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THE USE OF COMPUTER-AIDED IMAGE ANALYSIS
FOR THE SUPPORT OF DECISION MAKING PROCESSES
IN THE INTEGRATED FOREST INVENTORY

VYUZITI POCITACOVE ANALYZY OBRAZU PRO PODPORU
ROZHODOVACICH PROCESU V INTEGROVANE TAXACI LESA

J. Simon, K. Drapela

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

ABSTRACT: A new conception of decision making processes in forest ecosystem management — integrated forest inven-
tory based on evaluating not only wood producing but all roles of the forests ~ requires a new approach to obtaining and
evaluating the data. Computer aided image analysis is one of the possible prospective ways of data processing. Several
newly developed applications of computer-aided image analysis in forest management are described: determination of
stem volumes or crown parts; diameter increment measurements; determination of tree defoliation, i.e. loss of crown
biomass; evaluation of the condition of the stands from aerial and satellite photographs. Based on the first experience
with the new methods of obtaining information on forest ecosystems it is possible to say that the use of computer-based
image analysis (although terrestrial methods of measurement will always have their irreplaceable position) can markedly
increase effectiveness and accuracy in obtaining data as well as their analysis for many fields of forest science and prac-
tice.

forest management; integrated forest inventory; image analysis; defoliation; stand condition; remote sensing

ABSTRAKT: Nové pojeti rozhodovacich procesii v hospodafské tpravé lesnich ekosystémi — integrovana taxace lesi,
ktera je zaloZena na posuzovani nejen produkénich, ale vSech funkci lesa — vyZaduje novy pfistup k ziskdvéani a vyhodno-
covani dat. Jednim z moZnych perspektivnich zplisobli prace s daty, ktery spliiuje viechny podstatné poZadavky, je poci-
talova analyza obrazu. Pfisp&vek popisuje nasledujici nové vyvinuté metodiky pouZitelné v hospodafské tipravé lest,
vyuZivajici potitaZovou analyzu obrazu: stanoveni objemu kmene, pfipadné asti koruny; méfeni tloustkového pririistu;
stanoveni defoliace; hodnoceni stavu lesa z leteckych a kosmickych snimkil. Na zdklad& prvnich zku$enosti s touto novou
metodikou ziskavéni informaci o lesnim ekosystému lze konstatovat, Ze vyuZiti po¢itaové analyzy obrazu (i kdyz terest-
rické mé&feni bude mit stile své nezastupitelné misto) mizZe vyrazné zefektivnit a zpfesnit ziskavéani dat a jejich analyzu
pro mnohé oblasti lesnické védy a praxe.

hospodatska tiprava lesii; integrovana taxace lesi; poditadovéa analyza obrazu; defoliace; hodnoceni stavu lesa; dilkovy
priizkum

INTEGRATED FOREST INVENTORY AND THE USE

OF IMAGE ANALYSIS The description of stands implemented in the course

. h of traditional forest inventory at the level of both actual

Standard and curr(_ently used forest mvent.ory n the  and potential exploitable timber component of stands

Central European region comes from the classification of appears to be a very important moment markedly affect-

the environment and on its basis generally differentiates ing the quality of decision making (proposals of manage-

management strategy. In particular forest stands, it de- ., measures) (Simon, Drépela,1997). Though

termines the policy of achieving the target (required) e fa¢t5 mentioned above fully correspond to the

condition on the basis of stand description and the dif- production conception of management they do not allow
ferentiation mentioned above.
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1. Flow diagram of the system of computer-based image analysis

objective decision making in the field of non-wood-pro-
ducing functions of the forest which is inevitable in im-
plementing the trend of sustainable multifunctional
forest management. The conception of “integrated for-
est stand inventory” has been, therefore, introduced, the
basic characteristic of which is the fact that in the course
of stand description it is aimed at determining the broad-
er spectrum of data and quantities measured, viz. vari-
ables related to ecophysiology (crown parameters,
vertical distribution of crown biomass and its quality,
structure, texture, competition relations, etc.). Determina-
tion of the characteristics by standard methods is very
difficult and often impossible. It is, therefore, necessary
to use new perspective methods which ought to fulfil the
following basic criteria:
— high universality;
—sufficient accuracy of measurement when using various
units (e.g. pm,cm, m);
- high rate of measurement;
— possibility of computerization/automation of the routi-
ne parts of the measuring process;
— possibility of long-term archiving the objects measu-
red; easy transfer and use of measured data for the fol-
lowing processing.

Under conditions of the Czech Republic at the special-
ized workplace of the Faculty of Forestry and Wood Tech-
nology, Mendel University of Agriculture and Forestry,
Brno the computer-based image analysis fulfilling the
requirements mentioned above is used in this respect.
The paper discusses the following newly developed
methods using computer-based image analysis (CBIA):
— determination of the volume of stems or crown parts

(makes it possible to determine the volume of standing

trees based on a photograph or video record taking

into account distance correction and the angle of
aview);
— determination of tree defoliation (makes it possible to
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assess defoliation according to photographs taken both
from the lateral and bottom views as a basis for objecti-
ve classification of damage);

— evaluation of forest condition (orographic characteris-
tics, the condition of forest plantations, species com-
position etc. based on aerial and satellite photographs).

MEASUREMENT PRINCIPLES
AND TECHNICAL EQUIPMENT

The flow chart of an equipment used for CBIA is given
inFig. 1.
The laboratory of CBIA is equipped with the following
devices:
scanning devices
— Nikon Optiphot II microscope with a phase contrast
and adjustment for the use of fluorescence (enabling to
scan objects from about 0.001 mm)
- macroscope fitted with NAVITAR optics (enabling to
scan objects from about 1 mm to A3 format)
— HP ScanJet 4¢ scanner (colour scanner with optical re-
solution 600 dpi and software resolution up to 2400 dpi)
~Panasonic NV - S99E camcorder (standard S-VHS-C).
Scanning in using the microscope and macroscope
is enabled by the quality Hitachi HV-C20 three-chip
camera.
evaluating devices
—PC (Pentium 90, RAM 32 MB, HDD 1 GB, CD-ROM,
monitor 17”") with LUCIA G 4.1 and LUCIA M/Comet
3.52 programs);
output devices
— colour jet printer Epson Stylus Color
— videoprinter Mitsubishi CP 53E
— possibility to store data on a replaceable disk SyQuest
270 MB, ZIP 100 MB or hard disk.

J. FOR. SCL, 46, 2000 (8): 349-355



The computer-based image analysis is based on digi-
talized images which can be obtained by a video camera,
TV camera, scanner or digital camera.

Further processing of information proceeded in each
of the images according to the following order:

(a) A relevant file was opened (i.e. a digital image) and
together with the file also corresponding calibration (i.e.
determination of the actual size of objects displayed on
the image and their conversion to monitor pixels in or-
der that the system could measure directly in real units).

(b) The image was adjusted by software (if necessary) so
that its quality to be optimal for further analyses.

(c) Relevant colour shades were set up for the selected
object of measurement.

The examples of colour shades were set for the image
area as large as possible. The LUCIA G program then set
off (differentiated) the areas of the image where colour
shades occurred. Final “tuning” of the binary image was
carried out by increasing the tolerance to given shades
under conditions of visual control being dependent par-
ticularly on the quality of the original image.

“Thresholding” usually represents the most time-con-
suming part of work. Its values (in red, green and blue
component as well as in tolerance) were recorded and in
measuring areas of the same object (e.g. with various
types of masks) the same thresholding was used for
a definite area. Microsoft Excel was used for the quick
sum of values of the partial plots of a binary image be-
cause the binary image of delimited areas obtained by the
method mentioned above often represented up to sever-
al thousand individual plots and the size of each of the
plots was measured using the program.

VOLUME DETERMINATION OF STANDING TREES

One of the basic tasks of forest management is to de-
termine the volume of standing trees and stands. Possi-
bility to use CBIA for these purposes could have
considerable importance from the viewpoint of work effi-
ciency. The first stage of the development of methodolo-
gy was aimed at the determination of the volume of
particular trees.

Elimination of distortion which is caused by taking
aphotograph from a certain place (i.e. angle of view), tree
inclination, distance from the object measured and other
factors appears to be the basic problem in determining
the volume of trees.

As it was necessary to find how measured values
would change in relation to the number of stem sections,
the stem image was divided into a number of sections
before each of the series of measurements (7 series of
measurements, number of sections 1-7). Dimensions of
the “image” sections were based on actual values de-
termined in measuring the felled tree. In the place of each
of the section boundary marked in this way 20 values was
measured and a program calculated their arithmetic mean.
Results obtained represented “image stem diameter” in

J.FOR. SCL, 46, 2000 (8): 349-355

L. Comparison of the actual stem volume with the volume deter-
mined by image analysis in relation to the number of stem sections

Number Actual Uncorrected Corrected
of sections | volume (m®) | volume (m*) | volume (m®)

1 5.98 11.22 5.86

2 5.80 11.05 5.76

3 5.36 10.39 5.38

4 532 9.95 5.14

5 533 10.14 522

6 5.34 10.15 522

7 5.34 9.98 5.13

the place of section boundary. The image stem diameter
was then corrected to “actual diameter”, its values were
recorded and further adjusted by “total correction”
(these corrections are dependent on more factors, e.g.
tree inclination toward an observer etc., for detailed in-
formation see Simon etal., 1996). In this way, image
deformations were eliminated and actual dimensions were
obtained in inaccessible places of the stem. Values of
image and actual diameters were used as basic values for
the calculation of the volume of particular sections and
results obtained using CBIA were compared with refer-
ence values obtained in the course of stem analysis.
Comparison of the results for various numbers of sec-
tions is given in Table I and volumes of particular sec-
tions (7 sections in total) are given in Table II.

I1. Comparison of the actual stem volume with the volume deter-
mined by image analysis for particular scctions for a stem divided
into seven sections

Section (m) Actual 5 Uncorrectead Correcled]

volume (m”) | volume (m”) | volume (m°)
0.0-1.3 0.62 1.23 0.61
1.3-3.0 0.69 1.40 0.70
3.0-6.0 1.04 2.02 1.01
6.0-9.0 0.96 1.80 0.92
9.0-12.0 091 1.70 0.89
12.0-15.0 0.85 1.40 0.76
15.0-16.0 0.27 043 0.24
Total 5.34 9.98 5.13

Based on the results it is possible to say that after
making necessary corrections the method of CBIA used
for stem volume measuring provides results which are
fully comparable with stem analysis.

In the course of the work, some methodical problems
occurred associated with the measurement of crown
parts. While the stem is basically orientated in one direc-
tion and, therefore, only one mathematical correction can
be used to remove optical distortion for all its parts, tree
crow is composed of a large number of branches and each
of the branches is orientated differently. It means that it
is possible to convert a stem into a plane more easily than
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a tree crown. Preparation and development of a suitable
methodical procedure appears to be one of the objectives
of the next stage of work aimed at the determination of
the volume of branches and crown parts.

DETERMINATION OF CROWN DEFOLIATION

So far, the determination of crown defoliation has been
based on visual terrestrial estimates only (if aerial and
satellite photographs are not taken into consideration),
which means that its accuracy is dependent on the expe-
rience and capability of the evaluating person. CBIA
should, therefore, to contribute to certain objectiveness
of the determination.

The analysis was carried out on images which originat-
ed by digitalization of the selected part of a colour
comparative atlas for the determination of defoliation
(Bosshard, 1986) and also by digitalization of colour
photographs taken directly in the field. The photographs
were scanned with 360 x 360 dpi resolution and digitalized
by the LUCIA G program. The tree crown area measured
was then fully filled up with a binary image and the pro-
gram ensured its integral planimetry. Results obtained
represented the total delimited area and a basis for any
further measurements (i.e. 100%). At the same time, such
a binary image of the total area was determined as the
image of a mask (i.e. a binary image which covered always
the same particular area of all other measurements occur-
ring in its region).

Two types of masks were used:

(1) A mask which was designed as an area delimited by
a curve resulting from the connection of terminal points
of branches (i.e. virtually ends of the youngest annual
shoots).

(2) A mask which was designed as a contour of the actual
outer outline of a tree on the corresponding photo-
graph (a mask copying contours).

In the next stage of our research, the use of another
type of mask is supposed based on a curve or its part
defined from the point of view of mathematics.

The area of the generated binary image was then mea-
sured and its absolute and relative values recorded. Ab-
solute values were measured both in cm? (and then
converted to m?) and pixels (elementary image points).

Relative values in per cent were calculated as a share
of the sum of plots of a respective measured area and the
total delimited area (mask).

The method of the calculation of defoliation is impor-
tant from the methodological point of view. If we consid-
er relative values of defoliation (%) as an expression of
defoliation rate then we assume that in interpreting re-
sults obtained in the course of measurement of images
given above by CBIA it is suitable to express the relative
rate of defoliation as a share of defoliated area and the
total area of a mask. :

Even the “defoliated area” can be specified within the
mask. After the measurement of particular photographs
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from the atlas for determining defoliation(Bosshard,
1986) it was possible to determine experimental values of
distortion for tabular defoliation (coefficient of distor-
tion).

The values were calculated as follows:

(C/A) — tabular defoliation

where: C — complementary area of the image of all needles,
A — the mask area,
tabular defoliation — values given e.g. in Bosshard (1986).

In the course of the following more detailed analysis,
linear dependence appeared of the distortion values on
the values of tabular defoliation as well as on the C/4
ratio(Simon etal., 1996).

In the analysis of the results of image measurement
obtained directly in the field, relative defoliation was cal-
culated according to the following relation:

B/A

where: B — the area of the image of sky,
A - the mask area,
and then according to the following relation:

CIA

where: C — supplementary area of the image of needles (i.e. the
arca of the image of sky + the area of the image of
a stem and branches),
A - the mask area.

It is necessary to mention the effect of the angle of view
on the object (when taken by a camera) on the resulting
value of relative defoliation. It is evident that particularly
in comparing defoliation of various objects it is neces-
sary to maintain the same angle.

Although the effect of the angle of taking a photograph
has not been studied in detail, on the basis of laws of
photographic perspective it is possible to say that ob-
jectstakeninan “oblique lateral view” (i.e. biased) can
show lower values of defoliation than objects photo-
graphed in a lateral view.

Another step is evaluation of the results of measuring
the photographs of stands. On the basis of consulta-
tions, the area of mask image was determined in the up-
per third of the crown which is physiologically most
active in trees. Defoliation was calculated according to
the B/A relation.

The aim of the study of defoliation at this stage of re-
search was to assess the possibility of evaluating defo-
liation of closed stands in the case of a view from below
to the tree crown. In the analysis of the photographs
(obtained from the stand part involving contact of
crowns) it is possible to select between two types of the
mask:

- polygonal — with tree tops in the centre of crown ima-
ges;
— aerial — the whole area of a photograph. -

Both possibilities are utilizable. To prepare a standard,
BIA ratio for a stand where zero defoliation is supposed
and standard curves of the development of B/A values
up to 100% defoliation appear to be of fundamental im-

J. FOR. SCL, 46, 2000 (8): 349-355



III. An outline of the success of distinguishing various types of objects using computer-based image analysis

Note

related also to main forest roads (truck roads)
related also to skidding and partly metalled roads

related also to disturbed areas with removed herb cover

it is possible to distinguish both old and new clear-felled areas

It is possible to distinguish markedly different types of tree spe-
cies, e.g. Norway spruce and dwarf pine in mountain areas. Dis-
tinguishing the whole spectrum of tree species was rather difficult.

So far, only results of partial character. The problem will be stud-

Object of distinction Result of distinction
Bituminous roads yes

Tractor roads (metalled) yes
Skidding roads (unmetalled) yes
Grasslands yes
Clear-felled areas yes

Species composition in part
Even-aged stands on the basi§ of -

colour and textural characteristics

Health condition of stands yes

ied within further research.

portance for a given locality. It is necessary to take into

consideration that under conditions of gradually de-

creasing crown biomass a certain distortion will appear

due to branch “denudation” which will decrease the B

value in the image. In some instances the decrease can

be marked particularly in the oblique view from below

(Simon etal., 1997). The method of the “view from

below” to be applicable it is necessary to take into ac-

count the following facts:

—to use rather polygonal masks with the same number of
trees in a polygon;

- in stands exhibiting gradual thinning due to damage
(decrease in the number of trees), it will be probably
necessary to take into consideration the fact in the case
of preparing calibration curves (stocking, shaded area
etc.);

—to determine defoliation by the method in variously dif-
ferentiated stands requires to determine the scope of
sampling (the number of necessary photographs).

ASSESSING FOREST CONDITION AND OBTAINING
BACKGROUNDS FOR THE PREPARATION
OF FOREST MANAGEMENT PLANS (FMP)

One of the important tasks and problems of the current
cruising practice under conditions of the present com-
mercial environment of the preparation of forest manage-
ment plans (FMP) is the endeavour to achieve greater
objectiveness in obtaining data and a decrease in the
cost of preparation of FMP. It is evident that particularly
the use of dynamically developing computer techniques
encourages attention in this way. Just its use makes it
possible to increase the effectiveness of the description
part of FMP (determination of forest condition) on the
basis of detailed analysis of aerial and satellite photo-
graphs of various character which are available at present.
The use of the system of CBIA appears to be a logical way

J. FOR. SCI, 46, 2000 (8): 349-355

of their processing. Assessment of the possibility of im-
age analysis was aimed at the following types of objects:
— bituminous roads,

— tractor roads (partly metalled),

- skidding roads (unmetalled),

— grassland,

—clear-felled areas,

- basic tree species,

— stand age,

- species composition,

- health condition of forest stands.

The following input materials were analysed:

—black and white aerial photographs ata scale of 1 : 10,000,
— spectrozonal photographs at a scale of 1 : 25,000,
— photographs of selected localities.

At the preparatory stage of our research, we selected
»calibration areas* on particular photographs, i.e. parts
of photographs which appeared to be most suitable
(based on visual assessment) for delimitation of the ob-
jects. Then a field survey was carried out in the area un-
der study. The purpose of the investigation was to
describe particular calibration areas and/or to find and
describe the new ones which did not occur in the prelim-
inary list of areas.

In general, it is possible to say that the majority of re-
quired characteristics was distinguished on photographs
of all types while logically spectrozonal photographs
showed higher predicative ability. Usability of particular
media for practical evaluation of particular elements is
given in Table III. It is possible to suppose that under
conditions of greater differentiation of the territory the
use of the method would be proved also in other fields.
Broader use of CBIA would be probably possible on the
basis of the analysis of other image media which are car-
riers of different properties (colour aerial photographs,
colour orthophotomaps, multispectral photographs,
etc.). Nevertheless, we conclude that the method men-
tioned above is very useful and effective in evaluating
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forest condition, its permanent monitoring and in practi-
cal application in the field of FMP preparation.

CONCLUSION

Success and effectiveness of decision making in plan-
ning management measures in the heavily differentiated
Central European region is dependent on the objective
assessment of forest condition.

Provided that objective assessment of forest condition
using CBIA succeeds and if it is substantiated from the
viewpoint of mathematics and mathematical statistics
with respect to both goal-directed and not-goal-directed
measures in forests then there is a basic condition for
optimum decision making.

Based on the first experience with the new method of
obtaining information on forest ecosystems it is possi-
ble to say that the use of computer-based image analysis
(although terrestrial methods of measurement will always
have their irreplaceable position) can markedly increase
effectiveness and accuracy in obtaining data as well as
their analysis for many fields of forest science and prac-
tice.
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VYUZITI POCITACOVE ANALYZY OBRAZU PRO PODPORU
ROZHODOVACICH PROCESY V INTEGROVANE TAXACI LESA

J. Simon, K. Drapela

Mendelova zemédélska a lesnicka univerzita, Lesnickd a drevarska fakulta, Lesnickd 37, 613 00 Brno

Standardni, béZné pouZivané taxace ve stiedoevrop-
ském regionu vychézi z klasifikace ptirodniho prostiedi.
V konkrétnich lesnich porostech pak uréuje taktiku do-
saZeni cilového (poZadovaného) stavu na zakladé popi-
su porostii a uvedené diferenciace. Tato metodika sice
zcela vyhovuje produkénimu pojeti hospodateni, neu-
moziuje vSak objektivni rozhodovéni v oblasti plnéni
ostatnich mimoprodukénich funkci lesa, které je nezbyt-
né pii uplatitovani trendu trvale udrzitelného polyfunké-
niho hospodafeni. Z tohoto divodu byl zaveden pojem
integrované taxace porosti, jehoZ zdkladnim rysem je to,
Ze se pii popisu porostli zaméfuje na zjistovani §irSiho
spektra méfenych udaji a veli¢in. Zji§t'ovani mnohych
charakteristik stromt a porostd je v provoznim méfitku
béznymi standardnimi metodami velmi obtizné, ¢asto ne-
realizovatelné. Z tohoto diivodu je potiebné vyuzivat
novych perspektivnich metod zji§t'ovani a analyzy dat,
napf. po¢itadové analyzy obrazu, ktera spliuje viechna
podstatnd kritéria:

— vysoka univerzalnost pouZiti,

— dostatednd pfesnost mé&feni pii pouziti riznych jedno-
tek (napf. pm, cm, m, ...),

- vysoka rychlost méfeni,

—moZnost automatizace rutinnich ¢asti méficiho procesu,

— moznost dlouhodobé archivace méfenych objekti,
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— snadny pienos a vyuZiti méfenych dat pro nasledné
zpracovani.

Zékladni schéma vybaveni pouzivaného pro pocitaco-
vou analyzu obrazu ukazuje obr. 1.

Prispévek popisuje prvni vysledky vyvoje metodik
vyuzivajicich poéitatovou analyzu obrazu v nasleduji-
cich oblastech:

— Stanoveni objemu kmene, piip. ¢asti koruny —umoziuje
zjistit objem stojiciho stromu z fotografie nebo videoza-
znamu s korekci na vzdalenost a uhel zébéru. Z dosaze-
nych vysledkl je moZné konstatovat, Ze po provedeni
potiebnych korekci ddvd metoda pocitacové analyzy
obrazu pfi méfeni objemu priibéZzného kmene vysledky
plné srovnatelné s kmenovou analyzou (tab. I a II).
Stanoveni defoliace (Ubytku korunové biomasy) stro-
mu —umoziiuje posoudit defoliaci z fotografii jak z bo¢-
niho, tak i ze spodniho pohledu jako zaklad pro
objektivizaci klasifikace poskozeni. Je moZné konstato-
vat, Ze metoda pocitatové analyzy obrazu je perspek-
tivni a po dopracovani nékterych metodickych problému
se muiZe stat pouzitelnou metodou zjidt'ovani defoliace.
— Hodnoceni stavu lesa (orografické prvky, stav kultur,
zastoupeni dfevin apod. z leteckych a kosmickych snim-

k). Jednim z diileZitych ikoli a problémi aktuélni pro-

vozni taxa¢ni praxe v sou¢asném komer&nim prostiedi
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vytvafeni LHP je snaha docilit vétsi objektivity ziska-
vani idaju a sniZeni nakladii na vyrobu LHP. Je logické,
Ze v tomto sméru poutd pozornost zejména moznost vy-
uziti dynamicky se rozvijejici vypodetni techniky. Pravé
s jejim vyuZitim se jevi logické zefektivnéni popisové
Sasti LHP (zjist'ovani stavu lesa) na zakladé detailni
analyzy leteckych a druzicovych snimki rizného cha-
rakteru, kterych je v soudasné dobé k dispozici §irsi
nabidka. Logickou cestou pro jejich zpracovani je vyu-
ziti systémi potitatové analyzy obrazu. Analyzovaly
se tyto zakladni vstupni materidly: ernobilé letecké
snimky v méfitku 1 : 10 000, spektrozonalni snimky
v méfitku 1 : 25 000 a fotografické snimky vybranych
dilgich lokalit. Obecné je mozné konstatovat, Ze vétSina
pozadovanych charakteristik byla na snimcich vech
typu rozli$ena, pficemz vyssi vypovidaci schopnost maji
snimky spektrozonalni. VyuzZitelnost jednotlivych médii
pro praktické hodnoceni jednotlivych prvkl udava
tab. III. Lze pfedpokladat, Ze vyuZiti by za pfedpokladu
vétsi diferenciace iizemi bylo prokédzano i v dalSich ob-
lastech. Sirsi vyuZiti po¢itatové analyzy obrazu by pa-

tmé bylo mozné konstatovat na zékladé analyzy dalsich
obrazovych médii, které jsou nositeli odlinych vlast-
nosti (barevny letecky snimek, barevné ortofotomapy,
multispektrlni snimky atd.). I tak viak soudime, Ze
uvedena technologie je velmi uZitedna pfi hodnoceni
stavu lesa, jeho permanentnim sledovéni, pfi monito-
ringu a v praktické aplikaci pfi vypracovavéani LHP.

Uspésnost a efektivita rozhodovéni pfi planovani hos-
podafskych opatieni v silné diferencovaném stfedoev-
ropském regionu je zavisla na objektivnim zji§téni stavu
lesa. Pokud se podafi na zéklad& analyzy obrazu zjiit'o-
vani stavu lesa objektivizovat, matematicky a matematic-
ko-statisticky podlozit s ohledem na cilené i necilené
zasahy v lesich, je dan zakladni pfedpoklad pro optimalni
rozhodovani.

Na zéklad€ prvnich zku$enosti s touto novou metodi-
kou ziskavani informaci o lesnim ekosystému lze konsta-
tovat, Zze vyuziti poéitatové analyzy obrazu (i kdyz
terestrické méfeni bude mit stile své nezastupitelné mis-
to) miZe vyrazné zefektivnit a zpfesnit ziskavani dat
ajejich analyzu pro mnohé oblasti lesnické védy a praxe.

Contact Address:

Prof. Ing. Jaroslav Simon, CSc., Mendelova zemédélské a lesnické univerzita, Lesnicka a dfevafska fakulta, Lesnické 37,

613 00 Brno, Ceska republika
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RAST SADENIC BOROVICE CIERNEJ (PINUS NIGRA
ARNOLD) V IMISNEJ ALKALICKEJ OBLASTI
JELSAVA-LUBENIK POD VPLYVOM MELIORACII

GROWTH OF AUSTRIAN PINE (PINUS NIGRA ARNOLD) PLANTS
IN ALKALINE AIR-POLLUTED REGION JELSAVA-LUBENIK
UNDER THE EFFECT OF RECLAMATION

A. Tuéekova

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

ABSTRACT: The results of the effect of reclamation on the growth of aboveground part, development and the intensity
of the root system growing are assessed for container-grown plants of Austrian pine (Pinus nigra Arnold) in air-polluted
magnesite region Lubenik (B zone of endangerment). In this zone of endangerment the application of reclamation materi-
als — agroacidifier (acidic systems) and industrial compost on the basis of sludge from sewage farms affected in the third
growing season with statistical significance not only the growth of plants but also subsequent development of root sys-
tem and its growing from the container to contaminated mineral soil. Mainly the compost on the basis of sludge from
sewage farms affects positively growth parameters of the aboveground part and the intensity of growing in the roots of
Austrian pine plants.

air pollutants; artificial regeneration; reclamation; root system

ABSTRAKT: V prispevku st zhodnotené vysledky vplyvu meliorédcii na rast nadzemne;j €asti, vyvoj a intenzitu prerasta-
nia korefiového systému obal'ovanych sadenic borovice ¢iernej (Pinus nigra Amold) v imisnej magnezitovej oblasti v Lube-
niku (pasmo ohrozenia B). V tomto imisnom pasme ohrozenia aplikdcia melioraénych materidlov agroacidifiér — kyslé systémy
a priemyselny kompost na baze kalov z &isti¢iek odpadovych véd po tretom vegetatnom obdobi Statisticky vyznamne
ovplyvnila nielen rast sadenic, ale nasledne aj vyvoj korefiového systému a jeho prerastanie z priestoru obalu do kontami-
novanej mineralnej pddy. Hlavne kompost na béze kalov z COV pozitivne vplyva na rastové parametre nadzemnej Casti
a intenzitu prerastania korefiov sadenic borovice ¢iernej.

imisie; umeld obnova; melioracie; korefiovy systém

UvoD line pristupnych Zivin, biologicka aktivita pdd, kvalita or-
ganickych latok, nasledkom ¢oho dochiddza k zmendm
V prevaznej miere imisnych §kod aj na Slovensku v Strukture rastlinnych spologenstiev.
(98,5 % plochy lesov) ide o tzv. kysly imisny typ. Napriek
lokdlnemu pdsobeniu je so zretefom na stupeii
arozsah §kod na Slovensku vel'mi vyznamny aj tzv. mag-

nezitovy (alkalicky) imisny typ. Z piatich magnezitovych

PROBLEMATIKA

zévodov najvicsie izemie so zdsaditym pra¥nym spadom
pripada na oblast’ Jel§ava-Lubenik. Oblast’ Jel$avy-Lu-
benika je teda $pecificka, kde pésobenim alkalickych
(magnezitovych) imisii na pddy z magnezitovych zévo-
dov dochddza pomiestne k Uplnej devastacii krajiny.
Utinkom tychto magnezitovych imisii sa menia pévodné
pddne vlastnosti — hlavne reakcia, vzdjomny pomer rast-
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Problematikou vyskumu magnezitovych imisii v kontex-
te ich pdsobenia na zékladné zloZky prirodného prostre-
dia (ovzdusie, pdda, voda, vegetécia) sa u nas zaoberalo
mnoho autorov. V zahraniénej literatire sa publikovali
z tejto tematiky hlavne prace diagnostického charakteru.
O $kodlivom i¢inku magnezitovych imisii na zelenti zénu
borovicovych porastov v okoli mesta Satki sa pojedna-
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vavprici Nosyreva (1962).Kulagin (1964)sku-
mal odolnost’ lesnych drevin v oblasti magnezitiek za
Uralom. V Rakusku synergicky u¢inok SO, a magnezito-
vé tuhé tlety popisujePollanschiitz (1964, 1966),
zmeny vlastnosti pod a ich odraz na vyZivu rastlin po-
pisuje Kilian (1980). Vysledky ziskané analyzou
ovzdusia, pody a vegetacie na obsah naakumulovanych
komponentov imisii sa vyuzivaju k lokalnej a vel'ko-
plodnej diagnoze, ale aj k vyliSeniu diferencovanych zén
ohrozenia lesnych porastov (TuzZinsky, 1989)
a k uprave zasad (postupov) hospodérenia (Midriak,
1990; Grék etal., 1991). Ajna Slovensku sa vyskumom
magnezitovych imisii v kontexte ich posobenia na za-
kladné zloZky prirodného prostredia zaoberalo mnoho
autorov. Zmeny v rastlinnych spoloenstvach v okoli
magnezitiek sledoval Hajduk (1967), degrada¢né pro-
cesy v pode a rekultivacie pddy Zelefidkova etal.
(1966), Bublinec (1969,1971,1987), I§toiia (1990,
1992),S4ly,Mihalik (1985).

Vzhl'adom na velky rozsah odumierania lesa v uvede-
nej oblasti sa v osemdesiatych rokoch zaali uskutoéiio-
vat’ pokusné a poloprevadzkové vysadby lesnych kultir
s melioradnymi opatreniami a rekultiviciami. Vysledky
vyskumoyv, ktoré priniesli cely siibor cennych poznatkov,
viak podstatne neovplyvnili situdciu v magnezitovej
oblasti. Na zdklade vyhodnotenia ujatosti a zdravotného
stavu sadenic v pAsme A sa ukézalo, Ze aj napriek vyso-
kému vynaloZeniu finanénych prostriedkov a manuélne;j
préace nepriniesli pokusné rekultivacie spolu s meliora-
ciami ofakavané vysledky. V niektorych pripadoch sa
v prvych rokoch po vysadbe sice dosiahla vysoka uja-
tost’ (napr. u obalenych sadenic brezy, borovice ¢iernej,
smreka pichl'avého), ale postupne dochadzalo k pokle-
su prirastku a objavovali sa stale vyraznejsie prejavy po-
§kodenia asimilaénych orgéanov, az kultiry odumreli.
Podobné zavery formulovali aj d’al$i autori (Krd¢ma-
rové,1988;Serdyova,1991; Tuzinsky, 1989).
V literatire vSak chybajii podrobnejSie iidaje o siivislos-
tiach medzi pddnymi vlastnostami, mikroklimatickymi
charakteristikami a vyvojom sadenic po vysadbe v spo-
minanom obdobi. Systematické biometrické merania za-
loZzenych kultir a vyhodnotenie vyvoja koreilovych
systémov sa uvadzaji po prvykratv praci Serdyovej
(1991).

KedZe podl'a doterajsich vysledkov vyskumu sa usi-
dilo, Ze pasmo A je nezalesniteI'né, n$ vyskum sa ststre-
dil do pasiem ohrozenia B, C a D. V ramci tychto pasiem
ohrozenia sme zaloZili 12 novych vyskumnych pléch, na
ktorych sa pozornost sustred’uje na sledovanie rastu
a vyvoja zalozenych kultir v roznych imisnych a ekolo-
gickych podmienkach, dalej sa sleduje vplyv existujicich
chradnucich porastov alebo trdvneho krytu na vyvoj
kultar, rézne spdsoby pripravy pddy, meliordcie, vyber
vhodnejsich, tolerantnej$ich drevin pre rézne pasma
ohrozenia, porovnavaji sa rozne sposoby sadby a sejby
i rdzne technolégie zakladania kultir. Doteraz ziskané
vysledky boli zhrnuté vo vyskumnych spravach (Pav -
lenda, Tuéekova,1993a,b), referatoch(Pavlen-
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daetal,1996; Tuéekov4 etal,1995; Tuéekova,
1997) a na zéklade ziskanych skiisenosti v roku 1994 sa
spracovali zdsady umelej obnovy pre Rdmcovy projekt
ozdravnych opatreni (Liptdk etal., 1994). Obnovu lesa
a obhospodarovanie je preto mozné v tejto imisnej ob-
lasti uskutociiovat’ diferencovane podr'a vyliSenych pa-
siem ohrozenia (A az D).

V préci uvddzame vysledky vyhodnotenia jednej z ko-
mentovanych pokusnych pléch zameranych na pdsobe-
nie melioracii na sadenice v pAsme ohrozenia B.

MATERIAL A METODIKA

Pokusné plocha sa pripravila na zalesnenie v predsti-
hu v rokoch 1992-1993 v blizkosti zdvodu Slovmag
Lubenik. Rok pred vysadbou sa na ploche pouZili
melioraéné materidly, a to agroacidifiér (kyslé systémy) —
1,5 kg.m2—december 1992, priemyselny kompost na baze
kalov z &isti¢iek odpadovych véd (COV) -4 kg.m2 —jil
1993, ktoré sa aplikovali na povrch pddy (po zraneni —
naruseni). Plocha s ozna¢enim Lubenik 1M sa zaloZila na
holine v HSLT 305 — kyslé dubové bu¢iny (lesny typ 3311)
pasma ohrozenia B. Z drevin sa v okoli vyskytuje breza
z vymladkov i prirodzenej obnovy a poskodené zvysky
duba, hraba a brezy. Z bylinnych druhov sa tu vyskytuje
viac druhov vysokych trav (napr. Calamagrostis sp.).
Plocha sa zalesfiovala na jar roku 1994 obalenymi sadeni-
cami borovice &iernej (Pinus nigra Ammold) vo veku (2/1)
—ragelinocelul6zové korenaée Jiffy pots — priemer 11 cm,
jamkovou sadbou v spone 1 x 1 m. V kaZdom zo Styroch
variantov bolo vysadenych 90 sadenic (obr. 1).

1. Schéma usporiadania variantov vyskumu na PP Lubenik 1M
— A scheme of research treatment design on experimental plot
Lubenik 1M

A B C D
agroacidifiér

kompost + kontrola kompost

agroacidifiér

Agroacidifiér ako vedIaji produkt pri vyrobe kyseliny
sirovej mal pH hodnotu 4,5 a kompostovand zmes (Cistia-
rensky odpadovy kal — 2/3 podiel, zeolit 15-30 %, sucho-
horska raselina 5-10 %, slepadi trus 5 %) mala pH 6,5. Pri
zakladani pokusu sa tieto hnojiva odskisavali prvykrat
amali sluZit' hlavne na zniZenie pH hodnoty kontamino-
vanej pody este pred vysadbou, kompost pripadne aj na
zlep3enie Zivinového rezimu. Obsah pristupnych a vodo-
rozpustnych Zivin (Ca, K, Mg, Na) pri obidvoch apliko-
vanych hnojivéach bol v rozsahu optimalnej vyZivy aZ na
fosfor, ktorého obsah bol zniZeny, &o sa nasledne preja-
vilo aj na analyzach odobratych vzoriek kontaminovane;j
pody v roku 1994.

Pedologické rozbory substratu pouZitého pri obalova-
ni ukazali na mierne zvyseny obsah P, Ca, Mg a K, ostat-
né Ziviny boli v rozsahu optimalne;j vyZivy.

Ciel'om pokusu bolo zistit' vplyv melioraénych materié-
lov na ujatost’ obalenych sadenic borovice &iernej, na ich
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1. Vysledky analyz pédnych vzoriek z PP Lubenik 1M pred aplikiciou melioraZnych opatreni a po nej — Results of analyses of soil samples
from experimental plot Lubenik IM before and after reclamation measures

pp— : -
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!treatment, *sampling depth, *sampling year, ‘water-soluble nutrients (mg.kg™' dry matter), *available nutrients (mg.kg"' dry matter), ®dry

matter percentage by weight

rast a vyvoj ako i na prerastanie koreitového systému
z priestoru obalu do materskej minerdlnej zeminy v pAsme
ohrozenia B.

Pred zalesfiovanim pokusnej plochy a aplikdciou me-
lioraénych materialov sa odobrali na chemické rozbory
pédne vzorky v hibkach 0-10 cm a 15-25 cm. Na konci
kazdého vegetaéného obdobia (roky 1994-1997) sa na
vsetkych vysadenych zijucich jedincoch uskutoénili bio-
metrické merania vy3ok a vyskovych prirastkov s pres-
nostou na 1 cm a hriibok v korefiovom kréku (d’alej HKK)
s presnostou na 1 mm. Dalej sa sledovala ujatost’ sade-
nic po prvom roku, mortalita sadenic v d’al$ich rokoch,
ich zdravotny stav, poskodenie a odoberali sa vzorky
asimilaénych orgdnov sadenic pred vysadbou
a po vysadbe na zistenie stavu vyZivy.

V prvych rokoch po vysadbe sa odobralo na podrob-
nejsie rizologické rozbory z kazdého variantu na ploche
po §iestich vzornikoch, ktoré sa spracovali deStruk&nou
metodou. Na vzornikoch sa zist'ovali nielen pocty kore-
fiov (horizontalne, vertikdlne — s minimalnou hrabkou
1 mm) a ich hriibka pre vypoget kruhovej plochy korefiov
(sucet ploch kolmych prierezov vo vzdialenosti od osi
kmienka zodpovedajiicej velkosti obalu), ale aj ich dizka,
hmotnost susiny korefiov v obale i mimo neho v konta-
minovanej materskej pdde. Okrem toho na vietkych vzor-
nikoch obalenych sadenic borovice &iernej sa po prvom
az trefom vegetatnom obdobi sledovala intenzita preras-
tania korefiov zo substrétu (v obale) do okolitej mater-
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skej pddy, index P (pomer kruhovej plochy korefiov ku
kruhovej ploche korefiového krcka), kalus (zahojenie rén,
ktoré boli spésobené este pri obal'ovani sadenic) a kore-
fiové deformacie (podl'a Lokvenca, 1984). Pretoze
v prvom roku po vysadbe sme nepozorovali prerastanie
korefiov z priestoru obalu a v druhom roku len ojedinele
— horizontalne korene (dizka 1-3 cm), iidaje neuvadzame
v tabul'kach. Prvé vyraznejsie prerastanie korefiov sade-
nic z priestoru obalu do kontaminovanej okolitej pody je
podrobnejSie zhodnotené a tabeldrne vyjadrené na
dvoch priememnych vzornikoch v kazdom variante v tre-
tom roku po vysadbe.

Zaroveil po skonéeni tretieho vegetaéného obdo-
bia (rok 1997) sa odobrali vzorky pédy priamo z naj-
bliz§ieho priestoru koreiiového systému vzornikov
borovic (v hibke 0-10 cm; v priestore substratu pouzi-
tého pri obal'ovani; v hibke 15-25 cm) na laboratérne
analyzy.

V roku 1997 sa uskuto¢nil aj odber ihlic (spolo¢na vzor-
ka zo v8etkych $tyroch variantov hnojenia) vyrastenych
v poslednych troch rokoch 1995-1997 z dévodu zistenia
stavu zapra§enosti povrchu ihlic jednotlivych ro¢nikov,
stavu prieduchov a zistenia stavu vyzivy.

Vysledky sa vyhodnotili v nadvdznosti na imisné
amikroklimatické podmienky a podne pomery. Vietky zis-
tené biometrické uidaje sa spracovali beZnymi matematic-
ko-$tatistickymi metdédami (analyza variancie) tabelarne
a graficky.
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2. Ujatost’ a pocet Zijucich sadenic borovice Ciernej na meliorovanej PP Lubenik 1M v percentich v rokoch 1994-1997 — Rooting and
survival rate of Austrian pine plants in per cent on reclaimed EP Lubenik 1M in 1994-1997

VYSLEDKY A DISKUSIA

Kvalitné sadenice su zakladom tspesného zalesfiova-
nia. Nedostato¢na kvalita ma za nésledok straty po vy-
sadbe, potrebu vylepSovania a asto i opakované
zalesfiovanie. Hodnotenie kvality a triedenie sadbového
materidlu sa v sii¢asnosti uskutocriuje takmer vyhradne
na zaklade morfologickych znakov (vysky nadzemne;j
¢asti, HKK, pripadne vel'kosti korefiového systému), aj
ked’ o ujatosti a naslednom raste po vysadbe rozhoduje
predovSetkym fyziologicky stav sadenic. Hlavnym d6vo-
dom tohto stavu je skutocnost’, Ze sii pre nas nedostup-
né dostatoéne rychle operativne metddy, ktoré by
v kratkom &ase komplexne zhodnotili celkovy stav sade-
nic vratane fyziologickych aspektov a ukazali ich po§ko-
denie. Napriek tomu, Ze uz niekol'’ko desatro¢i sa vedci
tymto problémom zaoberaju, je sledovanie fyziologickej
kvality sadenic v su¢asnej dobe pouzivané len v malo
krajinich (Kanada, USA, Vel’k4 Britania, Svédsko). Pritom
v tychto krajinach, ktoré vyuZivaji nové spdsoby hod-

notenia sadenic, do§lo v poslednych rokoch k vyrazné-
mu zvySeniu ujatosti sadenic po vysadbe (Duns-
worth, 1994).

Aby sme sa vyhli problémom pri hodnoteni fyziolo-
gickej kvality sadenic, pouzivali sme pri zalesiiovani
v imisnych magnezitovych oblastiach a v jednotlivych
pasmach ohrozenia hlavne obalené sadenice. Vietky sa-
denice, ktoré sme vysadzali, boli homogénne a po morfo-
logickej stranke kvalitné.

Z podnych analyz, ktoré sme spracovali pred apliké-
ciou a po aplikacii hnojiv na pokusnej ploche v Lubeniku
v pasme ohrozenia B, vyplyva, Ze realizovanymi melio-
raénymi opatreniami sa v kazdom hnojenom variante
nielen v hibke 0-10 cm, ale aj v hibke 15-25 cm znizila
hodnota pH (tab. I). Pritom sa zvy3il obsah celkového
organického uhlika a celkového dusika. Podl'a obsahu
tychto prvkov mozno pédy na PP hodnotit’ ako stredne
aZ silne humozne. Hodnoty obsahu pristupného horéika
sa po hnojeni tiez zvysili. Najvyssie hodnoty boli vo
variante C (3 037 mg.kg"' v hibke 0-10 cm) a vo variante B

80
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% 30+ ----{7 - ---- - - - B1996
1997

bod C

drevina-variant

3, Priemerné4 vy3ka sadenic borovice &iernej na PP Lubenik IM v rokoch 1994-1997 — Average height of Austrian pine plants on EP

Lubenik 1M in 1994-1997
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4. Pricmerné hriibka v korefiovom kr¢ku sadenic borovice ¢iernej na PP Lubenik 1M v rokoch 1994-1997 — Average root collar diameter

of Austrian pine plants on EP Lubenik 1M in 1994-1997

—kontrola (3 015 mg.kg™ v hibke 010 cm). Hodnoty vo-
dorozpustného horéika boli najvyssie vo variante A (ag-
roacidifiér + kompost), ale na rozdiel od pristupného
horéika sa po melioraénych opatreniach mierne zniZili aj
v hibke 15-25 cm. Podra hodnotenia obsahu Zivin je vy-
soka uroveri zdsoby Mg neZiaduca vo vSetkych varian-
toch aj po aplikéacii hnojenia. Obsahy pristupného
draslika a vapnika sa po hnojeni zvysili, ale obsah pri-
stupného fosforu sa znizil aZ na hodnotu 0,1 mg.kg™'
okrem kontrolnej plochy (B). Vo variante s aplikaciou

kompostu sa zasoba pristupného fosforu zniZila minimal-
ne. Obsahy vodorozpustnych Zivin (Ca, K, Na) boli zna¢-
ne variabilné, Pomer celkového uhlika k celkovému
dusiku (C/N) bol v organominerélnom horizonte v prie-
mere 13, &o je pomer priaznivy, pretoZze napr. Bublinec
(1987) uvadza, Ze z ekologického hl'adiska je treba, aby
pomer celkového uhlika k celkovému dusiku (C/N) bol
v organomineralnom horizonte pod 20.

Po ukonéeni prvého vegetaéného obdobia sme na
PP vyhodnotili ujatost’ sadenic a v d’al$ich sledovanych

11. Zakladné biometrické charakteristiky rastovych ukazovatel'ov borovice &iernej na PP Lubenik 1M po trefom vegetainom obdobi
— Basic biometric characteristics of growth parameters of Austrian pine plants on EP Lubenik 1M after the third growing season

Variant Potet* Vyska® (cm) Hribka v korefiovom kréku* (mm) Vy3kovy prirastok * (cm)

melioracie' () % o 5% % S 5% x S 5%
A 68 58,0 23,81 41,08 143 4,95 3475 14,8 9,60 65,06
B 63 64,4 20,31 31,53 144 3,85 26,73 18,2 7,97 43,83
C 69 74,0 23,67 31,97 16,6 3,98 23,90 22,1 9,12 41,32
D 68 67,8 24,77 36,53 16,1 4,48 27,83 18,3 9,63 52,69

Ireclamation treatment, 2number, >height, %root collar diameter, Sheight increment

III. Vysledky testovania 3tatistickej vyznamnosti rozdielov aritmetickych priemerov rastovych parametrov borovice ¢iernej na PP
Lubenik 1M v roku 1997 — Results of testing the statistical significance of differences in arithmetic means of growth parameters of

Austrian pine on EP Lubenik IM in 1997

Rastové parametre! Rozdiely aritmetickych priemerov rastovych parametrov medzi variantmi’ (A-D)

A-B A-C A-D B-C B-D Cc-D
Vyika® (cm) 6,463 ~ -16,051 ** -9,844 * -9,588 * -3,382 - 6,207 -
Vyskovy prirastok® (cm) -3,427 * ~7,309 ** -3,517 - -3,882 * -0,090 - 3,792 *
Hribka v korefiovom kr&ku® (mm) -0,127 - 2,385 ** -1,828 * 2,258 ** -1,700 * 0,558 -

**P < 0,01 - Statisticky vysoko vyznamné - statistically highly significant

* P < 0,05 - statisticky vyznamné — statistically significant
- — $tatisticky nevyznamné — statistically insignificant

lgrowth parameters, 2differences in arithmetic means of growth parameters between the treatments, height, *height increment, Sroot

collar diameter
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IV. Rastové a analytické znaky vzornikov borovice ¢iernej na PP Lubenik 1M po trefom vegetadnom obdobi —

Growth and analytic traits

of Austrian pine sample trees on EP Lubenik 1M after the third growing season

Hribka |_NNadzemnd Zast® Korefiovy systém®
Variant 5 v kore- Sko- horizontélne 5 <
ma;-llia:- Vaor V! fiovom VyVY hr::tt“ dlzka korene'® vertikdlne korene'! hmotnost susiny'”
ricie! | & | em) | # | privas- "5. s | korefia® = A index"? P
ok? | Susiny cm) | potet" | priemer® | potet'* | priemer v obale'® | mimo"’
(mm) (cm)
(cm) ® (ks) (mm) (ks) (mm) (®) (€3}
1 74 8- | A& g0y | 28 g AR | i 0 0309 | 13 6
- 10 3;
20;15; 6:5:43;
2 50 12 ol I 2 ¢ 1% |0 0 0,569 9,5 5
21;16; 4;3;3;4;
) 1 57 17 s | M 26 O e 0 0145 | 13 35
2 58 10 28}:3‘ 29 2 5 |asnn| o 0 0,350 5 3
1 68 14 213323 167 32 g p o g 3 0399 | 14 8
& ; 2;
29:17; 9;9:8:5;
2 92 # | Gas | 2 35 o [egie| o 0 0653 | 15 8
1 7 15 | %] » 32 s |saz22| 2 53 | o310 7 6
" ;
15;19; i
2 74 13 gl B 2 4 | 7533 o 0 0491 7 3

Vyskovy prirastok (cm) — v rokoch 1997, 1996, 1995, 1994 — Height increment (cm) — in 1997, 1996, 1995, 1994

'recl ion tr 2

ple tree No., *height, ‘root collar diameter, *aboveground part, ®root system, "height increment, *dry weight,

%root length, ‘°honzomal roots, ''vertical roots, '?index, '*dry weight, “number, '*mean, 'Sin container, "outside container

rokoch rast mortality borovic (obr. 2). Ujatost’ obalenych
sadenic borovice &iernej po prvom vegetaénom obdobi
bola najniZ8ia vo variante A (agroacidifiér + kompost)
-93,3 % a najvyssia vo variante C, kde sa aplikoval prie-
myselny kompost — 98,9 %. Pomerne vysoka ujatost’ sa
dosiahla na kontrolnej ploche B (93,8 %), ¢o poukazuje
na to, Ze aplikacia hnojiv sa na ujatosti obalenych sade-
nic v prvom roku neprejavila. Obal'ované sadenice boro-
vice &iernej pri vysadbe zodpovedali poZzadovanému
standardu vyspelosti a po morfologicke;j aj fyziologickej
stranke dosahovali poZadovanu kvalitu. Korefiovy sys-
tém po prvom roku este neprerastal z obalu do okolitej
pody a nemohli sme teda pozorovat’ ani vyraznejsie
ovplyviiovanie sadenic melioraénym materidlom. Kore-
ne sa urdity as po zalesneni intenzivne rozrastaji iba
v priestore kvalitnej$ej zeminy obalu a neprerastaji z oba-
lu v prvom roku, ako je to obvyklé v beznych neimisnych
podmienkach. Spdsob hnojenia sa za¢ina prejavovat’ po
d’algich troch vegetaénych obdobiach, kedy sa aj hod-
noty preZivania sadenic v jednotlivych variantoch zniZili
apohybovali sa v rozpiti 70,0 % (kontrolny variant B) aZ
76,7 % (melioricia priemyselnym kompostom, variant C).
Sadenice vo variantoch, na ktorych bol aplikovany agro-
acidifiér (A a D), mali po troch vegetaénych obdobiach
rovnaké percento preZivania (75,6).

V prvych dvoch rokoch po vysadbe rozdiely vo vys-
kach, vyskovych prirastkoch a hribkach v korefiovom
kréku medzi jednotlivymi variantmi hnojenia neboli $ta-
tisticky vyznamné (obr. 3, 4). Po tret'om vegetaénom ob-
dobi sa rozdiely vo vyike, vyskovom prirastku a v HKK

J.FOR. SCL, 46, 2000 (8): 356-368

podla jednotlivych variantov hnojenia uZ prejavovali
(tab. II).

Pri testovani tatistickej sznamnosn rozdielov aritme-
tickych priemerov (analyza variancie jednofaktorového
pokusu) su $tatisticky vyznamné az vysoko vyznamné
rozdiely medzi borovicami hnojenymi kompostom, ne-
hnojenymi a hnojenymi agroacidifiérom (tab. III). Ukazu-
je sa, Ze kombindcia hnojiv agroacidifiér + kompost
nebola vhodna, ¢o potvrdzuje aj postupné stagnacia vys-
kového prirastku a nakoniec aj hor$i stav prerastania
koreiiového systému mimo obal sadenice. Na druhej stra-
ne priemyselny kompost na baze kalov pozitivne vplyva
nielen na rastové charakteristiky nadzemne;j ¢asti, ale aj
na intenzitu prerastania a vyvoj korefiového systému
sadenic. Po trefom roku sa teda spdsob hnojenia preja-
vil ako faktor, ktory vyznamne p&sobi nielen na vysku sa-
denic borovice ¢iernej, ale aj na vy$kovy prirastok a ich
hribku v korefiovom kréku. Najvicsie rastové parametre
dosahovali borovice Eierne na ploche meliorovanej kom-
postom, kde po hnojeni v roku 1994 bola v hibke 15 az
25 cm (prevazna &ast’ prerastenych koreiiov) hodnota vo-
dorozpustného aj pristupného Mg najniz§ia. Rast sade-
nic ovplyviiuje spésob hnojenia, ¢o suvisi hlavne
s prerastanim korefiov obal'ovanych sadenic z priestoru
obalu do okolitej kontaminovanej mineralnej pody. Tato
skuto¢nost’ sme zaznamenali po prvykrat na odobratych
vzornikoch sadenic borovice ¢iernej po tret'om vegetac-
nom obdobi (august 1997). Tento vyvoj ndm potvrdzuji
sledované rastové a analytické znaky vzornikov borovi-
ce &iernej po trefom vegetaénom obdobi (tab. IV).

361



V. Vysledky analyz pédnych vzoriek z priestoru odobranych vzornikov z PP Lubenik 1M po trefom vegetanom obdobi — Results of
analyses of soil samples from the space around sample trees lifted on EP Lubenik IM after the third growing scason

. Susina — Vodorozpustné Ziviny* Pristupné Ziviny®
Yt;?;)m otlll[)t:::z hmotdos pH (mg.kg™' susiny) (mg.kg™' susiny) Can N
] stné %

ricie! | (m) | o] O | R | Mg [ ca | K | Mg [ ca | K P h"“;:'g‘l’:‘y“f *
substrat’ | 97,40 7,14 6,81 25,35 | 3529 9,37 1299 1397 107,8 | 13,24 7.29 0,34
A 0-10 96,48 748 6,83 36,44 | 47,50 | 13,73 1608 1798 196,3 | 12,52 542 0,44
15-25 98,24 7,38 6,70 17,38 | 26,19 | 8,22 840 613 87,3 527 2,56 0,12
substrdt’ | 96,81 7.84 726 | 40,60 | 46,53 | 17,96 2010 1831 171,3 | 47,12 6,48 0,27
B 0-10 98,11 8,40 7,05 19,33 | 25,68 | 14,55 1253 718 1424 | 7,19 2,33 0,09
15-25 98,31 7,73 6,78 16,24 | 22,21 8,81 898 421 108,5 | 4,82 1,34 0,06
substrat” | 96,08 7,66 6,88 | 41,85 | 41,55 | 25,49 2291 2503 | 247,7 | 53,15 595 0,40
c 0-10 97.91 7,58 6,79 23,24 | 27,65 | 13,59 1358 781 163,5 | 5,02 3,57 0,07
15-25 98,17 747 6,74 17,81 | 24,43 | 10,50 800 462 1300 | 4,86 2,56 0,02
substrat’ 94,32 7,55 6,61 43,30 | 52,66 | 19,98 2536 2920 | 4554 7,76 10,52 0,51
D 0-10 97,74 7,41 6,50 21,97 | 2891 9,59 1143 757 1573 593 4,72 0,08
15-25 98,25 7,52 6,42 1843 | 23,10 | 7,71 813 426 120,0 | 3,06 3,15 0,06

'reclamation treatment, 2depth of sampling, *percentage dry weight of weighed out sample, ‘water-soluble nutrients, *available nutrients,

Spercentage dry weight, "substrate

Pri hodnoteni nadzemne;j asti vzomikov borovice ¢ier-
nej sme zistili pravidelné vyskové prirastky, ktoré sa zvy-
Sovali s vekom, zdravé termindlne vyhonky, dlhé,
tmavozelené ihlice (predlZzujice sa s vekom) a pravidelné
vetvenie. Ak porovnavame hmotnost’ susiny nadzemne;j
casti, najvacsie hodnoty dosahovali vzorniky sadenic
z variantu po melioracii kompostom, ¢o koreSponduje aj
s hodnotenim rastovych ukazovatel'ov (vyska, vyskovy
prirastok, HKK).

Problematika prerastania koreiiov z obalu do okolitej
kontaminovanej pody je len malo zdokumentovana. Nase
vysledky nepotvrdili tradiéné ogakéavania v tejto imisnej
oblasti. V druhom (ojedinele) — tret'om vegetaénom ob-
dobi zacina prerastat’ korefiovy systém z priestoru obalu
do kontaminovanej minerélnej pody (hlavne horizontal-
ne). Je to mierne oneskorenie oproti zisteniam inych au-
torov. Liptak (1970) napr. uvadza, Ze uz v priebehu
prvého roka po vysadbe prenikaji korene sadencov (bo-
rovice ¢iernej) z priestoru korenaca do okolitého prostre-
dia (pddy nenarusené dlhodobym pdsobenim imisii).
Intenzita prenikania korefiov zavisi od ekologickych pod-
mienok zalesfiovanej plochy, od biologickych vlastnosti
prisludnej dreviny, od dékladnosti pripravy pédy, od dru-
hu korenada a kvality sadenice.

Sadenice presadené zo 3kolky na zalestiované plochy
a ich adapta¢ny proces po vysadbe prindSa so zmenou
prostredia naru$enie celého radu fyziologickych proce-
sov, nasledne sa prejavuje v uréitych odliSnostiach mor-
fologickych znakov. Pokial’ ma tito zmena mensi rozsah,
sadenice su schopné ju prekonat’, ak viak po vysadbe
posobia d’al$ie nepriaznivé vplyvy, ako st extrémne eko-
logické podmienky a iné nedostatky pri vysadbe, stane
sa, Ze &ast’ sadenic ich neprekona a vyhynie. Poznanie
pricin fyziologickych zat'aZzeni pri vysadbe je vel'mi t'az-
ké, pretoZe je to kombinacia vplyvu viacerych faktorov,
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pri¢om nevieme odhadnut’ stupeii ich i¢inku. Leibund-
gut (1955)tvrdi, Ze ekologické podmienky medzi mies-
tom pestovania sadencov a miestom ich vysadenia musia
byt rovnaké, aby sa uvedené poruchy vyludili. Liptak
(1972) zasa uvédza, Ze pre adaptaény priebeh rovnost’
podmienok $ko6lky a zalesiiovanej plochy z klimatického
a pedologického hl'adiska rovnako vyznamna nie je. Aj
Bosshard (1964) v experimentidlnych podmienkach
zistil, Ze pri kazdej zmene pody mozno pozorovat’ na sa-
deniciach adaptaéné prejavy, a to v poéte listov, dzke
letorastov a i., a to bez ohl'adu na to, ¢i sa sadenice pre-
sadzali z ekologicky lep3ej pody do horSej alebo opa¢ne.
Trvanie a rozsah tychto prejavov zéviseli od druhu dre-
viny, od individudlnych vlastnosti sadenic a od ekolo-
gicky u¢innych vlastnosti porovnavanych pod — najma
pody, kde sa sadenice pestovali. Toto zistenie sa potvr-
dilo aj ndm. Obalované sadenice, ktoré sa dopestovali
v tych istych imisnych podmienkach v ned’alekej $kolke
a sadenice obal'ované a dopestované na BZ Straz vo
Zvolene, sa v prvych troch vegetaénych obdobiach po
vysadbe morfologicky (nadzemna ¢ast’ ani korefiovy sys-
tém) a dokonca ani po fyziologickej stranke vyznamne
nelisili.

Ak sa sadenice pestuju v takych istych podmienkach,
vytvéra sa sice podnym podmienkam (3truktire, vodnym
a vzdu§nym pomerom) prispdsobena korefiova sustava
(najmd morfolégiou), ale po presadeni je zat’aZena mno-
hymi prvkami, ako je mechanické poskodenie, vyschnu-
tie, zmenend poloha a tvar, ktoré zmenu pddnej formy
daleko predstihuju. Preto celkovy vysledok adaptacie
zavisi predovietkym od klimatickej zmeny a od stavu
sadencov, najmi od ich Zivotaschopnosti, roz&lenenosti
a obsahu rezervnych latok (Lipték, 1970). Autor d’alej
uvadza, Ze sadenice s malym obsahom rezervnych latok
s d’aleko siahajiicimi povrazcovitymi korefimi reaguji na
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VI. Vysledky chemickych analyz asimiladnych orgénov borovice &iernej na PP Lubenik 1M v rokoch 1994 a 1996 — Results of chemical
analyses of Austrian pine assimilatory organs on EP Lubenik 1M in 1994 and 1996

U T | P ] k| ca] Mg|] s | Ma|] e | za | cw] B
odberu' | odberu® ne% hmotnostné % susiny* (mg.kg™' susiny)
navéazky
PI:Ed s 1993 96,5 1,25 0,14 0,62 0,40 0,13 0,158 121 121,5 | 65,8 7,59 |17,6
vysadbou * ’ v 4

A 1994 95,19 0,97 0,13 0,64 0,20 0,19 0,093 75 2557 | 29,90 7,60 |26,29
1996 94,39 1,11 0,16 0,86 0,18 0,20 0,094 102 263,2 | 37,50 5,03 |10,05
B 1994 95,39 1,12 0,13 0,58 0,18 0,19 0,081 52 1418 | 2941 3,00 |22,08
1996 94,23 1,01 0,14 0,79 0,20 0,28 0,093 40 383 | 32,30 3,97 |10,08
& 1994 95,97 0,93 0,13 0,62 0,16 0,18 0,077 37 1496 | 29,58 4,70 | 14,86
1996 93,60 1,06 0,15 0,81 0,18 0,24 0,085 37 2640 | 27,70 4,08 | 9,08
b 1994 95,40 1,04 0,13 0,69 0,21 0,20 0,106 68 1542 | 34,62 | 12,7 |2445
1996 93,55 1,54 0,16 1,06 0,22 0,24 0,116 100 499 | 51,10 6,79 |11,20

'sampling variant, 2year of sampling, *percentage dry weight of weighed out sample, ‘percentage dry weight, *before planting

presadenie citlivejsic ako sadenice dobre zdsobené Zivi-
nami a s hustymi uzavretymi koreiimi. Tieto vysledky
vyskumu boli zistené v oblasti spustnutych pléch a nie
st doteraz skiimané v oblasti s vysokym stupfiom konta-
minécie pdd. Preto vzhl'adom na zmenené ekologické
podmienky v imisnej magnezitovej oblasti je vhodnejSie
pri vysadbe (hlavne v pasmach ohrozenia A a B) pouZi-
vat’ obalované sadenice s dostatkom rezervnych latok
a taktieZ s hustou koncentrovanou bohatou korefiovou
sustavou pre l'ahdie prekonanie nielen Soku z presade-
nia, ale i pri d'alej adaptacii sadenic po vysadbe.

VII. Analyza usadenych &astic na povrchu asimilaénych orgdnov
borovice &iernej na PP Lubenik 1M v roku 1997 (sumérna vzorka
20 4 variantov) — Analysis of particles deposited on the surface of
Austrian pine assimilatory organs on EP Lubenik 1M in 1997 (aggre-
gate sample of 4 treatments)

Roénik Elementové zlozenie? Zapréasenost’
odobratych povrchu ihlic
ihlic' <50 % >50 % v percentéch’
Ti ALSi,K,Ca,Cl,Fe
Ca,Fe Mg,AlLMn
1995 Ca,Fe Mg,AlLSi K, Ti,Mn 30
Fe,Ti Mg,AlSi,CaMn
ALSi K,Ti,Fe
Mg Si,Ca,Fe
Mg Si,K,CaFe
1996 Cr,Fe Mg,AlCLK,Ca 15
Si Mg,AlLK,Fe
Fe Mg,AlSi K,Ca,Mn
Fe Mg,ALSi K,Ca
Si
Mg, K
1997 Fed : 10
Ti Al,Si,Ca,Fe
Si,Ti Mg,AlLK,Ca,Fe
Si,Al K,CaFe

Ineedle year-class, 2element composition, *dustiness of needle surface
in per cent
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Pri odobranych vzornikoch po tret'om roku mali najdlh-
$ie korene borovice zalesnené vo variante C (kompost)
—35 cm, najkratSie v kontrolnom variante B (bez meliora-
cie) — 24 cm. Prekorenenie v priestore obalu pri vietkych
vzornikoch bolo rovnomerné a pomerne husté. Prevazna
dast’ korefiov mimo obal boli korene horizontélne; verti-
kalne sa vyskytli iba ojedinele (varianty C a D). Kalus (za-
hojenie ran po skracovani korefiov do obalov) bol
v priemere 1,3 (hodnoteny stupnicou 1-3: 1 —zahojeny,
2 —mierne zasu$eny, 3 —nezahojeny, suchy), v priemere
z neho vyrastalo 3-5 korefiov na sadenicu. Objavovali
sa mykorizované kratke korene, ktoré maju dlhsiu Zivot-
nost a lep§iu schopnost’ prijimat’ z pédy minerélne Zi-
viny a vodu (Kolek, Kozinka et al, 1988).
S velkostou korefiového systému stvisi aj hmotnost’
susiny korefiov, ktord bola najvysSia pri vzornikoch vo
variante C (kompost) v priestore obalu aj mimo obal. Sa-
denice na kontrolnej ploche nedosahovali sice najnizsie
hodnoty hmotnosti susiny koreiiov v priestore obalu, ale
hmotnost’ suiny korefiov mimo obal bola u nich jedno-
znaéne najniz§ia. Aj hodnota indexu P (pomer kruhovej
plochy korefiov ku kruhovej ploche korefiového kréka)
bola najnizia u sadenic na nemeliorovanom kontrolnom
variante B.

Pri pddnych vzorkéch v tesnej blizkosti vzornikov sme
zaznamenali najvy3sie hodnoty pH vo variante B —kon-
trola v hibke 0-10 cm (8,40 — tab. V). V tomto variante
bolo najvy3ie pH aj v hibke 15-25 cm (7,73) a taktieZ aj
v substrate pouZitom na obal'ovanie sadenic (7,84). Tie-
to zvy$ené hodnoty aktivnej (vymenne;j) reakcie pravde-
podobne ovplyviiuju nielen prerastanie korefiov mimo
obal, ale nésledne aj rastové parametre vysadenych sa-
denic (vy¥ku, vyikovy prirastok a HKK).

Pri pédnych analyzach vzornikov borovic podobne ako
pri star$ich vysadbach sme zistili vy33i obsah pristup-
ného a vodorozpustného Mg v substrate (v priestore
obalu). Tento jav je pravdepodobne sposobeny tym, Ze
vizba Mg je na jemné disperzné Gastice labilnejia,
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VIIL. Vysledky chemickych analyz asimilaénych orgénov borovice &iernej na PP Lubenik 1M (v roku 1997) jednotlivych odberovych
roénikov (sumérna vzorka zo 4 variantov) — Results of chemical analyses of Austrian pine assimilatory organs on EP Lubenik 1M (in
1997) in the particular sampling year-classes (aggregate sample of 4 treatments)

Roénik swina- | N | P | K | ca | Mg| s | Mo [Re [za | [B

odobratych hmotnostné ; 2

ihlic' % navizky® hmomosmé%suhnf (mg.kg" suiny)

1995 94,55 1,10 0,12 0,23 0,44 044 0211 688 | 268 70,8 5,89 174
1996 94,55 1,39 0,16 0,31 0,36 033 |0247 862 | 252 439 6,45 173
1997 94,48 1,69 0,15 0,35 0,39 040 |0,281 1042 | 106 539 7.18 21,2

‘needle year-class, *percentage dry weight of weighed out sample, ’percentage dry weight

a horéik sa teda P'ahSie vyplavuje do hlbSich vrstiev
pédy. Vo vietkych nami sledovanych hibkach je obsah
horgika nadlimitny, ale vo vrstve substratu prevysuje li-
mitni hodnotu aZ niekol’kondsobne.

Napriek tomu, Ze sme zistili v trefom roku uZ vyraznej-
§ie prerastanie korefiového systému mimo obal (hlavne
horizontéalne korene), vyrazné rozdiely v obsahu Zivin
v asimilaénych organoch sme nepozorovali (s vynimkou
Mg). Po prvom vegetaénom obdobi neboli zistené z hl'a-
diska vyZivy vyznamné rozdiely v obsahoch prvkov
v jednoroénom ihli¢i borovice oproti obsahom pred vy-
sadbou (tab. VI). Po tret'om vegetatnom obdobi pozoru-
jeme zvy3enie obsahu Zivin vratane niektorych tazkych
kovov (S, Mn, Zn). ZniZil sa obsah Fe, Cu a B. Obsahy
Mg sa na vsetkych variantoch zvysili (vo variante B —
kontrola to bolo az o 50 %). Aj v tomto pripade neboli
vzorky asimila¢nych orgdnov pred analyzami umyvané,
takZze uvedené hodnoty predstavujii obsahy vratane
castic na povrchu ihlic.

Tieto Castice usadené na povrchu asimilaénych or-
ganov (ihlice roniky 1995, 1996, 1997) odobratych v je-
sennom obdobi roka 1997 sme vyhodnotili pomocou ras-
trovacieho mikroskopu JEOL JSM 840 a rontgenového
analyzatora a zistili sme Castice usadené na povrchu — za-
pradenost v percentach. Castice tuhych spadov usade-
né v prieduchoch sme kategorizovali podl'a ich tvaru
a chemického zloZenia (tab. VII).

ZapraSenost’ povrchu asimilaénych organov brani za-
kladnym fyziologickym procesom. Zaprasenost’ povrchu
borovicovych ihlic predstavovala az 30 % pri roéniku
1995, 15 % pri roéniku 1996 a 10 % to bolo pri najmladSom
roéniku 1997. Povrch asimilaénych organov je pokryty
popol&ekmi, ktoré vznikaju spal'ovanim fosilnych paliv
a &asticami priemyselného pdvodu s obsahom Zeleza. Na
povrchu ihlic roénikov 1995 a 1996 sa nenachéadzali spo-
ry amycélia hub. Povrch ihli¢ia najmlad$ieho roénika 1997
bol pokryty hubami na 10 %. Na povrchu asimilaénych
organov boli identifikované aj ¢astice minerélneho pdvo-
du a Castice typické pre vyrobu Zeleznych kovov, ktoré
svojim chemickym zloZenim (Si, Al, Fe) odpovedali ¢asti-
ciam typickym pre spal'ovanie fosilnych paliv. Ndpadné
boli Eastice zloZené z horéika.

Stav prieduchov bol hodnoteny na zéklade pritomnosti
jednotlivych druhov epistomatélnych voskov a bol vyjad-
reny v percentdch. Pri borovicovych ihliciach ro&nika 1995
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bolo 50 % relativne funkénych prieduchov, 30 % priedu-
chov malo polovicu a 10 % prieduchov malo $tvrtinu po-
vrchu stomatélnej oblasti poSkodenej, 5 % prieduchov
bolo nefunkénych. Pri roéniku 1996 to bolo 50 % relativne
funkénych prieduchov, 40 % malo polovicu a 5 % priedu-
chov malo $tvrtinu povrchu stomatélnej oblasti poskode-
nej a tak isto 5 % prieduchov bolo nefunkénych. Tento
trend zniZovania hodnét poskodenych prieduchov pozo-
rujeme aj pri roéniku 1997, kde 55 % prieduchov bolo rela-
tivne funkénych, 35 % prieduchov malo polovicu a 5 %
§tvrtinu povrchu stomatélnej oblasti poskodenej. Aj pri
tomto ro&niku viak 5 % prieduchov bolo nefunkénych.

Z vyslednych analyz moZno kon3tatovat), Ze stav prie-
duchov borovicovych ihlic je v désledku imisii naruse-
ny. Zistilo sa, Ze 50-55 % prieduchov borovicovych ihlic
je relativne funkénych a 5 % pri vSetkych sledovanych
ro¢nikoch je Gplne nefunkénych.

Vzorky ihlic (sumérne za vietky Styri varianty), ktoré
sme sledovali pod mikroskopom, sme analyzovali v labo-
ratoriach ustavu (tab. VIIT) z dovodu zistenia stavu vyZi-
vy v jednotlivych odberovych roénikoch (1995, 1996,
1997).

Vysledky chemickych analyz ihlic borovice &iernej ko-
re$ponduji s vyslednymi hodnotami analyz usadenych
¢astic na povrchu asimilaénych organov v jednotlivych
odberovych roénikoch. V ihliciach sa nachadza tak isto
zvySeny obsah Fe, S, Mg, Ca, Zn a Mn. MdZeme teda
konstatovat’, Ze zvySeny obsah pradnych ¢astic mineral-
neho pdvodu sa vyraznejsie prejavuje aj na zvySenych
hodnotich niektorych prvkov vo vnutri asimilaénych
orgénov borovic, aj ked’ hodnoty medzi jednotlivymi ro¢-
nikmi koli$u. Casto pozorujeme najvyssie hodnoty (Mg,
S, Mn) pri najmlad$om roéniku ihlic. Okrem dusika (ro¢-
nik 1995) a draslika (1995-1997), ktoré boli na kritickej hla-
dine, ostatné prvky dosahovali optimalny obsah vo
v3etkych roénikoch. Pri listovych diagnézach(Boneau,
1988) niekedy zrovnavanie vysledkov s hodnotami opti-
malnych obsahov sa upresiiuje uvddzanim pomerov prv-
kov, napr.: pomer N/P by sa mal pohybovat’ od 15 do 20,
pomer N/Mg musi byt’ nizsi ako 17,5 (ak to tak nie je, je
obsah hor¢ika nedostatoény), pomer K/Ca musi byt’ niz-
§i ako 1,3 a pomer S/N musi byt blizky k 0,069 (vyssia
hodnota vyjadruje nedostatok dusika). Takto sa potvrdil
nedostatok N vo v3etkych odobratych ro&nikoch ihlic
a zvy$eny obsah Mg.
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ZAVER

Z hodnotenia meliorovanych borovic vysadenych
v pasme ohrozenia B v Lubeniku moZno vyvodit’ ¢iast-
kovy zéver, Ze v tomto padsme ohrozenia obal'ované sa-
denice borovice &iernej (Pinus nigra Arnold) dobre
prezivajii, maju pravidelné prirastky a teda si jednou
z drevin vhodnych na vysadbu za predpokladu sucasnej
realizacie melioracnych opatreni.

Povzbudzujuce st skutoénosti, ako je prerastanie ko-
refov z obalu do silne kontaminovanej okolitej mineral-
nej pddy. Spdsob hnojenia vyznamne ovplyviiuje nielen
vysku, vySkovy prirastok a hribku v korefiovom kréku,
ale aj intenzitu prerastania korefiového systému do
priestoru kontaminovanej mineralnej pddy. Ukazuje sa, Ze
melioracia agroacidifiérom (kyslé systémy), ale hlavne
kombinacia hnojiv agroacidifiér + kompost nie je vhod-
né4, &o potvrdzuje aj postupné stagnovanie vySkového
prirastku a nakoniec aj horsia intenzita prerastania kore-
flov mimo obal sadenice. Na druhej strane priemyselny
kompost na baze kalov z isti¢iek odpadovych v6d pozi-
tivne vplyva nielen na rastové charakteristiky nadzem-
nej Casti, ale aj na intenzitu prerastania a vyvoj
korefiového systému sadenic. Korene za¢inaju intenziv-
nejsie prerastat’ z priestoru obalu do kontaminovanej mi-
neralnej pddy v trefom vegetanom obdobi, a to
prevazne horizontalne. Pritom na kratkych korienkoch po-
zorujeme mykorizu, ktorej vysledkom je zvacSenie povr-
chu absorbujucich korefiov.

PretoZe sa ukazuju tieto doteraz nové, nezistené sku-
to¢nosti, bude potrebné d’al3ie sledovanie vyvoja sade-
nic v zévislosti aj na bioklimatickych a prirodnych
pomeroch, pripadne inych pdsobiacich faktoroch v rim-
ci pdsma ohrozenia B.
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GROWTH OF AUSTRIAN PINE (PINUS NIGRA ARNOLD.) PLANTS
IN ALKALINE AIR-POLLUTED REGION JELSAVA-LUBENIK

UNDER THE EFFECT OF RECLAMATION

A. Tuéekova

Forest Research Institute, T. G. Masaryka 22, 960 92 Zvolen

From the results of research a conclusion was drawn
that A zone of endangerment in air-polluted magnesite
region Jelsava-Lubenik is unreforestable. Therefore we
concentrated our research to the B, C and D zone of en-
dangerment. In these zones we established new twelve
research plots. The study of the growth and development
of forest plantations established in various ecological
conditions as well as situation of air pollutants has been
conducted already for five years. The effect of existing
declining stands or grass cover on the development of
plantations, different methods of soil preparation, recla-
mation, selection of more suitable and more resistant tree
species for different zones of endangerment have been
studied. Various methods of planting and sowing as well
as various technologies of the establishment of planta-
tions are compared. The results of the assessment of one
research plot, particularly the effect of reclamation on the
plants of Austrian pine (Pinus nigra Arnold) in B zone
of endangerment, are presented in the paper.

An experimental plot was prepared for reforestation in
advance, namely in the years 1992-1993. It is situated
near the works Slovmag Lubenik. In December 1992, it
means one year before planting, we used a reclamation
material on the plot. It was namely agroacidifier (acidic
systems). In July 1993 we used industrial compost on the
basis of sludge from sewage farms. These materials were
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applied to the surface of soil after the soil was scarified.
The plot was established on the clearing in a management
unit of forest types 305 — acidic oak beechwoods (forest
type 3311) B zone of endangerment. Regarding the tree
species, birch from the sprouts, natural regeneration and
damaged remnants of oak, hornbeam and birch are grow-
ing here. Of the herbaceous species several kinds of high
grasses (for example Calamagrostis sp.) are growing here
as well. The plot was reforested in spring 1994 by con-
tainer-grown plants of Austrian pine at the age (2/1)
— Jiffy peat-pulp pots with diameter 11 cm, by hole plant-
ing with spacing 1 x 1 m in four variants, each variant
with 90 plants (Fig. 1). Before the reforestation of the ex-
perimental plot and application of reclamation materials
soil samples were taken for chemical analyses. They were
taken in the depth 0—10 cm and 15-25 cm. At the end of
each growing season (the years 1994-1997) biometric
measurements of height, height increment with the accu-
racy of 1 cm were carried out on all living individuals
planted. The diameter of root collar with the accuracy of
1 mm was also measured. Then we observed the survival
of plants after one year, mortality of plants in the follow-
ing years, health condition of plants, damage to plants.
Samples of the assimilatory organs of the plants were
taken before and after planting to detect nutrition status.
On selected sample trees of container-grown plants of
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Austrian pine we observed after the third growing sea-
son the intensity of roots growing through substrate to
adjacent parent soil, the development of root system,
callus (healing of lesions) and root deforma-
tions (L ok venc, 1984). Simultaneously after the third
growing season (1997) the samples of soil were taken
directly from the closest zone to the root system of plants
(in the depth 0—10 cm, in the area of substrate used for
growing in container and in the depth 15-25 cm) for lab-
oratory analyses. The results were assessed in relation
to air pollution, microclimatic and soil conditions. All bi-
ometric data obtained for particular plots and tree spe-
cies were processed by conventional mathematical and
statistical methods.

It results from the soil analyses made before and after
the application of fertilizers on experimental plot that rec-
lamation measures contributed in each variant with fer-
tilization to the decrease of pH value, namely in the depth
0-10 cm and 15-25 cm. Simultaneously the content of
total organic carbon, of total nitrogen and available mag-
nesium increased. Based on the assessment of the con-
tent of nutrients a high supply of Mg is undesirable in all
variants, even after the application of fertilizers (Table I).
The ratio of total carbon to total nitrogen (C/N) was on
average 13 in the organic-mineral horizon. It was a favour-
able ratio because Bublinec (1987) notes that from
ecological aspects the ratio C/N should be below 20 in
the organic-mineral horizon. The survival of container-
grown plants of Austrian pine after the first growing sea-
son was high, particularly 93.3-98.9%. The control plot
had a similar value, namely 93.8%. It indicates that the
application of fertilizers did not reflect in the survival of
container-grown plants in the first year. Container-grown
plants of Austrian pine corresponded in planting to the
required standard of maturity and they had the required
quality as to morphological and physiological character-
istics. The root system was not growing through the
container to adjacent soil after the first year. We did not
record any more significant influence of reclamation ma-
terial on the plants. After the next three growing seasons
the values of the survival of plants decreased in particu-
lar variants. They ranged from 70.0% to 76.7% (reclama-
tion by industrial compost). In the first two years after
planting the differences in height, height increment, di-
ameter of root collar for the variants of fertilization were
not statistically significant (Figs. 3 and 4). After the third
growing season the differences in all growth parameters
were distinct for the variants of fertilization (Table II). In
testing statistical significance of the differences in arith-
metic means (one-way ANOVA) statistically significant
were only very great differences between pine trees fer-
tilized by compost, non-fertilized pine trees and the ones
fertilized by agroacidifier (Table III). It seems that the
combination of fertilizers — agroacidifier + compost — was
not suitable. Gradual stagnation of height increment as
well as deteriorated state of root system growing through
the container of plant proves of that as well. On the other
hand, industrial compost on the basis of sludge affects
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positively not only growth characteristics of the above-
ground part but also the intensity of growing through the
container and development of the root system of plants.
After the third year the way of fertilization was an impor-
tant factor affecting not only the height of Austrian pine
plants but also height increment and their diameter at root
collar. In the assessment of the aboveground part of
Austrian pine sample trees we found regular height in-
crements. They were increasing with age. We also found
healthy terminal shoots, long dark green needles (pro-
longing with age) and regular branching. When we com-
pare the dry weight of the aboveground part we see that
sample trees of the plants from the variant after reclama-
tion with compost reached the highest values. It corre-
sponds to the assessment of growth indicators (height,
height increment, diameter of root collar). Pines planted
in the variant with compost had the longest roots, partic-
ularly 35 cm. Pines in control variant (without reclama-
tion) had the shortest roots, namely 24 cm (Table IV).
Growing of roots in container was uniform and relatively
dense for all sample trees. Most roots outside the con-
tainer were horizontal roots. Vertical roots occurred only
occasionally. Short roots with mycorrhiza were also re-
corded. These roots have greater longevity and better
capability to take mineral nutrients and water from the
soil. The dry weight of roots is connected with the size
of root system. The highest was found for the sample
trees in the variant with compost in the container as well
as outside it. The lowest value of P index (ratio of the
basal area of roots to the basal area of root collar) was
found for the plants in control variant without reclama-
tion. In soil analyses of pine sample trees as well as in
older plantations we found higher content of available
and water-soluble Mg in substrate (in the area of con-
tainer). This phenomenon is probably caused by the fact
that fixation of Mg to fine dispersive particles is more
unstable and thus magnesium is being more easily
washed out to deeper soil layers. In all depths studied
the content of magnesium is above-limit but in the layer
of substrate it exceeds the limit value several times (Ta-
ble VI). In spite of the fact we found a marked growing of
the root system through the container (especially hori-
zontal roots). No marked differences in the content of
nutrients in the assimilatory organs were recorded. The
contents of Mg after the third year increased in all vari-
ants (in control variants almost by 50%). Samples of as-
similatory organs were not washed before the analyses.
Thus the values represent contents including particles
on the surface of needles (Table VI). Particles deposited
on the surface of assimilatory organs (needles of the
year-classes 1995, 1996, 1997) taken in autumn 1997 were
assessed by means of raster microscope JEOL JSM 840
and X-ray analyzer with the aim to detect dustiness of
the surface of needles in per cent. Particles of solid fall-
out deposited in the stomata were categorized according
to their shape and chemical composition (Table VII).
Dustiness of the surface of assimilatory organs is hin-
dering basic physiological processes. The dustiness of
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the surface of pine needles reached almost 30% for the
year-class 1995, 15% for the year-class 1996 and 10% for
the year-class 1997. On the surface of assimilatory or-
gans there were identified particles of mineral origin and
particles characteristic of the production of iron metals
that corresponded by their chemical composition (Si, Al,
Fe) to the particles typical of combustion of fossil fu-
els. Particles consisting of magnesium were noticeable.
Stomata of pine needles are disturbed due to the effect
of air pollutants. It was found that 50-55% of the sto-
mata of pine needles are relatively functional and 5% of
them for all year-classes studied are fully non-function-
al. The results of the chemical analyses of Austrian pine
needles correspond to the resultant value of the analy-
ses of particles deposited on the surface of assimilato-
ry organs for particular sampling year-classes.
Increased content of Fe, S, Mg, Ca, Zn and Mn was
found for needles as well. We can state that increased
content of dust particles of mineral origin is reflected
more markedly in the increased values of some elements
in the assimilatory organs of pines though the values
between the year-classes fluctuate (Table VIII). From
the assessment of pine planted out on reclaimed soils
in the B zone of endangerment in Lubenik we can draw

a conclusion that in this zone container-grown plants
of Austrian pine (Pinus nigra Arnold) survive well.
They have regular increments and represent suitable
tree species for the planting providing reclamation mea-
sures are carried out. Growing of roots from the contain-
er to heavily contaminated mineral soil confirms that.
Way of fertilization affects significantly not only the
height, height increment and diameter in root collar but
also the intensity of root system growing to contami-
nated mineral soil. It seems that reclamation by agro-
acidifier (acidic systems), and especially by combination
of fertilizers agroacidifier + compost is not suitable.
Gradual stagnation of height increment and lower inten-
sity of growing of roots through the container of plants
proves of that. On the other hand, industrial compost
on the basis of sludge from sewage farms affects posi-
tively not only growth characteristics of the above-
ground part but also the intensity of the growing and
development of the root system of plants. The roots,
and especially horizontal roots, start to grow through
the container to contaminated mineral soil after the third
growing season. At the same time we can observe myc-
orrhizal on short roots followed by the increase of the
surface of absorbing roots.

Kontakina adresa:

Ing. Anna Tuéekova, Lesnicky vyskumny ustav, T. G. Masaryka 22, 960 92 Zvolen, Slovenska republika

Zména publikaéniho jazyka
ve védeckych tasopisech CAZV

Pfedsednictvo Ceské akademie zemé&dglskych véd ptija-
lo na zased4ni dne 6. 4. 2000 usneseni, kde mj. doporuduje
zménu publika¢niho jazyka ve védeckych ¢asopisech
vydavanych pod gesci CAZV. Pfedsednictvo navrhuje
Vydavatelské radé CAZV zavést anglittinu jako jediny
jazyk ve viech védeckych ¢asopisech od 1. 1. 2001. Od
1. 7.2000 redakce ¢asopisu Journal of Forest Science pfi-
jima p¥ispévky psané pouze v angli&ting.

A change of publication language
in Scientific Journals of the Czech Academy
of Agricultural Sciences

At its session on the 6™ April 2000, the Presidium of the
Czech Academy of Agricultural Sciences adopted a reso-
lution recommending, among other things, to change the
publication language in scientific journals published un-
der the Academy patronage. The Presidium proposes to
the Publishing Board of the Academy to introduce English
as the only language in all scientific journals from the
1# January 2001. The papers written exclusively in English
are accepted by the editor’s office of the Journal of Forest

_Science from the 1* July 2000.
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SUKCESE TROPICKEHO DESTNEHO LESA
V KOLUMBIJSKE AMAZONII, OBLAST ARARACUARY

SUCCESSION OF RAIN FOREST IN COLOMBIAN AMAZONIA,
ARARACUARA REGION

J. Pavli§

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

ABSTRACT: More extensive research in secondary forests is desirable to increase the understanding of essential ecologi-
cal processes, in order to relieve the current pressure on primary forests. On the low fluvial terraces of the Caqueta
River, Araracuara region, Colombia, age-differentiated plots of secondary and primary forest have been compared with
regard to the species composition and the forest structure. Plots shortly used for agriculture are readily invaded by vari-
ous species of the Cecropiaceae, Guttiferae, Melastomataceae and Palmae. Species diversity of the early seral stages is
comparable to early climax clearings. Approximately 80 years after, the structure and species composition are almost
identical to those of primary forest. The local traditional cultivation system is environmentally sustainable, however, the
population explosion could eventually lead to the pressure on forest land. Therefore, it seems desirable to continue in
analyses of secondary succession and domestication of valuable tree species of the region. However, it is needed to col-
lect basic data for prospective seed-plot nursery foundation.

secondary succession; tropical rain forest; Colombian Amazon

ABSTRAKT: Na niz8ich fi¢nich terasich feky Caqueta se pfirozené vyskytuje spoleenstvo Goupia glabra — Clathrotro-
pis macrocarpa. Po zemédélském hospodafeni dochéazi k invadovani ploch pionyrskymi dfevinami. V riznych stadiich
sekunddrniho lesa dominuji druhy rodt Cecropia, Vismia a Miconia, pti¢emZ palmy jsou dominujici &eledi podirovné. Dru-
hova diverzita lesa v ranych stadiich sekundarni sukcese je srovnatelna s klimaxovymi svétlinami. Po odhadovanych zhruba
80 letech je les strukturné téméf totozny s puivodnim pralesem. Na tizemi Araracuary stimuluje tradiéni zemé&dé&lstvi proces
sekundarni sukcese napodobenim pfirodnich sukcesné-regenera¢nich procesi. Z pohledu eventualniho nérdstu tlaku na lesni
pldu v oblasti je vhodné pokradovat v analyze riistovych pochodii sekundarniho lesa a v ,,domestikaci* potencialné agro-
lesnicky vyuzitelnych dfevin.

sekundérni sukcese; tropicky destny les; kolumbijskd Amazonie

UvoD

V sedmdesatych a osmdesatych letech 20. stoleti ohro-
zilo lesy tropického a subtropického regionu v mnoha
tastech svéta akcelerujici myceni. V roce 1980 byla od-
hadovéna roéni destrukce na 7,5 mil. ha zapojeného lesa
a 3,9 mil. ha otevieného lesa, o 10 let pozdgji jiZ stouplo
ro¢ni odlesfiovdnina 17 mil. ha(Pancel, 1993). Naproti
tomu ro¢ni pomér zalesnéni pfedstavuje pouze 1,9 az 5,0
mil. ha a pfirodni lesy pod trvale udrzitelnym hospodare-

nim zahrnovaly v roce 1988 pouze 4,4 mil. ha(Brown
etal, 1991).

V soutasnosti probih4 v Latinské Americe jiz n€kolik
dekad proces osidlovani piidy, ktery podporuji rizné in-
tenzivné viechny vlady kontinentu. Podle statistik FAO
se jen v Jizni Americe dor. 1990 vyskytovalo 780 000 km?
sekunddrnich lest, lest ovlivnénych lidskou &innosti je
zde v kone&ném disledku idajng aZ 3 335 000 km?; pro
srovnani: v Africe je to celkové 1 650 000 km?a v Asii
730000 km?. Novodoby rozmach zaborti lesa v Jizni Ame-

Studie byla uskutc&n&na v ramci projektu Grantové agentury Ceské republiky Postdoc 526/99/P044 na Mendelové zemédélské
a lesnické univerzité v Brn& a za pomoci né€kolika dalSich organizaci (Tropenbos-Colombia, Hugo de Vries laboratory, ICETEX,

Vojanovy sady, s. r. 0.).
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rice se odrazi i v tom, Ze 60 % sekundérnich lesti mé pi-
vod v nedotéenych pralesich, zatimco v Asii a Africe ma
75 % sekundarnich lesti piivod v dfevaisky téZenych le-
sich. Mezi lety 1981-1990 ¢inilo primé&mé ro¢ni odlesiio-
véni v Latinské Americe 0,9 % lest (tedy 83 000 km?)
(Sips,1997).

Pro management a pldnovani rozvoje tropické krajiny
je piirozené velmi dileZité poznavat limitni hranice neo-
byc¢ejné komplikovaného ekosystému destného lesa.
S vyraznym naristem podilu sekundéarnich lest v tropech
se zda byt nezbytné vymezit tyto limity pro pfipadné
pokradujici obhospodafovani, vedouci kromé uzitkl
z hospodéiského lesa také ke sniZeni tlaku na plvodni
destné pralesy. Vyznam jakékoliv (tfeba i pionyrské)
vegetace je v klimatickych podminkach tropickych dest-
nych lesti velmi dilezity, protoZe brani vyluhovani Zivin
a odplaveni pidy tropickymi lijaky. Znalost zakonitosti
sukcese umoziiuje nejen pochopit dilezité procesy
v ekosystémech, ale také rozpracovat praktické opatieni
k jejich optimalizaci.

Odbornici z primyslové vyspélych zemi si postupem
¢asu zacali uvédomovat nutnost aktivni Gcasti pii vy-
zkumu a zéchrané druhové nesmirné bohatych tropic-
kych ekosystému. Tento dluh ,,bohatych zemi severu“
je splacen vice & méné usp&iné prostfednictvim odbor-
né, technické a finanéni pomoci ,,chudym zemim jihu*.
I v lesnictvi je vice nez zfejmé, Ze vyspélé zemé naeho
kontinentu davno opustily evropsky provincionalismus
a ¢inorodé ovliviiuji déni na poli mezinarodnim, a to
vyuzitim vysledkd badatelské Cinnosti svych lesnic-
kych univerzit a vyzkumnych ustavii v politice resortl
a vlad. Za G¢elem zvyS$eni produktivity vyzkumného
usili vedouciho k omezeni dal$i exploatace Amazonie
funguje pomérné dobra spoluprace mezi mistnimi zemé-
mi a vyspélymi krajinami. Kromé nizozemského progra-
mu Tropenbos Colombia operuji v této oblasti mnohé
dalsi védecké tymy, napt.: finsko-perudnska skupina za-
§titénd univerzitami v Turku a v Iquitos, ddnsko-ekvador-

B.

Araracuara (160 m n.m.)

ska skupina (univerzity v Aarhus a v Quito), francouz-
sky ORSTOM, operujici ve Francouzské Guyané a Brazi-

lii atp.

ZAIMOVE UZEMI

Celé povodi feky Amazonky se rozklada na asi 7 mil.
km?, z nichz je téméf 6 mil. tvofeno tropickym deStnym
lesem, ktery je tak nejvétsim komplexem tropickych dest-
nych lesti na nasi planeté. Amazonska niZina se floristic-
ky ¢leni na pét oblasti; jsou to severozapadni, severni
centralni, jihozapadni, jizni centralni ¢4st Amazonie a ama-
zonska pfechodova zéna (Prance, 1983). Severozapad-
ni éast Amazonie ma pfitom pravdépodobné nejbohatsi
fléru z celého povodi (odhadovanych 80 000 druhi). Jed-
nou z piidin je ziejmé& koncentrace geografickych
a floristickych vlivii And na zépadg, savan a galeriovych
lesti na severovychodé a amazonské niZiny uprostied.
Mnozstvi rostlinnych druhti je zde zna¢né a podrobné
zvladnuti flory, byt’ jen jediné zemé, je kol na cely lidsky
zZivot— vzdyt' napf. pro Kolumbii je odhadovanych 50 000
druhti (Gentry, 1996). Vyjimeéna druhova diverzita
amazonské oblasti je pfitom (stejné& jako v ostatnich tro-
pickych lesich) vyslednici mnohamilionového vyvoje
druht v takika neménném Zivotnim prostfedi, spojeného
s variabilitou pidy a mikroklimatu podmifiujiciho rozma-
nitost biotopt jak na profilu porostem, tak i na plose
(Longman, Jenik, 1987).

V Kolumbii zaujima Amazonska panev vice nez tfetinu
zemé — témér 41 mil. ha, z nichZ 38 mil. ha bylo —a z vétsi
¢asti dosud je — pokryto lesem (Bunyard, 1990). Dlou-
hodobé zkoumané oblast stiedniho toku feky Caqueta
organizacemi Tropenbos-Colombia Programme, COA aj.
zahrnuje pfiblizné 6 mil. ha a je povaZovana za pomémé
reprezentativni pro cely region severozapadni Amazonie.
V ramci oblasti zde bylo dosud krajinn&-ekologickym ma-
povéanim podchyceno 600 000 ha.
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| ||“‘. 3!5! cuary v Kolumbii. B. Klimadiagram
! i Araracuary (podle Duivenvoordena,
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10letého méfenf) — 1A. Schematic lo-
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Uzemi Araracuara, pojmenované po stejnojmenné
osadé (obr. 1), pfi které byla realizovana tato studie, se
nachazi téméf na rovniku—0°37'j. §. a 72°27' z. d. Oblast
nalezi do spravy kraje Caqueta a spadé do povodi stej-
nojmenné feky vlévajici se do Amazonky aZ na brazilském
uzemi (kde ma tok nazev Japurd). Nejdel$im vodnim to-
kem oblasti je pravé feka Caqueta (2 200 km), pfi¢emz dru-
ha nejvyznamné;jsi feka Putumayo (1 800 km) tvofi hranici
s Peru a Ekvadorem. Zajimavosti je, Ze vlastni tok Ama-
zonky protéka Kolumbii jen 130 km z jeho celkovych vice
nez 7 000 km délky.

Podle K$ppenovy klasifikace klimatu je mistni klima
rovnikové, humidni, Afi, s prtimérmou teplotou 25,7 °C
a3 059 mmroénichsrazek (Duivenvoorden, Lips,
1993). Leden a unor maji nejniZ$i mnozstvi srazek se
150 mm za mésic, kvéten je mésic s nejvys8im srazkovym
thrnem — 400 mm — a primér ostatnich mésict je kolem
250 mm. Uzemi se nachazi v nadmoiské vyice 150-300 m
a je charakterizovano ¢tyfmi hlavnimi geomorfologicky-
mi jednotkami: 1. aluvialni niZzinou feky Caqueta véetné
jejich teras, 2. aluvidlnimi niZinami ostatnich amazon-
skych pritokt véetné jejich teras, 3. tretihornim sedimen-
tarnim platd, 4. ndhornimi piskovcovymi ploSinami
z paleozoika. VétSina oblasti ma relativné dobie dréno-
vané pudy lateritického typu s vysokym obsahem Zele-
za. Plidy obou typl teras odpovidaji podle klasifikace
FAO piidnim skupindm Ali-acrisold a Acri-feralsold, typu
typic Paleudult a aquic Paleudult(Duivenvoorden,
Lips, 1995). VSeobecné se jedna o piidy chudé na ob-
sahzivin. Holdridge (1987) zdejsi vegetacni formaci
klasifikuje jako tropicky de$tny les. Floristicka skladba je
velmi bohaté a n€kter4 stanovisté maji az 256 druhti stro-
mina | ha (d,,2 10 cm). Struktura vegetaéni pokryvky je
znaéné ovlivnéna hlavnimi geomorfologickymi a litolo-
gickymi odli$nostmi, z nichZ nejvic vystupuje rozdil mezi
normalnim ,,vysokym* lesem a kefovitou nizkou savanou
podobnou venezuelskym tepui s volnym zapojem, pod-
minénou kamenitym podkladem piskovcové plosiny.

Reliéf terénu je kromé& zminénych plosin ovlivnén to-
kem feky, ktera v prubéhu tisicileti terasovité vymodelo-
vala své biehy. NiZ§i terasy se nachazeji 1015 m nad
hladinou feky (jsou zaplavovény jednou za 3-20 let)
abyly zformovany ve stfednim pleniglaciélu, tj. 65 000 az
26000 let pf.n. . (vander Hammen, 1982). Terasy jsou
charakterizovany povrchovym brazdénim a ovalnym tva-
rem spadovanym k fece. Povrch teras je téméf plochy, ale
jejich nizsi €ést je charakterizovdna mokfadni vegetaci.

Vlastni studie tropického destného lesa byla realizova-
na pravé na niz§ich fi¢nich terasach, do jejichz dobie dré-
novanych ¢asti s jilovitymi ptidami skupiny Ali-acrisolil
¢asto umist'uje sva poli¢ka mistni indidnsk4 komunita.
Pievazujicim lesnim typem niZich teras je spole¢enstvo
Goupia glabra — Clathrotropis macrocarpa s vysokou
hodnotou nadzemni fytomasy, kteronOverman etal.
(1990) stanovili v rozmezi 272-351 t.ha™'; biomasa kofenti
dosahujici 39 t.ha"! odpovida primémym hodnotam tro-
pickych lesi (Pavli§, Jenik, 1999). Podobné lesni
spolegenstvo se vyskytuje rovnéz na dobie drénova-
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nych &astech vysSich teras a na tfetihornich sedimentar-
nich naplaveninich. Spole¢enstvo je charakterizovino
¢asto se vyskytujicimi druhy, jako jsou Dacryodes cf.
roraimensis, Sloanea aff. macroana, Nealchornea yapu-
renis, Pouteria sp., Scleronema micranthum, Hetero-
stemon conjugatus a Virola calophyloidea a horni stro-
movou vyskou mezi 18 az 32 m, s hustotou 54-103 stro-
mi 210cmvd,,.0,1ha’(Toro Vasquez,1989).

DIVERZITA VEGETACE OBLASTI

Obecné je oblast Kolumbie méné& druhové poznana nez
jiné &asti. A. H. Gentry, nejvétsi specialista na severoza-
padni ¢ast Jizni Ameriky, napf. pro region Choco identifi-
koval pouze 44 % stromovych druhli proti bézné
urditelnym 76-93 % v ostatnich ¢astech biomu tropického
destného lesa. Tuto skute¢nost potvrzuji také dataD u i -
venvoordena (1996)konstatujici z 1 223 rozliSenych
druhii 620 druhti jako identifikované, tj. 51 % (celkové bylo
84 % druhti mozné zatadit do rodu a 99 % do Zeledi).

Inventarizace druhti probihd v oblasti od r. 1986 a aZ do
soucasnosti bylo registrovano na celkové plose 35 ha
zkusnych ploch — vhodné umisténych a zachycujicich
viechny fyziografické typy krajiny — 178 &eledi, 777 rodi
a 2419 druh rostlin; z toho je pro védu novych 35 dru-
hii a jeden novy rod z ¢eledi Dipterocarpaceae. Oéekava
se, Ze pro celou oblast o rozloze pfiblizné 1 mil. ha bude
v budoucnu rozli§eno na 12 000 druhti cévnatych rostlin.
Celkovy pocet zjiSténych eledi zahmuje také 16 celedi
kaprad'orostl, 3 Eeledi nahosemenné (Zamiaceae, Podo-
carpaceae a Gnetaceae) a 134 Celedi krytosemennych
(Cecropiaceae oddéleny od Moraceae, Leguminosae
jako jedna celed) (S aenz, 1997). Pii srovnavani Arara-
cuary s oblasti napf. Manausu je pro oba regiony z nej-
pocetnéjsich 16 stromovych &eledi 13 spolecnych
(Prance, 1983). Sedm z nich jsou pfevladajici stromo-
vé Celedi (Leguminosae, Sapotaceae, Chrysobalanaceae,
Annonaceae, Lauraceae, Lecythidaceae a Burseraceae),
Ctyfi dalSi (Rubiaceae, Melastomataceae, Moraceae
a Euphorbiaceae) jsou rovnéz druhové velmi pocetné
zastoupeny. Stejné tak z 19 nejpocetnéjsich rodi vétSina
patfi stromovym druhtim (Protium, Licania, Eschweile-
ra, Ocotea, Pouteria, Miconia, Inga, Sloanea, Swartzia,
Guatteria a Virola). Existence takika shodné sady dru-
hové nejbohatsich celedi a rodii jak v okoli brazilského
Manausu, tak v oblasti Araracuary potvrzuji velkou pfi-
buznost centralni a severozapadni &asti Amazonie. Stro-
mov4 hustota pfes 50 druhi1.0,1 ha' na nékolika zkusnych
plochdch Duivenvoordena (1996)je srovnatelna
s vysokymi hodnotami 55-60 druhti zaznamenanych po-
bliz Iquitos (Gentry, 1988). To znamend, Ze nejveétsi
pocet druhit neni v ramci amazonské panve pouze v se-
vernim Peru a Ekvadoru, ale i na stfednim toku Caqueta.

Celkova hustota cévnatych rostlin (druhy o jakémko-
liv priméru) ¢ini maximalné 300-313 druhi.0,1 ha™' (na
dvou nejpestiejSich plochdch Duivenvoordena), coz ve
srovnani s ostatnimi neotropickymi lesy pfedstavuje
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2. Vertikélni profil a korunové projekce klimaxového lesa niZiich teras pobliZz Araracuary. A — stromy budoucnosti a minulosti &. 74
Myrtaceae nedeterm., &. 64 Rinorea macrocarpa (Mart.) Kuntze, &. 54 Burseraceae nedeterm., &. 48 cf. Bonyunia, &. 34 Platycarpum sp.;
B — stromy pitc ti &. 61 Pseudolmedia laevigata Trec., &. 65, 21 Tachigalia sp., &. 57 Eugenia anastomosans DC., €. 56 Balizia
pedicellaris (DC.) Barneby & Grimes, &. 49 Tapirira guianensis Aubl., & 53 Parkia multijuga Benth., & 70, 39 Pourouma ovata Trec.,
& 11 Pourouma herrereris Berg, &. 18 Qualea sp., &. 36 Cariniana decandra Ducke.; C — projekce korun (zfetelng viditelné jsou palmy
¢&. 37, 47 Oenocarpus bataua Mart. — podle Vestera, 1997) — Vertical profile and crown projections of climax forest on lower terraces
in the vicinity of Araracuara. A — trees of the future and the past No. 74 Myrtaceae not determined, No. 64 Rinorea macrocarpa (Mart.)
Kuntze, No. 54 Burseraceae not determined, No. 48 cf. Bonyunia, No. 34 Platycarpum sp.; B — trees of the p No. 61 _Pseudolmedi

laevigata Trec., No. 65, 21 Tachigalia sp., No. 57 Eugenia anastomosans DC., No. 56 Balizia pedicellaris (DC.) Barneby & Grimes,
No. 49 Tapirira guianensis Aubl., No. 53 Parkia multijuga Benth., No. 70, 39 Pourouma ovata Trec., No. 11 Pourouma herrereris Berg,
No. 18 Qualea sp., No. 36 Cariniana decandra Ducke.; C — crown projections (palms No. 37, 47 Oenocarpus bataua Mart. are clearly
visible — according to Vester, 1997)
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horni hranici zji§ténych 120-365 druhi.0,1 ha™'. Pfi uva-
Zovani druhti od 2,5 cm v d, ; vychazi hodnota zjisténych
druhi na 159 cévnatych rostlin.0,1 ha'!, coz je opét
v horni éasti rozsahu 83-167 druhii.0,1 ha™' Sesti jinych
lokalit Neotropis s prtimémymi 3 000 mm sraZzek (Gent-
ry, 1988).

Zaplavova zona feky mé obecné méné druhii nez tera-
sy a plochy dobfe drénované. Stanovisté s méné pfizni-
vymi podminkami maji totiZ tendenci mit i niz§i druhovou
diverzitu. Vysoka druhova diverzita stromi na dobfe dré-
novanych terasach oblasti stfedniho toku Caqueta se zda
byt zpusobena jednak omezenym vyskytem vnéjSich
stresovych faktoril, jednak kontinuem malého generac-
niho cyklu lesa zavéreéného (Michal etal, 1992) od
obdobi tfetihor. Néstin struktury klimaxového lesa niZ$ich
teras pobliz Araracuary podava obr. 2, zachycujici verti-
kélni profil porostem a priimét stromovych korun.

ANTROPOGENNI OVLIVNEN] REGIONU

Kviili situovani Araracuary mezi dvéma nesplavnymi
pefejemi feky Caqueta (spojeni s okolnim svétem pouze
vzduchem) je zdej$i prostfedi minimaln& ovlivnéné &lo-
vékem. V celé oblasti stiedniho toku Caqueté ¢ini dne$ni
stav (z 95 % domorodé) populace okolo 2 000 lidi, pfi¢emz
na iizemi Araracuary Zije 300 obyvatel. Obecné je systém
indianské produkce zaloZen na vyuZiti tii prostori: pro-
storu feky, prostoru lesa a v ném ziskaném izemi zemé-
délskych ploch (Sdenz, 1997). Z lesa nenaruSeného
i ovlivnéného ziskavaji domorodci velké mnoZstvi pro-
duktd, které je moZné uspotadat do nasledujicich skupin
uzitkovosti: potrava pro ¢lovéka, navnada pro lovnd zvi-
fata/ryby jako vyznamného zdroje proteini, dievo (piip.
listova vlakna/€asti lidn) na stavbu obydli ¢i palivo, na-
stroje (pomuicky) k lovu, rybateni i pro vyuziti v doméc-
nosti, latky pro medicinalni a kultovni vyuziti atd. Aby
nevy&erpavali plidu, uplatiiuji mistni domorodci pro svou
obzivu tradiéni zemé&dé&lské techniky, Casto spojené
s ovliviiovanim néasledné sukcese lesa uvoliiovanim
pfirozené regenerujicich uzite¢nych druhi.

Vyuzivéani pfirodnich zdroj na izemi Araracuary pro-
biha tedy v soudasnosti nasledovné:

—kocovnym zemédélstvim,

— sbérem lesnich plodi a lovem zvéfe a ryb (otépy, Sipy,
rostlinné jedy) pro doméci spotfebu rodin,

— prumyslovym rybafstvim (zintenzivnénym na konci se-
dmdesatych let lovem harpunou a do siti i zfizenim mra-
zicich boxl a organizaci leteckého exportu ulovkl
— predevdim sumci z &eledi Pimelodidae,

— velmi okrajovou komer&ni t&Zbou uréenou predevsim
pro lokalni spotiebu (pfipadné sloZity odvoz drobnych
vyteztl),

— pastvou dobytka (poslednich nékolika mélo zvifat v okoli
Araracuary — do roku 1990 existoval chov mensiho sta-
da),

— ochranou pfirodnich zdroji (viz Nérodni park Cahui-
nari)(Duivenvoorden, Lips,1993).
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Rozmanitost druhti v tropickém prostfedi byla ptiginou
dimyslnych a zajimavych uzitkovych funkei, které po-
chopitelné daleko pfekondvaji zvyklosti nadich slovan-
skych predki, ktefi své primitivni hospodatstvi rozvijeli
uprostied jednoduchych spoleéenstev Evropy (Jor-
dan,1987;Jenik, 1973). Tradi¢ni zpiisob obhospoda-
fovéni piidy domorodymi komunitami v povodi Amazonie
je tzv. kotovné zem&d&lstvi (anglicky shifting cultivati-
on/slash and burn practice; $panélsky tumba y quema)
s riznymi lokalnimi ndzvy pro kultivované plochy —roca
(Brazilie), conuco (Venezuela), chacra (Peru), chagra
(Kolumbie). Jde o maloplo$nou — o rozloze kolem 1 ha—
zemédé€lskou techniku spoéivajici v systému dvouletych
az tfiletych politek umisténych do odkacenych ploch
vétinou primérniho lesa. Téméf viechny vypéstky spo-
tfebuje rodina farméfe nebo pfislusnici kmene, vyjimkou
je nepatrny prodej/sména. Druhy péstovanych plodin,
jejich vynosy, délka zemé&délského vyuzivani ploch
a kultiva¢ni techniky se 1i§i misto od mista—podle regio-
nt a kulturnich zvyklosti, pfi¢emz zakladni a plivodni plo-
dinou je v oblasti Latinské Ameriky Manihot ssp.
Kocovné zemédélstvi slouzi v tomto kontextu vé&tSinou
pouze k uspokojeni osobnich potieb hospodafici rodiny.

V oblasti Araracuary indidnskd komunita (kmeny Hui-
toto, Muinane, Andoque, Nonuya, Miraiia, Yukuna-Ma-
tapi) pro zemédé&lskou obZivu vyuZiva pfedeviim fi¢ni
terasy feky Caquetd. KaZd4 rodinné skupina si zfizuje pro
svou obZivu kazdoro&n& 1-2 chagry. Plocha zaloZena
v primarnim nebo star§im sekundarnim lese se osadi po-
nejvice rostlinami takfka nenahraditelné ,,yuky* (Mani-
hot ssp.), ovoce a zeleninu plodicimi druhy (Musa ssp.,
Bactris gasipaes, Pourouma cecropiifolia, Poraqueiba
sericea, Inga ssp., Capsicum chinense), stimulaénimi
amedicindlnimi druhy (napf. Erythroxylon coca, Banis-
teriopsis sp. a Jacaranda sp.); po&et kultivovanych dru-
hi tak misty dosahuje tficeti(Garzon,Macuritofe,
1992;Candre, Echeverri, 1996). Kultivovana plo-
cha pisobi kvili zbytkim neshofelych klad, pafezi
a zméti rostlin ponékud neuspofaddanym dojmem ve srov-
néni s pravoihlymi polnimi kulturami mirného pasma
(obr. 3a). Uspofadani plodin viak souvisi jak se zkuse-
nostmi provéfenymi staletimi, tak s mistni mytologii. Na
plose byva ponechiano mnoho vymladkovych a néleto-
vych jedincti — v pfipad& vyskytu uZitkovych druhd
(ovocnych & medicinalnich dfevin) byva plocha vyuZi-
véana a ovliviiovana az 40 let(vanden Hammen, Ro-
driguez,1996). Archeologicky vyzkum pfitom potvrzuje,
7e zde lidé podobnym zptisobem ovliviiuji les jiZ po tisi-
cileti — pfitomnost indidnského zemédélce v okoli arara-
cuarské piskovcové plosiny se odhaduje na 5 000 let,
a tak se vyskytuji nazory, Ze kazdy hektar amazonského
pralesa jiZ nékdy v minulosti poznal ostfi kamenné seke-
ry(Cavelier etal., 1995). Pfi rizologickych pracich
souvisejicich s jinou &asti studie byly nalezeny stopy po-
tvrzujici podobné domnénky: jednak keramické stiepy
v hloubce okolo 40 cm, jednak &asto pozorované uhelnaté
zbytky indikujici stopy po poZéru jak v povrchovych ho-
rizontech piidy (do 10 cm), tak ve vét3i hloubce 3040 cm.
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Na daném Gzemi prozatim neprobihd vyrazné naruso-
vani lesnich zdrojt pfedevs§im z ditvodu dopravni odlou-
&enosti od okolniho svéta. Dochazi pouze k mirnému
zvy¥ovani tlaku na lesni ptidu v souvislosti s nevyraz-
nym naristem migrace domorodcl pfitahovanych do
centra regionu dostupnosti spotfebniho zbozi, alkoholu,
$kolni dochézky, sportovniho vyZiti a p¥ileZitosti k vydél-
ku, zkracené probihajici zmé&nou v hodnotovém Zebiitku
— akulturaci.

METODIKA

Dynamika sukcese tropického destného lesa (déle
TDL) miiZe byt analyzovana na zakladé riznych kritérii —
&asto jsou napiiklad vyuZzivany Zivotni formy, synuzia ¢i
analyza populaci. Zajistit vhodnou relaci mezi vé€kové
riznorodymi studijnimi plochami je éasto hlavni vyzvou
pfi studiu tropického lesa. Vyznam tfidimenzionalni orga-
nizace de$tného lesa pro porozuméni jeho dynamiky zdi-
raznil jiz Richards (1983). V nékterych pfipadech je
tedy vhodné — aviak velmi pracné — postupovat podob-
nym zpusobem jako napf. Vester (1997)¢&iPrisa
(1988) a zakreslit pfesné postaveni stromt v porostu. Stu-
diem prostorovych vztahi lesa je tak moZné mj. ziskat
i nastroj k vybéru a uspofadani druhl na plochéach po-
tencialné obhospodafovavaného sekundarniho lesa.
Uskute&nit pozorovani priib&hu sukcese jednoho mista
v ¢asovém rozsahu viech sukcesnich stadii v3ak vétsi-
nou neni v lidskych silach. Battjes (1988)konstatuje,
Ze vétdina literatury o druhotné sukcesi v tropech se za-
byva zménami v dase (Hallé etal,1978;Lescure,
1978; O1ld eman, 1990). Nicméné popis sukcesnich fazi
byva vétsinou zachycen pouze z jednoho pozorovaciho
mista, a tak byva variabilita oblasti podchycena netpl-
né. Proto je prakti¢téj$i chronosekvenéni studie stano-
vi§t’, vybranych s pfedpokladem podobnosti jejich
abiotickych podminek pfed narusenim a lidicich se pravé
jen sukcesni pokro&ilosti vyvoje od skonéeni kultivace.

Pro systematické studium sukcesnich zmén v druhové
a prostorové skladbé sekundarniho a primarniho lesa
byly vybrany zkusné plochy piedev§im na pozemcich
indidnské rodiny Roman, jejiz nejstarsi ¢len zde sam hos-
podafi jiz 40 let, a proto je pamétnikem historie této ¢asti
lesa. Zkusné plochy o rozmérech 10 x 10 mnebo 15x5m
byly vytyéeny nejprve v nékolika dostupnych, vé€kové
vhodné odstupfiovanych sukcesnich stadiich sekundar-
niho lesa, mistné nazyvanych rastrojos (pl.), ve véku 6,
14, 18 a 37 let. Je tieba uvést, ze:

— zkusné plochy nemély stejnou rozlohu vzhledem
k nedostatku volného prostoru kwviili jiz vytyéenym tr-
valym plochdm z pfedchozich vyzkum,

—ramec ¢asovych a materialnich prostfedk k detailni dru-
hové identifikaci byl omezen (nutna korespondenci
s odborniky na jednotlivé Eeled&),

- vyty&ené plochy nebyly zamysleny (jakou Vestera,
1997) k opakovanému pozorovani vyvoje nadzemnich
¢asti, ale k i¢elovému pozorovani podzemnich cenolo-
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gickych vztahi, jehoz vysledky jsou zachyceny jinde

(Pavli§, 1998).

Pro zji§téni pfedpokladanych rozdilii v druhové sklad-
bé& a dynamice sukcese byl posléze studovan klimaxovy
les na tfech dalSich plochach niZ8ich teras — nejprve ve
vzrostlém lese, a pak i na dvou klimaxovych svétlinach.
Pfi srovnavani druhové skladby tfi zmapovanych ploch
primérniho lesa je tfeba uvést nasledujici:

— rozméry svétlin byly uréovany kvalifikovanym odha-

dem,

—na svétlinch byl velky podet jedincii ve stadiu narostu
a odrostkil (s 4, , < lem), které nebyly vSechny evido-
vany,

— na ploSe Abnormalni povrchové koreny Brosimum sp.
byly mapovany pouze druhy v tésné blizkosti horizon-
talnich kofenu.

V terénu byl proveden zakres rozmisténi stromovych
jedincii na plochach a inventarizace druhi (rodu, celedi)
s pomoci mistniho znalce a dendrologickych kli¢i (G en -
try,1996; Saenz,1997;Aldana,Rosselli, 1995;
van Roosmalen, 1989). K identifikaci slouzil pfede-
v§im v tropech bézny nasek kmene (slash) — jeho barva,
vuné, struktura; dale listy a v posledni fadé nepfili§ as-
té kvéty. Pro pozdéjsi zpfesnéni druhové identifikace
byly také odebirdny herbafové polozky, ty byly vysou-
Seny v petrolejové susamné a nasledné dezinfikovany na
vyzkumné zakladné Araracuary. Polozky byly pozdgji pre-
vezeny do hlavniho mé&sta Bogota k identifikaci v Herba-
rio Amazonico a transportovany s fytokaranténnim
osvédéenim ICA (Insituto Colombiano Agropecuario) do

Dalsi srovnavaci podklady u vybranych riznovékych
ploch bylo mozné ziskat zméfenim zakladnich taxa¢nich
veli¢in (vySka stromi, d, ,) b€Znymi lesnickymi pomiic-
kami a naslednym stanovenim hodnot vy¢etni kruhové
zékladny.

Dveé sukcesni stadia sekundarniho lesa ve véku 6 a 37 let
byla pfi experimentu obohacovaci podsadby podsazena
dfevaisky cennymi druhy mistni provenience.

Bé&hem realizace studie byly také shromazd'ovany
viechny informace tykajici se domorodych etnobota-
nickych znalosti a tradiénich kultivaénich postupii pfi
vysadbach, sklizni a pfipravé poli¢ek stfidavého zemé-
délstvi.

DYNAMIKA SUKCESE V TROPICKYCH
PODMINKACH

VYVOJ TROPICKEHO DESTNEHO LESA
PO DISTURBANCI

Absence permanentniho naru$ovani je jednou z pod-
minek stability, organizovanosti a funkéni slozitosti bio-
cendz. Nicméné pod vlivem zji§téni, Ze i v krajinach bez
vyznamného lidského vlivu se vyskytuji regenerujici
sukcesni stadia velmi hojné, doslo v teorii sukcese k na-
zorovému posunu a naru$ovéni ekosystémil je posuzo-
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3. Rana stadia sckundarni sukcese. A. ,Chagra* — indianské zemédélské policko pfed opudténim, v okrajich patrny zagatek obnovy
velkolistych cckropii; B. husty nérost sekundarniho lesa — 6 let po opusténi domorodymi zemédélei, v popfedi ostnity kmen palmy —
Astrocaryum sp. — Early stages of sccondary succession. A. “Chagra™ — an Indian agricultural plot before it was abandoned, cvident onset
of regeneration of Cecropias in its margins; B. dense advance growth of secondary forest — 6 ycars after it was abandoned by indigenous
farmers, in the forcground a prickly stem of the palm Astrocaryum sp.

vano jako pfirozené (Begon etal.,, 1997;Grime, 1983;
Michal, 1994). Otazka, jaky je rozdil mezi antropogen-
nim a pfirodnim narusenim a jaké rozdily v chovéni eko-
systému lze od nich ocekavat, pak ustupuje do pozadi.
Stava se méné dileZitou nez poznani pfi¢in a nasledki
naruseni — zejména nez poznani toho, jak na narusovani
reaguji spolecenstva a druhové populace. Nabizi se fada
dlikaz, ze specifické naruseni jsou nezbytna pro udrze-
ni druhové rozmanitosti mnoha spolecenstev.

V podminkach boreélnich lesti dochazi k obméné pre-
starlého lesa na velkych plochéach pies velky vyvojovy
cyklus, charakterizovany sekundérni sukcesi. V podmin-
kéch listnatych lestt mirného pasma dochazi ke zménam
porostni struktury (k nahradé prestarlych jedincti) pro-
stiednictvim malého generacniho cyklu, pti kterém se les
obnovuje na malych plochach — svétlinach — vzniklych
padem jednotlivych stromd, stale se vSak udrzuje klima-
xové stadium.

Ekosystém TDL je:

— obrovskym stabilizatorem zivotniho prostiedi Zemé,

— potencialnim zdrojem genofondu novych zemédélskych
plodin a lé¢ivych rostlin,

—evoluéni laboratofi, v niZ probihaji genetické a selekéni

procesy(Longman, Jenik, 1987).

Organizace tropického destného lesa je vyvrcholenim
casoprostorové komplexity suchozemskych ekosystému
(Golley,1983;Jenik, 1995). Jeho slozitost je dobie
viditelna na stfidani stinnych prostori s plnym zapojem
a pralesnich svétlin (gap) vznikajicich pfirozenym odu-
miranim ¢asti korun i celych stromt a jejich naslednym
padem, podminénym vétsinou ¢innosti vétru podobné
jako umalého generaéniho cyklu v mirném pasmu. Sou-
visly zapoj se tak protrhava a slunecni zafeni miize proni-
kat az na povrch pidy. To ma za nasledek brzké vykliceni
semen a oziveni ristu semenacku a bylin. Velmi rychle
rostou zejména pionyrské druhy; béhem nékolika let do-
sahnou velkého vzrustu a vytvoii tak podminky pro kli-
¢eni a rast stinomilnych dfevin. Mikroklima a vyvoj
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vzniklych pralesnich svétlin podrobné popisuji riizni au-
tofi (Oldeman, 1990; Sanford, 1989; Silver,
Vogt, 1993; Uhl etal., 1988).

Oldeman (1990)v jedné z nejucelenéjsich teorii suk-
cese v tropech stanovi koncept ekojednotky jako spole-
¢enstva rostlin, jez zacalo sviij vyvoj ve stejny okamzik
ana stejném misté. Autor klasifikuje stadialni vyvoj stro-
mt na jedince budoucnosti, pritomnosti, minulosti a roz-
lisuje v ekojednotce ¢tyfi faze vyvoje. Po naruseni
puvodniho lesa dochézi ke zrozeni lesni svétliny. Tato
udalost, pii které dochazi k destrukci jisté casti lesa, se
nazyva udalost zero, ktera miize byt podminéna Cinnosti
vétru, padem velkého stromu nebo Cinnosti clovéka. Jsou
rozliSovany nasledujici faze, podobné stadiim vyvoje
lesa v ramci malého genera¢niho cyklu v mirném pasmu
(stadium dortstani, optima, rozpadu):

+ faze obnovy

Stromy ¢i jejich Casti zacinaji reagovat na noveé vznik-
lou situaci. Mohou se uplatiiovat kliceni schopna seme-
na z okoli pfenesena anemochorné ¢i zoochorné. Je to
velmi dynami