71 1,19-1,61 19,70-29,00
Mirné Skody:

Predhofi Sumavy 1,20-1,41 0,98-1,37 15,65-22,65
Boubin 1,09-1,66 0,50-1,63 7,70-28,40
Ceskomoravska vysogina 1,43-1,33 0,20-0,28 3,35-4,60
Vychodni Polabi 1,35-1,52 1,06-1,44 17,90-24,50
Oderské vrchy 1,05-1,28 1,04-1,27 15,85-21,05
Slabé skody:

Stfedoeské pahorkatina 1,00-1,00 0,07-0,67 1,05-10,05
Novohradské hory 1,00-1,37 0,10-0,37 1,50-6,20
Zdérské vrchy 1,29-1,15 0,76-0,91 12,35-14,25
Keléska pahorkatina 1,00-1,19 0,29-0,94 4,35-14,45
Bilé Karpaty 1,00-1,19 0,03-0,34 0,45-5,85
Beze Skod:

Zipadoceska pahorkatina - - -
Cesky les - - -
Sumava = = =

Tabulka byla sestavena na ziklad€ udaji autord M. Palit a kolektiv, 1994
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autofi vypocitali zvaZené priméry stupiii poSkozeni, kde
viak nebyly zohlednény nepoSkozené stromy. Autofi si jsou
toho védomi a vyslovné uvadgji, Ze vypoclitany index méi
pouze omezenou hodnotu. Zbyva otdzka, zda by vy$§i indi-
kaéni a informa&ni hodnotu nemél jiny index.

Indikace ztrit jehli¢i smrku na vyzkumné plose

V lesni oblasti Stiedoeskd pahorkatina autofi zjistili, Ze
na vyzkumnych plochéch bylo v roce 1982 7 % stromu se
ztratou jehliéi do 25 %. O pét let pozdéji se polet takto po-
stizenych smrkd zvysil na 67 %. Ostatni stromy byly beze
$kod. Autory vypocitany index pro ob& pozorovéni je stejny,
a sice 1,00. Podstatné zvy3eni ztrét jehli&i tak neni vyjadieno.
Pfi zohlednéni vSech stromi do vysledné charakteristiky jsou
ztraty v roce 1982 vyjadieny hodnotou priméru 0,07 a v roce
1987 koeficientem 0,67. Je3t€ nézornéjdich vysledki doséh-
neme, kdyZ vyjadfime ztritu jehlic pfimo procenty (1: 15 %,
2: 35 %, 3: 65 %, 4: 85 %, 5: 100 %). Pfi tomto zpusobu
vypoltu byly ztraty jehli¢i smrku na vyzkumnych plochach
Stfedodeské pahorkatiny v roce 1982 1,05 % a po péti letech
se zvysily na 10,05 %.

V tabulce jsem sestavil indexy ztrat jehli¢i podle uvede-
nych autordi v porovnani se zvaZenym prumérem zohledfiuji-
cim i zdravé stromy a s pfimym procentem ztrét jehli¢i.

Zhodnoceni porovnéni

K posouzeni celkového stavu vyzkumnych ploch z hledis-
ka ztrat jehlic se autory pouZity koeficient hodi nejméné&. Ten
vyjadfuje jen primérny stupeii poSkozeni a neuvaZuje viech-
ny stromy. Nejnizorn&jsi je vyjadfeni ztrat jehli¢i v procen-
tech. Tento zpiisob uleh&uje i posouzeni zmén v &ase. Vypo-
&et zvaZzenych priméri véetné zdravych stromu je jednodussi,
ale méné nazorny.

Klasifikace lesnich oblasti podle ztrat jehli¢i, jak ji uvadé&ji
autofi, je velmi nevyrovnand, uvaZime-li procento ztrit v roce
1989, coZ dokazuje tabulka. Na zikladg zjist€nych ztrat jeh-
li¢i smrku na vyzkumnych plochéch v roce 1989 byly lesni
oblasti po$kozeny takto:

Znacné Skody (ztrity jehli¢i 31-40 %):
Krkonose 38,10 %, LuZické hory 33,65 %, Orlické hory
33,55 %.

StFedni skody (ztréty jehli¢i 21-30 %):

Beskydy 29,30 %, Podbeskydsk4 pahorkatina 29,00, Hru-
by Jesenik 28,55 %, Boubin 28,40 %, Sudetské mezihofi
27,85 %, Vychodni Polabi 24,50 %, Sokolovskad pénev
23,80 %, Predhoti Sumavy 22,65 %, Oderské vrchy 21,05 %.

Mirné Skody (ztrity jehli&i 11-20 %):

Zéapadni Kru$né hory 17,95 %, Jizerské hory 16,90 %,
Kel&ské pahorkatina 14,45 %, Zdarské vrchy 14,25 %, Slav-
kovsky les 14,25 %, Ceské stiedohoti 13,50 %.

Slabé skody (ztraty jehli¢i 1-10 %):

Stfedoceska pahorkatina 10,05 %, Novohradské hory
6,20 %, Bilé Karpaty 5,85 %, Ceskomoravskad vyso&ina
4,60 %.

Uvedené pofadi mé v roce 1995 jen historickou hodnotu.
Ukazuje vSak, jak duleZita je indikace ziskanych vysledku
kaZdého Setieni.

Zavér

Sledovani $kod na vSech naSich dfevinach je dlouhodo-
bym a nezbytnym ikolem. Bylo by vhodné vyjadfovat ztratu
jehli¢i nebo listi pfimo v procentech. Tim budou ziskané
ddaje srozumitelné pro kaZdého, tj. nejen pro lesniky, ale
i pro Sirokou vefejnost.

Ing. Zdenék Prudic, CSc.

STANOVISKO AUTORU

PovaZujeme za velmi vhodné, Ze na tuto problematiku
reaguji daldi autofi jako ing. Z. Prudic, CSc., ve svém
sdéleni. Tato tematika je dile sledovéna a vyhodnocovéna
statistickymi metodami v rdmci zhodnoceni viech tfi po péti
letech dosud provedenych inventur jako zdklad modelovych
studii. Otevfe se tak $ir$i problematika pouZitych metod a tim
se pravdépodobn& osvétli nékteré problémy, které z daného
materidlu a jeho zpracovéni nutné vyplynou, pfi¢emZ véfime,
Ze dal8i faze zpracovani pfinese objektivnéjsi vysledky.

Materiél je velmi $iroky, jeho zékladni idea byla vyty&ena
pfed 15 lety a pifi v&€domi heterogenity dat i subjektivnim
hodnoceni dosavadni zpracovéni se orientovalo nikoli na
zkouSeni riznych metod hodnoceni, ale na poskytnuti rychlé
orientadni informace o dané problematice.
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Pfi zpracovéni trvalych zkusnych ploch z oblasti Morav-
skoslezskych Beskyd jsme pouZili také daldi metody hodno-
ceni ztrat jehli¢i smrku, berouci v dvahu i stromy neposko-
zené, zaloZené na vypo&tu medidnu a kvartili. Déle bylo
24 vybranych ploch vyhodnoceno pomoci PCA (Principal
Component Analysis) s grafickym vystupem, kde byly vytvo-
feny shluky ploch z hlediska stupiili podkozeni 1 aZ 5 v&etné
stromu nepokozenych. PouZit byl software Canoco a Cano-
draw. Vysledky byly zvefejnény stejnym kolektivem autort
ve Zpravodaji Beskydy 7 pod nadzvem Vliv imisi na lesy a les-
ni hospoddrstvi Beskyd, vydaném Fakultou lesnickou a dfe-
vafskou MZLU Brno.

Tyto i dalsi metody vyjadfeni ztrat jehli¢i smrku - v¢etné
navrhu ing. Prudie — pouZijeme pii vyhodnoceni trvalych
zkusnych ploch za posledni tfi inventury.

Za kolektiv autorit Ing. Milan Paldt, CSc.
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The PTR Company has been manufacturing for 20 years machines to be used in all fields of
the forest management. A lot of experience and traditions of the company are reflected in cur-
rently produced and developed machines which fulfil all requirements imposed on forest machi-
nes of the end of the second millennium.

The company has prepared for its customers a wide range of machines for the use in forest
nurseries, silvicultural operations, wood logging, skidding and transportation and subsequent
disposal of brushwood and reafforestation.

The top of the production series of PTR, a.s., is the cable system LASSY 2-500. This machine
comprises many years' experience, wisdom and skill of our people who try hard to put into
practice with maximum consistency the best technical design characterized by a high operational
reliability, comfortable attendance and the impact on ecology as least as possible. This cable
system LASSY, designed for transportation of stems and trees from inaccessible areas on the
slope and on the ground, is just such a machine.

Address: PTR, vyroba lesnickych strojd, a. s., Na zdkopé 1a, 772 66 Olomouc

Firma PTR AG erzeugt schon 20 Jahre Maschinen zur Anwendung in allen Forstwirtschaftsge-
bieten. Grosse Erfahrungen und Tradition der Firma erscheinen auch in den zur Zeit erzeugten
und entwickelten Maschinen, die alle auf die Forstmaschinen gelegten Forderungen am Ende
des zweiten Jahrtausends erfillen.

Far ihre Kunden stellt die Firma zur Verfigung eine breite Pallete von Maschinen zur Anwen-
dung in den Forstbaumschulen, im Waldbau, fir die Nutzung, Riickung und den Holztransport
und fur die nachfolgende Reisigabschaffung und Wiederaufforstung.

Die Hohepunkt in der Erzeugnisreihe der Firma PTR AG ist das Seilsystem LASSY LS 2-500.
In dieser Maschine verzinst man die langjahrigen Erfahrungen, das Kénnen und die Geschicklich-
keit unserer Leute, die stets bestrebt sind mit maximaler Beharrlichkeit die glinstigste technische
Lésung mit hoher Betriebsverlasslichkeit, behaglicher Bedienung und mit womaoglich minimalem
Einfall auf die Okologie durchzusetzen. Eine solche Maschine ist eben auch das Seilsystem
LASSY, das vor allem zum Transport von Stdmmen und Baumen aus dem unzuganglichen
Gelande im Hang und auch auf der Ebene bestimmt wird.




POKYNY PRO AUTORY

Obecné pokyny

Casopis Lesnictvi-Forestry uvefejiiuje pivodni védecké
prdce ze viech oborl lesnictvi, které maji vztah k evropskym
lesnim ekosystémim. Autor price je odpovédny za plivodnost
piispévku; price nesmi byt publikovdna nebo zasldna k publi-
kovini do jiného Casopisu. Rozsah zaslaného pifspévku nemad
piesdhnout 25 stran (A4 formdtu, psanych obfddek) vcetné
tabulek, obrizkd, literatury, abstrakt a souhrnu. K rukopisu je
vhodné priloZit disketu s textem prdce, popi. s grafickou do-
kumentaci pofizenou na PC s uvedenim pouZit¢ho programu.
K publikovdni jsou pfijimdny price psané v Cesting, slovensti-
né nebo anglicting. Zaslané rukopisy musi obsahovat anglicky
souhrn o rozsahu 3 strany. Autor odpovidd za spravnost ang-
lického textu. Rukopisy maji byt napsdny na papife formdtu
A4 (60 Ghozl na fddku, 30 fddki na strance). Uspoidddni
¢ldnku musi odpovidat formé, ve které jsou ¢ldnky v Casopisu
Lesnictvi-Forestry publikovidny. Je tfeba zaslat dvé kopie ru-
kopisu na adresu vedouci redaktorky: Mgr. Radka Chlebecko-
vi, Ustav zemédélskych a potravindiskych informaci, 120 56
Praha 2, Slezskd 7. O uvefejnéni price rozhoduje redakéni
rada Casopisu se zietelem k lektorskym posudkiim, védeckému
piinosu a celkové kvalité price a s prihlédnutim k vyznamu
¢ldnku pro lesni hospoddistvi.

ljpravu textu

Rukopis md obsahovat titulnfi stranu, na které je uveden
nizev ¢ldnku, jméno autora (autort), ndzev a adresa instituce,
kde prdce byla vypracovdna, a ¢islo telefonu a faxu autora,
popf. e-mail.

Kazdy clinek by mél obsahovat cesky (slovensky) a anglicky
abstrakt, ktery nemd mit vice nez 90 slov, a kli¢ovi slova. Uvod
by mé&l byt strucny, s uvedenim zaméieni a cile price ve vztahu
k dosud provedenym pracim. Nemél by v ném byt uvddén roz-
sdhly piehled literatury. V kapitole Materidl a metody by mél byt
uveden popis pouZitych experimentdlnich metod tak. aby byl po-
staCujici pro zopakovdni pokust. MEly by byt uvedeny obecné
i védecké ndzvy rostlin. Je-li zapotiebi pouZivat zkratky, je nutné
pii prvnim pouZiti zkratky uvést i jeji plny ndzev. Je nezbytné
nutné pouZivat jednotky odpovidajici soustavé mérovych jedno-
tek SI. V &sti Vysledky by méla byt piesné a srozumitelné pre-
zentovidna ziskand data a ddaje. V kapitole Diskuse se obvykle
ziskané vysledky konfrontuji s vysledky dfive publikovanymi. Je
pipustné spojit Gist Vysledky a Diskuse v jednu kapitolu. Cito-
vdni literatury v textu se provadi uvedenim jména autora a roku
vyddni publikace. Pfi vét§im poctu autorti se uvddi v textu pouze
prvni z nich a za jeho jméno se doplni zkratka et al.”.

V ¢&dsti Literatura se uvddéji pouze publikace citované
v textu. Citace se fadi abecedné podle jména prvniho autora:
pifjmeni, zkratka jména, rok vyddni, plny ndzev prdce. ufedni
zkratka Casopisu, ro¢nik, prvni a posledni strana. U knihy je
uvedeno i misto vydadni a vydavatel.

Tabulky

Tabulky jsou &isloviny pribézné a u kazdé je uveden i nad-
pis. KaZdd tabulka je napsdna na jednom listu.
Obrizky

Jsou pfiloZeny jen obrizky nezbytné pro dokumentaci vy-
sledkii a umozZiujici pochopeni textu. Soucasné uvadéni stej-
nych vysledkii v tabulkdch a na grafech neni pfijatelné.
VSechny obrdzky musf byt vysoce kvalitni, vhodné pro repro-
dukci. Nekvalitni obrizky nebudou prekresloviny, budou au-
lorovi vriceny. Fotografic musi byt dostate¢né kontrastni.
VSechny obrdzky je tieba &islovat priib&Zné arabskymi &islice-
mi. Jak graly, tak i fotografie jsou oznafovdny jako obrdizky.
Jestlize md byt nékolik fotografii publikovdno jako jeden obrizek,
je tieba je vhodné uspofidat a nalepit na bilou podlozku. U kaz-
dého obrizku je nutné uvést jeho struény vystizny popis.
Separdty. Z kazdého &ldnku obdrZi autor 40 separdtl
zdarma.

INSTRUCTIONS TO AUTHORS

General

The journal publishes original results of fundamental and
applied research from all fields of forestry related to European
forest ecosystems. An article submitted to Lesnictvi-Forestry
must contain original work and must not be under considera-
tion for publishing elsewhere. Manuscripts should not exceed
25 double-spaced typed pages (A4 size) including tables, figu-
res, references, abstract and summary. A PC diskette with the
paper text or graphical documentation should be provided with
the paper manuscript, indicating the used editor program. Pa-
pers should be clear, concise and written in Czech, Slovak or
English. Each manuscript must contain two or three pages ol
English summary. Correct English is the responsibility of the
author. Manuscripts should be typed on standard paper (A4 si-
ze, 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 Chlebeckovd, Institute of Agricultural and Food
Information, 120 56 Praha 2, Slezska 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, or
e-mail. Each paper must begin with an Abstract of no more
than 90 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 ol literature. In the chapter Materials and
Methods, the description of experimental procedures should be
sufficient to allow replication of trials. Plants must be identi-
fied 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 Sys-
tem of Units (SI) and their abbreviations should be used. Re-
sults should be presented with clarity and precision.
Discussion should interpret the results. It is possible to com-
bine 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 aut-
hors.

Tables

Tables should be numbered consecutively and have an ex-
planatory 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. Dup-
licated documentation of data in figures and tables is not ac-
ceptable. All illustrative material must be of publishing
quality. Figures cannot be redrawn by the publisher. Photo-
graphs should exhibit high contrast. All figures should be num-
bered 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 con-
cise, descriptive legend.
Offprints. Forty (40) offprints of each paper are sup-
plied free of charge to the author.
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UPOZORNENI PRO ODBERATELE
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